
CAMBRIAN FAUNAS OF CHINA.

By Charles D. Walcott,

Curator, Division of tStr(ifiijr(ij)liic Fdlcoiddloi/i/.

INTRODUCTION.

The presence of Canilirian fo.ssils in China was first announced by

Baron Ilichthofen in 18S3/'

The material crathered by him was studied l^y Dr. E. Kayser, to

whom the brachiopods were intrusted, and by Doctor Dames, who
described the trilobites.

Doctor Kayser* described and named the following brachiopods:

Orthis linnarssoni

Lingiilelld sp.

L. sp.

Of the abov^e we have identified from the collections of the Carnegie

Institution of Washington Expedition to China (h-t/t/.^ [P/ectorf/ii.s]

lltDiarssoiu.

Doctor Dames'" described and named the following trilobites:

Agnostiis chinensis. Conocephalites quadriceps.

Bori/pyge richthofeni. Conocephalites subquadratus.

Anomocare Intilivibatum. Coiiocephalites tiipns.

Anomomre niajus. Liostracus megalurns.

Anomocare minus. Liostracus taliwjensis.

Anomocare nanuni. ? Liostracus.

Anomocare planum. ? Liostracus.

Anomocare subcostatum. 2 P\'gi(lia, genus ami specieh^ undcter-

Conocephalites frequens. mined.

Of the above we have identitied from the collections of the Carnegie

Institution of Washington Expedition to China:

Agnostus chinensis. Anomocare latilimbatum.

Dorypyge richthofeni. Anomocare minus.

Conocephalites IPtychoparia'] frequens. Ptychoparia {Liostracus) megalurus.

« China, Richthofen, IV. &Ideni, pp. 34-36. cldeni, pp. 3-33.
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Doctor Dames compared the Cambrian trilobites with those of

Europe, America, and India, and conchided that the trilobitic fauna

of Sai-ma-ki and Taling- were about the age of the Scandinavian

Andrarum limestone and tlie Potsdam group of North America. He
did not find any Chinese species that could be identified with those of

Scandinavia and America; but the general appearance of the fauna

as a whole was so similar that he said that their equal age may be

considered proven.

He further states that the age of the rocks containing Doryiyyge

rlchtliofenl from Wulo-pu is proba])ly the same as that of the

Quebec group, basing this upon comparisons with species from Utah,

which he referred to the genus Dorypyge.'^

The collections made b}^ the Carnegie Institution of Washington

Expedition prove that Doryj)yge ricldliofeni occurs in the central

portion of the Chang Hsia formation and is of Middle Cambrian

age. Baron Richthofen's means of comparison were with the fauna

referred to the Quebec group, which was at that time supposed to be

of Lower Silurian (Ordovician) age.

In 1800 M. Bergeron^ described the following Cambrian fossils from

some shaly limestones collected in the province of Shangtung, China:

A(jw)stus (louvillei. Arfhricocej>}ialiin rltituveawi.

Oleuoides lehlanci. Dicellocephalus ? sinensis.

Drepanura premesnili. Calymmene ? sinensis.

Of the above we have iderttilied the following from the Ku San shale

of the section made by Mr. Blackwelder:

Olenoides iiblanci.

Drepanura premesnili.

Calymmene ? \_DameseUa'\ sinensis.

From the Cambrian formations of Siberia, Dr. F. Schmidt' described

the following fossils:

Agnostus czekanowskii.

Anomocare pawlowshiii

Liostracus maydeli.

This fauna was subsequently reviewed by Edward von Toll,'^' who
added the following:

Confervites primordialis Born. Coscinocyathus corhicida Born.

Arclixocyathus acutus Born. Coscinocyathus dianihus Born.

Archxocyathus aduncus Born. Coscinocyathus caJathus Born.

Archxocyathus patulus Born. Coscinocyathus campamda Born.

Archpeocyathtis proskurjakotvi von Toll. Coscinocyathus vesica Born.

Archxocyathus sibiricus von Toll. Coscinocyathus elongatus Born.

Archieocyathus ijizkii von Toll. Coscinocyathus irregularis von Toll.

« China, Richthofen, IV, pp. 31-33.

6 Bull, de la Soci^t6 Geol. de France, 3 ser., XXVIl, p. 499.

cBull. de I'Acad. Imp. des Sciences de St.-Petersb., 1886, XII, p. 407.

ci Mem. de I'Acad. Imp. dee Sciences de St.-Petersb., 8th ger., VIII, No. 10.
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Coscinocyatlms cf. cancellatus Born. Microdiscus kochi von Toll.

S'pirocyathus, species undetermined. Microdiscus, species undeterniineil.

RlmJidocyatlms sibiricus von Toll. Agnostus schmidti von Toll.

Pr(jtopharetr(i, species undetermined. f Olenellus, species undetermined.

HelminthoidicJinites sp. Dorypyge slatskoivskii Schmidt.

KiUorgina cingidata Bill. Ptychoparia czekanowski von Toll.

f Obolella chromatica Bill. Ptychoparia meglitzkyi von Toll.

Hyolithes, species undetermined. f Solenopleura sibirica Schmidt.

Microdiscus lenaicus von Toll. Bathyuriscus howelli Walcott.

In the autumn of 1003 the Carnegie Institution of Washington sent

an expedition to China under the direction of Mr. Bailey Willis, with

Mr. Eliot Blackwelder as assistant in stratigraphic geolog}^ One of

the objects of the expedition was to obtain data of the Cambrian forma-

tions and contained faunas for tlie purpose of comparison, and cor-

relation, if practicable, with the North American sections and faunas.

Mr. Willis delegated to Mr. Blackwelder the study of the sections and

ver}' largely the collecting of the fossils. It was understood that the

collections of Cambrian fossils should be studied by Mr. Walcott and

the stratigraphic sections elaborated by Mr. Blackwelder.

A considerable (Quantity of material was collected and recei\"ed in

Washington in the fall of 190-1. The preparation of the specimens

for labeling was given to Mr. Henry Dickhaut, with instructions to

work them up carefully and secure ever\' species possible from the

mass of fragments of trilobites, brachiopods, etc., of which nearly

all the specimens of rock are composed. The material when thus

prepared was labeled with locality and formation nmnbers and taken

in hand b}' Miss Elvira Wood, who separated the species and selected

and indicated specimens for illustration. I tirst studied the ])rachiopods

in connection with my systematic study of the Cambrian braehiopoda,

and published descriptions of 23 species in 1905.'* Mr. Willis and Mr.

Blackwelder informed me that they would like, in July, 1905, a list of

all the species in the collections in order to use them in the correlation

of the various sections and the discussion of the stratigraphic geology.

To meet this request, I made a preliminary study of the fauna, and

now publish it in advance of the illustrated report, which will not be

ready to go to the printer before the spring of 1906. Many drawings

have been prepared, but it will require several months to complete

them.

In this preliminary study a number of free cheeks and pygidia of

trilobites have been passed over, as the time available before I go to

the field is not sufficient for the extended examinations and compari-

sons needed for a linal paper.

The large fauna discovered in the reconnaissance made by Messrs.

Willis and Blackwelder is an indication of the richness of the Cam-

brian faunas of eastern Asia, and of the great results that may be

aProc. U. S. Nat. Mus., XXVIII, 1905, pp. 227-337.
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expected when S3'stematie, thorough exploration and collecting- is

undertaken. The following is a synopsis of the fauna as now known:

Name.

Protozoa
Porifera
Brachiopoda
Gastropoda .

.

Pteropoda . .

.

Coi)halopoda
Trilobita
Ostracoda . .

.

Total .

.

Genera.
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Upper (liimbriaii Ohao Mi Tien formation.

Middle Cambrian Kn San formation.

Middle Cambrian Chang Hsia formation.

Trilobita—Continued.

I'agodia bia, P. do'luii, P. lotos, P. maccdo.

Pleroccphalus busiris.

Pt;/ch(igpi.s acamus, P. cacus, P. cadinii)<, P. cal-

chas, P. callisto, P. calijcc, P. cnmpe, P. ceto.

P. sp.

Ptychoparia (?) bafia, P. dryopr.

P. (Proampyx) burea.

Solennpleura belus, S. beror.

Dikdaccphalus (?) baubo, D. (?) hrizo. -

llhrminis canens, I. ceres, I. dictys.

^Briiehioi)oda:

Obolus ( Westonia) blackwclderi.

Bicellomits parvus.

Acrothelc m in uia.

Gastropoda;

Straparo/liiKi, species undetermined.

Trilobita:

Acjiioslits cliinrnsis, A. ku.'ianensis.

Rrdlichki finalis, R. species undetermined.

Oknoidts (?) cilix.

Dorypyge Icblanci.

Ikimesdla chionr, D. sinensis.

Drepanura premesnili.

Ptychoparia (?) bromvs, P. ecus, P. triws.

Shanglungia spinifcra.

^Foraminifera: Globigerina (?) nianlocnsis.

Porifera: Prolospongia clitoris.

Bracluoi)oda:

Otjottis miiiiiinis, (). obsciirus, (). slicnsii iisis.

O. (Lingulrtlu) cliimnsis, (). (L.) dantrsi.

O.
( Lingutcjiis) cros.

O. ( U'rstonia) blacttn Idrri.

Micromctra lubrddorini

opiiircnsis.
'

DivrlliDiiiis parvus.

Acrolliilc iiiattlinri cryx,

Acrotrcta Hani, A. pacijica, A.

Otjolttla asiiUica.

Plcciorthis linnarssoni.

BillingscUa piivipellyi (?).

Gastropoda:

Scenella clotho.

Platyccras chronus.

Stcnoilicca (?) cluriwf, S. rugosa oric7ilalis.

Pteropoda:

llyotillics cyliclc.

Orlhothfca cyrcne dryas, O. daiili.% O. dclphus,

(). iloris.

Trilobita:

Agnostus chinensis, A. kusanensis.

Microdiscus orie^italis.

Dorypygc bispinosa, D. nchthofeni.

Doryiiyijclla alastor, I), alcon, D. iypicalis.

DamcscUa bcllagranulata D. blackwclderi, D.

brevicaudata.

Agraulus aliaris, A. abrota, A. acalle, A. agcnor.

A. dirce, A. did, A. dolon, A. dryas.

Anomocare alcinoe, A. histon, A. (?) bides. A.

daulis, A. daunits, A. decelus, A.latilivilxituni,

A. viinus, A. tatian, A. temenus.

Anomocarella albion, A. (?) bura, A. cliinrnsis.

Arionellus agonius, A. a/ax, A. alala.

Menocephalus acerius, M. acts, M. admrta, M.

adrastia, 31. agave, M. bclenus, M. species

undetermined.-

Pterocephaliis asiatica.

"• Itychaspis acamiis, P. sp.

liinldlis, M. panniila

1. rants.

sliiuiglitngrns
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Middle Cambrian Cliang Hsia formation.

Lower Cambrian Man To formation.

Pre-( 'amiirian Tai Slian Complex.

Trilobita—Continued.

Pti/clwparia frequens, P. tellus, P. tcnrs, P. ti-

tiana, P. theano, P. tqlun.

P. (Ltostracus) megalurus, P. {L.) thraso, P.

(L.) toxeus, P. (i.) tragus, P. [L.) tutia.

P. (Proampyx) sp.

Solenopleura abderus, S. aranlhci, S. acidalia,

S. agno.

Orepicephalus damia, C. magnus.

Dolichometopus alceste, D. deois, D. derceto. D.

dirce.

Ostracoda:

Bradoria bergeroni, B. emjn, B. eris, B. fragUis,

B. stereope, B. woodi.

Brachiopoda:

Obolella asiatica.

Billinggella pumpellyi {f), B. richthofeni.

Gastropoda: Stcnothcca rugosa ehinensis.

Pteropoda: Hyolithes delta.

Trilol)ita:

Rrdlichia ehinensis, R. nobilis.

Ptychuparia aclis, P. constricta, P. gramdosa,

P. impar var., P. mantoensis.

Table Showing Geologic and Geographic Distribution of the Fauna.
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FORAMINIFERA.
Genus GLOBIGERINA d'Orbigny.

GLOBIGERINA (?) MANTOENSIS, new species.

A single specimen of what is prol)ably a species of Foraminifera

occurs in a compact gray limestone. It is elongate-oval in shape,

convex, and divided longitudinally by a narrow furrow into two lobes,

which are marked by more or less irregularly arranged and not very

deep depressions at right angles to the central furrow.

Formation and locality.—Middle Cambrian, upper portion of Man
To shale formation; 3.2 miles southwest of Yen Chuang, Hsin Tai,

Shangtung, China.

Collected b}^ Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PORIFERA.
PROTOSPONGIA Salter.

PROTOSPONGIA CHLORIS, new species.

Of this species only the large primary spiculaj are known. The
skeleton is not preserved. The silicious spicules vary in size, but they

all appear to be four-rayed. The ra3^s are slender, extending out usu-

ally at right angles to each other from the center, but in some speci-

mens one or more of the rays is occasionally slightl}" diverted from
the right angle; they slope slightly downward from the center to their

extremities, which gives a low pyramidal form to the spicule; there is

no trace of a central, downward-pointing ray on the under side. Each
ray has a rounded angle on its upper side; it is slightly angular at the

sides and subangular on the lower side. In many examples the narrow

rounded ridge of the upper side is exfoliated, leaving a V-shaped

groove lengthwise of the ra}^; the grooves from the fourra3^s unite at

the center.

As a result of the exfoliation of the upper side of the ray there

appear to be three forms of spicules: First, the complete spicule, as

above described; second, a \Qxy slender spicule with the rays rounded

on the upper side and angular on the lower side; and, third, a spicule

having a V-shaped groove on the upper side of the rays.

The spicules above described resemble in general form those of Pro-

toH])ongiafenestrataS\x\iQ,v\ the}' differ in the absence of the central

ray and the exfoliation of the upper side of the ray.

Formation and locality.—Middle Cambrian, central portion of

Chang Hsia formation, in compact gray limestone; at Yen Chuang
and 2 miles south and \\ miles southwest of Yen Chuang, Hsin Tai,

Shangtung, China.

Collected by Eliot lilackwelder, of the Carnegie Institution of

Washington ExpcMlition (o Cliiiiu.
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BRACHIOPODA.
Genus ACROTHELE Linaarsson.

ACROTHELE MATTHEWI ERYX, new variety.

In form, convexity, and size the ventral valve of the only specimen

representing this variety is very similar to the typical forms of

Acrothele Diattheim. The shell is partially exfoliated, and shows the

cast of the boss as a small oval pit about the pedicle opening- and two

narrow vascular sinuses that extend from a point nearl}" back of the

pit, forward and a little outward, about one-third the length of the

valve.

The shell is built up of several layers of lamelUe that are smooth and

shin}^ on the interior, except where slightly roughened by slight vas-

cular markings and o])scure radiating strife; the outer surface is dull

and marked by concentric strise and lines of growth and numerous

fine, irregular, often anastomosing, elevated lines that give the surface

a rough appearance.

The valve is nearly circular, with a diameter of mm. If this shell

were associated with Aci'otkeJe inatthewi in the Middle Cambrian rocks

of New Brunswick, I should not h(>sitate to identify it with that

species. In the absence of a series of specimens and specimens of

the dorsal valve, it is not certain that it is identical with Acrothele

inattlieivL On this account the varietal name is given it.

Foniuitlo)) and locality.—Middle Cambrian, centi'al portion of

Chang Ilsia formation; 3 miles southwest of Yen Chuang, Hsin Tai,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus SYNTROPHIA Hall and Clarke.

SYNTROPHIA ORTHIA, new species.

General form irregularl}- oval, with the ventral view obtusely angu-

lar toward the apex; rounded, biconvex, with a deep mesial sinus at

the ventral valve and a strong median fold on the anterior half of the

dorsal valve.

Surface smooth with the exception of a few concentric ,striiv and

lines of growth.

The venti'al valve has a strong median sinus that occupies about one-

third of the width of the valve at the anterior margin and projects for-

ward to tit into the sinus in the front of the margin of the dorsal valve;

the sides of the median sinus are elevated, and with the downward
curving lateral slopes form a strong, roimded ridge on each side of the

sinus; none of the specimens in the collection show the area, but from

the profile of the valve it must have been of moderate height with a

rather sharp apex curving over it.
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Dorsal valve with a minute apex from which a narrow, slightly

developed median fold extends out to about the center of the shell,

where it becomes elevated and projects forward to the front margin;

the remaining- portions of the surface are uniformly convex, sloping

away from the median fold to the margins of the valve.

Nothing is known of the interior of either valve.

Ohservcdions.—In general form this species resembles SyntropJda

priiiiordiaUs of the St. Croix sandstone of Wisconsin." It diflers in

its more rounded irregularly oval form and the ver}^ large median

sinus of the ventral valve.

Forinatioii and locality.—Upper Cambrian. Central portion of Chao

Mi Tien limestone, Pagoda Hill, 1 mile southwest of Tai An Fu, and at

a somewhat 4ower horizon two-thirds of a mile west of Tai An Fu,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

GASTROPODA.
Genus SCENELLA Billings.

SCENELLA CLOTHO, new species.

Shell small, moderately convex; apex' elongate, slightly eccentric,

elevated; aperture irregularly oval; a narrow carina extends from the

apex down to the broader end, and several obscure carinte radiate from

the apex toward the margin.

Surface marked by line concentric strii\3 and very tine radiating

striaj.

The type specimen has a length of 4.25 mm.; greatest width 3 mm.;

elevation of apex about 1.5 mm.
This species is clearly distinguished b}' the broad, elliptical, or sub-

ovate form of its aperture and elongated apex; the latter feature is

determined from the interior of the shell, which indicates that the

apex was situated somewhat nearer the narrower end of the aperture;

this feature suggests that if there were perfect specimens representing

the species, it might be found to be more nearly related to some forms

of Stenotheca than to Scenella.

Formation and locality.—Middle Cambrian, upper portion of Chang
Hsia formation, 1 mile east of Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

SCENELLA, species undetermined.

This species is represented b}' a cast of the interior of a small,

patelloid shell, with an oval aperture measuring 2 ))y 3 mm. and

«Proc. U. S. Nat. Mus., XXVIll, 1905, p. 292.
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having a slightly eccentric elevated apex. It does not appear to be

identical with ScencIJa cJotho^ of the Chang Hsia formation, as the

apex is more eccentric and there is no evidence of any carinas

Formdfioii and lomJiiy.—Upper Cambrian, lower portion of Chao

Mi Tien formation; Pagoda Hill, 1 mile west- southwest of Tai An Fu,

Shangtung, China.

Collected ))y Eliot Black welder, of the Carnegie Institution of

Washington Expedition to China.

Genus STRAPAROLLINA Billings.

STRAPAROLLINA CIRCE, new species.

Shell small, hemispherical, spire depressed and rounded in outline;

whorls probably about three; only two are preserved; suture shallow;

the whorls are gently and uniformly rounded from the suture down
to the more rapid curve to the basal side; as far as can be determined

a section of the outer whorl has the form of an ellipse, the narrower

parts toward the dorsal furrow and the outer basal margin.

The greatest diameter of the type and only specimen is 3.5 nun.;

greatest diameter near aperture 2 mm. ; diameter of whorl opposite

aperture 1.5 mm.
The surface is marked by concentric elevated lines that extend

obliquely backward from the dorsal suture to the base of the whorl,

where they are concealed by the matrix. This species differs from

StraparolUna remota Billings in the more rapid expansion of the

outer whorl and more elevated spire.

Fonnatioii and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An
Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

STRAPAROLLINA, species undetermined.

This form is represented by the lower portion of a single whorl,

that is rounded in outline and suggestive of StraparoUlna remota.

The greatest diameter across the volution is 6.5 mm., and of the

whorl 2.5 to 3 mm.
Formation and locality.—Middle Cambrian, in shales just below

the Chao Mi Tien formation, corresponding to the Ku San shales;

isolated hills 12 miles S. 80° E. of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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Genus PLATYCERAS Conrad.

PLATYCERAS CHRONUS, new species.

Shell minute, consisting of two whorls somewhat irregularly in-

curved, the inner whorl being on the plane of the dorsal (outer) side;

the outer whorl expands rapidl}^ toward the aperture, increasing more
on the right ventral (inner) side; a cross section of the outer whorl

shows the outer side to be slightly convex and the inner side strongly

convex, a rather sharp dorsal angle Ijeing formed where the two unite

on the outer side.

A narrow, sharp ridge occurs about midwa}^ of the outer side of the

whorl, that is seen only when the outer surface is very perfectly

preserved; in one example the ridge has a narrow depression on the

outer side which makes a rather prominent feature of the surface;

the strife of growth arcii backward to this I'idge, indicating a sharp

but small dorsal sinuosity in the pei'istomc; on casts of the interior

neither the ridge nor the arching backward of the strije is shown.

The surface of finely preserved specimens is marked b}^ concentric

lines of growth, a sharp ridge, and one or two very fine, elevated lines

subparallel to the ridge.

Greatest diameter of shell 1.5 mm. ; dorso-ventral diameter of whorl

at aperture 0.75 mm.; lateral diameter 0.5 mm.
This species appears to be most nearly related to Platyceras j>ri-

msevimi Billings. It difiers in its stronger dorsal angle and more
rapidlj expanding outer whorl.

Formation and locality.—Middle Cambrian, central portion of C'hang

Hsia formation; at Yen Chuang and 2.5 miles south of Yen Chuaug;

also in clifi's 1 mile east of Chang Hsia, in upper portion of Chang
Hsia formation; iShangtung, China.

Collected l)y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PLATYCERAS CLYTIA, new species.

Shell minute, consisting of about two whorls. Whorls regularly

incurved, the plane of the coiling being nearly perfect with the

exception of a very slight inclination to the left when looking down
upon it from above (dorsally). Outer whorl ver}^ minute at origin,

increasing slightly for the first half of its turn and then rapidly

toward the aperture, which is rounded ovate, being narrowest at the

dorsum; a rounded dorsal ridge is formed on the outer whorl by the

convex slope of the two sides meeting at the dorsum.

Surface apparently smooth in the half dozen specimens in the

collection.

Greatest diameter 2.75 mm.; dorso-ventral diameter of whorl near

aperture 1.6 mm.; greatest lateral diameter 1.25 mm.
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This species differs from P/ati/ceras chronns and /'. pcujoda in the

form of the outer whorl, which expands more iinifoi'ml}' and has a

broadly ovate section; its form also distinguishes it from l\

'priiiiaivunu

Formation and locaJitij.—Upper Cambrian, upper portion of Chao

Mi Tien formation, in gray oolitic limestone; Chao Mi Tien, Shang-

tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PLATYCERAS PAGODA, new species.

Shell minute, consisting of a))out two whorls, of which the inner

whorl is very minute and incurved so as to be seen best from the right

dorsal or outer side. Whorls regularly incurved, with the plane of

the coiling toward thi^ right dorsal side. The section of the outer

whorl near the aperture is elongate oval, with the left ventral side

somewhat flattened. The outer whorl widens i-apidly toward the

aperture, especially on the right ventral (inner) side, which gives the

outline, when looked at from the dorsal ridge, an obliipie, unsynuuet-

rical appearance.

Surface mai'ked by concentric lines of growth which arch backward

upon the dorsum, indicating a dorsal sinuosity in the peristome.

Greatest diameter of the shell 2.5 nun.; dorso-vcntral diameter of

whorl near the aperture 1.75 mm.; greatest lateral diameter not meas-

urable, but apparently not more than one-half the antei'o-posterior

diameter.

This species difl'ers from Platycenix clurniiiN in the size of the outer

whorl, minute inner whorl, and the absence of longitudinal ridges,

features which also distinguish it from P. prihuvruiii Billings'^' and

allied forms.

Formation and locality.—Upper Cambrian, lower portion of Chao

Mi Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An Fu,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus STENOTHECA Saltei

STENOTHECA (?) CLURIUS, new species.

This form is represented by the interior cast of a large, slender,

slightly curving shell. The cast has a length of 10 nun., with a

diameter where it is broken off at the end of 4 by 5 mm. The largest

diameter at the aperture was probably about 10 mm.

«Can. Nat. and GeoL, YI, 1871, p. 220.
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The generic reference of this specimen is doubtful, but in the

absence of the outer shell it is not possible to determine the generic

relations.

Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An Fu,

Shangtung, China.

Collected ])y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

STENOTHECA RUGOSA CHINENSIS, new variety.

In its general form this shell is closely related to Stenotheca ragosa;

it is, however, more elevated and more broadly oval in outline than

the typical forms of .5'. rugosa. The surface is marked by a lunnber

of moderate undulations, or low concentric ridges, and numerous verj'

fine concentric strige of growth ; with a strong lens fine radiating striae

are visible. The t^^pe and only specimen in the collection has a longer

diameter at the aperture of about 10 mm., with a height of 7 mm. to

where the apex is decorticated; at this point the oval section has a

length of 2.5 mm., with a width of 1.5 mm. The apex is broken off at

a smooth, slightly convex septum.

This specimen is of unusual interest, owing to the presence of a

septum toward the apex. In form it resembles most closelj aS. rugosa

acutlcosta, Walcott, but differs from that variety in the presence of

rounded instead of acute costs?. From S. rugosa it differs in being

elevated and more or less conical.

Formation and locality.—Lower Cambrian, Man To formation, in a

hard, blue-gray limestone, 2.5 miles southwest of Yen Chuang, Hsin

Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

STENOTHECA RUGOSA ORIENTALIS, new variety.

This variety is founded upon a small, slender shell with a rounded,

oval aperture. In form it is between Stenotheca rugosa acutlcosta and

S. rugosa erecta, being slender, slightly arched, and cornucopia-like.

Surface marked by strong, sharply angular concentric ridges, with

broader U-shaped furrows between them, and numerous line con-

centric stria?. The average length of the shells of this species is

3 mm., with a diameter at the aperture of 1.5 to 1.75 mm.
Formation and locality

.

—Middle Cambrian, upper portion of Chang
Hsia formation ; at Chang Hsia and 1 mile east of Chang Hsia, Shang-

tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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PTEROPODA.
Genus HYOLITHES Eichwald.

HYOLITHES CYBELE, new species.

Form an elong-ate, ,su])ti'iano-ular pyramid, oracliuiliy and rooularly

taperiiig to an acute extremity. The apical angle of the dorsal side is

about 15-^. Transverse section rounded subtriang'ular; the ventral

angle is rounded and the lateral angles slightl}' rounded olf. Dorsal

face moderately convex and curving very slightly from the apex to

the anterior, spatulate portion. Ventral face strongly and regularly

convex transversely. Aperture oblique, the margin extending- on

the dorsal side; the peristome 'on the ventral side is slightly curved

forward.

Surface marked b}" concentric, transverse, more or less o])scure lines

and striiB of g-rowth; the cast of the interior shows on the ventral face

three or four obscure longitudinal lines, the central one of which is

the strongest.

The largest specimen in the collection has a length of 24 nmi., with

a width of T mm. at the aperture.

The body of the associated operculum is semicircular, moderately

convex on the outer side externally, and concave within. The ventral

wing as seen on the outside is semicircular-convex, rising toward a

point at the center of the transverse side. The dorsal limb is nearly

flat, rising, as far as can be determined from a broken specimen, at an

angle of about 100^ from the plane of the body of the operculum.

In the slope of the sides toward the apex, character of surface, and
the transverse section this species may be compared with IfyoJitJi<x

pr'rnccp^!^ Billings," of the Lower Cambrian of Newfoundland, //. tenah-

ti'hitus Linnai'sson, and //. arcnophllus Holm.^^ If. ri/hdexs^ however,

much smaller than the first two species mentioned, and its section is

much more convex, both on the dorsal and ventral sides, than that of

// arenopldlux..

Forniiitkm.andlocalitii.—Middle Cambrian, central poi'tlon of Chang
Hsia formation; at Yen Chuang, 2 miles and 2. .5 miles south and 3

miles southwest of Yen Chuang, Hsin Tai, Shangtung, China. Also

near the top of the Chang Ilsia formation at Chang Ilsia, Shangtung,

China.

Collected l)y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

"Tenth Ann. Kept. U. S. Geol. Survey, 1890, pi. lxxvi, fit^s. 1 to 1 '//.

'Mieol. Surv. Sweden, Ser. C, No. 112, pi. i, tigs. 78-81 and 8LM>;!.

Proc. N. M. vol. xxix—05-^—

2
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HYOLITHES DAPHNIS, new species.

The t3q3e and only specimen of this species in the collection has a

length of 26 mm., with a width at the larger end on the dorsal side of

11 mm., and a dorso-ventral thickness of 9 mm. At a distance of 21

mm. from the larger end the smaller end has a width of 5 mm. on the

dorsal side. Nothing is known of the outer surface. The section

shows a very strongly convex ventral side, with rounded ventral

angle; the dorsal side is gently convex, with the lateral angle slightly

rounded.

This species is represented b}^ a cast that might have been taken

from some of the more convex specimens of Jlyolithes princess Bil-

lings, of the Lower Cambrian rocks of Newfoundland. It differs

from these in the more convex dorsal side.

Formation and locality.—Upper Cambrian, summit of the Chao Mi
Tien formation; 2.7 miles southwest of Yen Chuang, HsinTai, Shang-

tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

HYOLITHES DELIA, new species.

This species is represented by the dorsal side of a single specimen.

It resembles the dorsal side of Jlyolitltes hUlmgsl Walcott." The
dorsal surface is gently (convex and is marked on each side, parallel

to and a little distance within the margin, by a very shallow groove

which outlines a central, more slightly convex area. This specimen

is probably the interior cast. It shows a few forward-arching concen-

tric lines of growth. The type and only specimen representing the

species has a length of 5 mm., with a width of 1 mm. at the smaller

end and 2.25 mm. at the larger end.

From the means of comparison afforded by the single specimen this

species appears to be most closely related to iryoUthes hiUlngsL It

differs in the more slender tube.

Forii\a,tlon and locality.—Lower Cambrian, in hard, blue-gray

limestone, lower part of Man To farmation; 2.5 miles south of Yen
Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus ORTHOTHECA Novak.

ORTHOTHECA CYRENE, new species.

Form, an elongate, slender, subtriangular tu))e, with the lateral mar-

gin rounded, tapering gradually from the base to an acute extremity.

«Bull. No. 30, U. S. Geol. Survey, lcS86, p. 134, pi. xiii, figs, lb, le.
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Transverse section rounded sal)triaiio-ular, transverse, and slig-htl}'

concave toward the center on the dorsal side, rounded at the lateral

angles, highlj' arched on the ventral side, with the ventral angle

broadly rounded. Dorsal face of the lateral angles rounded, with a

shallow depression, with rounded lateral slopes, a little more than

one-third the width of the face. Ventral face strongl\' and regularly

convex transversel3% and without any ventral angle. Aperture, as

far as known, transverse, at right angles to the axis of the shell.

Operculum unknown. Shell of moderate thickness and made up

apparently of several hn'crs or lamelh^.

Surface of the shell concentrically or transversely linel}^ striated;

a few longitudinal stride may be seen bv turning the specimen in the

light.-

The largest specimen, which is broken off at the apical end, has a

length of 9 nnn., with a Avidth on the dorsal side at the larger end of

2 mm.; a specimen with a diameter of 3 mm. on the dorsal face has

a dorso-ventral diameter of 2 mm.
What appears to be a ti-ansverse septum occurs in one of the shells

about 9 mm. from the apical end.

The elongate form of the tube and the shallow groove on the

center of the dorsal face are not unlike IlyoHtJics commvnis euiiiionsl

Ford." The two species, however, ditier in the outline of the trans-

verse section and in the more rapidly expanding tube of Oiihotheca

cyrene. There is a number of species from the Swedish Cambrian,

illustrated by Holm, that have the central depression on the dorsal

face. Of these (Jrthotliecd ((jfi)iis Holm is most nearly related to O.

cyrene.

Foriiiation and loadify.—Upper Cambrian, upper portion of Chao

Mi Tion formation; Chao ]Mi Tien and 2.7 miles southwest of Yen

Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington P^xpedition to China.

ORTHOTHECA CYRENE DRYAS, new variety.

This variet}' is characterized by having a broader, more shallow fur-

row on the dorsal face; otherwise it appears to be identical with (>.

cyrene. On some specimens the shallow groove is scarcely percepti-

ble, the face being practical 1}^ transverse and smooth.

Forniatlon and local!ty.—Middle Cambrian, central portion of Chang

Hsia formation; 2 miles south of Yen Chuang, Hsin Tai, Shangtung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

a Tenth Ann. Kept. U. S. Geol. Survey, 1890, pi. lxxvii, lig. 4A.
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ORTHOTHECA DAULIS, new species.

Shell elongate, slender, tapering gradually to an acute point.

Transverse section subcircular, slightly flattened on the dorsal side.

Ventral face strongly and regularly convex transversely; the dorsal

and ventral faces meet to form the rounded lateral angles of the shell,

the dorsal face being narrow and slightly flattened. Aperture trans-

verse, as indicated by the transverse lines of growth.

Surface of the shell smoothed and polished, with onlv a very few

obscure traces of transverse concentric lines of growth.

The largest specimen in the collection has a length of 16 mm., with

a diameter at the larger end of 4 mm., and at the smaller end, where it

appears to be broken off at a transvei'se septum, of 1.25 mm.
This species resembles, in its slender tube and nearly circular sec-

tion, OrtJiotheca communis Billings." It difl'ers in expanding a little

more rapidly toward the larger end and in its smooth surface. It may
be compared with ChthotJieca stylus Holm, except that it does not have

the curvature of that species nor the cancellated surface. Its slender

tube and nearly circular section are much like those of Orthotheca

tereti'usculus Linnarsson,^ as illustrated b}^ Holm in his memoir on

Hyolithida?.

Formation and locality.—Middle Cambrian, lower portion of Chang

Hsia formation, in gray oolitic limestone; 50 feet below base of cliff's,

Chang Hsia; also central portion of Chang Hsia formation, 2.2 miles

southwest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ORTHOTHECA DELPHUS, new species.

Shell straight, elongate, slender, tapering gradually to an acute

point. Transverse section subelliptical, with the dorsal side flattened.

Dorsal face gentl}^ convex, lateral angles rounded. Ventral face

moderately convex. Aperture about transverse, as indicated by the

concentric stride and lines of growth. Shell of medium thickness.

Surface of the shell transversely or concentrically striated by
somewhat irregular, raised, sharp, tine, closel}^ arranged stria^; on

the rounded ventral side a few slightly oblique, longitudinal, elevated

•lines occur near the larger end.

The largest specimen has a length of J> mm., with a width of 1 mm.
at the smaller end and 1.75 mm. at the larger end.

There is some variation in the transverse section of the shell owing

to the variation in the convexit}" and flattening of the dorsal face. In

some specimens toward the apical end the section is a rather narrow

ellipse.

"Tenth Ann. Rept. U. S. Geol. Survey, 1890, pi. lxxvii, fi^s. 3, 3 a-g.

''Geol. Surv. Sweden, Ser. C, No. 112, pi. i.
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The elliptical section and the line, raised, transverse stria? serve to

distinguish this species from any other known to me.

Formation and locality.—Middle Cambi-ian, central portion of

Chang Hsia formation, in limestone nodules at the base of a stratum

of green shale, a local phase of the Chang Hsia oolite formation; 3

miles south of Kao Chia Pu and 3 miles southwest of Yen Chuang,

Hsin Tai, Shangtung, China.

Collected ])y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ORTHOTHECA DORIS, new species.

Shell elongate, slender, and regularly tapering. Transverse section

oval or circular; in the type and only specimen the shell is somewhat
ci'ushed, which leaves the original form in dou))t. The dorsal face

appears to have been moderately convex, with rounded lateral angles

that pass into the convex, rounded ventral side. Transverse stritv and

lines of growth indicate that the aperture was probaVdy transvei'se.

Shell apparently strong.

Surface of shell transversely or concentrically marked b}- lines of

growth, with more or less irregular stria? between them; in addition

there is a finely pitted surface between the stria?, and sometimes on

them, that gi\os a very peculiar aspect to the surface under a strong-

lens.

The fragment representing this species has a length of 1.U mm., W' ith

a transverse diameter at the larger end of 5 nmi.

This species is characterized by the peculiar, irregularly pitted

surface.

Forination and locality.—Middle Cambrian; collected from river

drift rock on gravel bar in the Lan Ho, 1 mile south of Chen I*ing

Hsien, southeastern Shensi, China, near the extreme southeastern

corner of the Province of Shensi, adjoining on Hupeh and Ssuch" uan.

Collected by Bailey Willis and P^liot Blackwelder, of the Carnegie

Institution of Wasiiington Expedition to China.

ORTHOTHECA, species undetermined.

Fragments of a small, elongate, slender Orthotheca occur in the

upper Cambrian. The .species has a transverse section much like that

of O. daalis., except that the dorsal face is much broader, which gives

a rounded, subtriangular outline to the section, resembling in this

respect 0. cyrene, but the latter has a shallow groove on the dorsal

face which is absent in the fragments under consideration.

Formation and locality.— Upper Cambrian, upper part of Chao Mi
Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An Fu,

Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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CEPHALOPODA.
Genus CYRTOCERAS Goldfuss.

CYRTOCERAS CAMBRIA, new species.

Shell gently curved, laterally compressed. Section ovate, dorso-

ventral diameter as compared with the lateral diameter toward the

last chamber being- nearly as four to three, the greatest lateral diame-

ter being nearer the dorsal than the ventral side; dorsal side more
obtusely rounded than the ventral. Septa arching slightly forward

from the dorsal side; short, about five in a distance of 2.5 mm.
where the shell has a diameter of from 1 to 1.5 mm. Chamber of

habitation supposed to be of moderate depth; none of the specimens

clearly show the margin of the aperture.

This species is represented by a number of more or less fragmentary

specimens. The largest has a dorso-ventral diameter near the aper-

ture of 8 mm., with a length of 7 mm. to where the diameter is 1.25

mm. ; chamber of habitation appears to have a depth of 2 nmi. The
siphuncle in a specimen 2.25 mm. in the dorso-ventral diameter has a

diameter of less than 0.2 mm.; it is situated on the dorsal side, and

almost reaches the exterior surface of the thin shell, which is some-

what thickened on the dorsal side.

This little shell appears to be a true Cyrtoceras. Occurring as it

does well down toward the base of the Chao Mi Tien limestone, the

fauna of which is of upper Cambrian age, makes it of great interest,

as it is the oldest known representative of the genus, and, unless Vol-

borthella is considered to be a cephalopod, is the oldest known
representative of that class.

Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien limestone; Pagoda Hill, 1 mile west-southwest of Tai An
Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

TRILOBITA.

Genus AGNOSTUS Brongniart.

AGNOSTUS KUSANENSIS, new species.

Cephalic shield moderately convex, a little wider than long, semi-

circular in outline, and slightly contracted at the posterior lateral

angles; the narrow, rim-like, rounded border is broadest at the front,

narrowing toward the postero-lateral angle, around which it curves,

and extends about one-fourth the distance across the posterior margin

of the head; dorsal furrow well defined on the sides, but rather faint

in front of the large posterior lobe of the glabella.
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The glabella is formed of a po.sterior, .slightly convex lobe that is

little more than one-fourth the width of the head and less than one-

half its length; it is marked a little in advance of its center by a small,

pointed tubercle; in front of the posterior lo]>e there is a faintly out-

lined conical extension of the glabella that ditiers more or less in form

and strength in nearly every specimen of the head; it is usually very

obscure; lateral lobes moderately convex and uniting in the front

without interruption in the convexity or surface.

The thoracic segments associated with the cephalic and caudal shields

have a convex axial lobe with narrow pleural lobes; the axial lobe is

divided into a central portion and two lateral portions by narrow fur-

rows, giving the effect of two large oval tubercles between the dorsal

furrow and the central portion of the segment; the short pleural lobe

is marked by a very narrow pleural furrow a short distance back of

its center.

The caudal shield associated with the cephalic shield is slightl}-

shorter in proportion to its width and less convex; it is bordered by a

flat, rather broad rim, that is narrow at the front margin, gradually

increasing to its greatest width l)ehind, where its inner margin curves

inward to form a blunt angle at the point opposite the axial lobe; the

front niargin is narrow and elevated in front of the lateral lobes

and bordered with a narrow, slightly convex, sharply detini^d axial

segment.

Axial lobe about one-third the entire width, moderately convex,

and marked on its anterior third l\y an elongate, slightly elevated

tiU>ercle from which on some specimens, but not on others, two very

faint grooves extend outward and then curve obliquel}" backward to

the dorsal furrow, the front groove being opposite the apex of thc^

tul)ercle; in some examples the axial lobe contracts opposite the cen-

tral tubercle and expands at the frontal margin, where an oblique,

very faintly defined furrow outlines a small oval lobe; dorsal furrow

narrow and sharply detined all al)out the central axis; back of the axis

it unites and passes back into the furrow within the border; lateral

lobes gently convex, usually about the width of the axial lobe near

the central portions, narrowing posteriori}^, and d3nng out at the

short, shallow furrow at the posterior point of the axial lobe.

Surface of cephalic and caudal shields and thoracic segments mi-

nutely punctate.

This species differs from Agnostus chinensis Dames, which occurs

abundantly in the Chang Hsia formation, in having a short glabella and

broader lateral lobes on the cephalic shield, and broader lateral lobes

and flat border on the pygidium. It is of the type of and very closely

related to A. 'parcifrons Linnarsson, from which it differs in the pro-

portion of the glabella to the length of the cephalic shield and in the

flatter margins of the cephalic and caudal shields.
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Foiynation and locality.—Middle Cambrian, upper portion of Chang
Hsia formation, 3 miles south of Kao Chia Pu. Hsin Tai, Shang-tung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus MICRODISCUS (Emmons) Walcott.«

MICRODISCUS ORIENTALIS, new species.

There is in the collection but a single specimen of the matrix of a

portion of the head of this species. This indicates the head to have

been semicircular in outline, Avith a strong, rounded, frontal border,

marked by ten or more transverse furrows, very much in the same
manner as M. connexus. In front of the border there is a very nar-

row, slightly elevated rim.

Cheeks convex, and sloping from the center toward the narrow,

sharp dorsal furrow about the glabella and to the furrow within the

border of the head. A very narrow ridge extends just back of the

antero-lateral angles of the glabella outward so as to disappear in

the ful'row within the outer border.

Gla])clla very narrow in front, gradually widening toward the base,

and from the slight indication in the specimen is continued backward
in an occipital spine; it is marked by two transverse, liglitly impressed

furrows, and what may be a faintly impressed occipital furrow.

This species shows characters that occur in two described forms:

The border of the head and the occipital spine are much like those of

J/! connexus; the transverse furrows of the glabella recall those of

some specimens of M. .yx'closus.

Its occurrence in the Cambrian rocks of China is most interesting.

The fossils associated in the ])luish-gray limestone are Acrotreta

sJidugfiuigeiisls:., DlcelJomus parrns., OlxiJeJla axuitica., (Jhohis shev.siefi-

.s'/.y, lli/olit/)cs, undetermined fragments of trilobites, and a small

ostracod.

CoUectcd b}' Bailey Willis and Eliot lUackwelder, of the Carnegie

Institution of Washington Expedition to China.

Forination and locality.—Middle Cam])rian.

The ty^Q specimen is from dark, bluish-gray, compact limestone,

in the river drift of the Lan Ho, near the extreme southeastern

corner of the province of Shensi, joining on Hupeh and Ssuch' uan,

one mile south of Chen Ping Hsien, Shensi, China.

Genus REDLICHIA Grossman.

RedUrlda Grossman, Eevue Critique, Paleozoologie, 1902, Sixit-me Ann., p. 52.

ILij'cria Redlicii, Mem. Geol. Sur. India, new ser., I, 1901, p. 2.

Not Hcvferia Bittner, 1895.

"Bull. U. S. Geol. Surv., No. 30, 1886, p. 152.
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(>i'i(j'n}(il (Itxi-ripiUni hv Doctor Redlicli: "The head shield i.s almost

semicircular, slightly elevated, possesses movable cheeks and two long-

cheek-spines. The glabella is cylindrical, slight!}^ contracted toward

the middle, provided on each side with four lateral furrows. The
palpebral lobes, which surround the glal)ella in one continuous curve,

are completelv separate from it and not continent as in Olencllus.

The facial sutures are well developed in all the specimens and, in con-

sequence of this, free cheeks are present.

"The suture begins in the tirst quarter of the external margin

(reckoned from the glabella), extends along the eyes, and toward the

posterior margin is again directed outward. The fixed cheeks are

very narrow, whilst the free cheeks, which are provided witii long

cheek-spines, are almost double the width.

"Of the thorax only isolated segments are preserved. The axial

part is elevated; the pleura? are grooved {'ph'fres a Nillon^ of Bar-

rande), and end in a hackwardly directed spine.

"On the glabella the surface of the test shows tine backwardly

directed ridges, which are, however, so tine that the}' are visible oidy

under the lens. On the thickened margin the}' are also present, but

so uuich stronger that they can easily be shown in the figure. The
cheeks, even when highly magnified, show nothing of the sort, but at

most a tine punctation, which, however, is mainly due to the structure

of the test.''

Doctor Redlich compares this form with the genera Pi-otoleiuis^

Paradoxides^ and 3[datoxldes, but does not note its close resemblance

to Zacantholde.s of the Middle Cambrian fauna of Nevada.

In India the type species i?. noetUngi occurs near the sununit of

the Cambrian series of formations. In China M. oiohilis occurs near

the l)ase of the Man To formation, not far above the Archean complex.

/?. c/ihiens-i.s is found in the central portions of the Man To foi-nia-

tions, and R. final is occurs nearl}' 1,000 feet or more higher in the

section near the top of the Chang Hsia formation. This distribution

indicates that RedUchla is a Middle Cambrian genus; also that it may
be in the upper portion of the Lower Cambrian, but with our present

information this is somewhat doubtful, as the fauna of the Man To
formation is not distinctly Lower Cambrian.

Genotype.—RedUclda noetlingl Redlich.

REDLICHIA CHINENSIS, new species.

This species differs from Redlichia noetlingl., the type of the genus

fi'om India, in its more conical glabella and smaller anterior lobe of

the glabella; otherwise the two forms are very much alike, as far as

can be determined by the present means of comparison. From
Redlichia nohilis it differs in having a proportionateh' less C3'lindrical

glabella and much larger anterior fixed cheeks.
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The stratigraphic range of the species is from the lower to the cen-

tral portions of the Man To formation.

Formation and locality.—Lower Cambrian. Man To formation.

Bluish-gray shaly and thin-bedded limestone, south slope of Man To
Shan at Chang Hsia and 2 miles south, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

REDLICHIA FINALIS, new species.

This species is represented by one imperfect head, several free

cheeks, and several long spines similar to those occurring with

B. chinensis., which were probabl}^ attached to a segment of the

thorax as in Zacanthoidex typicalh Walcott." The fragment of the

head indicates an almost cylindrical glabella and elongate eye lobe;

the free cheek indicates a shorter anterior lixed cheek than that of

B,. nobUix. The material representing this species is imperfect, but

the fact that it occurs near the top of the Chang Hsia limestone, 1,000

or more feet above B. chinenxis and R. nohlUx^ in a strongly marked

Middle Cambrian fauna, makes it desirable to give the form a specific

name. It prol)al)l3'^ apprc^aches the t3'pe of the genus R. noetUngl

from India more closely than the other two species from China.

Formation and locality.—Middle Cambrian. Lower portion of

Ku San formation. Shaly limestone. Two miles south-southeast of

Kao Chia Pu, Shangtung, China.

REDLICHIA NOBILIS, new species.

This species is closel}' related to Redlichla noetlinyl; it differs in

the form of the postei'ior segment of the glabella and the somewhat

less cylindrical form of the glabella.

From RecUichia chinensis it differs in its less tapering glabella and

shorter anterior fixed cheeks.

As far as known, it occurs only in the lower portion of the Man To
formation.

Formation and locality.—Lower Cambrian. Man To formation,

in a hard bluish-gray limestone. Southeast slope of Hu Lu Shan, 2^

miles south of Yen Chuang, Hsin Tai, Shangtung, China.

REDLICHIA, species undetermined.

A large free cheek and two thoracic spines, much like those found

with R. c/iinensls, are all that is known of this species. The angle

of divergence of the lateral spine is much greater than in other species,

and the stratigraphic horizon is higher in the section.

"Bull. U. S. Geol. Surv., No. 30, 1886, pi. x.xv, fig. 2.
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FoTiuiithm and locality.—Middle Cambrian. Shaly limestone in

upper portion of Ku San shale, 2.5 miles southwest of Yen Chuang-,

Hsin Tai, Shanotung, China.

Collected by Eliot Blaekwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus OLENOIDES Meek.

OLENOIDES (?) CILIX, new species.

This species is founded on a pygidium that is semicircular in outline,

moderately convex, and with a spinose margin. Axis moderately con-

vex, conical, with a broadly rounded posterior end. It is divided by

three clearly marked, transverse, rounded furrows into a strong ante-

rior ring, next to the thorax, two moderately convex i-ings, and a

long- terminal portion, which has a slight fourth depression, indicating

a fourth ring. The posterior portion of the axis slopes rather rapidl}'

down to the margin. Owing to an al)rasion, the presence or absence

of the nodes usually present at the end of the axis can not be

determined.

Dorsal furrow rounded and shallow.

Pleural lol)es flat for a short distance from the axis, and then

curve gently downward to the border. They are marked l)y a deep

anterior furrow within the narrow, anterior, elevated margin and

three furrows that terminate at the margin. The furrows outline

three rather broad, slightly convex segments and a posterior area

opposite the postero-lateral angle of the axis. The border is practi-

cally a continuation of the slope of the segments and furrows of the

pleural lol>e. It is marked opposite the segments by live short,

backward-pointing, flat, broad spines, and diagonally opposite the

lat(n-al angle of the axis by two long, strong, backward-extending

spines. In addition, there are two short spines with broad bases back

of the axis between the two long spines.

Outer surface unknown, as the crust has been removed by abrasion

or solution.

The type and only specimen of the pygidium has a length of about

12 mm., with a width at the front margin of 19 mm.; the axis has a

length of about 9 mm., with a width in front of 6 mm. and at the

terminal segment of 3.5 mm.
This species is characterized b}^ the two long posterior spines and

the short - backward-extending lateral spines; the latter spines are

essentially of the type occurring on the pygidium of Peltara and Pro-

topeltura., but the general character of the pygidium and spines relate

it to the group of trilobites here brought together under the genera

Do7'yj)yge^ DoTyj>y<jella., DaineseUa, and Olenolde^.
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FoniKition (imJ loral/fi/.—Middle Cambrian, in shales corresponding

to the Kii San shale formation; isolated hills 12 miles S. 80° E. of Tai

An Fu, Shangtuno-, China.,

Collected by Eliot Blackwelder, of the Carneoie Institution of

Washing-ton Expedition to China.

Genus DORYPYGE Dames.

DORYPYGE BISPINOSA, new species.

This species is based on a pygidiiim having a strong, broad axis,

narrow pleural lobes, and two long, strong spines that project

obliciuely backward from the postero-lateral angle of the pygidium.

The central axis has a length of 10 mm.,- with a width at the ante-

rior end of 6 mm. and at the posterior terminal lobe of 6 mm.,

narrowing slightly at the second and third rings; it is divided by

three shallow, rounded, transverse furrows into three slightly convex

rings and a terminal ring nearly as long as the two posterior rings;

there is also a narrow anterior ring that connected the p3^gidium with

the thorax; the terminal ring is convex and slightly overhangs the

margin; a node or slight swelling is indicated on each side of the

median line where the ring slopes abruptly down to the margin.

Dorsal furrow rounded and somewhat irregular.

Pleural lo])es slightly narrower than the axis and arching from the

dorsal furrow directly down to the border; the lobes are divided b}^

three broad furrows into an anterior, marginal, elevated rim and two

slightly concave segments; a third and posterior segment is indis-

tinctl}' outlined; the furrows and segments terminate within a slightly

thickened border. Three pairs of short spines occur on the border

opposite the two anterior segments and frontal rim of the pleural

lobe; opposite the faintl}" defined posterior segment there is a long,

strong spine, and from the space between the latter spine and where

the dorsal furrow intersects the border there is another longer and

stronger spine that extends obliquely outward and backward.

The surface is marked by a few pustules that occur on the elevated

portions of the rings of the axis and the pleural lobes; under a

strong lens the crust appears to be slightly roughened and appaicntly

minutely punctate.

Dimensions.—Length, 11 mm.; width at the anterior border, 16

mm.; width of axis, 6 mm.; width of pleural lobe at anterior portion,

5 mm.
Ohservations.—In general outline this p\"gidium is somewhat like

that of Dorypyge richthofenl Dames. It ditiers in the proportionately

broader axis, narrower pleural lobes, and the pair of strong spines at

the postero-lateral angle.
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For/nation and locality.—Middle Cambrian, central portion of

Chang- Hsia formation, in hard, dove-colorod limestone; '1 miles south

of Yen Chuang, Hsin Tai, 8hang-tunu-, China.

Collected by Eliot Blackwelder, of the Carneg-ie Institution of

Washington Expedition to China.

• Genus DORYPYGELLA, new genus.

This genus is founded on the heads awA ])ygidia of a trilobite

associated with Dainesella Mackwelderi.

D((ignos!s.—Head transversely semicircular, with a truncato-conical

glaljella, having a postero-lateral lobe in the dorsal furrow and a nar-

row frontal rim and border, tixed cheeks medium to broad, with rela-

tively large, elevated, palpebral lobes; facial sutures, cutting the

anterior rim in front of the anterior base of the eye lobe, extend

inward and backward in a slight outward curve to the eye lobe; arch-

ing about the eye lobe they extend outward and backward with a

sigmoid flexure, cutting the posterior rim within the postero-lateral

angle.

Associated pygidia transversely semicircular, axis conical, with two

or more rings, marginal border spinose, with the anterior pair of

spines, in the type species, very strong.

It may be that some of the pygidia described under Olenoldes and

I)mtie><ella belong- to this germs, but with our present knowledge it

would be difficult to identity them.

The genus is characterized l)y the peculiar glabella, narrow frontal

margin, and spinose pygidium. It is assumed that the pj'gidia asso-

ciated w^th the heads belong to the genus, as there is no other associated

form to which they coidd be referred except Daiuesdla blachweldtrl,

and from this the pygidium differs in its short conical axis and the

character of the spinose border.

Genotype.—Dorypygella typical!s.

The species referred to the genus are: Dorypy(jella typicalls Wal-

cott, Dorypygella alcon Walcott, Dorypygella alastor Walcott,

DORYPYGELLA TYPICALIS, new species.

Head transversely semicircular, moderately convex, Glaljella

truncato-conical, with the sides converging gently to the i-ounded front;

three pairs of glabellar furrows are indicated by slight, short depres-

sions at the sides next to the dorsal furrow; back of the posterior pair

of depressions a low rounded ridge extends out onto the tixed cheek,

forming a low, oval-shaped tubercle or lobe that is apparently the

continuation of the postero-lateral lobe of the gdabella; a small pit

occurs just back of it, from which the occipital furrow starts; the

latter is shallow, clearly defined, and extends slightly backward and

then forward toward the center; occipital ring of medium width at the

sides, broadening- out to a somewhat flat, rather strong, segment at the
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center; dorsal furrow obscure, and interrupted hy the small lobe at

the postero-lateral ang-le of the glabella and l)v the ocular ridge at its

antero-lateral angle.

Fixed cheeks about two-thirds the width of the central portion of

the glabella; they rise somewhat rapidly from the dorsal furrow to

the palpel)ral lobe, and slope gently back to the posterioi; furrow and

in front of the ocular ridge rather rapidly to the furrow within the

frontal rim; ocular ridges strong and rather prominent; they origi-

nate against the antero-lateral angle of the glabella and extend

obliquely backward across the fixed cheek and merge into the rim of

the palpebral lobe; palpebral lobe elevated abov^e the fixed cheek,

prominent, and about one-third the entire length of the head; a shal-

low groove extends from the thick, strong, broad, elevated rim down
to the fixed cheek; postero-lateral limb about as long from the dorsal

furrow to its extremity as the length of the glabella and occipital ring;

a narrow furrow within the sharp posterior margin gives it an almost

concave form; frontal border transverse or slightlj^ incurved; it is

elevated, rounded, and separated from the front of the glabella by a

narrow sharply defined furrow that extends outward and slig'htly

forward between the rim and the fixed cheeks; it is nearly flat, broad

at the center, narrowing- toward the facial suture.

The associated free cheek is subrhomboidal in outline, with a narrow
rim that is slightly flattened in front, becoming more rounded toward

the posterior lateral angle, which has a short, sharp, backward-

extending spine; the body of the cheek is slightly convex, rising

broadly from the border to the base of the eye lobe; the posterior

border is short, being cut a short distance within the postero-lateral

angle by the facial suture; facial sutures, cutting the frontal limb,

extend directly backward, with a slight outward curve to the eye lobe,

around which the}' curve; back of the eye lobe the sutures continue

with a slight sigmoid flexure outward and backward, cutting the

posterior margin a short distance within the postero-lateral angle.

The associated pygidium, which is referred to this species, is trans-

versely semicircular, with a short, conical, convex axis. The axis

is divided by two narrow, shallow, transverse furrows into two ante-

rior segments and a terminal segment about as long as the two anterior

segments. Pleural lobes depressed, nearly flat for a short distance,

and then sloping gently down to a narrow, flattened margin; they are

marked by three shallow furrows, which separate a strong, anterior,

narrow, elevated rim, two slightly convex segments, and a posterior

segment at the end of the axis; the furrows and segments stop at the

line of the flattened margin, with the exception of the anterior elevated

rim, which continues across the margin, and is extended into a strong-

spine that curves outward and backward; the border is narrow, slightly

flattened and transverse, but somewhat incurved posteriorly; it has

four or more short, broad, backward-extending spines.
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The surface of the central portions of the head is a|)i)arentl\' smooth

under a strong;- lens, with the exception of a few scattered, depressed

tubercles; the free cheeks have a few irreg-ular, raised, inosculating

lines extending- from the base of the eye outward toward the rim; the

surface of the associated pygidium appears to have a few very minute

tubercles that can be seen onl}^ with the aid of a strong lens.

Ohservationx.—The transverse front of the head of this species sug-

gests the head of Coiiocephalites fregueriH Dames, but the glabella is

entirelv diti'erent in form. It ditl'ers from Dorypygella alcon and

D. (dastor Wsdcotthy the narrower free cheeks and glabella, and the

form of the frontal rim.

Fonnation and loaditij.—Middle Cambrian. In gray, crystalline

limestone; 3.25 miles southwest of Yen (Jhuang, Hsin Tai, Shangtung,

China.

Collected b\^ Eliot Blackwclder, of the Carnegie Institution of

Washington Expedition to China.

DORYPYGELLA ALASTOR, new species.

This species is represented ])y a single specimen of the central por-

tions of a moderately convex head and several associated pygidia that

occur at the same horizon as Dorypygdla alcon.

Head, as indicated by the specimen, transversely semicircular and

moderately convex. Glabella broadly truncato-conical, narrowing to

the gently rounded front; two pairs of narrow, short furrows extend

obliquely inward and backward; the posterior pair outline a rather large

postero-lateral lobe, wliich is continent with an oval-shaped lobe that

interrupts the dorsal furrow and on one side merges into the tixed

cheek; a second pair of furrows outlines a small, narrow lobe that is

scarcely separated from the tixed cheek by the dorsal furrow; occipi-

tal furrow narrow, transverse; occipital ring l)roken awaj^ ; dorsal fur-

row slightly outlined in front and at the anterior lateral angles of the

glabella, and practically nonexistent l)ack of that at the sides, owing to

interruption by the merging of the lobes of the glabella, and the tixed

cheeks.

Fixed cheeks nearly as wide as the anterior portion of the glabella,

interrupted by strong, low, ocular ridges that originate at the antei'ior

lateral angle of the glabella and extend obliqneh" outward and back-

ward to the palpebral lo])e; palpel)ral lobes large, about one-half the

length of the head, and rising abruptl}' from the nearh' flat, tixed cheek;

their outer margin is broad, roiuided, elevated, semicircular, with a

deep groove sloping down to the fixed cheek; frontal limb very nar-

row, merely a rounded ridge between the gla])clla and the Hat frontal

rim; to the sides it merges into the strong ocular ridge and downward
slope of the fixed cheek in front of the ridge; frontal rim narrow,

nearly Hat, and rising to the slightly rounded margin.



32 PROCEEDINGS OF THE NATIONAL MUSEUM. vol. xxix.

Surface apparently smooth with the exception of a few small, scat-

tered pustules on the glabella.

At this same locality and horizon, and in limestone of the same

character but not in the same hand specimen, there is a number of

pygidia which appear to possess characteristics distinct from those of

any described species, and which have been referred to D. alastor.

They are of the same tj^pe as those that have been referred to D. tyj)l-

ealh. They are transversely semicircular in form, exclusive of the

spines on the border. Axis elongate conical, convex, divided by five

shallow furrows into five transverse, very slightly convex rings, and

a terminal section a little longer than the greatest width of any ring;

the terminal section ends someAvhat abruptly and slopes rapidly down-

ward to the margin; it is marked at the point where it slopes down-

ward by a small node each side of the center. Dorsal furrow very slight,

as the pleural lobes are nearly flat but slightly convex before reaching

the margin; the pleural lobes are divided by five shallow furrows into

a narrow frontal rim or segment and a posterior obscure segment; the

furrows and segments, with the exception of the anterior furrow and

segment, terminate at the inner margin of the border; the anterior

furrow crosses the border, and the anterior segment is continued out

across the border, merging into the anterior spine. Border flat, dis-

tinctly defined except opposite the anterior segment, and bordered

with a series of marginal spines; these include a long anterior spine,

which is a continuation of the anterior margin and a part of the first

segment; back of this there are four pairs of short spines which may
be considered in a general wa}^ as opposite the four anterior segments;

the sixth pair of spines project backward; they are long, broad, flat,

and opposite the obscure terminal segment of the pleural lobe; between

the two large spines, opposite the dorsal furrow at the side of the axis,

are two short spines; all of the spines are more or less flat and merge
directly into the flat border with the exception of the two anterior,

which are connected with the anterior segment and frontal rim.

The surface of the rings and segments is marked b}^ minute granules;

otherwise it appears to be smooth under a strong lens.

A specimen 7 mm. in length has a width of 12 mm., exclusive of the

spines; axis 3 mm. in width in front, 1.75 ram. at the posterior end;

pleural lobe back of the first segment 3 mm. in width.

This species is characterized by the absence of a frontal limb on the

head, and the pygidium differs from that of DorypygeUa typicalis in

having a narrow axis, broad, flat margin, and in the arrangement of

the spines of the border.

Forination and locality.—Middle Cambrian, central portion of

Chang Hsia formation, in hard, gray, fine-grained limestone; 3.25

miles southwest of Yen Chuang, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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DORYPYGELLA ALCON, new species.

This species is represented by a single, somewhat imperfect speci-

men of the central portions of the head.

Glabella broadl}^ truncato-conical, its width at the base and its leng-th

being- the same; a pair of short, shallow, posterior furrows occur,

which outline a postero-lateral lobe that extends out into and crosses

the dorsal furrow; a second pair of furrows is very slightl}" indicated

a short distance in advance of the posterior pair; ))ack of the postero-

lateral lobe there is a deep, sharp, narrow furrow on the slope into

the occipital furrow; occipital furrow strongly defined, shallow near

the center, and deeper laterally; occipital ring unknown; dorsal furrow

well defined at the sides in front of the postero- lateral lobe.

Fixed cheeks about as broad as the glabella; they rise rather

rapidly from the dorsal furrow to a height slightl}^ greater than that

of the glabella, and slope gently backward to the posterior furrow and

rather abruptly downward in front of the ocular ridges; ocular ridges

broad and rounded; they originate opposite the glabella, somewhat
interrupt the dorsal furrow, and extend outward subparallel to the

frontal margin of the head to the palpebral lobe; palpebral lobes

broken away, but from the configuration of the broken part of the

fixed cheek they appear to have been nearly one-half the length of

the head and placed on the most elevated portion of the cheek; frontal

rim narrow and nearly flat, transverse, and sloping upward from in

front of the glabella and the fixed cheeks.

One of the peculiarities of this head is the blending of the ocular

ridge and the downward slope of the fixed cheek, so that it appears to

be a strong ridge just back of the frontal rim; another peculiarit}' is

the interruption of the dorsal furrow l)y the ocular ridges and the

postero-lateral lobes of the glabella.

The inner surface of the crust is minutel}^ punctate, as shown by

the minute papillae on the cast; this may indicate that the outer

surface was finely granulose.

Length of the head, exclusive of the occipital ring, of the type and

only specimen, is 6 mm., with a width near the edge of the palpebral

lobes of 10 mm.
This species is distinguished from D. fyphxdis b}^ its broader

glabella and fixed cheeks ^nd upward sloping frontal rim, and from

D. alastor by the absence of a frontal limb and the character of the

lobes of the glabella. The pygidia, which are referred to D. alastor^

may possibly belong to I). alcon\ but from the fact that thev are

evidently from a difl'erent bed of limestone, and that there are no

specimens of the head associated with the pygidia, 1 do not think it

best to include them under this species, especially as the head of D.

alastor and the p3^gidia appear to be from the same bed of limestone.

Proc. N. M. vol. xxix—05 3
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Formation and locality.—Middle Cambrian, central portion of

Chang Hsia formation, in hard, gray, fine-grained limestone; 3.25

miles southwest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected l\y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus DAMESELLA, ne^A?• genus.

Diagnosis.—General form elongate, ovate, distinctly trilobate, mod-
erately convex. Head transversely semicircular, with the postero-

lateral angles rounded or spiniferous; the anterior and lateral margins

have a thickened or elevated border, within which there is a well-

marked furrow. Glabella truncato-conical, marked with two or more
pairs of short furrows; occipital furrow strongly defined; occipital

ring rounded. Fixed cheeks rather broad. Free cheeks subtriangu-

lar in outline, rising with a gentle curvature to the base of the eye

lobe; the border is extended into a lateral spine a short distance in

advance of where it is cut by the facial suture. Facial suture, cutting

the anterior border nearly opposite the base of the inner margin of

the palpebral lobe, extends with slight curvature backward to the

palpebral lobe; curving about the latter it extends outward and back-

ward, cutting the posterior margin a little in front of the rounded
postero-lateral angle. Eyes small, elevated, and situated about mid-

way of the glabella.

Hypostoma sub-rhomboidal in outline; central portion strongly

convex, elevated, with an irregular border at the back and sides,

broadening out in front to a greater width than at the back.

Thorax with twelve or more transverse segments; axis about one-

third the width of the thorax, gradually narrowing posteriorly,

Pleurffi nearly horizontal, at right angles to the axis out to the point

where they cuvre gently backward before terminating in a falcate

extremity; pleural groove long, deep, and broad, starting at the dorsal

furrow near the front and extending out on the falcate end.

Pj^gidium sub-semicircular; axis convex, broadlj^ conical, and divided

into four or more rings by transverse furrows; lateral lobes depressed,

convex, and divided by furrows into four or more segments; border
rounded, and bearing five or more spines on each side.

Surface in the type species granulose.

This genus differs from Dorypyge., with which it appears to be most
nearly related, in the character of the head ; as far as known the tho-

rax and pygidium are essentiall}^ of the same type, as far as fragments
of Borypyge can be compared with Bamesella. The pygidium of

Daniesella is of essentiall}^ the same type as that of Olenoides.^ and the

pleural lobes of the thoracic segments are also of the same type; but
the thorax of Olenoides has eight segments and a strong median spine

on the axis, while the thorax of Daniesella has twelve or more seg-
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ments and is without a median spine; from what is known of the head

of Olenoldes it is probably the same as tliat of J)oryj>y<jf.

Genotype.—Daiaesella hlackioelderi Walcott.

The species referred to the genus are: Damesella lAackwelderi Wal-

cott, I). heUagranuIata Walcott, D. hrevicaudata Walcott, D. chione

Walcott, D. sinensis BeYgeron= DiGelloceph(dus f sinensis Bergeron.

The genus Dinesus Etheridge, jr.," appears to be more nearl}^

related to Dory2>y<je Dames than to Damesella or DorypygeJla Wal-

cott. Its marked characteristics are: the elongate oval glabella, with

the small, distinct antero-lateral and postero-lateral lobes; the small

palpebral lobes; and the large pygidium with a spinose border. Only

one species is known

—

Dinesus Ida Etheridge, jr.

Under the definition of Proparia, Dr. C. E. Beecher gives as an

ordinal character "Free cheeks not bearing the genal angles,"* and

under Opisthoparia he said "Free cheeks generally separate, always

bearing the genal angles."'' In Damesella, the facial suture cuts the

postero-lateral margin outside of the genal angle, so as to leave the

genal angle on the fixed cheeks and at the same time the spine corre-

sponding to the genal spine in other genera of the order Proparia on

the free cheek. In other characters Damesella belongs with the Pro-

paria, and 1 think that the definitions of the orders Proparia and Opis-

thoparia need to be modified in relation to the exception made by

Damesella in the position of the genal angle on the fixed cheek.

DAMESELLA BLACKWELDERI, new species.

General form ovate, moderately convex; distinctly trilobed, the

central axis rather strongl}' convex, and the pleural lobes more or less

flattened.

Head transversely semicircular; frontal margin rounded and narrow

in young individuals, becoming broader and more flattened with

increase in size; it continues around the sides and the postero-lateral

angle to unite with the narrowing posterior margin. A postero-

lateral spine projects backward and slightly outward from a point on

the margin a little in advance of the postero-lateral angle.

Glabella large, truncato-conical in outline, and marked b}^ three

pairs of short furrows; the posterior pair of furrows form a rounded

pit near the margin and continue o})liquel3^ outward as a shallow fur-

row to the central third of the glabella, separating a short, rounded

lobe on each side; the middle pair of furrows are short and very lightl}"

impressed; the anterior pair of furrows are indicated by a short,

smooth, narrow space at the anterior fourth of the glabella; occipital

furrow of medium width, rounded at the bottom and rather deep; it

«Proc. Roy. Soc. Victoria, VIII, n. ser., 1896, p. 56, pi. i, figs. 1-5.

&Am. Jour. Sci., Ill, 1897, p. 198.

cidem, p. 187.
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curv^es backward slightly at the sides and then arches gently forward

at the middle; occipital ring of medium width, curving slightly back-

ward at the ends and forward at the center, rounded on top; dorsal

furrow strongly marked all about the glabella, and passing posteriorly

into a narrow but well-dehned furrow within the posterior margin of

the postero-lateral limb; the front of the glabella almost overhangs a

strong furrow within the frontal border that separates the frontal

border from the fixed cheeks; frontal border or rim strong, rounded,

and arching slightly upward in front of the glabella.

Fixed cheeks a little more than one-half the width of the glabella.

They slope gently back to the furrow^ on the postero-lateral limb and

rather rapidly downward in front of the palpebral lobe to the furrow

within the frontal border. A clearh^ defined, low, rounded ocular ridge

extends opposite the anterior fourth of the glabella to the palpebral

lobe, into the rim of which it merges; postero-lateral limb about one

and one-third times as long as the width of the glabella at its base, and

back of the palpebral lobe about one-third the length of the head;

palpebral lobe a little less than one-third the length of the head, ele-

vated at the outer rim, and rather narrow.

The facial sutures cut through the rounded frontal margin of the

head obliquely and around backward, passing almost directly to the

anterior margin of the palpebral lobe; curving around the rather

small ej^e lobe, they pass obliquely outward and backward, cutting

the border of the head a little in advance of the postero-lateral angle.

Free cheeks roughly subtriangular, with the outer margin bordered

by a thickened, rounded rim, which graduall}^ increases in width to

the base of the long postero-lateral spine. Back of the spine to the

facial suture the border narrows rapidly. The body of the cheek

rises at a uniform slope to the base of the eye lobe.

Thorax with a convex axis that narrows gradually from the anterior

segment, where the width is 15 mm., to the twelfth segment, where it

is 12 mm. One specimen preserves twelve segments, with the pygi-

dium, and it may be that other segments are broken off. The segments

are nearly transverse, except at the geniculation on the pleural lobes,

where the falcate extremities bend slightly backward; pleural lobes

flattened three-fourths of the distance out, where the}" curve slightly

downward to the extremities of the pleurae; pleural groove occupying

nearly the entire width of the pleura, except near the axis, where it

narrows toward the front margin. At the outer extremity it fades

out where the pleura curves outward and backward. There is some

difference in the strength and width of the pleural groove in different

specimens. In some it has practically the same width from the axis

out to its extremity, while in others it is narrow toward the axis and

not quite as broad through the central portions,

Pygidium large, semicircular; axial lobe divided by four well-
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defined transverse furrows, that arch slightly forward, into four

modeniteiy convex rings and a somewhat elevated terminal portion

which has the appearance of a thickened ring, with a strong node on

each side of the center and a slightly defined furrow on its front slope;

the terminal ring slopes rapidly downward to the border; lateral

lobes broad, slightly convex, and marked by a narrow anterior ring,

which joins the thorax, and four strong, rather broad furrows that

separate three rings and a broad, obscure terminal ring; two obscure

ridges run down the posterior slope of the central axis from the two
nodes upon the posterior end of the central axis and terminate in

spines on the l)order; each of the rings of the pleural lobe, including

the anterior border, terminates in a long, slender spine, that of the

anterior border being much longer than the others; this arrangement

gives five spines on each side of the axis and two spines back of the

axis; the border is rounded and much interrupted b}" the strong spines

extending out from it.

Surface of the crust minutely punctate under a strong lens, and

marked by strong pustules, more or less irregularly arranged on the

surface, except in the furrows; on the segments of the thorax the pus-

tules are arranged on the front and back margins of the pleura and

on the higher portions of the rings on the axis; on the p5^gidium the

pustules occur on the elevated rings and somewhat irregularly on

the pleural lobes, but not on the spines. On some portions of the

surface, under a very strong lens, there appears to be an irregular,

inosculating, elevated series of lines or stria? interrupting the surface,

leaving minute depressions or punctte between them.

The portion of the thorax preserving twelve segments has a length

of 50 mm., with a width at the anterior end of the axis of 16 mm., and
on the pleural lobes of 24 mm.; the head of this specimen has a length

of 26 mm. and a width of CA mm., exclusive of the postero-lateral

spines.

Observations.—The pygidium of this species is not unlike that of

Olenoides hhlanci Bergeron, « from China, but it difi'ers in the more
depressed axis and in the character of the spines on the border. This

conclusion is given after an examination of the figures of M. Bergeron

and a comparison of specimens which have been identified as Olenoides

lehlanci from the Ku San shale formation, 2.5 miles southwest of Yen
Chuang, Hsin Tai, Shangtung, China, which appears to be the horizon

from which the various species described by M. Bergeron were
obtained. From Olenoides mciTcoui the pygidium of Dainesella hlack-

imlderi difi'ers in the same manner as from 0. leblanci. From Dory-

jn/ge slatskowshii Fr. Schmidt,* it differs in the character of the head

and the general shape of the pygidium and its spinose border. From

«BuIl. Soc. Geol. de France, 3d ser., XXVII, 1899, p. 46.

6 Mem. Acad. Imp. Sci. St.-Petersbourg, 8th ser., VIII, No. 10, p. 33, pi. ii, figs. 1-10.
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Olenoides duhia and Dorypygella alastor it differs in the slender axis

and spinose border of the pygidium.

This is one of the finest of the trilobites collected by Mr. Black-

welder; and owing to the fact that there is a number of specimens of

the head and pygidium, and one specimen preserving the head attached

to twelve segments of the thorax, it is possible to separate it from the

genera Dorypyge and Olenoides and to establish a generic type, the

specimens of which have hitherto been confused with Dorypyge. It

is not impossible that an entire specimen of Olenoides leblanci would
prove that species to belong to the genus Damesella.

Formation and locality.—Middle Cambrian; central portion of

Chang Hsia formation, in gray limestone, 3.25 miles and 6 miles south-

west of Yen Chuang, Hsin Tai. In talus, in dark limestone; 2.8 miles

and 6 miles southwest, and 2 miles south of Yen Chuang, Hsin Tai,

Shangtung, China,

The stratigraphic range given this species is based upon the com-

parison of specimens that appear to be identical.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

DAMESELLA BELLAGRANULATA, new species.

This species is represented b}'^ the central portions of the head,

exclusive of the free cheeks. These parts indicate that the head was
transversely semicircular and moderately convex.

Glabella truncato-conical, moderately convex, and marked by two
pairs of ver}^ faintly indicated short furrows; occipital furrow nar-

row, transverse, clearly defined; occipital ring of moderate width and

slightly convex; dorsal furrow clearly defined on the sides of the

glabella; frontal border narrow, rounded.

Fixed cheeks of nearly the same width as the glabella opposite the

palpebral lobes; they slope up very slightly from the dorsal furrow

to the palpebral lobe, and gently backward to the slight furrow within

the posterior margin; to the front they curve down rather rapidly to

the frontal border; ocular ridge narrow and faintly defined; palpebral

lobe a little more than one-fourth the length of the head, rising some-
what abruptly from the plane of the fixed cheeks; postero-lateral

limb from the dorsal furrow to its extremit}^ about the same length as

the width of the glabella at its base; it is marked by a shallow, nar-

row furrow some distance within the posterior margin.

The surface is ornamented by rather large, closely arranged

pustules that cover the glabella and fixed cheeks; the pustules are

larger on the occipital segment and its extension on the postero-lateral

limbs and on the frontal border; larger pustules are also scattered on

the back portion of the head near the dorsal furrow. Over the spaces

between the larger pustules and on the pustules there is a minute



NO. 1415. CAMBRIAN FAUNAS OF CHINA— WALCOTT. 39

granulation that gives a very highly ornamented surface under a

strong lens.

The type and only specimen of the head in the collection has a

length of 12 mm., of which the glabella occupies 9 mm.; the width at

the outside of the palpebral lobes is 17 mm,, and at the ocular ridges

5.5 mm.
The head of this species is much like that of Damesella hlach/Jekleri

in general form, but it differs in the elevated eye lobes and the pecu-

liarly ornamented pu.stulose surface.

Formation and locality.—Middle Caml)rian, central portion of

Chang Hsia formation, in a gray slaliby limestone; 6 miles southwest

of Yen Chuang, Hsin Tai, kShangtung, China.

Collected b}^ Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

DAMESELLA BREVICAUDATA, new species.

This species is based upon a pygidium that is transversely semicir-

cular in shape, with a short, strong, convex axis. The axis is marked
by two anterior transverse furrows and a very .shallow posterior

furrow, that divide the axis into an anterior ring, that joined the

thorax, two faintly defined rings, and a rounded terminal section; the

axis rounds down abruptly at its broad posterior end, passing into the

margin.

The dorsal furrow is narrow and clearly detined on each side of the

axis.

Pleural lobes flat for a very short distance, and then rounding down-

ward to the border; each lobe is marked by an anterior, deep, narrow

furrow within the margin, and four strong furrows terminate within

the border; they divide the lobes into four elevated segments that

merge into the irregular border; from the border fourteen spines

project; the anterior spines appear to be the continuation of the

anterior elevated margin of the p3'gidium and the first segment; the

second, third, fourth, and fifth spines are opposite the furrows

between the segments, and do not appear to be the direct continuation

of the segments, although a low ridge from each segment crosses the

margin obliquely to them; two spines project back of the axis, and

one on each side opposite the dorsal furrow on the side of the axis.

Surface marked by an irregular row of rather large tubercles on

the rings of the axis and anch3dosed segments of the pleural lobes;

under a very strong lens the surface appears to be slightly roughened

or minutely punctate.

Dimensions.—Length, 7 mm.; width in front of border, exclusive

of spines, 16 mm.; width of axis at anterior margin, 5 mm.
Ohservations.—This species is characterized by its short, wide,

convex, central axis, relatively narrow pleural lobes, and very strong

spinose border. It differs from Borypt/ge richthofeni Dames in its
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short, broad axis and the character of the pleural lobes and spinose

border.

Formation and locality.—Middle Cambrian; upper portion of Chang
Hsia formation, in hard gray limestone; Chang Hsia, Shangtung,

China.
DAMESELLA CHIONE, new species.

Of this species there are several well-preserved central portions of

the head, free cheeks, and pygidia.

The head is transversely semicircular, moderately convex. Glabella

convex, truncato-conical, rounded in front; the length is slightl}^

greater than the width at the base; a posterior pair of glabellar fur-

rows extends inward and obliquely backward a short distance, so as to

outline a small, oval, slightly convex lobe at the postero-lateral angles,

a second pair of ver\^ slightly impressed short glabellar furrows occurs

about one-half way between the posterior furrows and the front;

occipital furrow narrow, transverse, clearl}^ defined; occipital ring

narrow at the sides, increasing in width toward the center, slightly

convex and a little elevated at the back; dorsal furrow narrow and

distinct.

Fixed cheeks about one-half the width of the glabella at the base

and moderately convex; they round up from the dorsal furrow and

are nearly flat out to the palpebral lobe, back of the line of which

they slope gently to the furrow of the postero-lateral limb and in

front more abruptly to the furrow Avithin the front margin; palpebral

lobe a little more than one-third the length of the head, narrow, dis-

tinct, but not rising above the general level of the fixed cheek; ocular

ridge indicated only by a very narrow, smooth line between the ante-

rior end of the palpebral lobe and the dorsal furrow; postero-lateral

limb narrow, and extending out a considerable distance to a rather

blunt, rounded end; front margin of the head badly preserved; it

appears to have been short, rounded, and separated from the glabella

and fixed cheeks by a narrow furrow.

Free cheeks subtriangular in outline, with a distinct, narrow, slightl}?^

elevated border and a sharp postero-lateral spine; from the base of the

spine an inner flattened border originates and narrows to a point below

the front of the eye lobe; it is defined by a narrow furrow within the

sharp rim and the furrow between it and the central portion of the

cheek; it is marked bj^ granules in the same manner as the body of

the cheek; the narrowing and disappearance of the flat border, leaving

only the narrow rim at the facial suture, indicates that the border in

front of the fixed cheeks of the glabella was very narrow; body of the

cheek moderately convex, rounding up from the furrow at its base to

the base of the strong eye lobe; the facial suture extends with a slightly

sigmoid curve from the posterior base of the eye lobe outward and

backward to the furrow within the rather broad posterior margin of
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the free cheek; it there cuts directly across the lobe, leaving a short

portion of the broad margin extending obliquely forward and outward

to the base of the postero-lateral spine; in front of the palpeln-al lobe the

facial suture extends forward and slightly outward to the front margin.

There are several specimens of an hypostoma associated with the

species that appear to belong to it. The central portion is convex,

subovate, and crossed toward the front by a strong furrow subparallel

to the rounded front margin; a narrow rim surrounds the front and

expands into two ear-like flattened projections opposite the strong fur-

row crossing the central portion; the margin then contracts so as to

leave a narrow, rounded rim opposite the convex portion of the pos-

terior part of the central body; it then expands so as to form a

subtriangular limb on each side at the postero-lateral angles of the

hypostoma. This hypostoma is of the same type as that of DanieseUa

hlachwelden.

The associated pygidium is transversely semicircular, with a spinose

margin and convex conical axis. The axis is divided into live rings

and a subtriangular terminal portion by five transverse furrows; the

two anterior rings are rather convex, while the three posterior are but

slightly defined by shallow, narrow, transverse furrows. The pleural

lobes are slightly convex out to the geniculation, where the slope is

somewhat abruptly downward to the end of the falcate termination of

the segment outlined on the lobe; the furrows crossing the axis extend

out on the pleural lobes, so as to define a narrow anterior segment and

four posterior segments and a central portion extending down from

the axis; each of the segments terminates in a falcate, backward-curv-

ing, short, flat spine, of which there are six on each side, one for each

of the segments and two back of the axis; there does not appear to be

any clear indication of a border, as the space is occupied entirely by
the segments and their falcate ends.

The surface of the glabella, fixed cheeks, free cheeks, and occipital

ring is marked by numerous, rather closely set, depressed pustules,

between and on which there are very fine puncta?, as determined by a

strong lens. The surface of the pygidium is marked by strong pus-

tules or granules that are thickly set on the segments but not on the

furrows. There appears to be considerable dift'erence in the strength

and size of the granules on difl'erent specimens. This may be simply

a matter of the state of preservation, or the amount of w^ear to which

the crust has been subjected, or it ma}^ indicate a variety or even a

difl'erent species.

A head ?> mm. in length has a width of .5 mm. at the exterior of the

palpebral lo))es, and a width at the base of the glabella of 2 mm.
Obserratlo?is.—The p3"gidium illustrated by M. Bergeron and named

Dicellocephalns f sinensis,^'' which occurs at this same stratigraphic

«Bull. Soc. Geol. de France, ?A ser., XXVII, 1899, p. 48.
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horizon in China appears to resemble more closely than any other

form the pygidium of this species. As illustrated and described by

M. Bergeron it differs from Damesella cMone in its shorter axis, live

instead of six spines on the margin, and a smooth instead of granulose

surface. Damssella chione has a head of essentially the same type as

that of D. hlack^iielderij but the pygidium differs in having its anch}^-

losed segments extending out directly across the border into the falcate

spinose ends, instead of stopping within the border and having spines

representing the extension of the segments extending outward from

the border.

Specimens of Drejjanura Bergeron and Agnostus douviUei Bergeron

are associated with Damesella chione^ and Ptyclioparia ceus Walcott

and SJiangtungia spinifera Walcott occur at the same horizon and in

many instances on the same hand specimen with D. chione.

Formation and locality.-—Middle Cambrian, Ku San shale forma-

tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, and in isolated

hills 12 miles S. 80° E. of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus AGRAULOS Corda.

AGRAULOS ABARIS, new species.

Glabella and lixed cheeks convex, subrhomboidal in outline and

strongly rounded in front. Glabella moderately convex; sides slightly

converging; front broadly rounded; surface marked bj^ three short

and ver\" slightly impressed furrows; occipital furrow shallow and

arching slightly forward at the center. Occipital ring narrow at the

sides, gradually increasing in width to the broad base and a strong

occipital spine.

Fixed cheeks slightly convex, about half the width of the glabella;

between the glabella and palpebral lobes the cheeks are almost flat;

posteriori}' they slope rapidl}^ downward to the short postero-lateral

limbs; in front they also slope rapidly downward and merge into the

frontal limb; palpebral lobes small; ocular ridges narrow and faintly

defined; frontal limb slights prominent at the central portions, where

it merges into the rounded frontal rim, the line of demarcation

between the two being very slightly defined; at the sides the frontal

rim narrows and is elevated above the lateral extension of the frontal

limb; dorsal furrows very distinctly defined.

Surface apparenth' smooth under a strong lens, with the exception

of very indistinct irregular lines that radiate from the front of the

glabella outward across the frontal limb.

The one specimen of this species in the collection has a length of

5 mm. exclusive of the occipital spine. The width at the palpebral
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lobes is 5 mm. This species is clearly separated from other forms by

its strongly detined glabella and prominent limb, which is formed by

the union of the true limb and the frontal margin.

Forination and locality.—Lower portion of Chang Hsia formation

near base of oolitic limestone. Yen Chuang, Hsin Tai, Shangtung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

AGRAULOS ABROTA, new species.

This species is represented b\^ several small heads exclusive of the

fixed cheeks. It is closel}^ related to Agraulo.s dryas but differs from

it in the greater width, stronger convexity of the glabella and greater

downward slope of the frontal margin. The surface is also more
minutely punctate than that of Ar/raulos dryas. Largest specimen is

a little less than 3 mm. in length.

FoTination and locality.—Middle Cambrian. Lower portion of

Chang Hsia limestone. In gray oolitic limestone, Chang Hsia, Shang-

tung, China.

Collected by Eliot Blackwelder, Carnegie Institution of Washington

Expedition to China.

AGRAULOS ACALLE, new species.

Central portions of head, exclusive of free cheeks, moderately con-

vex. Glabella truncato-conical, convex, short, scared}^ more than

one-half the length of the head, and without traces of furrows; occipi-

tal furrow not much more than a depressed line; occipital ring broad,

almost subtriangular in outline, and rising at the center to a small

node.

Fixed cheeks about as wide as the glabella, strongly convex, and

merging into a frontal limb of about equal width and convexity; pal-

pebral lobe minute, situated o{)posite the central portions of the gla-

bella; postero-lateral limbs short and marked by a narrow furrow

parallel to the margin.

Surface smooth under a strong lens. The heads vary in length from

3 to 4 mm. A specimen 3 mm. in length has a width of 2.5 mm. at

the palpebral lobes.

Formation and locality.—Middle Cambrian. In gray crystalline

limestone, 3.25 miles southwest of Ten Chuang, Hsin Tai, Shangtung,

Cyhina.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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AGRAULOS AGENOR, new species.

Glabella sliojitl}^ truncato-conical, .strongly convex; occipital furrow
rounded, clearly defined; occipital ring slightly convex, subtriangular

in outline, narrow at the sides and broadening out to an obtuse spine

behind; dorsal furrow narrow and clearly defined.

Fixed cheeks about one-half the width of the glabella, convex,

rising from the dorsal furrow and arching down to a small palpebral

lobe; the fixed cheeks slope rapidly backward to a short postero-

lateral limb, and anteriorly to a rather broad, very slightl}^ convex
frontal liml); a rather deep, narrow furrow occurs within the elevated

margin of the postero-lateral limb.

Surface minutely punctate under a strong magnifier, the punctae

formed apparently by an irregular network of elevated lines. The
only specimen of the head representing this species has a length of

2.5 mm.
Formation and locality.—Middle Cambrian, Chang Hsia formation,

about 50 feet below the Ku San formation, in conglomeratoid lime-

stone. Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

AGRAULOS DIRGE, new species.

This species is represented by the central portions of the head,

exclusive of the fixed cheeks. The surface is depressed, convex, with

the glabella rising but little above the general surface at the front, and
but moderately convex at the base.

Glabella truncato-conical, indistinctly defined from the frontal rim

and at its base from the occipital ring; without traces of furrows;

occipital furrow indicated only by the very slight convexity of the

occipital ring.

Fixed cheeks about three-fourths of the width of the glabella; pos-

teriorly they merge into the short postero-lateral limbs and toward

the front into the broad, gently convex, frontal limb, which continues

uninterruptedly to the anterior margin of the head; palpebral lobes

small; ocular ridges indicated by a dropping down of the fixed cheek

at the place where the ridges usually occur.

This species recalls the general form of Agraulos strenuus Billings;

it diflers in being less convex, in its broader fixed cheek and short

occipital ring. It also difi'ers in its wider fixed cheeks from Agraulos

dolon, which occurs at about the same geologic horizon.

The largest head in the collection has a length of 11 mm. and the

same width at the palpebral lobes.
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Fonnation and locality.—Middle Cambrian. Lower portion of

Chang Hsia formation near base of oolitic limestone; 3 miles north-

northeast of Hsin Tai Hsien, Shangtung-, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

AGRAULOS DIVI, new species.

This species is represented by portions of the central parts of the

head. The glabella is convex, truncato-conical in outline, the width

at the base and the length being the same; three pairs of glabellar

furrows are very slightly indicated; occipital furrow shallow and

broad; occipital ring narrow at the sides, gradually widening toward

the center, very slightly convex, and without an occipital spine.

Fixed cheeks about as wide as the front end of the glabella and

nearly flat opposite the palpebral lobes; posteriorly they slope slightly

into a strong groove parallel to the posterior margin, and in front the

slope is slight down to a broad, slightly indicated, transverse furrow.

Palpebral lobes unknown, only a trace of the ocular ridge is shown;

frontal limb convex, broad, and extending to the frontal margin with-

out an}' trace of a line of demarcation between it and the frontal rim;

a broad, shallow, transverse furrow extends in front of the glabella

and outward across the cheeks below and in front of the ocular ridges;

dorsal furrow broad and shallow; surface linely papillose under a

strong lens. The largest head of the collection has a length of U mm.
This species is characterized b}^ its short glabella, broad dorsal fur-

row, transverse furrow in front of the glabella, and strong frontal limb.

Formation and locality.—Middle Cambrian. Either base of Chang
Hsia formation or in passage beds between the Man To formation and

the Chang Hsia formation; 3.2 miles southwest of Yen Chuang, Hsin

Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

AGRAULOS DOLON, new species.

This species is represented b}^ the central portion of the head, exclu-

sive of the free cheeks. The glabella and tixed cheeks are convex,

somewhat rhomboidal in outline; glabella convex, narrowing slightly

toward the broadl}^ rounded frontal margin; posteriorh' it is separated

from the occipital ring by a very faint, narrow furrow; there are no

traces of glabellar furrows; occipital ring strong, and merged into the

broad, subtriangular base of a strong, short spine; dorsal furrows shal-

low, but sufficiently strong to mark the line of demarcation between

the glabella, fixed cheeks, and frontal limb.
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Fixed cheeks a little more than half the width of the glabella, rising

rapidl}^ from the facial suture and merging into the frontal limb

anteriorly and into the short postero-lateral limbs at the back; palpe-

bral lobes small and narrow; ocular ridges broad but faintl,y defined;

the}" extend from the antero-lateral angle of the glabella outward and

slightly backward to where they unite with the palpebral lobe; frontal

limb slightly convex from the front of the glabella to the broadly

rounded front margin.

Surface apparently smooth. The largest specimen in the collection

has a length of 9 mm., exclusive of the occipital spine.

This species strongly suggests Agraulos drenuu.s Billings from the

paradoxides zone of Newfoundland; it differs in the form of the frontal

limb and border. In A. dolon the frontal limb arches gently down-

ward and forward to the margin, while in A. strenuus it is nearly flat

and slightly convex between the glabella and the margin. The glabella

of the latter is also proportionally longer.

It differs from Agraulos dirce in its greater convexity, more clearly

defined glabella, and strong occipital spine.

Formation and locality.-—Middle Cambrian. Lower portion of

Chang Hsia formation near base of oolitic limestone; 2.2 miles south-

west of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, Carnegie Institution of Washington

Expedition to China.

AGRAULOS DRYAS, new species.

Glabella and fixed cheeks convex; rhomboidal in outline. Glabella

convex, short, narrowing slightly toward the rounded front, without

traces of furrows; occipital furrow broad, very faintly defined; occip-

ital ring very narrow at the sides, broadening out rapidl}^ to a blunt

point so as to be almost triangular.

Fixed cheeks about two-thirds the width of the glabella, and sloping

slightly downward to the small palpebral lobes which are situated

about midway between the posterior and the front margin of the head;

back of the palpebral lobe the fixed cheeks slope rapidly to broad,

short, postero-lateral limbs; palpebral lobes short; form unknown;

ocular ridges not distinguished on the downward slope of the fixed

cheeks toward the frontal limb; frontal limb and frontal rim nearly

as long as the glabella; ver}^ slightly convex and separated from each

other by a shallow, slightl}^ defined depression; dorsal furrow shallow

but clearly defined.

Entire surface marked b}^ numerous, rather strong, punct^; also

very fine, almost microscopic, irregular, elevated more or less concen-

tric, stria' on the glabella. Length of head 3.5 mm.
This species is represented by one specimen. It is strongly char-

acterized by its punctate surface and general form.



NO. 1415. CAMBRIAN FAUNAS OF CHINA— WALCOTT. 47

Formation and locality.—Central portion of Chancy Hsia formation,

near the top of the oolitic limestone; 1 mile west of Chang- Hsia,

Shangtung-, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus ANOMOCARE Angelin.

ANOMOCARE ALCINOE, new species.

This species is represented by a single specimen, preserving the

anterior portions of the central part of the head, exclusive of the free

cheeks. These parts indicate that the head was large, moderately

convex, and longitudinally quadrilateral, exclusive of the free cheeks.

Glabella slightly convex, rising gently from the dorsal furrow

toward the center; faint indications of three pairs of glabellar fur-

rows are shown by reflected light over the smooth surface; sides sub-

parallel to the rather broadl}^ rounded front; occipital furrow and

ring unknown.

Fixed cheeks about one-half the width of the glabella, nearly flat

opposite the palpebral lobes, and sloping gently to the frontal limb,

into which they merge in front of the palpebral lobe; the ocular ridge,

starting just back of the antero-lateral angle of the glabella, extends

obliquely out to the narrow palpebral lobe; frontal limb nearly flat;

it slopes gently from the glabella and palpebral lobes to a raised line

which separates it from the broad, slightly concave frontal rim.

The surface appears to be smooth under a strong lens.
"

An associated pygidium has a broad planulate margin and convex

axis, with slight indications of about six segments. The most nearly

related form from China is A. decelus. In the latter form the frontal

rim is slightly convex, while in A. alcinoe it is slightly concave.

Formation and locality.—Middle Cambrian, upper portion of the

Chang Hsia formation, in limestone nodules; 3 miles south of Kao
Chia Pu, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE BERGIONI, new species.

Head, exclusive of the free cheeks, longitudinally sub-quadrilateral,

convex. Glabella truncato-conical, moderately convex, and marked

in the cast by two pairs of glabellar furrows; also a low, rounded,

median ridge; sides slightly arched outward opposite the palpebral

lobes; front broadly rounded; occipital furrow deep, rounded, and

arching forward slightly at the middle; occipital ring narrow and

rising at the center to form the base of a rather strong spine; dorsal

furrow strong at sides and less so at the front.



48 PROCEEDINGS OF THE NATIONAL MUSEUM. vol. xxix

Fixed cheeks very narrow, forming' little more than a convex ridge

between the dorsal furrow and the furrow within the palpebral lobe;

they slope rapidly to the front, merging into the frontal limb, and pos-

teriori}^ downward to a very short postero-lateral limb; palpebral lobes

narrow, about one-third the length of the head; ocular ridge low and

merging into the rim of the palpebral lobe; frontal limb short and

sloping downward to a slightly convex frontal rim that is about twice

as wide as the frontal limb in front of the glabella; the line of demar-

cation between the frontal limb and rim is little more than a change in

direction of the slope, the slope of the rim being less.

The outer crust is exfoliated over most of the head. Where pre-

served, the outer surface is smooth under a strong lens. The length

of the head of the. type specimen is 12 mm.; the glabella, exclusive of

the occipital groove, 6 mm.; frontal limb, 1 mm.; frontal rim, 2 mm.
This species is doubtfully referred to the genus Anomocm'e^ as

the glabella does not have the parallel sides so characteristic of that

genus and the palpebral lobes are rather short. The reference to

Anoiiiocare is based on the character of the frontal rim, narrow fixed

cheeks, and the general configuration of the glabella.

Formation and locality.—Upper Cambrian, Chao Mi Tien forma-

tion, in coarse, gray limestone; 9 miles north of Hsin Tai Hsien,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE BIANOS, new species.

This species is represented by a portion of the glabella and the

frontal limb. The glabella appears to have been quadrilateral in

outline, broadly rounded in front, and moderately convex. It is

marked in the cast of the interior by very slight traces of three pairs

of short glabellar furrows and a very slight, narrow, median ridge;

dorsal furrow shallow, but well marked; frontal limb nearly flat for a

distance of 2 mm. in front of the glabella, where it curves downward
at an angle of about iS'^ for a distance of 3.5 mm. It is quite probable

that at the angle between the flat portion and the sloping front there

was some indication on the outer crust of a division between the

two parts; if so, the shorter inner portion would be the frontal limb,

and the sloping outer portion the flat frontal rim. Exterior surface

unkhbwh!''

This 4pecies4s very clearlv characterized bv the form of the frontal

'iiml).^''=^f
^^''^ oti>.oq(j()

J

' Formtttion and locaUty:—Upper Cam))rian, upper portion of the

'Oliao Mi Tieri formation!, iri'a hard gray limestone; 2.7 miles south-

west of YeTi Chuang, Hsiri Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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ANOMOCARE BISTON, new species.

This species is represented by some fragments of the central portion

of a head. Ghibella moderately conv^ex, subquadrilateral in outline,

narrowing slightly toward the broadly rounded, almost transverse

front; surface marked ])y three pairs of slightly impressed short fur-

rows; occipital furrow rv)unded, distinctly marked, transverse; occi-

pital ring narrow at the sides, In-oadening toward the center to form

the base of a moderately strong spine; dorsal furrow narrow, rounded,

and distinct.

Fixed cheeks narrow, scarcely more than a ridge between the dorsal

furrow and the palpebral lobe; palpebral lobe about one-third the

length of the head, separated from the fixed cheek b}^ a narrow, deep

groove; ocular ridge short, distinct, and merging into the rim of the

palpebral lobe; postero-lateral limb about as long as the width of the

glabella, narrow, and marked ])y a longitudinal groove. In front of

the glabella a narrow frontal limb slopes downward to a slightly con-

vex, flattened frontal rim about three times as long as the frontal limlj.

Surface minutely punctate. Length of the largest head, exclusive

of the occipital spine, 8 mm.
This little species appears to be quite distinct from any other form

of the genus. Its narrow fixed cheeks, relatively large eye lobe, and

flattened frontal rim are the characteristics upon which it is referred

to Anomocare.

Formation and locality.—Middle Cambrian, in the lower half of the

Chang Hsia formation, in a compact gra}^ limestone; 2 miles south of

Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE (?) BUTES, new species.

General form of head semicircular, moderately convex. Glabella

sub-quadrilateral in outline, narrowing slightly toward the nearly

transverse front; marked by three pairs of slightly impressed short

furrows and a low, narrow, median ridge; occipital furrow shallow,

rounded, and arching very slightl}^ toward the center; occipital ring

slightly convex and of moderate width throughout, marked by a

minute pointed node at the center; dor.sal furrow rounded, distinct.

Fixed cheeks less than one-half the width of the glal)ella; they rise

with a gentle slope from the dorsal furrow to the furrow Avithin the

rim of the palpebral lobe, slope back into the postero-lateral liml), and

somewhat abruptly downward in front of the ocular I'idge into the

frontal limb; ocular ridge cleai'ly defined and merging into the rim of

the palpebral lobe; the latter is a little more than one-third the length

of the head; postero-lateral limb nearly as long as the width of the

Proc. N. M. vol. xxix—05 4
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glabella at the base, narrow, and marked by a strong groove within

the rounded posterior margin; frontal limb slightly convex and curv-

ing downward to the flattened frontal rim; the rim is a little longer

than the length of the limb in front of the glabella, and the line of

demarcation between the limb and the rim is little more than the

angle formed by the union of the nearl}' flat rim with the inclined

frontal limb.

Free cheeks irregularh" triangular; marginal border flattened,

strong, and produced behind into a strong, flattened spine; central

area slightly convex, and rising rather abruptly to the base of the 63^6

lobe; anteriorly the border of the cheeks narrows to a slender point.

Thorax unknown.

Associated pj^gidium semicircular in outline, convex; axis convex,

about two-thirds the length of the pygidium, and divided by four

furrows into four rings and a terminal, longer ring, upon which a

slight depression on each side indicates a fifth furrow; the pleural

lobes extend out about one-half of the distance nearly flat, and then

curve somewhat abruptl}^ downward to a rather broad, flattened mar-

gin, into which they merge; the four grooves on the axis and the fifth

groove just within the interior margin extend across the pleural lobes,

dying out on the flattened margin. Two small nodes occur at the

posterior end of the axis, through which a low, broad, rounded ridge

extends backward and downward into the flattened margin.

Surface minutely punctate under a strong lens; fine, radiating,

irregular, elevated lines cross the frontal limb from the furrow in

front of the glabella and the ocular ridge to the flattened frontal rim,

and also from the base of the eye lobe to the margin of the free cheeks.

This species varies from the described forms in the broad, relatively

short glabella and the configuration of the frontal rim and limb.

Formation and locality.—Middle Cambrian, lower portion of Chang

Hsia formation, in a gra}^ fossiliferous limestone; 3.2 miles southwest

of Yen Chuang, Hsin Tai, Shangtung, China.

Collected b}" Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE ? DAULIS, new species.

Of this species the central portions of the head, exclusive of the

free cheeks and associated pygidium, are known. Glabella rather

strongl}^ convex and faintly marked by three pairs of furrows; it

narrows slighth^ toward the rounded front; occipital furrow narrow

and curving slightly forward at the center; occipital ring of medium
and nearly uniform width from side to side; dorsal furrow shallow

and rounded; posteriori}^ the latter separates a narrow, elongated lobe

from the side of the glabella, and joins the occipital furrow; the nar

row lobe mentioned extends backward to the occipital furrow and
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laterall}^ merges into the fixed cheek; from another point of view the

dorsal furrow might be considered to pass outside of the narrow,

elongate lobe, near the base of the glabella, and the furrow between

the glabella and the elongate lobe would then be an inner division of

the dorsal furrow. The surface of the glabella is somewhat irregular

on account of the lateral furrows, and a rather rounded, broad longi-

tudinal ridge which extends its entire length.

Fixed cheeks less than half the width of the glabella; they rise from

the dorsal furrow and merge into the large eye lobe, and anteriorly

are divided by the strong ocular ridge which passes into the strong

palpebral lobe; in front of the ocular ridge the cheeks slope down-

ward to a second ridge which extends from the front line of the gla-

bella sub-parallel to the ocular ridge as far as the facial sutures;

frontal limb relatively long, slightly concave to the narrow, very

slightly rounded rim; postero-lateral limbs short and marked by a

strong curve within the narrow posterior rim.

Surface smooth under a strong lens.

The associated pygidium has a strong central axis marked by five or

six rings that are very distinct on the broad planulate margins. This

species is strongly characterized by its peculiar glabella with the

elongate, narrow lobes near its base; also by the broad, slightly

convex frontal rim.

Formation and locality.—Middle Cambrian. Upper part of Chang

Hsia limestone, Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE DAUNUS, new species.

This species is represented by a portion of the glabella and frontal

limb, and a fragment of a large, free cheek associated with it; also an

associated pygidium which has the same characteristic surface marking.

Glal)ella slightly convex and marked by three pairs of very faintly

indicated furrows; it has a length of 16 mm. with a width of 12 mm.
near the base; it narrows slightly toward the rounded front; a fragment

of the fixed cheek indicates that the latter was nearly fiat between the

glabella and palpebral lobe; the frontal lobe is nearly flat for a distance

of 4 mm., when it .slopes downward to the thickened frontal rim, no

line of demarcation distinguishing the frontal rim.

The free cheek indicates a moderate convexity for the head; also

that the margin, which is very narrow at the front, widens out grad-

ually toward the postero-lateral angle of the head; the base of the eye

lobe shows that the palpebral lobe and eye were relatively small; the

line of facial suture, as shown by the free cheek, shows that the postero-

lateral limb of the fixed cheek was large and more than half the width

of the cheek; also that the antero-lateral limb was strong.
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The surface of the g-hibella is marked by shallow pits varying- greatly

in size and form; the pits are so closely crowded that the lines of

demarcation between them in places form an irregular network; on

the posterior portions of the glabella, also on the frontal limb, the

shallow pits ai"e more or less scattered, giving a somewhat coarsely

punctate appearance; the fixed cheeks and free cheeks are marked by

strong, but not large, pits or puncta?, scattered somewhat thickly over

the surface; the surface of the associated pygidium is much like that

of the cheeks.

The associated pj^gidium has a width of 26 mm. and a length of

12 mm.; it is moderately convex with a prominent axial lobe and a

broad, slightly concave border that merges above the slightly convex

pleural lobes. Axial lobe convex with the elevated portion about five-

sixths of the length of the glabella; it slopes abruptly downward and

backward from the elevated portion to a low slightl}^ convex termina-

tion near the posterior margin; divided by five well-marked transverse

furrows that separate it into five segments and an obtuse terminal

segment which has two rather large, rounded nodes, outlined by a

slight depression at the center; the pleural lobes are grooved by the

extension of the furrows crossing the axis; also by pleural grooves,

both of which extend outward across the pleural lobe and curve back-

ward across the broad, planulate border of the margin.

Formation and locality.—M\^()\q Cambrian. Lower portion of

Chang Hsia limestone, in green nodular shales of the horizon of the

oolitic limestone at the base of the Chang Hsia formation; 2 miles

south of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE DECELUS, new species.

Of this species only the anterior central portions of the head are

known. It is characterized b}'^ a broad, nearly flat, frontal rim that,

with the frontal limb in front of the glabella, has a slightly convex

slope interrupted only by a shallow, narrow groove; the frontal limb

is ornamented with raised, narrow, irregular, more or less inosculat-

ing lines that radiate from the front of the glabella and ocular ridges

down to the narrow groove separating the limb from the frontal

margin.

The fixed cheeks are about half the width of the glabella. They are

nearly flat and interrupted by a rather strong ocular ridge. The

glabella is large, broadly rounded in front, with the sides sub-parallel

from opposite the center of the palpebral lobes to the broadly rounded

front. The palpebral lobes and posterior portions of the head are

broken away in the only specimen known.
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This species is associated witli Anomocare-'inmi/s Dames, from which

it differs in the cliaracter of the frontal limb and margin, in which

respects it also differs from Anoniocaretemenux and Anonioeare tatian.

It ma}' also be compared with the form from the St. Croix sandstones

of Wisconsin, illustrated b}' James Hall as (Jonocephalltes diadematns,^^

and with A. alcinoe, from which it differs in having- a convex frontal

rim instead of concave.

Formation and locality.—Middle Cambrian. Reddish limestone

near base of Chang Hsia formation in oolitic limestone. Yen Chuang,
Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE TATIAN, new species.

This species is most closely related to Anonioeare tenienus. It differs

from it in having a proportionately more convex and broader glabella

and stronger dorsal furrows. The associated pygidium is also longer

in proportion to its width, and it has eight or nine segments in its axis.

The largest head has a length of 13 mm. exclusive of the frontal

rim, which is somewhat broken. This proba))ly had a width of about

2 mm. A glabella 10 mm. in length has a width of 8.5 mm. at the

base and 7 mm. at the broadly rounded front.

Formation and Joc<dity.—Middle Cambrian. Near base of Chang
Hsia formation in gray oolitic series. Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARE TEMENUS, new species.

Head large, moderately convex, and transversely (juadrilateral,

exclusive of the free cheeks. Glabella slightly convex, rising gently

from the dorsal furrow to the center, which is marked b}^ a narrow,

longitudinal ridge. A glabella 14 mm. in length has a width of 10^

mm. at the base and 8 mm. at the rounded frontal margin; indications

of three pairs of glabellar furrows are shown by reflected light over

the smooth surface; occipital furrow very shallow, scarcely more than

indicating the line of demarcation between the glabella and the rather

narrow occipital ring; dorsal furrows shallow.

Fixed cheeks narrow and nearly flat; they merge laterally into the

large palpebral lobe and posteriorly slope down rapidly to the poste-

rior margin; ocular ridges low, rather broad, and clearly marking the

division between the central portion of the free cheeks and the rapid

slope to the frontal rim; frontal limb in front of the glabella narrower

than the frontal rim; it is slightly convex and merges into the narrow

«16th An. Kept. N. Y. State Cab. Nat. Hist., 1863, pi. vii, figs. 36, 37.



54 PROCEEDINGS OF THE NATIONAL MUSEUM. vol. xxix.

furrow between it and the rather broad frontal rim; the latter in a

head 21 mm. in length is 3i mm. lono-; postero-lateral limbs narrow,

with a length about equal to the width of the base of the glabella.

A strong furrow divides it about midway, parallel to the posterior

margin.

Minute scattered pores are shown on the surface under a strong

lens.

The associated pygidium has a broad planulate margin, convex axis,

and slight indications of three or four segments.

The most nearly related form from China is A. plmium Dames.

This species differs from the latter in its narrower fixed cheeks and

larger glabella.

Formation and locality.—Middle Cambrian. Upper portion of

Chang Hsia formation in oolitic limestone, about a mile southwest of

Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus ANOMOCARELLA, new genus.

Anomocarella is proposed to include three species from the Middle

Cambrian of China that differ from Anomocare in the absence of glabel-

lar furrows and the presence of a relatively narrow, flattened frontal

rim. The sides of the glabella are parallel, palpebral lobes of medium
size, and ocular ridges more or less clearly defined. The associated

P3^gidium has a narrow conical axis, marked by several transverse

furrows which extend out on the pleural lobes and more faintly on

the sloping rim.

Gen otype.—Anomocarella chinensis.

Tw^o other species are referred to this genus: A. alhion and A.

haucis., the latter with some doubt.

ANOMOCARELLA ALBION, new species.

This species is represented by three more or less imperfect speci-

mens of the head exclusive of the free cheeks. These indicate that

the head was of moderate convexity and semicircular in outline.

Glabella moderately convex, with a gentle and nearly uniform

curvature from side to side; on one specimen three pairs of glabellar

furrows are very faintly indicated; the sides of the glabella arch

slightly inward between the base and the rounded front; occipital

furrow shallow, rounded, slightly separating from the glabella a very

slightly convex occipital ring; dorsal suture narrow, but distinctly

marked.

Fixed cheeks a little less than one-half the width of the glabella and

aearly flat; they merge into the furrow within the palpebral lobe and
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posteriorly slope gently downward to the posterior margin; ocular

ridges low, rounded, and merging into the flattened palpebral lobes;

in front of the ocular ridges the cheeks are interrupted by an obliquely

transverse ridge that extends subparallel to the ocular ridge to the

front of the glabella, where it merges into the frontal limb; frontal

limb very narrow, sloping rather abruptly downward from the dorsal

furrow to a narrow furrow separating it from a broad, slightly down-

ward-sloping, nearly flat, frontal rim; postei-o-lateral limb short and

marked by a shallow furrow parallel to the posterior margin.

Surface minutely punctate under a strong lens. The largest head

of this species has a length of 18 mm. w^ith a width at the palpebral

lobes of 19 mm.
This large species difl'ers from other forms by the very narrow

frontal limb and the flat, downward-sloping frontal rim.

Formation and locality.—Middle Cambrian, lower central portion

of Chang Hsia formation, in thin-bedded limestone interbedded with

shale; 2 miles south of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARELLA BAUCIS, new species.

This species is represented by a single specimen of about one-half of

the head, exclusive of the free cheeks. This specimen indicates a

moderately convex head, somewhat longitudinall}^ quadrilateral in

outline.

Glabella moderately convex, with the sides converging slightly

toward the front; surface apparently free from furrows; occipital

furrow broad, shallow, slightly curving forward near the center;

occipital ring low, strong, and slightly convex; dorsal furrow shallow,

not clearly defined.

Fixed cheeks a little more than one-half the width of the glabella,

nearly flat out to the elevated palpebral lobe and sloping with mod-

erate rapidity to the posterior margin. Ocular ridge low, narrow,

and merging into the strong palpebral lobe, which is about one-third

the length of the head; frontal limb narrow in front of the glabella,

widening at the sides in front of the ocular ridges; it slopes gently

down to a rounded shallow furrow that separates it from a slightly

convex frontal rim, that is broader than the frontal limb in front of

the glabella; postero-lateral limb narrow, about as long as the width

of the fixed cheek, and marked by a rather strong border and shallow

furrow parallel to the border.

Surface marked by scattered punct^e and very fine puncta3 visible

only with the aid of a strong lens.

This species is characterized by the shallow, rounded dorsal furrow,

elevated palpebral lobe, and the smooth, slightly convex frontal rim.
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Forination and locality.—Upper Cambrian, upper portion of Chao
Mi Tien formation, in grayish-brown, coarse limestone. Cliao Mi
Tien, Shang-tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARELLA (?) BURA, new species.

This species is represented by the central portions of a single head.

Glabella convex, subquadrilateral, arching very gently from the occip-

ital ring forward, and near the front rather more rapidly downward
to the furrow within the frontal rim; without traces of glabellar fur-

rows; occipital furrow narrow, clearly defined; occipital ring rather

wide, slightly convex, and projecting a little backward at the center;

dorsal furrow shallow, narrow, bvit clearly defined.

Fixed cheeks about one-fourth the width of the glabella; palpebral

lobe more than one-third the length of the head, with a relatively

broad outer rim, outlined by a very narrow, faintly defined furrow;

ocular ridge short, broad, low, and merging into the palpebral lobe;

postero-lateral limb short; frontal rim slightly rounded, separated

from the glabella and fixed cheeks b}^ a narrow furrow.

Surface apparentl}^ smooth, but with a few scattered, very fine

punctge as seen with a strong lens. The type and only specimen has

a length of 3 mm.
The generic reference of this species is doubtful, as the frontal limb

is absent. The quadrangular, smooth glabella, relatively large palpe-

bral lobes, and narrow fixed cheeks relate it more closely to Anomo-
carella than to other genera.

Formation and locality.—Middle Cambrian, upper portion of Chang
Hsia formation, in oolitic limestone; Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARELLA CARME, new species.

Outline of head, exclusive of free cheeks, elongate quadrilateral,

moderately convex. The convexity of the glabella is so slight that it

is scarcely raised above the general surface of the head; its outline is

truncato-conical, with the front rounded; the interior cast appears to

be without traces of furrows; occipital furrow transverse, narrow,

rounded, and shallow; occipital ring of medium width, slightl}- con-

vex; dorsal furrow lightly impressed on the sides of the glabella and

scarceh" perceptible in front of it.

Fixed cheeks narrow, scarcely more than a line in front of the pal-

pebral lobes; they widen out slightly in front and merge into the

frontal liml), and posteriorly into the postero-lateral limb; postero-

lateral limbs narrow, length unknown; frontal limb broad, slightly
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convex, slopino- obli<}uely downward and passing into the smooth,

nearly flat frontal rim almost without interruption from the very

shallow transverse furrow; palpebral lobes small, about one-third the

length of the glabella.

The only surface markings are the fine, irregular lines that extend

from in front of the glabella outwar^ across the broad frontal limb to

the frontal rim. The type and only specimen of the head in the col-

lection has a length of 11.5 mm., with a width at the palpebral lobes

of S mm; the glabella is 6 mm. in length, the frontal limb 2 mm., frontal

rim 1.5 mm., and occipital ring and furrow 2 mm.
This species is somewhat doul)tfully referred to Anomocarella, as

the frontal liml) and rim are relatively long. It resembles Anomoca-
rella chinensls in the narrow fixed cheeks and the absence of glabellar

furrows.

Fonnatlon and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation, in gray, crystalline, fossiliferous lime tone; Chao
Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ANOMOCARELLA CHINENSIS, new species.

Head of medium size, moderately convex, and longitudinally irregu-

larly quadrilateral, exclusive of the free cheeks. Glabella moderately

convex, rising gentl}' from the dorsal furrow toward the center, so as

to give it a slightly ridged appearance. A glabella 5 mm. in width

has a length of 7 mm., exclusive of the occipital ring; siu-face appar-

ently smooth; occipital furrow very slightly defined; occipital ring

broad, very slightl}^ convex, with a slight node a little in advance of

the center; dorsal furrow shallow, but distinct on the sides and in front

of the gla])ella.

Fixed cheeks about one-half the width of the glabella, slighth^ con-

vex; they merge laterally into the furrow outlining the palpebral

lobe, and posteriorly slope rapidly to the posterior margin; ocular

ridges low, rounded, and passing outward and merging into the narrow
palpebral lobe; they clearly mark the division between the central

portion of the fixed cheeks and the rapid slope to the frontal rim;

palpebral lobes about one-third the length of the head; frontal limb

narrow in front of the glabella, widening out at the sides and sloping-

downward with a gentle convexity; frontal rim nearly flat, separated

from the Frontal limb hy a shallow furrow that curves slightly back-

ward near the center so as to form an obtuse angle. In some exam-
ples there is a slight deepening of the furrow on each side of the

incurved portion of the frontal rim; postero-lateral limbs short, and

marked by a rather shallow, broad furrow parallel to their posterior

margin.
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Surface niimitely punctate under a strong* lens. The largest speci-

men of the head has a length of 12 mm.
The associated p3'g'idlum has a narrow, planulate margin and rather

narrow convex axis, marked b}^ live transverse furrows, which divide

it into five rings, and a small terminal portion; the furrows extend

across the pleural lobes and faintl}' on the margin. The most nearly

related form is ^1. alhion. The latter differs in having a proportion-

atel}^ shorter frontal limb and rim, and in the form of the glabella.

Formation and locaUty.—Middle Cambrian, lower central portion

of Chang Hsia formation, in limestone interbedded in a green nodular

shale; 2 and 2.5 miles south of Yen Chuang, Hsin Tai, Shangtung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus ARIONELLUS Barrande.

ARIONELLUS AGONIUS, new species.

Central portion of the head, exclusive of the free cheeks, irregularly

sub-quadrilateral, convex. Glabella moderately convex, narrowing

slightly toward the front; length and width at the base nearly the

same; by reflected light traces of two pairs of glabella furrows may
be seen; occipital furrow narrow and shallow; occipital ring nr.rrow

at the sides, becoming stronger toward the center, which rises to form
the base of a short, strong, backward-sloping spine; dorsal furrow

narrow and clearly defined.

Fixed cheeks narrow and nearly flat at the palpebral lobes; they

slope rapidly in front toward the frontal margin, and backward toward

the postero-lateral limb; palpebral lobes narrow, about one-third the

length of the head; frontal limb narrow directl}' in front of the glabella

and rounding over to the rounded frontal rim.

Surface smooth under a strong lens. The type specimen has a length

of 4 mm., with a slightly greater width at the palpebral lobes.

This species differs from A. alala in having a thickened, rounded

frontal rim and a proportionately wider glabella. From A. ajax it

differs in being broader and in the presence of an occipital spine.

Formation and locality.—Middle Cambrian, lower-central portion

of the Chang Hsia formation, in thin laj^ers of limestone interbedded

in the green shale; Yen Chuang, Hsin Tai, Shangtung, China.

Collected Ijy Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ARIONELLUS AJAX, new species.

Outline of head, exclusive of free cheeks, sub-rhomboidal, convex.

Glabella moderat(dy and uniformly convex, sides converging very^

slightl}' from the base to the rounded front; slight traces of short
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furrows are shown l>y reiiected light; occipital furrow a faint trans-

verse depression that se])arates the olabella from a fairl}^ strong-,

slightly convex occipital ring; dorsal furrow narrow hut clearly

defined.

Fixed cheeks very narrow and sloping away from the gla])ella

toward the palpebral lobes; posteriorly they slope downward into a

rather large postero-lateral limb; anteriorly they slope rapidly to the

frontal limb; palpebral lobes prominent, about one-fourth the length

of the head; frontal limb gently convex, rounded in front, and with-

out traces of a frontal rim.

Surface smooth under a strong lens. The type specimen has a

length of 4 mm.
In form the head of this species is somewhat like that of A. alala.

It differs in the absence of an occipital spine and in being proportion-

ately somewhat narrower.

Fcmnation and local!ty.—M\di&\Q, Cambrian, central portion of. the

Chang Hsia formation, in gray crystalline limestone; 3.25 miles south-

west of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ARIONELLUS ALALA, new species.

In general form and proportion the central parts of the head of this

species are much like A. agonius. They differ in the proportionately

smaller, elongate glabella, nearly flat frontal limb, and a thin instead

of a rounded margin.

Fonnation and locality.—Middle Cambrian, central portion of the

Chang Hsia formation, in gray limestone; Chao Mi Tien, Shangtung,

China.

A somewhat similar and possibly identical form occurs at about the

same horizon near Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus MENOCEPHALUS Owen.

Menocvphalus Owen, Geol. Surv. Wisconsin, Iowa, and Minnesota, 1852, p. 577.

Doctor Owen proposed this genus for trilobites having a highly

convex, hemispherical glabella, with a narrow border and a broadly

rounded front; cheeks tumid.

I have referred to this genus, more or less provisionals, several

species in which only the central portions of the head are pre-

served. Further study, or the stud}^ of more perfect specimens, will

undoubtedly lead to the reference of some of them to other genera.
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MENOCEPHALUS ACERIUS, new species.

This species is represented by a single specimen of the glabella, fixed

cheek, and frontal limb. The glabella is moderately convex, broadly

triincato-conieal in outline, and marked b}" two pairs of faintly impressed,

short furrows; the sides approach each other slightly toward the

broadly rounded front; occipital furrow rounded and distinct; occi-

pital ring moderately convex and a little wider than the occipital

furrow; dorsal furrow well defined.

Fixed cheeks, convex, about two-thirds the width of the glabella;

the}^ slope rather rapidly downward to the frontal rim and less so to

the postero-lateral limb; ocular ridge not distinctl}^ defined; palpebral

lobes small; frontal rim separated from the glabella and fixed cheeks

by a strong, narrow furrow; the rim is rounded and of about the same

width as the occipital ring.

Surface covered with pustules perceptible to the unaided eye. The
head of the type specimen has a length of 10 nmi. ; the frontal rim and

occipital ring are each about 1 mm. in width.

This species is referred to the genus Menocephalus on account of

the small palpebral lobes, pustulose surface, and the absence of a

frontal limb. It difi'ers from the type form in having a less convex,

more elongated glabella.

Formation and locality. --MX&dXe, Cambrian, upper portion of the

Chang Ilsia formation, in a coarse, gra3'ish limestone; a mile east of

Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

MENOCEPHALUS ACIS, new species.

Glabella prominent, convex, narrowing slightly from its base

toward the broadly rounded front; occipital furrow narrow, deep, and

separating a rather strong, rounded, occipital ring; dorsal furrow nar-

row and strongly defined.

Fixed cheeks about one-half the width of the glabella, moderately

convex to the base of the palpebral lobe; posteriorly they slope rapidl}"

to the furrow within the posterior margin; anteriorh', rapidly to the

frontal rim; palpebral lobe small and somewhat elevated; frontal rim

narrow, rounded, and separated from the glabella by the narrow dor-

sal furrow.

Surface marked by rather strong scattered granules. The only

specimen representing this species has a length of 5 mm.
This species is characterized by its narrow, wire-like frontal rim

and the scattered granules on its outer surface.
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Formation and locality.—Upper Cambrian, upper portion of Chang
Hsia formation, in granular gray limestone; Chao Mi Tien, Shang-

tung, China.

Collected b>' Eliot Blaokwelder of the Carnegie Inscitution of

Washington Expedition to China.

MENOCEPHALUS ADMETA, new species.

Glabella strongly convex, with sub-parallel sides and rounded front;

occipital furrow narrow and deep; occipital ring narrow at sides,

increasing in width toward the center, slightly convex, rising with a

backward slope from the bottom of the occipital groove; dorsal fur-

row narrow and strongly defined.

Fixed cheeks about two-thirds of the width of the glabella, slightly

convex opposite the palpebral lobe, and sloping downward to a strong-

furrow within the rounded rim of the short postero-lateral limb;

frontal rim narrow and slightly rounded.

Surface apparentl}^ minutely punctate under a strong lens. The
only head of this species in the collection has a length of less than

2 mm.
This species is distinguished from M. acla by the form of the con-

vex glabella, flattened instead of wire-like frontal rim, and punctate

surface. It does not appear to be closely related to any other species.

Fortnatlon a)id locality.—Upper portion of Chang Hsia formation,

in dense mottled and crystalline limestone. Chang Hsia, Shangtung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

MENOCEPHALUS ADRASTIA, new species.

This is a minute head, having a strongly convex, almost globular

glabella that rises abruptly from the deep dorsal furrow. A shallow

furrow outlines small postero-lateral lobes at the base of the glabella;

occipital furrow narrow and distinct; occipital ring slightly convex

back of the occipital furrow, narrow at the sides and widening gradu-

ally toward the center.

Fixed cheeks about one-half the width of the glabella, strongly con-

vex; frontal limb obsolete; frontal rim about half as wide as the

fixed cheeks, slightly convex, and separated from the fixed cheeks by

a transverse, narrow, shallow groove.

The above is all that is known of this form. Its globose glabella,

convex fixed cheeks, and occipital ring distinguish it from other

species. The length of the glabella and frontal rim is 2.5 mm. in one

specimen, with an occipital ring about 1 mm. long.
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Surface finely granulose under a strong lens, with a few scattered

larger granules.

Formation and locality.—Middle Cambrian, upper portion of the

Chang Hsia formation, in a compact, hard, dove-colored limestone;

Chang Hsia, Shangtung, China.

Collected b_y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China,

MENOCEPHALUS AGAVE, new species.

Another species of Monocephalus is associated with M. adrastia^ in

which only the anterior portions of the head and one fixed cheek are

preserved. This difi'ers from M. adrastia in the proportionately nar-

rower glabella, rounded frontal rim, and less convex fixed cheek. Its

surface is very finely pustulose, with scattered larger pustules on the

glabella. The palpebral lobe is very small and situated a little back

of the center of the head.

Formation and locality.—Middle Cambrian, upper portion of the

Chang Hsia formation, in a compact, hard, dove-colored bed; Chang

Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

MENOCEPHALUS BELENUS, new species.

This species is represented by a single specimen of a glabella, occip-

ital ring, and frontal rim. It difl^ers from If. acerius in having a

very narrow, slightly flattened frontal rim, and a very finely pustulose

surface. The glabella is also more conical and its front more rounded.

A fragment of the fixed cheeks indicates that they were rather convex

and rose somewhat abruptly from a distinct dorsal furrow. The gen-

eral remarks relating to the generic relations of M. acerius also apply

to M. helenus., as they are apparently congeneric.

Formation and locality.—M.\didi\Q Cambrian, upper portion of the

Chang Hsia formation, in a bed above that containing 3L acerius;

Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

MENOCEPHALUS (?) DEPRESSUS, new species.

General form of the head, exclusive of the free cheeks, subrhom-

boidal, moderately convex. Glabella moderately convex, narrowing

slightly from the base toward the rather broadly rounded front; sur-

face marked by two pairs of very shallow, short glabellar furrows;

occipital furrow narrow, transverse, and sharply impressed; occipital

ring slightly convex and of nearly uniform width; dorsal furrow

narrow and sharply defined.
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Fixed cheeks about one-half the width of the glabella, convex, arch-

ing with about the same slope to the palpebral lobe from the front and

back; palpebral lobe small, situated about midwaj'^ of the cheek; no
evidence of the presence of an ocular ridge; postero-lateral limb short,

marked by a distinct gi'oove parallel to the narrow, elevated posterior

margin; frontal rim narrow, convex, and separated from the glabelhi

and fixed cheeks by a distinct narrow groove.

Surface with numerous low, medium-.sized, scattered pustules. The
tj^pe and only specimen of the head in the collection has a length of

4.5 mm.
This species is doubtfulh' referred to the genus Menocephalus. It

is most nearly related to 3L ocis, but differs in having a less convex

glabella and narrower fixed cheeks.

Formation and locality

i

—Upper Cambrian, lower portion of Chao
Mi Tien formation, in a fossiliferous gray limestone, where it is asso-

ciated with Solenoplura helus; Pagoda Hill, a mile west-southwest of

Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

MENOCEPHALUS, species undetermined.

This form is represented by the anterior half of the glabella and
fixed cheeks. These parts indicate that the glabella was strongly con-

vex, rounded in front, and marked by two pairs of very slight, short

furrows. The fixed cheeks are about two-thirds the width of the

glabella and moderatel}" convex; palpebral lobes small and placed

about their own length from the frontal rim; frontal rim apparently

very narrow, and separated from the glabella and fixed cheeks by a

narrow distinct groove. Surface finely pustulose under a strong

lens.

Formation and locality.—Middle Cambrian, near upper portion of

Chang Hsia formation, in a compact, hard, gray limestone, about 3

miles southwest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus PAGODIA, new genus.

This genus is proposed to include a few species from the Upper
Cambrian zone which do not appear to be closely related to any

described genus. Only the central portions of the head are avaihible

for description.

Diagnosis.—Glabella oblong, with obscure traces of furrows at the

sides. Eyes small, central, and without trace of ocular ridge. Facial

sutures cut the front margin opposite the eye lobe, and the posterior

margin within the postero-lateral angles.
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Thorax unknown.

An associated p^gidiuni has a conical, segmented axis, narrow pleural

lobes, and smooth, undefined margin.

Genotype.—Pagodia lotos Walcott.

The four species of this genus all have a similar type of surface,

consisting of shallow punct® of moderate size, with very fine puncta?,

visible only under a strong lens, between the larger puncta?. The

species now referred to the genus are Pagodia hla Walcott, P. dolon

Walcott, P. lotos Walcott, P. macedo Walcott.

I was at first inclined to refer these forms to Dolichometopus., but

they difi'er from the t^q^e of the X'^Xji^x., Dollchometopus svecicus Kx\^\\\.,

in the narrowing instead of widening of the glabella in front, in the

presence of small instead of large eye lobes, short instead of long

postero-lateral limbs, and obscure glabellar furrows.

PAGODIA LOTOS, new species.

Glabella moderately convex, elongate, with the sides converging

very slightly toward the broadly rounded front; obscure traces of

two pairs of furrows that extend a short distance inward and back-

ward occur upon the sides; occipital furrow strong, rounded, and

arching slightly forward at the center; occipital ring of medium width

and rounded; dorsal furrow strong but shallow and merging into the

transverse furrow in front of the glabella.

Fixed cheeks about one-half the width of the head opposite the pal-

pebral lobes, slight!}' convex, and sloping gently posteriorly to the

furrow within the margin and anteriorly to the transverse furrow

within the frontal rim; palpebral lobes small, short, not much more

than one-fifth the length of the head; a very slight trace of an ocular

ridge is shown upon the cast of the interior of the crust, but no evi-

dences of it have been seen on the outer surface; frontal rim narrow,

rounded so as to give it a thickened appearance, with a slightlj^ flat-

tened slope into the furrow back of it; it is separated from the gla-

bella and fixed cheeks by a sharp furrow that almost cuts back under

the front of the glabella.

The crust is thick; it appears to be smooth on the outer surface over

the glabella and fixed cheeks, with the exception of scattered, shallow

punctge.

The type specimen has a length of 6 mm., with a width at the pal-

pebral lobes of 8 mm.
The associated p3^gidium is convex, subsemicircular in outline, and

strongl}^ trilobed except at the margin. Axial lobe convex, conical,

and divided by three transverse furrows into three rings and a termi-

nal, rounded subtriangular portion. Pleural lobes nearly flat toward

the front near the dorsal furrow, and from there curving abrupt!}'

downward toward the side and posterior margins; the furrows of the
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axis extend about two-thirds of the distance across the pleural lobes

and merge with the flat segments between them into the margin; the

margin slopes up from the sharp outer edge with a slight concavity

where it merges into the pleural lobes and touches the posterior end

of the axis.

This species differs from Pagodia macedo and P. dolon in its frontal

rim and the slight convergence of the sides of its glabella toward the

front. It is most nearh' related to Pagodia hla, with which it is

associated, but differs from it in its narrower and proportionately

longer glabella, the glabella of P. hia having a length of 6 mm. with

a width at the center of 3 mm., and that of P. lotos with a length of

5 mm. has a width at the center of nearly 4 mm.
Formation and locaUty.—Upper Cambrian, lower portion of Chao

Mi Tien formation, in a gray fossiliferous limestone; Pagoda Hill,

1 mile west-southwest of Tai An Fu, Shangtung, China.

Collected ))y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PAGODIA BIA, new species.

Head, exclusive of the free cheeks, subrhomboidal, moderately" con-

vex. Glabella slightly convex, sul)quadrilateral in outline, slightly

narrowed along the central portions,- and marked by two pairs of

short glabellar furrows on the posterior half and a very slight

depression indicating a furrow on each side well toward the front;

occipital furrow narrow^ very clearly detined and arching slightly

forward toward the center; occipital ring narrowMind rounded; dorsal

furrow shallow but distinct.

Fixed cheeks about half as wide as the glabella and sloping gentl}^

downw^ard from the dorsal furrow; palpebral lobes small, situated

about midway between the front and back margins of the head; no

traces of ocular ridges have been observed; postero-lateral limb

short, strong, and marked by a rounded furrow within the posterior

margin; frontal rim very narrow, rounded, and separated from the

glabella and tixed cheeks by a narrow, deep furrow.

Surface marked l)y a few shallow, scattered punctw, and under a

ver}" strong lens it appears to be minutely punctate. The largest

specimen of the head in the collection has a length of 8 mm.
The form of the glabella of this species is not unlike that of Pagodia

inact'do^ but its anterior lobe is much broader.

Formation and locality.—Upper Cambrian, lower portion of Chao

Mi Tien formation, in a hard, dark limestone; 2.7 miles southwest of

Chao Mi Tien and Pagoda Hill, a mile west-southwest of Tai An Fu,

Shangtung, China.

Collected b}- Eliot Blackw^elder, of the Carnegie Institution of

Washington Expedition to China.

Proc. N. M. vol. xxix—05 5
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PAGODIA DOLON, new species.

'Phis s|)(M'i('s is represented ])y two spcciiiKMis of tiic head cxclusivo

oi' the froc cheeks. (Ihibella eloiii^ute, sulK|iiadrihitei'al, iiioderatoly

convex; a voiy ol)scure trace of a ])osterior pair of short furrows is

all that can bo seen on tlie outer surface; occi})ital furrow rather nar-

row, clearly inn)ressed, and archino- sliohtly forwai'd at the center;

occipital rino- narrow at the sides, increasing- <;i'adually in width to the

center, where it is strong and moderately convex; dorsal furrow strong

at the sides and fi-ont of the gla])ella.

Fixed cheeks a little more than one-half the width of the glabella,

convex, and sloping outward and downward from tlie dorsal furrow;

l)ack of the })alpel)ral lo})es they slope gently to the furrow within the

posterior margin and anteriorly moi-e rapidly to the furrow within

the frontal I'im; palpel)i'al lobes small, about one-fourth the length of

th(; head; ])oster()-latei'al limb short, and marked by a strong, i"ound(Ml

furrow within the nai'row, slightly elevated posterior margin; frontal

rim roundcil, narrow, and separated fi'om the glabella by a strong,

rounded, rather deep furrow, which becomes more shallow in front

of the fixed cheeks.

Surface marked by mimerous medium-sized punctje, with very tine

puncta% visible only under a strong lens, betwc(Mi them.

The largest specimen of the species has a length of 5.5 mm., with a

width at the palpebral lobes of 8 mm. ; the glabella has a length of

3 nnn., with a width of 2.5 mm.
This species ditl'ers from the other species of the genus in its shorter,

broader glabella, and moi-c convex lixed cheeks.

FornKitloih (Did loval'iiy.—Upper Cambrian, lower portion of Chao
Mi Tien formation, in hard, dark limestone; 2.7 miles southwest of

Chao Mi Tien, Shangtung, China.

Collected by Kliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PAGODIA MACEDO, new species.

This species is represented by a single specimen of the head, exclu-

sive of the fre(; cheeks. (Jlabella elongate, sulxpiadrangular, narrow-

ing very slightly toward the broadly rounded, nearly transverse front,

as indicated by the cast of the interior of the crust; surface marked
by two pairs of shallow furrows that penetrate a short distance on

each side and separate the glabella into three subequal lobes; occipi-

tal furrow rounded and strong; occipital ring unknown; dorsal fur-

row strong, roimded, and clearly separating the moderately convex
glabella from the sloping fixed cheeks.

Fixed cheeks slightly convex, sloping gently from the dorsal fur-

row to the palpebral lobe, more rapidly to the furrow within the pos-
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torior miii'iiin, and aiilcrioily to the front iiiai-i.;iii; palpcl)!!!! lohos

situated about uiidwav hetwe(Mi the front and the postcu'ior margins of

the head, small and short, not nuu-h over one-tifth tlu^ leiioth of the

iiead; frontal riiu narrow , wire-like, and separated from the olaludla

and fixed cheeks by a rounded furrow of moderate depth.

The crust is rather thick, the outer surface marked by scattei-ed

shallow puncta", with vei'v line puncta% as shown by a stron*;- lens,

l)(4ween them. Length of head exclusive of occipital rino-, 7.5 nun.

'Phis species is closely related to PdijoiVKt lotos. It dill'ers in the

form of th(^ frontal rim and the more uniform sloyie of the >;latHdla

toward the front. From /*. />/</ it differs in the more rapid downward

slope of the front of the o-hi])ella and in the parallel or slightly con-

tracting- sides of the o-lal)ella.

ForiiKitJoii tnxl local Ity.—Upper Cam))rian, lower portion of Cdiao

Mi Tien formation, in g'ray fossiliferous limestone; Chao Mi Tien,

Shano-tuno-, China.

Collected by Kliot Hlackwelder, of the Carneoi(> Institution of

Washinj^ton Expedition to China.

Genus PTE ROCEPH A LUS T^oemer.

PTEROCEPHALUS ASIATICA, new species.

This species is represiMitcd by fi'a^inents of the anterior ])oiti()n of

the head and of the [ni^idium. (Jlabella truncato-conical, moderately

con\ex, narrowing gradually toward its rounded front; surface marked

bv three j)airs of short fui'rows, the posterior of which sepai'ate ratluM-

small oval lobes at the postero-lateral ano-|es; occipital furrow nan-ow

and slightly impi'essed; occi})ital riny- of medium width and nearly

flat; dorsal furrow nai-row, but distinctly mai'ked.

Fixed cheeks about two-thirds the wddth of the ohibtdla opposite

the pali)ebral lobes, sliohdy con\ex, and crossed l)y strono-, low, ocular

rido-es; postero latei'al limbs unknt)wn; frontal limb very broad and

sliohtly concave: just in fi-ontof the olji))ella there is a faint depression,

formed by a slioht chan^'e in the slope of the frontal liud), that (>xt(Mids

across a short distance in front of the palpebral lobe; fi'ontal rim

narrow, slightly rounded, and marked l>y irre_i»ulai- stria' i)arallel to

the margin.

Surface of the o-labella and fixed cheeks slightly roughened by

what appear, under a strong' lens, to be very fine granulations; the

frontal limb is marked by irregular, raised lines that radiate from

the front of the glabella and ocular ridges outward toward the front

margin; these raised lines are very irregular and more oi- less inoscu-

lating on and near the transverse depression of the frontal limb in

front of the glalxdla and ocular ridges. On a head 23 mm. in length

the frontal limb has u length of 1 1..5 nun. and the glabella and occipital

ring 11.5 mm., with a width at the palpebral lobes of 18 mm.
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Fragments of the pygidliim associated with the head show that it

had a slender, moderately convex axis, with more than 8 rings, and

that the pleural lobes were moderately convex, flattening out on a

broad, planulate margin, the furrows on the axis extending out across

the pleural lobes and nearly fading away on the broad margin; a faitit

trace of a very narrow, short pleural groove is shown on two of the

pleural segments. Surface of the pygidium slightly roughened l)y

w^hat appears to be, under a strong lens, a very tine granulation.

Formation and locality.—Middle Cambrian. In gray crystalline

limestone, associated with Damesellablachwelderi; 3i miles southwest

of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTEROCEPHALUS BUSIRIS, new species.

This species is represented by two specimens of a pygidium that is

quite distinct from the pygidium associated with 1\ asiatlca. The
axis is elongate, slightl}^ convex, and converging uniformly to about

half its width at the posterior end; marked by eight or more narrow,

distinct, transverse furrows that divide it into eight or more trans-

verse rings and an elongate terminal portion. Pleural lobes slope

gently from the dorsal furrow down toward the margin; the}' are

marked b}^ the continuation of the distinct transverse furrows of the

axis, that extend oljliquel}' backward out to the margin, as far as can

be determined; there is a slight indication of a pleural groove on the

outer half of the pleural lobe. The pleural lobe is separated from

the broad border by a slight elevation of the point of union of the

border and pleural lobe, the slope of the two being approximatel}" the

same from the margin to the axis; a sharp ridge originates on the

front side of each pleural segment a little distance out from the axis,

and extends out across the border to the margin, leaving a concave

space between the sharp ridges over the entire extent of the liorder;

from the elongate terminal segment of the axis a narrow, double ridge

continues backward to the border, which is here slightly incurved.

Surface flnely granular under a sti'ong lens.

This species difl'ers from P. asiatlca in the form of the segments of

the pleural lobes and margin.

Formation and lorality.—Upper Can\])rian, lower portion of Chao

Mi Tien formation, in dark, compact limestone; 3 miles southwest of

Yen Chuang. Hsin Tai, Shangtung, China.

A specimen referred to this species also occurs in the lower portion

of the ('hao Mi Tien formation, two-thirds of a mile west of Tai An
Fu, in Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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Genus PTYCHASPIS Hall.

PTYCHASPIS ACAMUS, new species.

This species is represented by speciineiis of tlie <>labellu unci frag-

ments of the iixed cheeiis. The g-labclla is moderately convex at the

back and strongly convex on the frontal lobe. It is divided 1)\' a

strong-, backward-arching furrow that separates the posterior portion

as a transverse lobe and the anterior as a large lobe al)out as long as

broad. The latter is marked b}' two narrow, shoi't, slightly impressed

furrows on the sides of the lobe; occipital furrow strongly rounded,

deep, and arching forward at the center; occipital ring about the

middle of the posterior lobe of the glabella nearly Hat, and with a

small, sharp node at the center near the l)ack margin; frontal rim a

rounded, narrow border in front of the deep, narrow dorsal furrow;

dorsal furrow narrow and deep opposite the palpebral lobe.

Fixed cheeks rise rapidly from the dorsal furrow. They are narrow

and convex; palpebral lobes unknown. The anterior lobe of the

glabella slightly overhangs the dorsal furrow, which is deep and

rounded.

Surface marked with low, large pustules and very faint punctte.

The type specimen of the head in the collection has a length of

11 nun. with a width of G mm.
This species is characterized by the form of the large front lo])e, the

strong transverse furrows, and narrow posterior lobe of the glabella,

and its peculiar surface.

Fdi'ination and locality.—Middle C-ambrian, central portion of the

Chang Hsia formation; Chao Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CACUS, new species.

General form of head, exclusive of the free cheeks, subrhomboidal,

rounded in front, strongly convex. Glabella moderately convex over

the posterior portion, strongl}" convex at the frontal lobe; posterior

portion is divided into two lobes, of about equal width, by the broad,

rounded, transverse posterior furrow and a narrow, slightly impressed

anterior furrow, both of which arch slightly backward toward the

center; the frontal lobe is about as long as the two posterior lobes

and arches with uniform curve over to the dorsal furrow; it is eon-

vex but not globose; it is marked about midway on each side by a

short, very lightly impressed narrow furrow, which penetrates it at

right angles to the dorsal furrow; occipital furrow broad, strong,

and arching slightly forward at the center; occipital ring about as

wide as the posterior lobe of the glabella, moderatel}^ convex, and

arching slightl}^ forward near the center; dorsal furrow strongly
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defined at the sides and somewhat less so in front of the glabella; a

shallow pit occurs opposite the antero-lateral angle of the glabella.

Fixed cheeks narrow and convex; they slope, gently backward and

merge into the postero-lateral limb, and forward in advance of the

palpebral lobe slope rapidly downward to the rounded frontal limb;

palpebral lobes broken away, but from the form of the fixed cheek

they appear to have been about one-third the length of the head;

postero-lateral limbs about as long as the width of the glabella, and

marked by a broad, strong furrow within the narrow postero-lateral

margin; frontal lobe and rim united to form a rounded, downward
curving frontal border of the head, separated from the glabella by the

strong dorsal furrow.

Surface marked by numetoas irregularly placed pustules except in

the furrows of the glabella, dorsal furrow, and furrow on the postero-

lateral limbs. The type and only specimen of the head in the collec-

tion has a length of 17 mm., with the glabella 10 mm. in width and

11 mm. long.

In size and general appearance this species ma}^ be compared with

-P. ceto. It differs in its strongly pustulose surface, less convex

glabella and fixed cheeks, and in the form of the frontal border of the

head. At first sight it is apparentlv identical with P. calyce^ but it

differs in the form of the transverse furrows and the frontal lolie of

the glabella, which in F. calyce is globose, like that of P. ceto.

Foruuitlon and locality.—Upper Caml)rian, upper portion of the

Chao Mi Tien formation; 2.7 miles southwest of Yen Chuang, Hsin

Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CADMUS, new species.

This species is represented by more or less fragmentary specimens

of the central portions of the head, exclusive of the free cheeks.

Glabella moderately convex at the back and strongly convex at the

front, marked by a posterior transverse furrow that arches slightly

backward, cutting off' a narrow lobe between it and the dorsal furrow;

anterior lobe a little longer than wide, and marked by a pair of short,

narrow furrows opposite the anterior end of the palpebral lobe; the

anterior lobe is convex, but not globose; occipital furrow strong;

occipital ring unknown; dorsal furrow strong and rather deep.

Fixed cheeks ver}^ narrow and diappearing into the dorsal fui'row

in front of the palpebral lobe; posteriorly they slope downward as an

irregular ridge to the postero-lateral limb; palpebral lobes about one-

fourth the length of the head and marked by a deep groove within the

narrow rim; frontal limb narrow and sloping outward and downward to

the front margin from the broad, strong, dorsal furrow; it is marked by
two transverse rows of large tubercles; postero-lateral limbs unknown.
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The surface of the head, except the furrows, is thickl}' covered

with large pustules. A glabella 11 mm. in length (has a width of

8 mm. ; none of the specimens are sufficiently perfect to give meas-

urements for the entire length of the head.

This species is characterized by the very narrow lixed cheeks and

strongly pustulose surface. It is associated with P. calchas.

Formaiion and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation, in a gray, somewhat coarse, fossiliferous lime-

stone; 2.7 miles southwest of Chao Mi Tien, Shangtimg, China.

Collected by P^liot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CALCHAS, new species.

Of this species only more or less imperfect specimens of the central

portions of the head, exclusive of the free cheeks, are known. Gla-

bella slightly convex on the posterior half and moderately convex at

the frontal lobe; it is divided by two transverse, rather strong, shal-

low furrows into two narrow lobes that arch slightly backward and an

anterior lobe that measures a little more than half the length of the

glabella; a pair of very slightly impressed and short furrows mark
the side of the frontal lobe a little ])ack of the center; occipital furrow
broad, shallow, and about the same strength as the two furrows cross-

ing the glabella; occipital ring narrow at the sides, increasing in width

toward the center, where it rises at the back above the general level

of the glabella; dorsal furrow broad and rounded.

Fixed cheeks scarcely more than a very narrow ridge rising from
the })road dorsal furrow to the palpe})ral lol)e and sloping gently back-

ward into the postero-lateral limb and forward in front of the palpe-

bral lobe into the frontal border of the head; palpebral lobe about

one-fourth the length of the head and marked by a strong furrow^

within the narrow rim; frontal limb nearly Hat, of medium width, and
sloping forward and downward from the dorsal furrow to the frontal

margin; postero-lateral limbs about as long as the width of the gla-

bella, and marked by a broad, shallow furrow within the narrow pos-

terior margin.

The cast of the interior surface of the test appears to be minutely

punctate under a strong lens, and fragments of the exterior appear to

be smooth. The largest specimen of the head in the collection has a

length of about 22 mm.; a specimen 11 mm. in length has a glabella

5 mm. in width, with a fixed cheek a little less than 2 mm, in width

from the sides of the glabella across the dorsal furrow to the furrow
on the palpebral lobe.

This species differs from the described species of the genus in the

low convexity of the glabella, the uniformity of the occipital and two
posterior furrows of the glabella, and the apparently smooth surface.
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Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien forma'ion, in a gray, somewhat coarse, fossiliferous lime-

stone; 2.7 miles southwest of Chao Mi Tien, Shang-tung, China.

Collected ])y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CALLISTO, new species.

Of this species only the central portions of the head, exclusive of

the free cheeks, are known. Glabella moderately convex, and divided

into a narrow posterior lobe by a broad, rounded, deep, transverse

furrow that curves slightly backward, and an anterior lobe, about as

long as wide, marked upon its lateral slopes by two pairs of short,

narrow furrows; it is broadly rounded, almost transverse in front,

and its sides are sub-parallel; occipital furrow broad and deep and arch-

ing slightly forward at the center; occipital I'ing narrow at the ends,

widening and rising gradually toward the center, which appears to

have been elevated above the general surface of the head; dorsal fur-

rows strong and deep.

Fixed cheeks narrow, rising abruptly from the dorsal furrow and

extending laterally to the furrow within the rim of the palpebral lobe;

they slope gentl}^ backward to the postero-lateral limb, and more
abruptly forward to a strong furrow that separates the frontal rounded

margin of the head from the glal)ella; frontal limb and rim combined

in a rounded frontal border, which corresponds in its section to about

the same curvature as the section of the furrow between the border

and the glabella; postero-lateral lini])s about as long as the width of

the glabella, and marked by a broad, rather deep groove within the

narrow posterior margin.

Surface of the cast of the interior of the test with numerous rather

large scattered punctae and very tine punctte seen only with the aid of

a strong lens; a fragment of the outer surface shows it to have been

strongl}' pimctate, with tine puncta3 corresponding to the puncta? seen

on the cast of the interior. The largest head in the collection has a

length of 18 mm.
This species is strongly characterized by the l)road, strong posterior

furrow and narrow posterior lobe of the glabella, and the sub-quadrate,

moderately convex frontal lobe; also the elevated occipital ring and

punctate surface.

Formatioii and locality.—Upper portion of the Chao Mi Tien

formation, at the same horizon as P. caciis and P. ceto; 2.7 miles

southwest of Yen Chuang, Hsin Tai, Shangtnng, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CALYCE, new species.

In general form, convexity, and size the corresponding parts of this

species follow that of P. ceto. It ditfers from the latter in having a
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.strongh" pustnloso surface instead of irregular, more or less concen-

tric rido-es and furrows. The largest specimen of the head in the

collection has a length of 17 mm.
Formation and locallfy.—Upper Cambrian, Chao Mi Tien forma-

tion, about the middle of the formation; 7.5 miles east of Chao Mi

Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CAMPE, new species.

This species is represented by a fragment of a small head that is so

distinct in its surface granidation, large eye lobe, and frontal portion

of the head that it can not be readily confused with any other species.

The glal)ella is diyided by two narrow, transverse, slightly backward-

curving furrows into two narrow lobes and a large anterior lobe that

is marked by two pairs of short, very narrow furrows on the lateral

slopes: the anterior lolje is about as long as wide, slightly convex

behind and strongly convex in front, but not at all globose or tumid;

it is broadly rounded, almost transverse in front, and has parallel sides;

frontal limb very narrow in front of the gla))ella, widening at the

sides: it is separated from a downward-sloping frontal rim \)\ a very

narrow^ transverse furrow; the frontal rim is very slightly convex,

and from two to three times as wide as the frontal lind) in front of

the glabella; dorsal furrow narrow and deep on the sides, and little

more than a line in front of the glabella.

Fixed cheeks very narrow at the front and back and merging into a

large palpebral lot)e at the center; they rise rapidly from the dorsal

furrow^ and arch over into the furrow within the narrow palpebral

lobe; palpel)ral lol)e extends from opposite the anterior pair of

furrows on the frontal lol)e of the glal)ella back to the posterior

transverse furrow.

Surface marked by large, low, closely arranged granulations or

pustules. This is a small species, the type specimen of the glabella

having a length of 4 nnn. with a width of 2 nmi.

Formatlou and locality.—Upper Cambrian, Chao Mi Tien forma-

tion, about the middle of the formation: 7.5 miles east of Chao Mi
Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS CETO, new species.

Head, exclusive of the free cheeks, sub-rhoml)oidal in outline,

strongly convex. Glabella large, strong, with very convex frontal

lobe, sides sub-parallel, front broadly rounded; two strong glabellar

furrows cross transversely from side to side, dividing the glabella into

two rather narrow posterior lobes and an anterior, globose lobe that
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slightly overhangs the frontal rim; occipital furrow about as strong as

the two glabellar furrows; occipital ring narrow and slightly rounded,

and elevated at the center; dorsal furrows strong and deep on the

sides and in front of the glabella.

Fixed cheeks with the dorsal furrow about two-thirds the width of

the glabella, the tixed cheeks forming an elevated ridge at the palpe-

bral lobe, with an elevated short ridge opposite the anterior end of

the palpe])ral lobe, that is crossed by three transverse ridges, as seen

in the cast of the inner surface; in front of the elevated portion the

cheek drops gently to the frontal rim; back of the palpebral lobe the

cheek slopes gently and merges into the postero-lateral limb; palpe-

bral lobe narrow, elongate, a little more than one-half the length of

the head, and separated from the tixed cheek by a narrow, deep fur-

row; postero-lateral limb about as long as the w^idth of the glabella at

the base, and marked by a broad, deej), rounded groove, within the

sharp, elevated, posterior margin; frontal limb very short and sloping

downward into the rounded frontal rim; the frontal limb and rim

form scarcely more than the outer border of the strong dorsal furrow.

Outer surface unknown, as in all the specimens the test clings to

the matrix; this latter fact indicates that it was roughened, probably

tuberculose. The cast of the frontal lobe of the glabella shows a

number of irregular, concentric ridges and grooves sub-parallel to the

frontal margin. The largest head in the collection has a length of 14

nun., with a width at the palpebral lobes of 17 mm. ; the glabella was 8

mm. in width, with a length, including the occipital ring, of 14 mm.
This species differs from Pfycliaspis caeus in the globose, overhang-

ing frontal lobe of the glabella, and the form of the frontal rim, fea-

tures that also separate it from P. cadmus and P. calchas. From P.

acamus it differs in the form of the frontal lobe of the glabella and

the transverse lobe back of it. The globose glabella resembles that

of P. granvlosa Owen, except that it is more globose and overhangs

the frontal border, P. (/ranuJosa has a different form from the other

Chinese species.

Formation, and localHy.—Upper Cambrian, in the lower portion of

the Chao Mi Tien formation, in a fossiliferous, coarse gray limestone.

Chao Mi Tien; two-thirds of a mile west of Tai An Fu; Pagoda Hill,

a mile west-southwest of Tai An Fu; 2.7 miles southwest of Yen
Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHASPIS, species undetermined.

There are several species of Pfi/ehasjtJs that occur in the upper
C'ambrian zone that are too imperfect for description. One of these

has the general form of /*. catn]>t\ ))ut it differs in the exceedingly
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narrow fixed cheeks and flat frontal border, while having- the same
t3'pe of pustulose surface. It occurs in the upper portion of the Chao
Mi Tien formation, at Chao Mi Tien, Shangtung, China. Other frag-

ments representing- species of this genus are too imperfect for identi-

fication or description.

Genus PTYCHOPARIA Ha-wle and Corda.

PTYCHOPARIA ACLIS, new species.

The slightly convex central portions of the head of this species are

preserved. The species is distinguished l)v the breadth of the gla-

bella in front and three pairs of short, well-defined furrows that

divide the sides of the glabella into four subequal lobes; an occipital

spine; and narrow rounded frontal rim, cut around in front nearly to

the median line b}" the facial sutures. Ocular ridge well defined.

Surface unknown.

Fonnatlon and locality.—Lower Caml)rian, Man To formation;

Chang- Hsia, Shangtung, China.

Collected by Eliot Black welder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA (?) BATIA, new species.

Head, exclusive of the free cheeks, sub-rhomboidal, moderately

convex; glabella truncato-conical; a specimen wntli a length of 11

mm. has a width at the base of 11 mm., and at the broadly rounded,

almost transverse front of 7 mm. ; very faint traces are shown of a

posterior pair of furrows; occipital furrow nearly straight, shallow,

rounded, and narrow; occipital ring strong, very slighth' convex, and
slightly wilder at the center than at the ends; it is marked at the cen-

ter, near the occipital furrow, by a minute node; dorsal furrow dis-

tinctly but not deeply marked.

Fixed cheeks wide and slightly convex, nearly fiat between the gla-

bella and palpebral lobe, and curved downward in front to the frontal

rim and backward to the furrow within the posterior margin; ocular

ridge narrow and low, but distinctlj" shown; posteriorly it passes into

the palpebral lobe; palpebral lobe small, and situated a little back of

a transverse line drawn through the center of the head; postero-lateral

limb large, about as long as the base of the glabella is wide, and

marked by a strong fui-row within the elevated posterior margin. The
front of the glal)ella and of the fixed cheeks curves down into a shallow

furrow, from which the frontal rim rises before curving over to form
a thick frontal margin, w^hich is marked by longitudinal raised stria?.

Surface smooth under a strong lens. The largest of three speci-

mens of a head has a length of 20 mm., with a width at the palpebral

lobes of 26 mm.
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This species is characterized by its large size, concave frontal rim,

and nearly smooth glabella. In view of the occurrence of heads of

the genus Dorijpy<jella at about the same horizon, which reseml)le

this, the generic reference is somewhat doubtful. A somewhat simi-

lar head occurs in the upper poi'tion of the Chao Mi Tien limestone

at about the same horizon, 9 miles north of Hsin Tai Hsien.

FoTindtion and locality.—Upper Cambrian, Chao Mi Tien foi-ma-

tion; 2.7 and 3 miles southwest of Yen Chuang, Hsin Tai, Shangtung,

China. A form apparently identical was found by Mr. Blackwelder

in limestone blocks in talus at Chao Mi Tien.

Collected 1)v Kliot P>lackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCOPARIA (?) BROMUS, new species.

This species is represented by the central portions of the head,

exclusive of the free cheeks. Glabella moderately convex, truncato-

conical, rounded in front, and apparently without furrows; occipital

furrow transverse and clearl}" defined; occipital ring strong and mod-

eratel}^ convex; dorsal furrow broad and shallow.

Fixed cheeks nearly as wide as the glal)e,jja opposite the palpebral

lobe; they rise slightl}^ from the dorsal furrow to the palpebral lobe,

and slope gently backward to the postero-lateral limb and forward to

the frontal limb; palpel)ral lo)>e narrow, about one-third the length of

the head; ocular ridge rounded and faintly defined; frontal limb of

medium width, slightly convex, and sloping gently down to a rounded

furrow that separates it from the flattened frontal rim, which is about

one-half as wide as the frontal limb.

The surface is slightl}^ roughened by minute granulations, as seen

with the aid of a strong lens. The largest specimen of the head in

the collection has a length of 7 nmi.

This species is characterized by the rounded, smooth appearance of

the glabella, fixed cheeks, dorsal furrow, and frontal liml).

Formation and locality.—Middle Cambrian, Ku San shale forma-

tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, Shangtung,

China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA CEUS, new species.

Outline of head, exclusive of free cheeks, transversely subrhomboidal,

broadly rounded in front, convex; glal)ella conical, moderately con-

vex, and marked by two pairs of short, shallow furrows that extend

in but a short distance on the sides; occipital furrow rounded, very

distinct, and continued outward on the postero-lateral limbs, where it

is stronger and deeper; occipital ring narrow at the sides, gradually
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increasing in width toward the center, wdiere it is sliohtly convex, and

marked at the center by a minute sharp tubercle; dorsal furrow

strong- and rather deep about the glabeUa.

Fixed cheeks about the same width as the o-la])ella, moderately

convex; they slope gently from the dorsal furrow to the palpebral

lobe, and backward to the furrow of the posterolateral linil); in front

thev slope rather rapidly and merge into the frontal limb; palpebral

lobes small and situated about their own length from the posterior

margin of the head; ocular ridge very faint, scarcely perceptible

except by turning the specimen in the light; frontal limb slightly con-

vex, sloping gently downward, and divided midway by a longitudinal

furrow that extends from the front of the glabella to the furrow within

the frontal rim; each side of the longitudinal median furrow the frontal

border extends outward and backward, merging into the tixed cheeks

without any interruption in the convexity of the slope; frontal rim

narrow, nearly tiat, and separated from the frontal limb ))V a very

shallow groove which is little more than a change in slope of the

frontal limb to the nearly tiat frontal rim; })ostero-lateral limbs ver}^

short.

Surface niinuteh" granulose under a strong lens, with a few scat-

tered larger granules. The largest head of the species in the collec-

tion has a length of 4 nun., with a width at the palpebral lobes of

nearly 5 mm.
This species is characterized l)y the longitudinal furrow in front of

the glat)ella, which resembles the longitudinal furrow frequently seen

in the frontal liml) of the heads of Acpioistui^i.

FonnatUm and loaility.—Middle Cambrian, Ku San shale forma-

tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, Shangtung. China.

Collected by P^liot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA CONSTRICTA, new species.

The convex central portions of the head, exclusive of the free

cheeks, are subquadrilateral in outline; glaljella subcylindrical, nar-

rowing slightly toward the front—only faint indications of glabellar

furrows; occipital furrow narrow, clearly defined but shallow; occip-

ital ring strong, nai'row at the sides and broad at the center; tixed

cheeks a))out as broad as the glabella; ocular ridges strong and merg-

ing into the rather long palpebral lobes; frontal limb well defined by

the ocular ridges and narrow, slightly flattened, frontal rim.

Surface slightly roughened by minute irregular raised lines.

Formation und loadity.—Lower Cambrian, Man To formation,

lower part of southeast slope of Hu Lu Shan; 2.5 miles south of Yen
Chuang, Hsin Tai, Shangtung, China.
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PTYCHOPARIA DRYOPE, new species.

The head ropnvsciitiiiu- thiw species is of the same t^'pe as tliat of

PhjchojHLrla titlana^ from the base of the C-haiig' Hsia formation. It

differs from it in havinu- a more elongate glabella, which is more traris-

verse in front. It is also not probable that species of this character

would range through 2,500 feet of limestone. It is often the case that

heads that appear to have the general features of Ptychoparia are

found to belong to other genera when the thorax and pygidium are

known. This species is associated with Ptychaspis ceto., Illxniirus

dictys, Menocephalus depressus^ and Cyrtoceras camhria.

FormMion and locality.—Upper Cambrian, upper portion of Chao

Mi Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An Fu,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA GRANULOSA, new species.

The gently convex central portions of the head, exclusive of the

free cheeks, are all that is known of this species. These indicate a

rather broad, semicircular head, with small free cheeks; wide fixed

cheeks; narrow, short, convex glabella and narrow, flattened frontal

rim; glabella marked b}^ three pairs of faintly impressed but cleai'

glabellar furrows; frontal space between the glabella and rim broader

than the frontal rim and slightly convex; ocular ridge narrow, clearl}^

defined, and merging into a rather small eye lobe.

Surface flnel}^ granulose.

Fornuitlon and locality.—Lower Cambrian, Man To formation;

Chang Hsia, Shangtung, China,

Collected by Eliot BlackAvelder, of the Carnegie Institution of

Washington P^xpedition to China.

PTYCHOPARIA IMPAR, new species.

This species is represented by many flne specimens of the rather

convex central portions of the head. The form of the parts preserved

is not unlike that of Ptychoparia aclls. They differ in being more
convex and stronger and in the absence of an occipital spine and the

presence of rather faint glabellar furrows. Ocular ridge rounded

and rather strong. Surface finely punctate.

Formation and locality.—Lower Cambrian. Man To formation.

Chang Hsia, Shangtung, China.

Collected ])y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

i
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PTYCHOPARIA IMPAR, variety?.

This variety differs from the type of the species in having more

distinctly defined glalxdhir furrows, slightly narrower frontal rim.

and more rounded frontal margin to the glabella. There are several

specimens of the head from one locality, which appear to vary among

themselves as much as some of them var}" from P. hiijxir. The latter

and the forms referred to the variety come from the upper portion of

the Man To formation.

Format/on. and locality.—Lower Cambrian, upper portion of Man
To formation, in shaly sandstone and limestone; Cluing Hsia, Shang-

tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA LIGEA, new species.

Head, exclusive of free cheeks, subquadrilateral in outline, mod-

eratel}^ convex; glabella almost of the same width from the posterior

margin to the rounded front; three pairs of furrows are faintly Init

clearly indicated; occipital ring strong; occipital furrow shallow but

extended out on the lateral limbs as a strong furrow. Fixed cheeks

nearly as wide as the ghibella; palpebral lobes short and small; ocular

ridges narrow and strongly detined; frontal liml* slightly convex to

where it merges into the broad, shallow furi'ow that extends nearly

out to the front margin; posterodateral liml)s rather long.

Surface slightly roughened by minute, irregular, raised lines that

can be seen only with a strong lens.

Formation and loaditij.—Lower Cambrian. Middle of ]\Ian To

formation. Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA MANTOENSIS, new species.

Only the central portions of the moderately convex head of this

species are detinitel}' known. It is characterized by the l)road frontal

space and flat frontal rim; the sides of the glabella converge slightly

toward the front margin, which is broadly rounded; glabellar furrows

indicated by three very faint depressions on each side. Occipital

furrow relatively shallow and rounded; tixed cheeks rather broad;

eye lobe occupies the central third of the distance from the posterior

margin to the anterior flattened rim; ocular ridges not strongl}^

marked.

Surface slightly roughened by almost microscopic, irregnilar raised

lines.

An associated free cheek has a long, slender postero-lateral spine.
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Forriiathm <irid locdTifij.—Lower Cambrian. Man To formation.

At Chang- H.sia and 1 mile south, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA TELLUS, new species.

All that is known of this species is the central part of the head,

exclusive of the free cheeks. The specimens occur on the surface of

shal}^ limestone, and are probably somewhat compressed; their con-

vexity is relatively slight. Glabella large, convex, and nearly as

wide in front as at the base; three pairs of glabellar furrows are

indicated on the somewhat eroded outer surface of two specimens;

occipital furrow shallow, narrow, and rounded, but quite distinct;

occipital ring narrow at the sides, increasing in width and inclining

backward toward the middle, where it rises to the base of a strong

spine, which is directed upward and backward; the spine is nearl}^

straight, and about as long as the length of the head; dorsal furrow

clearl}' delined on the sides and in front of the glabella.

Fixed cheeks slightly convex and less than half the width of the

glabella; palpebral lobes rather large; ocular ridges clearh^ defined

and merging into the palpebral lobe; frontal limb short, slightly con-

vex, and merging into the flattened frontal rim, the line of demar-

cation between the two being very slight; posterior lateral limbs

small and short.

Surface unknown.

The largest head in the collection has a length of 10 mm. with a

width of 11 nnn. at the outer edges of the palpel)ral lobes.

This species is most nearly related to LonehocepJuihis Jiamulus. It

difl'ers in having wider fixed cheeks and in the proportion of length of

the frontal limb and rim as compared with the glabella.

Foriivition and 'locality.—Middle Cambrian. Lower portion of

Chang Hsia formation. Two miles south of Yen Chuang, Hsin Tai,

Shangtung, China.

Collected by Elliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA TENES, new species.

Of this species only the moderateh' convex central portions of the

head are known. Glabella prominent, moderately convex, narrow-

ing ver}^ gradually toward the broadl}' rounded front; furrows only

faintly indicated; occipital ring strong and bearing a broad base of a

spine that extends obliquely upward and backward; occipital furrow

shallow on the sides and scarcely perceptible at the center; dorsal fur-

row rounded and clearly defined. Fixed cheeks slightl}^ convex and

about one-third the width of the glabella; the length of the palpebral
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lobes is about one-tliird the distance from the posterior to the front

marg-in; ocular ridg-c low, broad, and marking- quite distinctly the

division between the lateral tixed cheeks and the rather abrupt down-

ward slope of the short frontal limb, which merges into the rather

broad, flat, frontal rim.

Surface minutel}' granulose under a strong lens. The largest head

in the collection has a length of about 6 mm., exclusive of the occipital

spine. This species is distinguished b}^ the strong-, occipital spine,

large eye lobes, narrow, tixed cheeks, and the form of the frontal rim.

J^Vrnudfon iind locality.—Middle Cambrian. At base of Chang Hsia

formation, just above the Man To shale. One mile east-southeast of

Chang Hsia, Shangtung, China.

Collected b}' Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA, species undetermined.

A single specimen of the central portion of a head that appears to

be closely related to P. tenes occurs on the surface of a fragment of

limestone. It has a similar slender, long, occipital spine, narrow, tixed

cheeks, and flattened frontal rim. It occurs in the upper portion of

the Chang Hsia formation, near the middle of the Chang Hsia oolitic

limestone, 2 miles south-southeast of Kao Chia Pu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA TITIANA, new species.

Head subquadrilateral in outline, exclusive of the free cheeks;

moderately convex. Glabella gently convex; broadest at the base,

narrowing midway-, and with the sides nearly parallel from the center

to the broadly rounded front; glabellar furrows shallow, there are

three on each side that penetrate to the central third of the glabella

and divide it into two small central lobes, a short terminal lobe, and a

posterior lobe that is broad at the sides and narrow toward the cen-

tral third; occipital furrow narrow; occipital ring narrow at the sides

and gradually thickening toward the center to form the base of a

rather strong- spine of unknown length; dorsal furrow shallow, but

clearly defined.

Fixed cheeks of medium width, about two-thirds the width of the

glabella; palpebral lobes central and about one-third the length from

the posterior to the frontal margins of the head; ocular ridge narrow,

clearly defined, it starts near the front line of the glabella and extends

obliquely backward and merges into the rim of the palpebral lobe;

postero-lateral limbs short and marked by a broad, shallow furrow;

frontal limb convex, prominent, about as long- as the fixed cheeks at

Proc. N. M. vol. xxix—05 6
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the eye lobes; at the front it slopes into the rounded groove back of

the narrow, slig'htly flattened, frontal rim.

Surface slig-hlty roughened over the central portions; on the frontal

limb a network of tine, irregular, raised lines extends from the dorsal

furrow and ocular ridges to the furrow inside the frontal rim.

()hservatio7is.—This species is associated with PtycJiojxiria Liostra-

cus thraso. Its strong frontal limb and occipital spine distinguish it

from other species.

Formation and locality.—Middle Cambrian. Base of Chang Hsia

formation in oolitic limestone about 2 miles southwest of Yen (Jhuang,

and 1 mile east-southeast of Chang Hsia, HsinTai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA THEANO, new species.

Head small, moderately convex; glabella subquadrilateral, mod-

erately convex, a little narrower in front than at the base, and with-

out glabellar furrows; occipital ring practically a continuation of the

glabella, as the shallow occipital furrow barely indicates it; dorsal

furrows narrow at the sides of the glabella, and very obscure in front

of it.

Fixed cheeks a little wider than the glabella and nearly flat from

the dorsal suture to the palpebral lobes; palpebral lobes large, situ=

ated opposite the central portion of the glabella; ocular ridges low

and broad, and very clearly detining the lateral portions of the iixed

cheeks from the frontal liml); frontal linil) narrow^ in front of the

glabella, sloping downward to the broad, shallow furrow that merges

into the broad, almost flat, frontal rim; postero-lateral limbs short; a

narrow, sharp furrow extends along their posterior margin from the

glabella to the facial suture, just within the posterior margin.

Surface minutely granular under a ver}^ strong lens. The largest

head has a length of 5 nun.

This species is distinguished b}^ the broad, flat, rixed cheeks, con-

vex, smooth gla])ella, large palpebral lobes, and nearly flat frontal

margin.

Formation and locality.—Middle Cambrian. Base of Chang Hsia

formation, in gray oolitic limestone. Chang Hsia, Shangtung, China.

Collected by P^liot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA TOLUS, new species.

Of this species only a single fragmentary head is known; this is

much like the corresponding parts of the head of Ptychoparla Liostra-

cvs tliraM).^ but it differs {a) in being less convex,
{J))

in having a more
coarsely granulated surface, (c) stronger posterior glabellar furrows,
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(d) broader fixed cheeks, and {e) more broadl}' rounded front to the

glabella. The length of the head is 10 ram.; of the glabella, 7 mm.;
width of the head including palpebral lobcfs but not free cheeks,

12 mm.
Foruiation and locality.-—Middle Cambrian. Base of Chang Hsia

formation in oolitic limestone; 3 miles north-northeast of Hsin Tai,

Hsien, Shangtung, China.

Collected 1\y Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

LIOSTRACUS Angelin, subgenus of PTYCHOPARIA.

PTYCHOPARIA (LIOSTRACUS) TOXEUS, new species.

Of this species only the central portions of the head are known.

The glabella and fixed cheeks are rather strongly convex; glabella

prominent, truncato-conical, without furrows, except as indicated by

a slight darkening of the surface where the furrows usually occur;

occipital groove narrow, but very distinct; occipital ring narrow at

the sides, rounded, and of medium width at the center; dorsal furrow

strong, rounded, and marked by a slight pit at the antero-lateral angle

of the glabella.

Eixed cheeks about one-half the width of the glal)ella at its base;

palpebral lobes small and situated about half way between the posterior

and front margins; ocular ridges faintly defined. Frontal limb narrow,

convex, and sloping downward to a deep, rounded groove which rises

in front to a strong, rounded frontal rim; postero-lateral limbs about

one-third longer than the width of the fixed cheeks, a strong furrow-

extends the entire distance within the posterior margin.

The surface under a strong lens appears to be smooth. The largest

head has a length of 6 mm. with a width of 7 mm. at the palpebral

lobes, exclusive of the free cheeks.

This species may be compared with PtycJioparui oireni^ a form that

has a wide geographic distribution in the United States, and also

ranges from the Middle Cam])rian into the Upper Cambrian of the

Eureka district in Nevada."

Formation and locality.—M\<\.d\Q Caml)rian. Chang Hsia formation

in the basal layers just above the shales; a mile east-southeast of Chang

Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PTYCHOPARIA (LIOSTRACUS) TROGUS, new species.

Head small, transversely quadrilateral, exclusive of the free cheeks;

moderately convex; glabella broadly truncato-conical and without

«Mon. U. S. Geol. Surv., No. 8, 1884, p. 55.
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traces of glabellar furrows; occipital furrow narrow and rather shallow,

rising on the back to the rather strong rounded occipital ring; the

latter is broad through the central portions, narrowing at the sides;

dorsal furrow rounded and well detined. Fixed cheeks about one-half

the width of the glaliella; palpebral lobes small; ocular ridges very

faint; frontal limb very narrow, in fact it is ditBcult to decide that

the dorsal furrows do not unite with a depressed space in front of the

glabella that merges into the frontal furrow; the latter is rounded,

shallow, and detines the strong, slightly convex frontal rim; postero-

lateral limbs short, marked with a very distinct transverse furrow,

just within the posterior margin.

Surface apparently smooth under a strong lens.

This species differs from other forms in the very short frontal limb

and flattened frontal rim.

Formation and locality.—Middle Cambrian. Chang Hsia limestone,

about 50 feet below the Ku San shale. Chang Hsia, Shangtung,

China.

Collected by Eliot Blackwelder, of the Carnegie Institutiuu of

Washington Expedition to China.

PTYCHOPARIA (LIOSTRACUS) TUTIA, new species.

Head small, strongly convex; glabella very convex, almost tumid;

truncato-conical in outline, and without traces of glabellar furrows;

occipital furrow narrow; occipital ring strong and narrow at the sides;

none of the specimens show it entire at the center; dorsal furrow

narrow and rather deep on the sides of the glabella; not distinctly

defined in fi'ont.

Fixed cheeks about two-thirds of the width of the glal)ella; palpe-

bral lobes small, with their posterior end on a line with the longitu-

dinal center of the head; ocular ridges narrow but \Qvy clearly defined;

frontal limb gently convex, rather short, and ver}" indistinctly sep-

arated from the rather broad, almost flattened, frontal rim; postero-

lateral limbs strong but short; marked by a strong transverse furrow

just within the posterior margin.

Surface minutely granulose. The largest head in the collection has

a length of 4 mm. This very pretty little head is of the general type

of Ptychoparia tolus, but it differs in the greater convexity of the

glabella and the form of the frontal limb.

Formation, and locality.—Middle Cambrian. Chang Hsia limestone,

central portion. Three and one-fourth miles southwest of Yen Chuang,

Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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PTYCHOPARIA (LIOSTRACUS) THRASO, new species.

Head subquadrilateral in outline, exclusive of the free cheeks;

stronoly convex; g-Uibella prominent, convex, sides straight, and con-

verging toward the front from a width of 6 mm. at the base to 4 mm.
at the front in a glabella 0.5 mm. long; front arched, and with a pit

in the furrow where the sides and front unite; three shallow broad

furrows extend nearly to the center from each side, so as to divide

the surface into two narrow lobes—a terminal lobe and a strong- pos-

terior lobe; occipital furrow strong and arching forward at the center;

occipital ring narrow at the sides and gradually increasing in width to

the center; dor.sal furrow narrow and well defined. Fixed cheeks

narrow; palpebral lobes central, and small; posterolateral limbs

short and marked by a broad strong furrow; ocular ridges low, but

clearly defined; frontal liml) short, gently convex, and sloping- into a

strong-, rounded furrow within the rounded, narrow, prominent fron-

tal rim.

Surface smooth under a strong- lens.

A head 10 mm. in length has a width of 11 mm. at the eye lobes.

Formation and locality—Middle Cambrian. Base of Chang Hsia

formation, in oolitic limestone, about 2 miles southwest of Yen
CJhuang, Hsin Tai, Shangtung', China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

PROAMPYX Freeh, subgenus of PTYCHOPARIA.

Proumpijx FREcn, 1902; Lethseageognostica, I. Theil, Leth;ea Paheozoica, II, p. 66.

Dr. Fritz Freeh proposed the genus Proampyx for Anomoeare
acuminatum Angelin on account of the projection of the frontal

border into a strong spine. He .said:" "The peculiar ver}' variously

formed group of Anomoeare aewninatum'' with pointed glabella,

seems to be the forerunner of Arajryx and is called Proampyx. The
difference from the typical Anomoeare with rounded head shield is

striking. The separation of the genus Proam)>y,r from the typical

Conocephalida? follows from the transitional forms Arionclhis sulea-

tus^ and A. dijformis.'' The spine of Ampyx aeumincdus is in well

preserved examples longer than in Angelurs illustration. The spe-

cies reminds most oi Ampyx nat<utus Dalman (Orthoceras limestone)."

Doctor Freeh in his statement appears to have overlooked the fact

that the spine of the genus Ampyx is a spinose extension of the front

of the glabella, while the nasute projection of the frontal rim of

« Lethfea geognostica, Pt. 1, Lethsea Palpeozoica, II, p. 66.

^ Angelin, Tril. pi. xvii, fig. 7.

c Anomoeare Angelin, Tril., pi. xvi, fig. 6.

<^Idem, fig. 5.
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Anom.ocare acuiiiliiatuni is from an entirely different division of the

head of the trilol)ite and in no way can be correlated or compared

with the o-labella of Ampyx. On this account it is unfortunate that

the name Proampyx was given.

A similar nasute projection of the frontal border occurs on the head

of the trilobite described as Ptychopariaf jyernaautus Walcott." The
glabella of the latter species is quite unlike that of Proamx)yx acund-

nafu//!^ being more like that of Proampyx Imrea. On this account it

is doubtfully referred to proampyx and it is left under the genus

Ptychoparia, with Proampyx as a subgenus, until a further study can

be made of all the forms in which the frontal border is extended into

the nasute projection.

PTYCHOPARIA (PROAMPYX) BUREA, new species.

Head, exclusive of the free cheeks, quadrilateral in outline, convex.

Glabella convex, truncato- conical in outline, with the front broadl}^

rounded; surface marked by two pairs of faintly indicated furrows;

occipital furrow rounded, narrow, and distinct; occipital ring narrow

at the sides, of medium width, and slightly convex toward the center;

dorsal furrow of medium width rather deep and distinct.

Fixed cheeks convex, narrow, and about one-fourth the width of

the glabella at the palpebral lol)es; they slope gentl}^ back to the pos-

tero-lateral limbs, and abruptl}" downward in front of the narrow

rounded ocular ridge to the frontal liml); postero-lateral limbs short,

marked by a shallow furrow parallel to the margin; frontal limb

short, and rising a short distance in front of the glabella into a nasute-

like extension of the frontal rim, which rises up in front of the head;

to the sides the frontal limb slopes abruptl}' downward and forward,

forming a deep wide groove with the frontal rim; frontal rim not

separable from the frontal limb at the sides, but rising immediately

in front of the glabella into a broad nasute-like process, the height of

which is unknown.

Surface unknown except on the occipital ring, where it is marked
by irregular, raised, inosculating lines that give it a granulose appear-

ance. The type and only specimen of the head in the collection has a

length of 10 mm., exclusive of the nasute-like projection on the

frontal rim.

This species is clearly distinguished hy the nasute-like projection

on the frontal rim.

This species differs from Proampyx acAiminatum Angelin, in the

short frontal limb and the form of the nasute projection; also iu

the form of the glabella, and other parts of the central portions of

the head.

«Moii. U. S. Geol. Surv., 1884, VIII, pi. x, figs. 8, 8b.
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Fonnat/oi) <rnd JomUfy.—Upper Cainl)riaii, base of tlio Chao Mi
Tien formation, in a coarse, fossiliferous gray limestone, o miles south-

west of Yen Chuang, Hsin Tai, Shanotung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus SHANGTUNGIA, new genus.

As there is but one species of this genus, the description of the

species includes all that is known of the genus and species. The
genus is characterized by the large palpebral lobes, smooth, truncato-

conical glabella, and the long spinose extension of the front, which is

unlike that of Ampyx, as the latter proceeds from the glalxdla, while

the spine of Shangtungia is from the frontal I'im, in the same manner
as that of I*ri><inij>i/,r (icaiiihuituin Angelin; but it diti'ers radically

from the latter genus and species in the character of the glabella and

palpebral lobes.

Genotype.— Shc(/u/tu/)(/ia spiuiftra.

SHANTUNGIA SPINIFERA, new species.

Outline of head, exclusive of free cheeks and frontal spine, sub-

rhomboidal, moderately convex. (Tlal)ella truncato-conical, slightly

longer than its width at the base; at the postero-lat(M-al angle of the

glal)ella a small, low lobe extends out into and partially tills up the

dorsal furrow; there is also a slight pit in the dorsal furrow^ opposite

a point where a second glabellar furrow usually occurs in similar gla-

bellse; occipital furrow narrow, distinctly detined at the sides, but

very shallow near the center; occipital ring slightly convex, strong,

and of equal width from side to side; dorsal furrow deep at the sides

and scarcely perceptible in front of the glabella.

Fixed cheeks about two-thirds as wide as the glabella; they rise

abruptly from the deep dorsal furrow, and then slope upward to the

palpebral lobe; back of the palpebral lol)e they drop somewhat

abruptly to the postero-lateral limb, and in front to the furrow

between the frontal limb and rim; ocular ridge very slight, scarcely

perceptible in most specimens; palpebral lobe large, rounded, and

rising at the margins above the level of the lixed cheeks; rim of the

broad marginal border with an inward slope toward the fixed cheeks,

but not any well detined furrow such as usually occurs on the palpe-

bral lobes; the length of the palpebral lobe is about one-half of the

distance between the furrow in front of the frontal limb and the pos-

terior margin of the head; postero-lateral limb slender, and extending

more than the width of the glabella outward from the dorsal furrow;

frontal limb very short and scarcely separable from the downward
slope of the front of the glabella; at the sides it merges into the fixed

cheeks; it is separated from the frontal rim l)y a peculiar transverse
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furrow; the latter is formed of two slightly forward arching, nar-

row furrows in front of the fixed cheeks, that merge into a very

shallow furrow in front of the glabella; the central portion of the

furrow arches slightly backward; the furrows are deepest opposite

the antero-lateral angles of the glabella; frontal rim sub-triangular

in outline, nearly flat, and extending forward at the center to form
the base of a long, slender, rounded spine.

Surface minutely punctate under a strong lens. A head 7 nmi. in

length, exclusive of the frontal spine, has a width of 9 mm. at the outer

margin of the palpebral lobes; the glabella is 2.5 mm. at the base, and

with the occipital ring is 5 mm. in length, the flat frontal rim and spine

of a head of about the same size has a length of alwut 8 mm., the

spine, at the point where broken off, having a width of 1 mm.
I do not know of any other form closeh^ related to this species.

Prowmpyx acimiinatwm Angelin has a similar nasute projection on the

frontal rim, but it differs in the form of the glabella and palpebral

lobes and other details of the head. The same is true of the species

described as Ptychoparia j)ernasutus Walcott.''

Formation and locality.—Middle Cambrian, Ku San shale forma-

tion; 2.5 miles southwest of Yen Chuang, HsinTai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus SOLENOPLEURA Angelin.

SOLENOPLEURA ABDERUS, new species.

This species is represented by the glabella, occipital ring, fixed cheek,

and frontal rim. It is most closely related to S. acantJta, ])ut differs

in the narrower fixed cheeks, and short, rounded, frontal rim. The
surface is also marked by larger and many more pustules, which are

scattered more or less irregularly over the surface. Three pairs of

short glabellar furrows are fainth^ indicated upon the rounded sides of

the somewhat convex glabella. The type specimen has a length of 8

mm., and a larger head associated with it of 12.5 mm.
Formation and locality.—Middle Cambrian, upper portion of the

Chang Hsia formation, just beneath the Ku San shale, in a gray, rather

coarse limestone; Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

SOLENOPLEURA ACANTHA, new species.

General form of head, exclusive of free cheeks, transversely rhom-

boidal and rather convex. Glabella prominent, convex, truncato-

conical, with width at the base and length about the same; a short,

aMon. U. S. Geol. Survey, VIII, 1884, p. 49, pi. x, fig. 8.
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strong" furrow niark.s off two sniull, .sul)-tri!iiiolar IoIk's at the postero-

lateral angle; a second pair of slightly marked furrows occurs upon the

sides, next to the dorsal furrow, a])out midway of the length of the

glal)clla; the sides slope inward from the base, so as to reduce the

width of the rounded front to about two-thirds that of the base; occip-

ital furrow nai'row, transverse, and deep; occipital ring narrow at the

sides, broadening- toward the center, where it is thick and convex;

dorsal furrow very distinct at the sides and front.

Fixed cheeks convex, l)ut nuich lower than the glabella; thev are

al)Out as wide at the palpel)ral lobe as the width of the glalx'lla in

front; their appearanc(> of convexity is gi\en ))v their downward slope

toward the frontal rim and backward to the furrow just within the

posterior margin; palpebral l(>l)e small, situated about midwav of the

fixed cheek; no traces of ocular ridges are shown; a strong, slightlv

rounded, frontal rim is separated from the glabella and fixed cheeks l)y

a narrow, rounded, transverse furrow; postero-lateral limb short, and

marked by a narrow, deep furrow just ^\ithin the raised iiosterior

margin.

Surface marked by strong pustules in all parts with the exce[)tion

of the dorsal furrow and furrow back of the frontal rim.

In general form this species resembles Sn/enoph'ui'd (Kjho and S.

(ihdcriis. It differs from the former in the shape and convexity of

the glabella and broader fixed cheeks and from the latter in the shape

of its glabella, fixed cheeks and frontal rim.

FormatJon (ii)dJoc<d!t>j.—Middle Cambrian, Chang Hsia formation,

just below the Ku kSan shale; Chang Ilsia, Shangtung, CUiina.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

SOLENOPLEURA ACIDALIA, new species.

The description of S. agno applies to this species, except that it

does not have the short frontal limli of the latter, and its frontal rim

is nearl}^ ffat instead of rounded. The surface is smooth with the

exception of a few large, low, scattered pustules. The head of the

type and only specimen in the collection has a length of 4 mm.
ForiiKiiiori (tnd loaditij.—Middle Cambrian, central i)ortion of the

Chang Ilsia formation, in a com])act, dove-colored limestone; Chang
Hsia, Shangtung, CUiina.

Collected b}' Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

SOLENOPLEURA AGNO, new species.

General form of head, exclusive of free cheeks, transversely sul)-

rhomboidal, convex. Glabella as long as the width at its base, the

sides converging fiom the base toward the rounded front, so as to



90 PROCEEDINGS OF THE NATIONAL MUSEUM.

narrow the glal^ella about one-fourth; a very slight trace of a short,

posterior pair of farrows can be seen by reflected light; occipital

furrow well defined b}^ the downw^ard curvature of the posterior mar-

gin of the glabella, and rising of the surface of the occipital ring; the

latter is narrow at the sides, gradually widening toward the center,

which is most elevated a little in front of the posterior margin; dorsal

furrow narrow, but clearlj^ defined at the sides in front of the glabella.

Fixed cheeks about one-half the width of the glabella at the center,

rather convex, and sloping somewhat abruptly to the frontal rim;

palpeV)ral lobe small, situated al)out midway of the cheeks; postero-

lateral limbs unknown; frontal limb very narrow in front of the gla-

l)ella, convex, and curving down to the broad groove within the strong,

rounded, frontal rim.

Surface luarked by low pustules that give it a roughened appear-

ance. The type and only specimen of the head in the collection has a

length of 6 mm.
This species is characterized b}' its broad, short glabella, narrow

frontal limb, and peculiar granulose surface.

Formation and localUy.—Middle Cambrian, upper portion of the

Chang Hsia formation, just l)eneath the Ku San shale, in a rather

coarse, light-gray limestone. Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

W ashington Expedition to China.

SOLENOPLEURA BELUS, new species.

This species is represented l^y a fragment of the head that includes

the glabella and fixed cheeks. The glabella is moderately convex and

narrows slightl}^ toward the rather l)roadly rounded front; the surface

is marked by a pair of short, ol)liqiie, posterior furrows and one ante-

rior pair at about the anterior third; occipital furrow narrow, distinct,

arching forward at the center and considerably deeper toward the end;

occipital ring clearl}' defined, of moderate width, and slightly convex;

dorsal furrow narrow and clearly defined.

Fixed cheeks narrow, scarcely more than a ridge between the dorsal

furrow and the palpebral lobe; posteriorly the}^ slope downward to a

long postero-lateral limb and anteriorly drop rather rapidly to the

frontal liml); palpel>ral lobe a little more than one-third the length of

the glabella; postero-lateral limb about as long as the width of the

glabella in front, deeply grooved along its center l)y a furrow parallel

to the elevated posterior margin; frontal limb short and slightly con-

vex in front of the glabella; it passes into a shallow furrow within a

slightly rounded frontal rim; the latter is broken away except at the

ends.

Surface marked l)y numerous scattered, rather small pustules.

Length of head mm., with a width at the palpebral lobes of 5 mm.
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This .spet'ie.s at first sugg-ests S. agno^ ])ut differs from that and other

species from China in its very narrow fixed cheeks and rehitively hirge

palpebral lobes.

Foriiudlon and locality.—Middle (?) Cambrian limestone and shale,

probably of the Ku San shale horizon, just below the Chao Mi Tien

formation, at an elevation of 380 feet above the Won Ho River, 12

miles S. 80^^ E. of Tai An Fn. Shangtung-, China.

Collected ])y Eliot Blackwelder, of the Carnegie Institution of

AVashington Expedition to China,

SOLENOPLEURA BEROE, new species.

The description of the general form 8. agno applies very closel}' to

this species. It differs from the latter in its broader fixed cheeks,

shorter frontal liml), n)ore clearly marked glabellar furrows, and

minutely pustulose surface. The t\^pe and only specimen of the head

in the collection has a length of 4 mm.
Forination and locality.—Upper Cambrian, Chao Mi Tien forma-

tion, in a compact, gray, very fossiliferous limestone; 2.T miles south-

west of Yen Chuang, Hsin Tai, Shangtung, China.

C'Ollected by Eliot Blackwelder, of tlie Carnegie Institution of

Washington Plxpedition to China.

Genus DIKELOCEPHALUS Owen.

DIKELOCEPHALUS (.') BAUBO, new species.

The description of Dikelocephalus {f) hrizo applies to this form,

with the exception that D. {f) haul)o has a more rounded front to the

glal)olla, and its frontal rim and border vary somewhat in form.

In 1). {f) hauho the palpebral lobe is preserved, and shows it to have

been relatively small and short and marked just within the rim by a

rather deep furrow. A head of 1). {/) haulto 1(5 mm. in length has a

glabella 12 mm. in length, frontal rim and limV) 2 nim., and occipital

furrow and ring 2 nuii. in length; the glabella has a width of \) mm,
opposite the palpebral lobe. The surface is marked by strong scattered

pustules over the glabella; but with little trace of them on the lixed

cheeks and frontal rim. The two specimens of the head of this species

in the collection vary somewhat in the form of the frontal rim, it

being nearly flat in one and slightl}^ concave in the other.

The most nearly related form is D. (.^) hrizo.

Fovviation and locality.—Upper Cambrian, upper portion of the

Chao Mi Tien formation, in a compact, hard, fossiliferous, gra}^ lime-

stone; 2.7 miles southwest of Yen Chuang, Hsin Tai, Shangtung,

China,

Collected b}" Eliot Blackwelder, of the Carnegie Institution of

Washington P^xpedition to China.
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DIKELOCEPHALUS (?) BRIZO, new species.

This species is represented by the anterior portions of a large,

moderately convex head, exclusive of the free cheeks. The glabella

is subquadrilateral, with the sides slightly incurv^ed and the front

nearly transverse; it is marked by a sti'ong pair of posterior furrows

that penetrate obliquely backward nearly to the median line; a second

pair incline slightly backward and penetrate to about one-third the

distance across; a third pair, narrow and very slightly impressed,

extend in at right angles to the sides a little less than one-third the

distance; occipital furrow well defined, with a slight, elongate, pit-like

depression at the anterior lateral angles of the gla})ella.

Fixed cheeks very narrow, not much more than a ridge opposite

the palpebral lobes; palpebral lobes unknown; ocular ridge rounded,

and dividing the fixed cheek into the flat posterior portion and the rather

rapidly sloping frontal portion that passes down into the concave

frontal limb; frontal limb short, concave, and bordered b}' a rounded,

thick, fi'ontal rim. The fragmeiitary specimens representing this

species indicate a length for the glabella of 22 mm., with a width in

front of 14 mm.; the concave fiontal limb has a length of 2.5 mm.,
and the thickened, rounded rim has a length of about 1.5 mm. The
fixed cheek at the palpebral lobe has a width of 2 mm.

Surface marked by numerous more or less irregularly placed strong

pustules, except in the dorsal furrow and the concave frontal limb.

This species is somewhat doubtfully referred to Dlhelocejjhalus. The
form of the glabella, frontal rim, and narrow fixed cheeks suggest

D'd'eJocephcdns^ ])ut the strongl}' pustulose surface is not character-

istic of the typical forms of the genus.

Formation and locality.—Upper Cambrian, lower portion of the

Chao Mi Tien formation, in coar.se, gra}', fossiliferous limestone;

Chao Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus CREPICEPHALUS Owen.

CREPICEPHALUS DAMIA, new species.

Head semicircular in outline, with the postero-lateral angles termi-

nating in round, somewhat incurved, spines. Glabella moderately

convex, with the sides narrowing slightly toward the front, which is

broadl}^ rounded; length a little greater than its width at the occipital

furrow; marked by three pairs of furrows; posterior pair extend

o])liquely inward and backward so as to almost separate a triangularh'

shaped lobe; second pair rather faint, extending directl}- inward a dis-

tance of about one-third the width of the glabella, and then curving

slightly backward; anterior pair very faint; occipital furrow rather
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broad and strongly defined; occipital ring narrow at the ends, rounded,

and rather strong- in the central portions; dorsal furrows clearly

defined on the sides, but obscure in front of the glabella.

Fixed cheeks about one-half the width of the glabella; posteriorly

the}" slope downward into postero-lateral limbs that are about twice as

long as the width of the fixed cheeks; toward the front the fixed cheeks

slope abruptly downward and merge into the frontal limb; ocular

ridges low and broad, merging into the strong palpebral lobe; postero-

lateral limbs grooved near the posterior margin by a strong furrow;

frontal limb short, almost flat, and sloping abruptl>' from the front of

the glabella down to the strong, nearly flat, frontal rim; the body of the

associated free cheek is subquadrilateral in outline, marginal borders

strong, clearly defined, and produced behind into a strong, slightly

curved, rounded spine.

Thorax unknown.

The associated pygidium is quadrilateral in outline, exclusive of the

strong, slightly diverging postero-lateral spines, which are a little

longer than the length of the pygidium; sides of the pygidium sub-

parallel or slightly diverging toward the base of the spine; posterior

margin nearly transverse; axial lobe prominent, convex, and reaching

nearly to the posterior margin; the sides converge slightly toward

the l)lunth' pointed posterior end; divided by three transverse furrows

into three segments and a strong terminal portion, which is marked at

the point where the axis slopes abrupth' downward by the small node

on each side; the pleural lo])cs are limited to a rather large anterior

lobe and an obscure secondary lobe, which appears to merge back-

ward into the postero-lateral spine.

Surface apparently smooth under a strong lens; a few scattered

punct{\3 occur on the glal)ella. The largest head has a length of 10

mm., with a width of 12 mm. at the palpe))ral lobes.

This species difl'ers from CreplvepJudus io-zrensis^ to which it appears

to be most nearly related, by the form of the frontal limb and rim of

the glabella and other details; the pygidium is not as broad, and it also

difl'ers in outline.

For}}iat'wn and loadity.—Middle Cambrian, Chang Hsia formation,

near upper part, in a dai'k oolitic limestone; in clifl's 1 mile east of

Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

CREPICEPHALUS MAGNUS WalcoU.

The only portions of this species in the collection are a fragment of

the posterior portion of the glabella and the outer portion of a large

free cheek; the fragment shows that the glabella had a width at the

base of 12 mm.; also, that there was a narrow, strong occipital groove
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and an occipital ring- ov^er 3 mm. in width. The surface of the frag-

ment of the ola})ena is marked by strong pustules, which give it a

somewhat granulose appearance. The cast of the fragment of the

.interior of the free cheek indicates that it was pustulose and that the

postero-lateral angle terminated in a long, curved spine.

The two fragments descril)ed are so distinctly marked by the coarse

granulation and the free cheek by its curved terminal spine that

there is little danger of confusing it with an}' other species.

Forillation and locality.—Middle Cambrian, Chang Hsia formation,

in a dark oolitic limestone toward the lower portion of the formation;

a mile east of Chang Hsia and Chao Mi Tien, Shangtung, China.

Collected by Eliot Blackwolder, of the Carnegie Institution of

Washington Expedition to China.

Genus DOLICHOMETOPUSAngelin.

DOLICHOMETOPUS ALCESTE, new species.

This species occurs at the same locality as D. deois, but not in the

same bed of limestone. It differs from I), deois in having a much
more convex glabella, with nearly parallel sides. Glabella marked by

a postei'ior pair of furrows, extending inward and backward so as to

nearly cut oif a small subtriangular lobe at the base of the glabella,

also three pairs of short, faintly impressed furrows that extend in at

right angles to the side of the glabella; occipital furrow and ring

unknow^n; dorsal furrow shallow, but well detined.

Fixed cheeks very narrow; they slope down into the strong furroAv

just within the narrow palpebral lobe and anteriorly slope down to

the frontal limb; the rim of the palpebral lobe crosses the narrow free

cheek, forming a ver}^ short ocular ridge; frontal limb short, nearly

ilat. The glabella of the only specimen of this species has a length of

12 mm., with a width at the ocular ridges of 8 mm.; the frontal limb

has a length of 1.5 mm. The exterior surface under a strong lens

shows a few fine scattered punctae. The inner surface of the frontal

limb where exposed by a breaking awa}^ of a portion of the shell is

strongl}^ punctate.

Format ion and locality.—Middle Cambrian; near the base of the

Chang Hsia formation, in a gray limestone in which great numbers of

Agnosias ckinensis., Dames, occur; 3 miles southwest of Yen Chuang,

Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

DOLICHOMETOPUS DEOIS, new species.

This species is represented by the central portions of the head,

(llabella and fixed cheeks moderately convex; glabella prominent,

moderately convex, and marked by three pairs of rather short, very
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faintly impressed furrows; the sides of the i>labella are sul>-parallel

for a short distance near the base and then are g-ently inclined outward

to the rounded front margin; occipital furrow shallow, I'ounded, and
merging' into the strong occipital ring, the latter is narrow at the

sides broadening rather rapidly to the ))ase of a small, backward slop-

ing occipital spine; the front the glabella curves rather abruptly down-
ward, which gives the anterior portion a convex appearance; dorsul

furrow shallow^ and distinctly defined at the sides of the glabella.

Fixed cheeks narrow and slightly convex a*nd sloping posteriorly

downward to an elongate postero- lateral limb; in front of the pal-

pebral lobe the cheeks slope abrui)tly down to the frontal liml);

palpebral lobes a little longer than one-third the length of the head.

There does not appear to be any detinite ocular ridge. The elevated

rim of the palpebral lobe approaches closely to the dorsal furrow,

where it is merged into the downward slope of the fixed cheek;

frontal limb short and slightlv convex.

Surface apparently smooth under a strong lens.

On the anterior portion of a cast of the glabella there is indicated

a very short fourth furrow close to the antero-lateral angle; the same
specimen also shows what is the frontal limb in other heads divided

into a short frontal liml) and a narrow, slightly upturned rim. The
largest head in the collection has a length of 17 mm.
This species differs from the type of the genus D. Kveclcus Angelin in

the greater convexity of the glabella, more convex frontal limb, and

other minor details of the glabella and fixed cheeks; from i>. (l/.ree it

differs in the greater expansion of the glaf)ella in front, and from JJ.

dereeto in the configuration of the frontal limb.

Formation and loecdity.—Middle C^imbrian. Near the base of the

Chang Hsia formation in a gray limestone, which carries great num-
bers of Agnostus chuien.'<is Dames. Three miles southwest of Yen
Chuang and 3 miles west of Kao Chia Pu, Hsin Tai, Shangtung, C^hina.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

DOLICHOMETOPUS DERCETO, new species.

This species is known only by the central portions of the head,

exclusive of the free cheeks. Glabella moderately convex and

expanding slightl}^ in width from the base to the rounded front; the

surface is marked by two pairs of rather strong, short furrows oppo-

site the palpebral lobe; occipital ring strong and rather deep; occipi-

tal ring narrow at the sides, rising and widening to form the base

for a small, sharp, occipital spine; dorsal furrow strong on the sides

of the glabella.

Fixed cheeks narrow, convex; palpebral lobe narrow, elongate,

almost touching the dorsal furrow in front; postero-lateral limb of
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medium length marked b^^ a strong furrow parallel to the posterior

margin; frontal limb narrow, slightly concave, and almost concealed

by the overhanging, almost tumid frontal portion of the glabella.

Surface smooth under a strong lens. The largest of the three heads

representing this species has a length of T mm. exclusive of the

occipital spine.

Formation and locality.—Middle Cambrian. Lower portion of

Chang' Hsia formation in a drab-colored limestone, intercalated in

green nodular shale. At Yen Chuang and 2 miles south, lisin Tai,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

DOLICHOMETOPUS DIRCE, new species.

Only the central portions of the head of this species are known.

It differs from I), deols in the nearly parallel sides of the glabella, the

absence of glabellar furrows, and ver}^ short, almost flat frontal limb.

The occipital lobe is nearly one-half the length of the head.

Surface under strong magnifier smooth. The tj^pe specimen of the

head has a length of 11 mm.
Formation and locality.—Middle Cambrian. Near the upper por-

tion of the Chang Hsia formation. Two miles east of Chang Hsia,

Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

Genus ILL^^NURUS Hall.

ILLiENURUS CANENS, new species.

Head, exclusive of the free checks, sub-rhomboidal in outline, mod-
erately ' convex. Glabella sub-quadrate, moderately convex, length

and width the same, without perceptible occipital or dorsal furrows;

palpe1)ral lobes small, with their anterior end opposite the center of

the glabella; frontal margin broadly rounded; postero- lateral limbs

short and subtriangular in outline; the facial suture, cutting the frontal

rim on a line with the base of the palpebral lobe, passes directly to the

anterior margin of the palpebral lobe; it encircles the latter, and then,

curving gently outward, passes in an almost direct line to the posterior

lateral margin of the ]30stero-lateral limb.

Surface minutel}" punctate under a strong lens.

The p3^gidia associated with the head parts are rounded, subtriangular

in outline, and about two-thirds as long as the width at the anterior

margin, rather convex, and marked on the interior of the cast b}^ a

faintly defined, rather narrow axis, and very slight traces of ten or

more transverse furrows on the axis, that are more faintly indicated

for a short distance on the pleural lobes.
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The largest head in the collection has a length of li mm., with the

same width at the })alpel)ral lol)es; a pyoidium 14 mm. in length has

a width of 20 mm.
This species appears to be most nearly related to Ilhenurus eurek-

eri.'</'.'<," which occurs at the ))ase of the Ordovician in the Eureka
district of Nevada, but it diti'ers in the smaller palpebral lobes, which

are situated fai'ther back on the head; and it diti'ers from /. ceres in

its proportionately longer head.

This species is ([uite widely distributed in the Upper Cambrian lime-

stone, in association with th(^ following trilobites: IJ'x/ninis e/ieti/s,

Menocejphalux. deprcKxns, Pi((jo(Ji<i hia^ J\ lofox, I*h/c/i<iKp!.s ceto.

Formation and hicultfij.—Upper Cambrian, lower portion of the

Chao Mi Tien formation. At Chao Mi Tieti; 7.5 miles east of Chao
Mi Tien; at Pagoda Hill, 1 nnle west southwest of Tai An F\i; and

two-thirds of a mile w^^st of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ILL/ENURUS CERES, new species.

Head, exclusive of the free cheeks, rounded subquadrate, moder-

ately convex; the posterior margin of the head curves slightly upward

opposite the glal>ella, where there is a slight thickening which gives

the appearance of a narrow occipital ring; the front maigin of the

head is broadly curved. Glabella very faintly outlined on the interior

of the cast; as thus shown it has a width at the base of (> mm. and at

the front of 4. .5 mm. on a head 11 mm, in length; its somewhat rounded

front is about 1 nun. from the frontal rim of the head; no traces of

glabellar furrows have been observed, and in only one specimen can

the very faint dorsal furrow that outlines the glabella be seen.

Fixed cheeks of the same specimen 3 mm. in width at the palpebral

lobes, from which they extend with almost uniform width to the front,

and broaden slightly backward before merging into the short, trian-

gular postero-lateral limbs; palpebral lobes small and situated back of

a line passing through the transverse center of the head.

The associated pygidium in the same fragment of rock is rounded

subtriangular in outline, moderateh" convex, and without an}- indica-

tion of an axis except a very narrow, slightly marked median ridge on

the cast of the interior; a specimen 11 mm. in length has a width

of 16 mm. at the front margin; a very slight elevation of the front

margin near the center indicates that the axial lobe of this specimen

had a width of about mm.
Surface minutely but not closely punctate under a strong lens.

" Mon. U. S. Geol. Survey, VIII, 1884, p. 97, pi. xii, figs. 4 and 4«.

Proc. N. M. vol. xxix—03 7
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This sjiecies differs from /. crniens ])y the greater width of the heud

at the ])alpe})ral lobes and less convexity; the associated pygidiiini is

less convex, more subtriangalar in outline, and without the indication

of a central axis.

The associated species on the same hand specimen are Ptueaxpix eeto

and Anomoccu'ella canne.

Formation and locality.—Upper Cambrian, lower portion of Chao

Mi Tien formation, in gray, crystalline, fossiliferous limestone: Chao

Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.

ILL^ENURUS DICTYS, new species.

Head, exclusive of the free cheeks, rounded, subquadrate, gently

convex; the posterior margin of the head curves slightly upward

opposite the central portion, where there is a slight elevation which

gives the appearance of a narrow occipital ring; the front margin of

the head is l)roadly rounded, with a very l)road obtuse angle at the

center; the cast of the interior of the crust shows a very faint, low,

longitudinal median ridge. The glabella is not defined from the fixed

cheeks. The palpebral lobes are small and situated nearly opposite

the center of the head; postero -lateral limbs small and short.

Surface smoath under a strong lens.

The associated pygidium is transverse, rounded, subtriangular;

froiit broadly rounded; sides gently rounded, forming a rounded

obtuse angle at the posterior margin; the cast of the interior of the

crust shows a narrow, slightly defined axis, wMth eight or more very

faint transverse furrows and rings. The pleural lobes are gently

convex and without any trace of furrows.

A head 6 nun. in length has an equal width at the palpebi-al lobes.

A specimen of the associated pygidium T mm. in length has a width

of 8 nun. at the front margin.

This species differs from lUivnurus ceres in the obtusely pointed

front margin of the head and its less convexity. From Illivinirxs

catteus it differs in the direction of the facial sutures from the front

margin back to the palpebral lobes; the sutures of JUa^nurus dicti/s

extend slightly outward from the base of the palpebral lobe to the

margin, while those of Itl^uurus canens extend directly forwaid,

making the central portion of the head narrower at the front margin.

Formation and locality.—Upper Cambrian. Central portion of

Chao Mi Tien formation. Pagoda hill. 1 mile west and southwest of

Tai An Fu, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
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OSTRACODA.
Genus BRADORIA Matthe\?v.

BRADORIA BERGERONI, new species.

General outline f)r()adly seniielliptical. Hinge line straioht, nearly

as witle as the bi'eadth of the \'alve: anterior cardinal angle al)Out '6*')'\

jjosterior cardinal angle .slightly obtuse; the auterior margin is very

slightly curved from the angle to where it merges into the broadly

rounded front; posterior margin somewhat broadh' rounded from the

angle to the front. Surface convex, the greatest convexity being back

of the transverse center between the ocular tubercle and the posterior

fourth of the valve. From this elevated portion the surface slopes

rapidly and somewhat abruptly to the hinge line and more gently to

the lower margin. From the anterior cardinal angle a ver}' short,

narrow ridge extends to a small, circular, slightly elevated tubercle

which is situated about an equal distance from the hinge line and the

anterior margin. The anterior, posterior, and lowei' margins have

a narrow, rounded rim that is slightly flattened on the inner side.

Surface marked by shallow scattered punctte and very line puncta^,

as seen under a strong lens.

Width of valve 1.8 mm.; length 1 nmi; depth about 0.5 mm.
This species is distinguished from B. sterojfe by its greater width

and the form of the ocular tubercle.

Formation and locaUty.—Middle Cam])rian; compact, bluish-gray,

thin-l)edded limestones; from shingle on gravel bar in the Lan Ho. 1

mile south of Chen Ping Hsien, southeastern Shensi, China.

Collected In- Bailey Willis and Eliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.

BRADORIA ENYO, new species.

General outline irregularly oval. Hinge line about four-tifths the

width of the valve. Anterior cardinal angle nearly a right angle;

posterior cardinal angle slightly obtuse; the anterior margin extends

from the angle almost directly downward to where it curves and

merges into the broadly rounded lower margin; posterior margin

very slightly rounded from the angle downward to where it curA'es

and merges into the lower margin. Surface moderately and uniformly

convex, the highest portion being near the center; a very short, nar-

row, low, and somewhat obscure ridge extends obliquely inward from
the anterior cardinal angle to a small, slightly elevated ocular tuber-

cle; a slight furrow appears to extend from the tubercle obliquely to

a point about midwa}' of the hinge line; a little posterior to this and

near the hinge line there appears to be a minute low tubercle.

The surface appears to be minutely punctate under a strong lens.
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Width of valve 1 mm.; length 0.75 mm.; depth about 0.25 mm.

This species is distino-uished from B. sterope by the difierence in the

form of the anterior cardinal angle and the position of the ocular

tubercle. The latter is in about the same position as the tubercle on

B. hcrqerou!, but B. hergeronl is quite different in its outline and

convexit} .

Fonnatlon and locality.—^Middle Caml)rian; compact, bluish-g-ray.,

thin-bedded limestone; from shingle on gravel bar in the Lan Ho, 1

mile south of Chen Ping Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.

BRADORIA ERIS, new species.

General outline obliquely semicircular. Hinge line straight; ante-

rior cardinal angle about 70^; posterior cardinal angle slightly obtuse;

anterior margin nearly straight to where it merges into the rounded

lower margin; posterior margin gently rounded from the angle down

to where it merges into the lower margin. Surface moderately con-

vex, with the highest point at the tubercle a little in front of the cen-

ter; a verv narrow rim extends from the posterior cardinal angle

around to the anterior side, where it broadens out and continues to

the anterior cardinal angle; a slight narrow ridge extends obliquely

inward a short distance from the anterior cardinal angle to a furrow

that extends from the hinge line at right angles a short distance; the

ridge and furrow outline a small lobe; from the inner angle forme'd

l)y the furrow and ridge described a very narrow ridge extends down-

w^ard subparallel to the anterior margin to the base of a strong,

elevated tubercle or spine that is situated on the anterior third a little

in advance of the transverse center of the valve.

Under a strong lens the surface appears to be slightly roughened

b}^ shallow puncta\

Width, 2 mm.; length, 1.5 mm.; 'depth, about 0.5 mm.
This species differs from Bradoria sterope in the outline of its valve

and the presence of an elevated tubercle near the center.

Foi'vMtUm and locality.—Middle Cambrian; compact, bluish-gray,

thin-bedded limestone; from shingle on gravel bar in the Lan Ho, 1

mile south of Chen Ping Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.

BRADORIA FRAGILIS, new species.

Hinge line nearly straight, about one-fffth shorter than the width of

the valve. Posterior cardinal angle ol)tuse, with the marginal curve

long and passing into the broad curve of the lower end of the valve;

anterior cardinal angle about 75"^, with the anterior margin nearly
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straight to where it inerg-es into the broad curve of the lower part of

the valve.

Surface of the valve wrinkled to such an extent that it looks like

wrinkled parchment. What may be an ocular tubercle occurs a short

distance from the hinge and anterior margin. Surface minutely

punctate under a strong lens.

^^'idth, :2.25 mm.; length. 2 mm.; depth unknown, as the flexible

test has been compressed.

This species ditiers from Aluta JJexilis Matthew" in having a straight

hinge line; in this respect it resembles some forms of Leperditia.

For the present it is referred to Bradoria on account of its close

resemblance to Bradorht sterope.

Formation and load ity.—The specimens were collected fi'om a

fragment of compact, bluish-g-ray, thin-bedded limestone, containing

fragments of a trilobite that suggests Dorypyge. On this account the

horizon is referred to the IMiddle Cambrian.

Collected from shingle on a gravel bar in the Lan Ho. 1 mile south

of Chen Ping Hsien, southeastern Shensi. China.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.

BRADORIA STEROPE, new species.

Outline of shell obliquely semicircular. Hinge line straight, nearly

as long as the width of the valve. Anterior cardinal angle about 80^;

anterior curve obsolete; from the anterior cardinal angle the margin

.slopes downward and slightly inward, curving gentl}' into the ]>roadly

rounded lower margin; posterior cardinal angle slightly obtuse; pos-

terior margin curves gently from the angle to the broad curve Of the

lower side of the v^lve, which gives a broadly rounded posterior end.

The valve is rather stronglv convex, rising to the greatest height near

the center. The surface is mai-ked l)v a very narrow rim; from the

anterior cardinal angle a narrow ridge extends obliquely inward about

one-half the distance toward the center, and terminates in a slight

tubercle; on the anterior side there are three shallow depressions, as

though the surface had been indented; on the posterior side there is

one larger depression directly back of the tubercle at the end of the

ridge, and a slight depression in the angle formed by the ocular ridge,

the hinge line, and the ridge between the two depressions.

Surface with minute scattered punctw, as seen under a strong lens.

The valve has a width of 1.125 mm.; length, 0.8 mm.; depth, about

0,2-5 mm.
In outline this species resembles Bradoria fragiUs; it ditiers in its

stronger shell and distinctly marked ridge and ocular tubercle.

« Trans. N. Y. Acad. Sd., XV, 1896, p. 198.
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Forniiifioi) and JocaHfij.—Middle C;im)>riiin; compact, bluish-g-ray,

thin-lx'ddod limestone; .shingle on gravel bar in the Lan Ho, 1 mile

•south of ChCMi Ping H.sien, southeastern Shensi. China.

Collected b}^ Bailey Willis and Eliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.

BRADORIA WOODI, new species.

Outline of shell obliquely semicircular. Hinge line straight, a

little shorter than the greatest width of the shell. Anterior cardinal

angle about 70'-'; posterior cardinal angle obtuse. Posterior margin

has a gentle curvature from the angle, which gives it a broadly

rounded outline down to where it merges into the broadly rounded

lower side; anterior margin almost straight and then gently curving^

into the lower margin. Surface rather convex, with the highest

portion at the ridge around the central depression. The outer rim

is very narrow and slightly rounded. From the anterior cardinal

angle a narrow, sharp ridge extends obliquely inward and forward to

a little below the center and arches aromid a rather large, depressed

central space, terminating a short distance before completing a circuit

of the space; between the ridge described and the hinge line are two

spaces outlined b}^ the main ridge; of these the one nearest the ante-

rior cardinal angle is somewhat depressed and outlined b}^ a shallow

furrow extending at right angles to the hinge line from the ridge to

the hinge line. At a point about two-thirds the distance of the length

of the hinge line a short and very slight ridg-e extends toward the hinge

line from the main ridge; between this and the slight furrow there is

a slightl}^ convex area. Two minute tubercles occur on the long cen-

tral ridge, one at the point where it begins the loop to inclose the

depressed central space, and the other on the opposite side of the

depressed space.

Surface minutel}' punctate under a strong lens.

Entire width of valve 'i mm. ; length 1.25 nmi. ; depth about 0.5 nmi.

This species is distinguished from Bradovla sterope by its wider

valve and the presence of the central ridge and depressed space.

The specific name is given in recognition of the most excellent and

thorough preparatory work that was done by Miss Elvira Wood in

the preliminar}^ stud}- of the Cam1)rian fossils from China and her

work upon the Devonian crinoids.

Formation and locaUfy.—Middle Cambrian; compact, bluish-gray,

thin-bedded limestone; from shingle on gravel bar in the Lan Ho, 1

mile southeast of Chen Ping Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Elliot Blackwelder, of the Carnegie

Institution of Washington Expedition to China.
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