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In continuation of the study of the Cambrian Brachiopoda ' the fol-
lowing notes have been assembled, which may be of service to students
prior to the publication of a monoofraph on the subject:

Genus OBOLELLA Billings, 1861.

1861. Ohohlla Billings, Pamphlet, and Geology of Vermont, II, p. 946, fig. 346.
1861. Oholella Billings, Geol. Surv. Canada; Palfeozoic Fossils, I, p. 7,'fig! 7.
1862. Oholdla Meek and Hayden, Proc. Acad. Nat. Sci. Phila., XIII,p. 4':3.5.

1863. Oholella Hall, Sixteenth Rept. N. Y. State Cab. Nat. Hist., p. 133 'pi vi fia^
17-21.

'i •
'
^•

1865. OhoMla Meek and Haydex, Smithsonian Contl). Xo. 172, Palfeontology
Upper Mi.'isouri, pp. 3, 4.

1866. OhoMla Davidson, British Silurian Brachiopoda, |). 60.
1867. Oholella Hall, Trans. Albany Inst., V, p. 108.

1870. Oholella Dall, Am. Jour. Conchology, VI, pp. 162-164.
1871. Oholella Billings, Canadian Naturalist and Geologist, new ser VI v. -^7

figs. 5, 6.
'

. 1 -
,

1872. Oholella Billings, American Journal of Science, 3d ser.. Ill, p. 3.55, figs. 5 7.

1876. Oholella Billings, American Journal of Science, 3d ser., XI, p. l'76r
1881. Oholella Ford, American Journal of Science, 3d ser., XXI, p. 131.
1884. Oholella? Walcott, Monograph U. S. Geol. Survey, VIII, Pahf^ontologv

Eureka District, pp. 67, 68.

1886. Oholella Walcott, Bulletin U. S. Geol. Survey, No. 30, pp. 109-119.
1889. Oholella Walcott, Proc. IT. S. National Museum, XII, p. 36.
1892. Oholella Hall and Clarke, Pal. New York, YIII, Pt. 1, pp. 66, 164.
1892. Oholella Matthew, Trans. Roy. Soc. Canada, IX, p. 39.
1894. Oholella Hall and Clarke, Eleventh Annual Report New York State Geol-

ogist, p. 240, pi. Ill, figs. 5, 6, 7.

1896. Oholella Mickwitz, Mem. Acad. Imp. Sci. St. Petersbourg, VIII, p. 116.

Generic c/iaracters.—SheU subequivalve, moderatel}- convex; dorsal
valve more elevated at the umbo than the ventral; lonoitudinally ovate
or oval in outline, with the dorsal valve sometimes transversely oval.
Surface marked by concentric striw of growth and radiating* strite.

except in the subgenus 0. {Gh/2)tias) farom. which has irregula'i- trans-
verse lines crossing the concentric striae

Shell substance unknown in an unaltered condition; it appears to
have been calcareo-corneous, as in Obolus. Shell structure formed of
a thin outer layer with many thin inner layers or lamella- more or le.s.s

oblique to the outer layer; the short lameflte of the anterior portion of
the valves are more oblique than the longer lamella of the central and

iNote on the genus Lingulepis: Am. Jour. Sci., 4th ser.. Ill, 1897, pp. 404, 405.
Cambrian Bi-achi.jpoda: genera Iphidea and Yorkia, with descriptions of new

species of each, and of the genus Acrothele: Proc. U. S. Nat. AIus XIX 1897 nn
707-718.

' ' -,. ^ . ..<, PI.

Note on the brachiopod fauna of the quartzitic pebbles of the Carboniferous con-
glomerates of the Narragansett Basin, Rhode Island: Am. Jour. Sci. 4th ser VI
1898, pp. 327, 328.

' -^'' ^ -i'

Cambrian Brachiopoda: Obolus and Lingulella, with description of new snecies-
Proc. U.S. Nat. Mas. , XXI, 1898, pp. 385-420.
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po.sterior portions and lio on the odjifos in tho samo piano a.s thoniaro;ins

of the valve.s.

Area of the ventral valve rises from the phuu^ of the margins of the

valve at angles varying from 10^ to 70^; broadly subtriangular when
the beak is projecting, otherwise rounded at the posteiior margin

almost as much as the area of the dorsal valve; the latter is usually on

the plane of the margins of the valve and broadly rounded posteriorly;

both areas are striated parallel to the base and divided midway diti'er-

ently in each valve and in an unusual manner; in the ventral valve a

sharp, narrow pedicle slit cuts through the area from its base to the

apex; this slit opens into a cylindro-conical chamber, var3'ing in size

and form, that terminates in tho shell substance of the beak but does

not penetrate to the surface of the shell; the stride of the area pass

into the slit and encircle the pedicle chamber; the latter is in form

similar to the pedicle tube of the Siphonatrotidte, except that it is

closed at the outer end, and the pedicle obtained egress through the

narrow slit in the area; the area of the dorsal valve is divided by a

narrow, raised, triangular space that is bordered on either side by a

more or less deeply impressed groove formed b}' a narrow fold of the

areal lamella?; outside of this groove, and between it and the outer

Hexure fold of the area, occurs a depressed triangular space that has'

))een considered l)y authors as the scar of tho point of attachment of

cardinal muscles. Sometimes the inner angle of the area of the ven-

tral valve adjoining the pedicle slit projects forward so as to form a

tooth-like knob, which in the cast is shown by a deep indentation beside

the cast of the pedicle chamber and between the latter and the project-

ing cast of the undercut beneath the area.

Splanchnoccele' of the ventral valve contined to the posterior half,

while in the dorsal valve it extends forward to and in some instances

beyond the center; in both valves it extends back to the splanchnocoele

part of the area, which is bounded by the tlexure lines. Traces of a

median septum are shown in the dorsal valve, but no detinite septum has

been observed in tho ventral valve. A central median ridge of varying

degree of size and length often extends toward the central portion of

the dorsal valve; when it is large a deep, rounded groove usually occurs

on each side of it, on the inner slope of which the central muscle scars

may l)e situated. Often the median ridge is practically al)sont.

The grooves of the main vascular sinuses begin in each valve at the

front margin of the area near the median lino, and in the ventral valve

gradually extend forward and outward toward the front half of the

shell, where they begin to gently curve inward, terminating toward

the front of the valve, the distance and curvature varying in ditferent

species. In the dorsal valve tho main vascular sinuses curve out more
rapidly, and are much less prominent; none of the secondary radial

canals or the peripheral vascular sinuses have been observed. The

^ Usins; nomenclature of INIickwitz.
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course of the parietal sear between the main vascular sinuses is in
front of the splanchnocwle in the Aentral valve; also in the same valves
it passes around the muscle scars between the main sinuses and the
base of the area, in line with the flexure line of the area; in the dorsal
valve it closely follows the outside limits of the muscle scars, but it

has not been traced across the main vascular sinuses.

The size and position of the pediele and uml)onal muscle scars are
unknown, but they are probably similar to those of Obolus. The cen-
tral scars are placed a little distance each side of the median line in
the dorsal vahe. In the ventral valve they are not separable from
the middle and outside laterals, which occur on each side of the front
of the visceral area. The middle and outside laterals of the dorsal
valve are blended and lie obliquely outward, before the transmedian
scars. The transmedian scars are close to the base of the area in both
valves, and lie in the line of the prolongation of the flexure line of
the area. In number and relative position the muscle scars of 0]:)olena
are essentially the same as those of Obolus.

Oh><ervatlons.—ThQ genus Obolella has been under discussion by
authors for nearly forty years. In the original description :Mr. Bil-
lings noted its resemblance to Obolus, but claimed that it is distinct
on account of the difference in "the arrangement of the muscular
impressions." Later (187(3) he compared it again with Obolus, but
having poor illustrations of both Obolus and Obolella ho failed to dis-
cover the true position and relations of the muscle scars in either. It
was not until after Mickwitz's memoir on Obolus appeared, and the
collections of Obolella made during the summer of 1899 were studied,
that any correct comparisons could be made. It then became evident
that there is practically no difference in the arrangement of the
muscle scars of the two genera, but that there are most essential dif-
ferences in the areas of the ventral valve. Before working out the
relations of the narrow pedicle slit of Obolella to the cylindro-conical
pedicle chamber, I was at a loss to find generic differences of value,
although I felt that the area of the dorsal valve of Obolella indicated
differences not readily explained.

The pedicle passage of Obolus varies greatly in size and form, l)ut
it is always an open furrow. In Obolella it is in the ventral valve a
cylindro-conical inner chamber opening through a narrow slit in the
area of the ventral valve, the area rising from the plane of the margin
of the valve; in the ventral valve a slightly raised area occupies the
place of the broad furrow in Obolus.

Obolella is confined to the Olenellus or Lower Cambrian fauna.
Obolus, as now limited, appears in the Middle Cambrian, Init has its

greatest development in the Upper Cambrian fauna. Of the subge-
nera Oholiis {Lingidelhi) schuchertl is found associated with Obolus
( O. erassa) at Troy, New York.
Bkiagtinina is associated with Ololdla C7'<6y.s(c both at Bicand Trov
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and the species was referred to Obolella by Mr. Billings. It differs so

radically from Obolella in the character of the areas of the valves and

the interior markings that it is scared}^ necessary to institute compari-

sons between them.

01)olella as known at present is limited to six species and one variety:

Oholdla chromaiica Billings".

Obolella ailant'tca "Walcott.

Obolella a^issa Hall.

Obolella crassa var. elonyata "Wak-ott.

. Obolella favosa Linnarsson.

Obolella llndstrdmi Walcott.

Obolella mobergi Walcott.

Of the above two species 0. chromatica and 0. atlantiea belong to

the upper portion of the Olenellus fauna, and 0. crassa and var. elon-

(jata to the lower portion. The three Swedish species O. favosa^ O.

Jindstruinl, and O. inohergi are from the basal Cambrian sandstones

and may belong to the same horizon as 0. crassa.

The species that have heretofore ])een referred to Obolella, in addi-

tion to those listed above, are noAV distributed in the following genera:

? ambigua Walcott =Elkania.

0. cingidata Billings =Kutorgina.

0. circe Billings =Billingsella.

0. coelata Billings =Acrothele.

0. desquamata Billings =Obolella crassa.

0. desiderata Billings =Elkania.

0. discoidea Hall and Whitfield=Obelus (Lingulella).

0. gemma Billings =Bicia.

0. gemmula Matthew =:Obolns (Lingulella).

0. ida Billings =(?)

0. minuta Hall and Whitlield=Acrotreta.

0. misera Billings =Linnarssonia.

0. nana - Meek and Hayden =Dicellomus.

0. nitida Ford =Linnarssonia (?)

.

0. pectenoides Whitlield =Dicellomus.

0. polita Hall =Dicellomus.

0. pretiosa Billings =Linnarssonia.

0. prima AVhitfield =Obolus (Lingulepis).

0. transversa Hartt =Linnarssonia.

OBOLELLA MOBERGI, new species.

General form ovate, with the ventral valve subacuminate and the

dorsal valve obtusely subacuminate; valves moderate!}' convex. Beak
of the ventral valve slightly elevated above the plane of the shell;

beak of the dorsal valve curved down to the plane of the margin.

Surface of the shell marked by concentric lines and stride of growth,

and in some examples by rather strong, radiating, broken, and slightlj^

irregular raised lines. The elevated lines are of the same character as

those on Bicia gemma. The shell is formed of a thin outer la3'er and

numerous inner layers or lamellte, the latter over the anterior half of

Proc. N. j\I. vol. xxiii 43
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the shell. These inner lamellee are oblique to the outer layer and are

arranged as imbricating' laj^ers, very much as in 0. favosa.

A ventral valve 10 mm. in length has a width of 9 mm. A dorsal

valve 9 mm. long has the same width.

The area of the ventral valve is of medium length and tipped l^ack

of the edge of the valve to meet the beak. It extends well out on to

the cardinal slopes of the valve. It is divided midway ])y a narrow
pedicle furrow that passes inward into a large cylindrical chamber,

closed at its outer end. The surface of the area is marked T)y rather

strong transverse stripe crossing the area and extending in and around

the pedicle slit and chamber. On each side of the pedicle chamber
there is a rather strong undercut which in the cast is replaced hy a

marked tooth-like projection. The area of the dorsal valve is narrow
and, as far as can be determined from the single cast, ver}' nuich like

that of 0. crassa.

The casts of the interior of the ventral valves show a central visceral

area, very much like that in O. crassa; also two strongly marked vas-

cular sinuses that extend well into the middle of the valve. No clearly

defined nuiscle scars are shown on an}- of the specimens. Casts of the

interior of the dorsal valve give little satisfactory data in relation to

the muscle scars. The cast shows a part of the outline of the visceral

area, also the impression of the transmcdian muscle scar.

Ohservations.—This species appears to be the European representa-

tive of 0. crassa, which occurs at the same relative stratigraphic hori-

zon at Troy, New York. The Swedish species differs from the

American in being slightly more elongate in outline and in having the

interior thickenings of the area more strongly developed. The exte-

rior surface also appears to be marked by stronger radiating lines. It

differs from O. atlantica and 0. chromatica in being a nmch more

robust shell, and in many slight details. O. j>rlstinus is more rotund

and convex.

O. onohergl is associated with the Olenellus fauna in Sweden in the

Schmidtla toreUi zone.

Formation andlocallty

.

—Lower Caml)rian. Zone of Schmidtiator-

elli^ Bjorkelunda, south of Simrishamr, in a gray sandstone. Sularp,

near Lund, Sweden, in a brown sandstone.

Received from Dr. Joh. Chr. INIoberg.

OBOLELLA LINDSTROMI, new species.

This species differs from Oholella mobergi in the more subacuminate

outline of the valves, the surface characters, and the interior of the

dorsal valve. The surface of 0. lindstromi is much like that of Bicia

gemma.
The ventral valve occurs in a hard gray sandstone of the Schmidtia

toreUi zone, and the cast of the dorsal valve is from one of the brown
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sandstone spots that occur within the gray sandstone at Sulurp. I am
not sure that the dorsal valve illustrated actuall}^ belong's to this spe-

cies, as it is not associated with the typical ventral valve.

It differs from the typical dorsal valves of O. moltergim being- more
acuminate, and there is no corresponding ventral valve associated with

it in the material studied.

I take pleasure in naming the species in honor of Dr. G. Lindstrom,

to whom all paleontologists are deeply indebted for his many contri-

butions to the paleontology of the Silurian formations of Scandinavia.

Fonnation and locality. —Lower Cambrian. Zone of Schmidtia

tordUi Bjorkelunda, south of Simrishamr. in a gray sandstone. Sularp,

near Lund, Sweden, in a brown sandstone.

GLYPTIAS, new subgenus.

The subgenus Glyptias is based on the peculiar surface sculpture and
the very short area.

Type.— Oholella i^Glypt las) favosa Linnarsson.

OBOLELLA (GLYPTIAS) FAVOSA Linnarsson.

Lingula {?) favosa Linnarsson, Ofversigt af Kongl. Yetenskai^s-Akad. Forhand-
lingar, Ko. 3. Oin nagra forsteningar fran A'estergotlands sandstenslager,

p. 356, 1869. Also the English translation, published as a pamphlet, p. 16.

Stockholm, 1869.

General form ovate, with the ventral vah'e subacuminate and the

dorsal valve obtusely rounded; valves moderately convex. The dorsal

valve is abruptly curve:^ downward at the beak to the plane of the edge

of the shell, while the beak of the ventral valve is slightly al)ove

the margin, the posterior edges of the shell curving up to meet it,

and thus forming a passage for the pedicle out of a narrow pedicle

slit. Surface of the shell marked by very line concentric lines or stride

of growth, crossed transversely by undulating, slightl}' lamellose lines

in almost identically the same manner as in OTxdus ( Wcstoalii) stoneanus

of the Upper Cambrian of AYisconsin. When the outer surface of

the shell is exfoliated or worn oft' by attrition, which is the usual

condition, the surface of the inner laj^ers shows line, radiating, and
concentric striaB. The shell is formed of a very thin, highl}" orna-

mented outer layer and numerous inner la^'ers or lamellae; the latter

over the anterior portions are oblique to the outer layer, and when the

shell is partially exfoliated they appear as imbricating layers, very

much as in Obolus matinalls.

The largest ventral valve in the collection has a length of 7 nmi. and
a width of 6 mm. An associated dorsal valve 6 mm. long has a width

of 6.25 mm.
The area of the ventral valve is narrow and rises slightl}^ to meet

the beak, which is elevated above the posterior margin. The pedicle
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furrow or slit is siiort and narrow, and, judging" from the appearance

of the specimens, where the beak of the valve is })roken away it opened

into a pedicle chamber that was closed at the outer end as in OhoJellu

crassa and other species of the genus. On the dorsal valve there is no

evidence of a true area except in the presence of a narrow, thickened

rim somewhat like that of the dorsal valve of B'tchi (jemma. None of

the muscle scars are shown in the ventral valve. The position of the

central and anterior lateral scars of the dorsal valve is indicated b}"

the outline of the visceral cavity. Of the vascular markings the main

sinuses are clearly shown in each valve, also the outline of the position

of the parietal scar.

Ohservatlons.—This beautiful little shell has remained without illus-

tration since Dr. Linnarsson gave it a name in 1809, based on the

"singular sculpture'' of the outer shell. In a collection made for me
by M. Schmalensee, the collector of the Swedish Geological Surve}',

there were several specimens showing casts of the interior more or

less imperfectl3\ From these I was able to ascertain that the shell

had the generic characters of Obolella, although differing from the

typical species of that genus in the character of the surface ornamen-

tation. The outer surface has been seen onl}^ on the posterior umbonal

portion of the valves in the shells collected for me by M. Schmalensee.

Formation and locality.—Lower Cambrian. Fucoid sandstone.

Vestergotland, Bithingen, Sweden.

Genus BICIA, we^rv genus.

Shell subequivalve, moderately convex; longitudinallv ovate, with

the ventral valve sometimes subacuminate and the dorsal valve sub-

circular. Beaks of both valves as now known terminate at the poste-

rior margin. Surface marked by concentric and radiating aivvx.

Shell substance unknown in an unaltered condition. Shell structure

formed of a thin surface layer and numerous inner layers or lamellte

more or less oblique to the outer layer. Area of the ventral valve

usually on the plane of the edges of the valve, but in some instances

rising at a low angle; it is usually high, and triangular in outline, but

the apex may be I'ounded and the base curved forward at the median

line; divided midway by a narrow pedicle furrow and again at each

side by a narrow flexure line that extends forward and outward from

the apex. Area of dorsal valve short, appearing in both of the known
species to rise from the plane of the edges of the valve. Strife of

growth subparallel to the base cross the areas.

The main vascular sinuses of the ventral valve are narrow and

extend forward from the projecting center of the base of the area,

gradually separating as they cross the visceral area and extending for-

ward beyond the transverse center of the shell; in the dorsal valve

they appear to separate more rapidly and to follow the outer margin

I
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of the ventral cavity except in the second species. A narrow median

septum is indicated in the dorsal valve on the crest of a strong median

ridge.

One of the striking features in both of the known species of this

genus is the oblong oval boss that is present in the ventral valve of

most adult shells. It is situated on each side of the forward projecting

central portion of the area, with the larger axis extending forward and

outward when the shell is subacuminate or transvers(^l_v Avhen the shell

is broadly rounded. In the dorsal valve of Jj. gemma it is not so well

defined as in B. whlttcivesL The boss is bounded b}^ the margin of

the base of the area, the narrow elongate sulcus containing the mar-

ginal muscle scars and the base of the main vascular sinuses. In B.

v'Jiifeavesi it reached its greatest development in both valves, resem-

bling in position and surface characters the posterior adductor scars

of the Craniida?. Somewhat similar bosses occur in the ventral valve

of Oholella crassa and OhoJas ajMlI'tnis, but they are not developed to

the extent they are in Bicia. They appear to occur only in those

thick shells that have deposits of shell substance over the visceral

area.

The outline of the parietal scar in the ventral valve incloses a heart-

shaped visceral area in the ventral valve, closely circumscribing the

muscle scars. Its general course in the dorsal valve is suggested hy

the position of the musncle scars.

Five pairs of muscle scars have been observed. The rather large

central scars in the dorsal valve are placed close to the broad median

ridge, a little back of the center; the small anterior laterals are slightly

in advance of the centrals on the median ridge, close to the median

line; the transmedian scars are almost under the edge of the area and

near the outer margin; the outside and middle laterals are slightly in

advance and further out than the transmedian scars; the centrals,

middle laterals, and outside laterals of the ventral valve are grouped
in the narrow space on each side of the U-shaped forward projecting

portion of the visceral area. Traces of individual scars have been

seen, but they can not be separated so as to identify them. The trans-

median and anterior lateral scars are close to the outer margin of the

valve and just in advance of the oblong boss in front and each side of

the forward-projecting base of the area. Umbonal and pedicle scars

unknown except what may possibly be a small umbonal scar in the

dorsal valve of B. vJiiteaves't.

Type.— OholeUa geinma Billings; second species, Blcla tchlteavesi

Walcott.

Ohsei'vations.-—Bicia is a form that combines many of the character-

istics of Obolella and Obolus. It resembles Obolella in the arrangement
of the muscle scars and main vascular sinuses of the interior of the

valves. It differs in having a high area with an open pedicle groove
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in the ventral vulve and an elevated ridge or boss in the back portion

of the dorsal valve that in one species, H. icJuteavcKt^ appear to have

])een the base of attachment of some portion of the muscular system.

The ensemble of the dorsal valve of Bicia is unlike that of either

Obolella or Obolus. Bicia, with its thick shell, high area, deep central

cavity (heart-shaped cavity of Mickwitz). arrangement of visceral cav-

ity, muscle scars, and vascular markings in the ventral valve, is a true

Obolus of the (). apoUln is type, but in its more elongate outline, strongly

striated surface, and in nearly all details of the dorsal valve it is quite

distinct.

Of the two species now referred to, the genus B. gcnnna has an

unusually thick shell and a very marked deposit of shell substance

over the visceral area in the ventral valve, the posterior portion of the

same area in the dorsal valve, and along its median line. In the second

species there is a considerable deposit over the same area with the

exception of the median line, where the strong median ridge is absent.

BICIA GEMMA Billings sp.

fJhoJcUd (jemma Billings, Can. Xat., 1872, new ser., VI, p. 218, fig. 5, p. 217.

OhoMla gemma Walcott, Bull. U. S. Geol. Sur., Xo. 30, 1886, p. 116, pi. x, figs.

2, 2a-e; Tenth Annual Report U. S. Geol. Sur., 1881, p. 612, pi. lxxi, figs.

5, 5a-c; pi. lxxii, figs. 2, 2a.

OhoMla gemma Hall and Clarke, Pal. X. Y., 1892, VIII, Pt. I, pi. ii, figs. 42-44.

General form ovate, with ventral valve subacimiinate when the beak

is extended or obtusely acuminate when the beak is rounded; dorsal

valve oval to subcircular in outline. The convexity of the valves is

fairly strong and nearlj^ the same in each where they are embedded in

the same matrix.

Surface of shell marked 1)y numerous slightly irregular concentric

strife and lines of growth; by line radiating strite between stronger

radiating lines, and on some shells b}^ undulations of strongly devel-

oped, elevated, radiating stria?; the radiating stria? are often slightly

irregular and interrupted. When the outer sitrface is partiall}" worn
away it is smooth, or the shell has a peculiar surface formed by traces

of the radiating undulations and stria?. The concentric stria? and lines

of growth are shown on the outer surface of the inner laj^ers of the

shell and on the interior surface, where rather strong radiating stride

are often beautifully shown.

The shell is usually thick and strong for one so small; those from

St. Simon and Troy appear to be calcareous and formed of one solid

layer. This is probablv owing to their condition of preservation, as

in a weathered specimen lamellre oblique to the outer surface are clearly

shown, and indications of lamella on the central and posterior portions

that point to the same shell structure as in Obolus and Obolella.

The ventral valves average about 5 mm. in length; the largest is



N0.1229. CAMBRTAN BRACHIOrnDA—WAIJOTr. 679

T imi). AVidth, averag-e, 4 mm.; largest, 5 mm. The dorsal valve is

about one-iifth shorter than the ventral.

The area of the ventral valve is usually on the plane of the margins

of the valve, but many specimens show it rising ut angles varying

from I'-' to 10-^. It is high and narrow, somewhat as in Obolus {Lingu-

MJ(i) acarninatus Mickwitz, and divided midway 1)y a strong, rounded,

narrow pedielo furrow; the stri» of growth are rather coarse and arch

forward at the center and across the pedicle furrow, following the

contour of the base of the area; the position of the flexure line is some-

times clearly shown b}' a narrow depression. The area of the dorsal

valve is short and easily escapes observation except in well-preserved

shells. It sometimes has a slight central pedicle depression, and often

is onW a short, almost smooth surface extending well out on the cardinal

slopes of the valve.

The muscle scars, as far as determined, are arranged as in Obolus.

The umbonal and pedicle scars have not been observed. The elongate

oval central scars are rather large in the dorsal valve, and situated on

each side of the strong- median ridg-e about the middle of the valve;

in the ventral valve they are crowded in with the scars of the middle

and outside laterals; the anterior laterals are barely discernible in one

specimen of the dorsal valve as small oval dots on the central ridge a

short distance in advance of the centrals. In the ventral valve they

are close to the base of the area and near the outer edge of the shell.

The middle and outside laterals in the ventral valve are situated in the

trapezoidal area, but do not appear to be separable on the specimens

in the collection. In the dorsal valve they are well shown in advance

of the transmedian scar. The latter in the ventral valve is merg^ed

with the anterior lateral.

Of the vascular markings the main sinuses of the ventral valve are

about all that are clearly shown, although the position of the parietal

scar is indicated in advance of the center of the shell. One of the

most strongh^ marked characters of the dorsal valve is the median

ridge; it varies in strength and outline in different shells, but is usually

a prominent feature; it extends to the frontal margin in most shells,

but in some it narrows and is less prominent anteriorly. A few

specimens show a slight depression crossing it just in front of the

central scars, and one has two minute anterior lateral muscle scars

directly on the ridge, the parietal scar passing across just in front of

them. The thickened shell beneath the visceral cavitj" of the ventral

valve is present in nearly all adult shells; it varies greatly in size,

form, and thickness; in some valves it covers the entire area within

the parietal scar, and in others only a portion. The thickening in the

dorsal valve is along the posterior border of the central cavity; this is

best shown in the cast; the median ridge is also frequently mor(^ or

less enlaro-ed.
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Formation and localities.—Lower Cambrian. Linie.'?tone cong-lom-

erates at Bic and St, Simon, on the St. Lawrence River, Province of

Quebec, Canada. Also in Lower Cambrian limestones, l)oth l)edded

and cono-lomerate, on the ridge east of Troy. New York, and 1 mile

south of Schodack Landing, Rensselaer County. New York.

BICIA WHITEAVESI, new species.

This species is associated with B. gemma in a bedded limestone at

Tro3% New York. It differs from the latter in the dorsal valve by the

absence of the median ridge, the presence of a broad area, and the

presence in the interior of both valves of two large, circular, scar-

like spots, one on each side of the median line and just in front of the

area, that recall in appearance and position the posterior adductor

scars of Crania. The ventral valve is so much like that of B. gemma
that it is difficult to decide whether some shells should not be referred

to B. gemma. There is a gradual transition, in form and character of

the interior of the ventral valve, between the extremes represented in

B. gemma and the extreme form of B. whiteavesi. If it had not been

for the bosses of the dorsal valve associated with it I should have hesi-

tated to refer it to a distinct species.

Formation and locality.—Lower Camlirian. Bedded limestone in

siliceous shale on ridge in the eastern su1)urbs of Troy, New York.

OBOLUS, Additional notes on.

Ohservatwns.-—T)\'. Mickwitz^ has given, in his exhaustive memoir on

Obolus, a ver}^ complete historical sketch and full description of the

genus and its subgenera so far as known to him. The material was
so well preserved, and the study was conducted with such care and

thoroughness, that our present knowledge of the adult shell of Ol)olus

is as complete as that of the adult shell of the recent Lingula. In this

note I shall present only such details as are essential to an under-

standing of the relations of (1) Obolus to Lingula; (2) Obokis to

Obolella; (3) Obolus to its subgenera.

The student is referred to the memoir of Mickwitz for the literature,

history, a geological sketch of the Caml)rian formations of the eastern

Baltic region of Russia, a minute description of the external and inter-

nal characters of the shells of Obolus, an exposition of the relations of

Obolus to Lingula and Obolella, and detailed observations on Obolus

and its subgenera as known to him.

Ohahis a)id Lingula.—After studying the species from American
rocks and a ver}^ good series from the typical localities in Russia, I

am prepared to agree with Mickwitz that Obolus should ])e referred

^IJber die Brachiopodeugattimg Obolus Eiehwald: ]Mein. Acad. Imp. Sci. St. Peters-

bourg, 8th ser., IV, Xo. 2.
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to the LingulicUv. and that there is no good reason for cstablishino- the

famil}' 01)olida\

Their points of simihirity as described by Micl\witz are:

1. The chemical constitution and microscopic structure arc the same.

2. The position of the umbonal muscle is the same in the dorsal

valve.

3. The arrangement of the vessels of the circulator}' system is the

same in the two genera. Mickwitz sa3's of this:^

Issuing between the same muscle sears from the splanchnoccele, two main vessels

extend in each valve into the fore part of the mantle loljes and brani'h inward and
outward into numerous secondary vessels. The only difference in the arrangement

of the vessels consists in this, that in Lingula the main vessels of the two valves

empty into the peripheral canal, while in Obolu.s this takes place only in the large

valve. In the small valve the main ves.sels, shortly before reaching the perij^heral

canals, l)end into the interior of tlie valves and end at the scars of the anterior lat-

eral muscles.

i. The general arrangement of the muscle scars is essentially the

same, the points of difference being of a generic character.^

Their points of difference, according to Mickwitz. are:

1. In the area of the valves.

'2. In Lingula the pedicle muscle is attached back of the scar of the

umbonal muscle of the ventral valve, while in Obolus it is situated

between the divided scar of the umbonal muscle of the ventral valve.

3. Quoting from ]\Iickwitz:

Besides the somewhat unlike arrangement of some scars, to which we shall pre-

sently return, the bipartition of certain muscles constitutes the most characteristic

difference in the internal organization of the two genera. The umbcjnal muscle of

Obolus, which is divided on the side of the large valve, while conversely the two
transmedial muscles of Lingula, one of which is divided throughout its length, are

represented in Obolus by a pair of undivided muscles.

The position of the umbonal muscle is the same in the two genera; at most it is

somewhat crowded away from the base of the area in Lingula, because of the jiedicle

muscle. On the contrary, the transmedial muscles, besides their bipartition, pre.sent

other differences. In Obolus the scars of that part of muscles on the large valve are

combnied with those of the anterior lateral muscles, while in the corresponding shell

of Lingula, though lying in a similar position, they are separated from the anterior

lateral muscles. With the small valves the case is reversed. 01)olus shows the scars

of the pair of muscles in question isolated, while in Lingula they are united with

those of the middle and outside lateral muscles.

The scars of the two last-named muscles on the small valve of Oljolus are combined
in a manner analogous to those of Lingula, so that the whole difference in the

arrangement of the scars in question (aside from the bipartition of one transmedial

muscle in Lingula) consists in the reversal of their combination. In Obolus, on the

large valve, the scars ( and j are united, in Lingula they are separated ; in Lingula, on
the small valve, i and /;, /, are uniteil, while in Obolus they are separated.

The scars of the anterior lateral nuiscles of the small valve have a closely similar

position in the two genera, except that in Obolus they are moved farther forward,

and are separated by the median ridge, while in Lingula they are nearer to the center

of the valve and are' united.

^UL'er die Brachiojiodengattung Obolus Eichwald, \i. 121.
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The other scars of the lateral muscles on the large valve of Obolus also are quite

analogous in their position to the corresponding scars in Lingula. True, in their case,

also small displacements and changes of form occur, but yet I am unable to attach to

these any special value. The two genera show the scars of the outside lateral mus-

cles combined with those of the central muscles, but we have seen that in some spe-

cies of Eichwald's genus (0. trkingularis, 0. pamhri, and some species of the sub-

genus Sehmidtia) , the first-named scars separate from those of the central muscles

and change their subtriangular form, drawn out backward, into a rounded form, more

like that in Lingula. The scars of the middle lateral muscles of the large valve, on

the contrary, are only in Eichwald's genus comljined with those of the central nms-

cles, while in Lingula they are separated. It is probable, however, that some species

of the above-named subgenus share this peculiarity with Lingula.

Finally, the scars of the central muscles of the two genera differ merely by their

somewhat different form in the large valve, and by their somewhat different position

with relation to the axis of symmetry on the small valve. It was pointed out, how-

ever, in speaking of the central muscles of Obolus, that the backward-protracted points

of the su1)trapezoidal scars in the large valve of the typical species (as well as those

of the outside lateral muscles) are lacking in the species of the subgenus Sehmidtia,

so that even in regard to form there is an agreement with Lingula. In the small

valve of Obolus the elliptic scars of the central muscles are parallel to the major axis

of the valve or somewhat converging behind, while in Lingula they are strongly con-

vergent anteriorly.

To the altered position of the muscle scars in Obolus corresponds the modified form

of the parietal band. The latter in both valves of Lingula is rhombic, but in the

smaller valve it is drawn farther forward than in the larger. In Obolus the parietal

band on the small valve extends still farther toward the frontal edge than in Lingula,

and in its posterior part is more markedly bent inward from both sides, producing a

characteristic unequally three-lobed figure. The parietal band of the large valve of

Obolus, on the contrary, is subelliptie inform, and rather approaches that of Lingula.

More important than this difference in form of the splanchnocade is the dif-

ference in the form of the mantle lobes, which is manifest from the position of the

posterior part of the parietal band. In Lingula the parietal band is moved away

from the base of the area, and thus constitutes a narrow space between the two

pleurocoeles, which space is occupied by the mantle lobes that extend around the

entire beak part of the valves. These mantle lobes of the beak are in the small

valve also covered with mantle bristles, while the border of the mantle of the large

valve, in the splanchnoccele part of the area (deltidium King) is free from bristles.

In Obolus, on the contrary, the posterior part of the parietal band is close to the base

of the splanchnoccele part of the area, whose lamellte, as we have seen, are l)ent up

at right angles to the plane of the valve, and therefore could not have been deposited

by mantle lobes resting against the valves. Hence the mantle lobes of Obolus

extended only as far as the pleurocoeles, and were lacking, as well as the mantle

bristles, in the splanchnoccele part of the area of both valves. At that point there

was only the muscular wall of the body connecting the two valves, from which the

pedicle emerged.^

Oholm and Olxjldla.—Authors have compared Obolella with Obo-

lus, and Mickwitz thought that they might possibly be congeneric.^

The narrow pedicle slit in the area of the ventral valve of Obolella

opening into a cylindro-conical chamber is so unlike the pedicle fur-

row^ of Obohis that a distinct generic reference is necessitated by its

^ tjber die Brachiopodengattung Obolus Eichwald, pp. 118-121. - Idem, p. 129.
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discovery, despite the g-reat similarity of the two genera in other

respects. Except for the pedicle slit and chamber, the species of

Obolella could not well be taken from Obolus.

OBOLUS AND ITS SUBGENERA.

LinguIeUa Salter. I have been at times almost doubtful of the

advisability" of characterizing Lingulella even as a subgenus of Obolus.

This distinction is now based on the more elongate form of most of the

species of Lingulella and the greater thickness of the shell of the typ-

ical forms of Obolus.

Type.— Oholus {LlvgultUa) davisil.

Lingulejns Hall is an elongate, acuminate form of Lingulella, thus

departing most widely in form from Obolus.

Type.— Oholus {Lingulejyis) acununatus.

Linqidoholus Matthew is a Lingulella-like form, with a very thick

shell.

'

Type.— Oholus {Lingulohohis) affinis.

' Schmidtia Volborth is a Lingulella-like shell without radial striation.

All the species are small, and as the concentric stride are very line the

shell surface is nearly smooth.

Type.— Oholus {Schrnldtia) celatiis.

Wesfonia Walcott is a Lingulella-like form distinguished by peculiar,

transverse, semiimbricating, ''ripple-embossed" lines that cross both

the concentric and radiating strife.

Type.— Oholus {We-'<toma) aurora.

Thymnotos Mickwitz. An Obolus with strong, uniformly curved-

concentric strife, with lamellae of growth fringed along their anterior

(external) edges.

Tyjje.— Oholus {Thyseuiotus) slluricus Eichwald.

Acritis Volborth. Concentric lines elevated, irregular, undulating.

Valves strongly arched, massive. Visceral area (splanchnocoele) small

and short; pedicle furrow conical and deeply impressed in area.

TyjM:.— Oholus {Acrit(s) antlqidsslmus Eichwald.

Leptemholon Mickwitz. This subgenus is rather difficult to charac-

terize. Mickwitz says of it:

The subgenus Leptenibolon is based ou a species of Obolus which externally

resembles Lingula very closely, and in fact was by earlier authors^ regarded as such.

The specimens of the internal surfaces of the valves, however, showed, together with

-nine suggestions of the last-mentioned genus (Lingula), unmistakable marks of the

genus Obolus, so that the species, which could not be assigned to any of the other

groups, had to be ranked in a special subgenus of Eichwald' s genus." -

Typif.— (^hejlus {Lepteudxjlori) Ungulo'forrnis Mickwitz.

^Schmidt, Fr., Ke\asion der silurischen ostbaltischen Trilobiten, Pt. I, p. 17.

^ tjber die Brachiopodengattung Obolus Eichwald, p. 199.
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OBOLUS (?) MENEGHINI, new species.

Lingula j)etalon Borxemanx, Nova Acta der Kais. Leop. -Carol. Deutsch. Acad.

Naturf., LVI, p. 438, pi. xix, figs. 12-14. 1891.

OholeUa (?) sp. Bornemaxx, Nova Acta der Kais. Leo]). -Carol. Deutsch. Acad.

Naturf., LYI, p. 440, pi. xix, fig. 18.

Rounded triangular frontal margin at times almost straight. Shells

rather flat, their arching ])eing greatest in the middle. Concentric

and rather coarse lines of growth. Size, 5-11 mm.
Occurrence: In yellow, friable sandstone of Punta Pintau (Canal-

grande) and of Gruguetta. Sardinia.

The specimen referred to Obolella
(

i ) sp. is from the slate of Porto

Canalgrande. It is not an Obolella, and may be identical with the

species from the sandstones.

The shells referred to Ltngida pdalon suggest Obolus in form and

surface ornamentation and are tentatively referred to that genus.

OBOLUS TETONENSIS, new species.

The general form, convexity, and appearance of this species is so

much like that of Oholus inathia/is that a full description is unnec-

essary. It varies from that species in the shorter, more transverse

dorsal valve, and the narrower outline of the ventral valve toward the

beak.

This species occurs in great abundance in the thin bedded limestone

in the upper portion of the Cambrian section of the Teton Range,

Wyoming, in association ,with BWhigsella ])eplna and Oholus {Lhigu-

lepis) acuminatus var. meeM. AVhat appears to be the same species

occurs nearly TOO feet lower in the section in a thin bedded sandstone.

The dorsal valve is broader and more transverse posteriorly than the

dorsal valve from the upper horizon.

Formation and locality.—Middle Cambrian, on the divide at the

head of Sheep Creek, near north end of the Teton Range, AVyoming.

Thin bedded limestones, Belt Park, 6 miles out from Neihart. ^Montana.

Three miles southeast of Malad City, Idaho. A smaller form col-

lected by Dr. A. C. Peale in Bostwick Canyon, Bridger Range, Mon-
tana, may belong to this species. It occurs in a line-grained sandstone

low down in the Paleozoic section.

OBOLUS (?) ZOPPI, new species.

Oboldla crassa Borxemanx, Nova Acta der Kais. Leop. -Carol. Deutsch. Acad.

Naturf., 1891, LVI, p. 439, pi. xix, figs. 15-17.

Broadly oval or circular,- Avith somewhat pointed vertex. Shells

stronglv arched, one somewhat more than the other. Thev are

marked with prominent concentric lines; no radial striation is noticed.

Found in a red-yellow sandstone layer not far from the houses of

Canalgrande, Sardinia, on the road to Punta Pintau.
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In view of the imperfect state of preservation, a determination can

be based only on the outer form, whose habit agrees with the American

species from the Cambrian limestone of Troy.

Dr. Bornemann kindly sent me two specimens of this form. They

suo-o-est (JljoJtUa cra.s.sa in form and outline, but the material is too

imperfect to enable me to identify the species or genus. I find in one

specimen indications of the presence of a high area that rises slightly

above the plane of the ventral valve. In two there is nothing to sug-

gest the foramen, which is usually well preserved in the veiitral valve

of species of OholeUa atlantku. As the material is probably from the

Middle Cambrian, a provisional reference is made to Obolus.

Subgemis LINGULELLA.

OBOLUS (LINGULELLA) BELLUS Walcott.

Oholus {LuKjuMln) hdlns AValcott, Proc. U. S. Nat. Museum, 1898, XXI, p. 397.

LingideUu concmna Matthew, Bull. Xat. Hist. Soc, Xew Brunswick, 1900, IV,

p. 273, pi. V, tigs. 2a-b.

i///(/H/« .-^ ?('»s Matthew, Bull. Xat. Hist. Soc, Xew Brunswick, 1900, p. 274, pi. v,

tigs. 3a-b.

General form ovate, with ventral valve obtusely acuminate; dorsal

valve broad ovate; valves moderately convex, so far as can be determined

from the somewhat compressed specimens as they occur in the sandy

shales.

Surface of shell bearing numerous concentric lines of growth, with

exceedingly fine, slightly irregular striae on the interspaces between

the stronger concentric lines that form a surface somewhat like that of

0. (Z.) elhi. Owing to the roughened surface formed by the line stria?,

the outer layer of the shell adheres to the arenaceous matrix, leaving

the shiny inner layer on the shell. This is marked by concentric and

numerous line radiating stria?.

The shell is apparently thin, and is formed of a very thin outer layer,

with one or more thin inner layers or lamella?. The ca.sts of the

interior surface of the ventral valves show numerous papilhi? arranged

in concentric lines on the posterior half of the shell. These correspond

to the punctfe of the inner surface.

A large ventral valve has a length of 15 mm. ; width 9 mm. ; and a

dorsal valve 13 mm. in length has a width of 10 mm. The specimens

in the collection average from 2 to 3 mm. smaller than those measured.

The cast of the area of the ventral valve shows that it was rather

long and extended well out on to the cardinal slope; it is divided mid-

way by a strong pedicle furrow, and toward the lateral margin by a

narrow flexure line. The area is marked by fine stria of growth

parallel to the margin. The area of the dorsal valve is rather short,

but it extends laterallv well out on the cardinal slopes. The shallow
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curve corresponding to the pedicle groove of the larger valve is wide

and clearh' defined.

The casts of the interior of the valves show almost no traces of the

vascular markings or muscle scars. Only the anterior lateral muscle

scars have been observed in the ventral valve.

Observations.—This fine species occurs in great alnindance in the

upper beds of Little Bell Island, associated with O. (Z.) hell id us., and

also in the higher beds on Great Bell Island, a little below the layers

carr^nng Linguloholus affinis and L. sjnssus:. Although found at

.some little distance above the horizon in which I collected a species of

Olenus, I refer the horizon to the Upper Cambrian.

This species appears to be clearlv distinct from any yet described.

It ma}' be compared with 0. (Z.) davisi in relation to its size and out-

line, but not in other respects. 0. (Z.) Jejyh ranges from the Lingula

flags into the Tremadoc.

This is one of the most abundant forms in the shales and interbedded

sandy hunn-s of Cape Breton Island. Mr. Matthew described a com-

pressed dorsal valve occurring in shale as Llngidella concinna, and

some fragmentarv shells occurring in limestone as Lingida ? lens.

AVith his two types before me in comparison with a large series

collected by Mr. S. Ward Loper at the same or near-l^y localities,

I find that the two species merge into one and that they are identical

with 0. (Z.) hellus as it occurs in Newfoundland.

The diagrammatic figures of O. (Z.) lens as given bv Mr. Matthew
are misleading. The material from which his description was written

and figures drawn is badly crushed and broken, the fragments of

shells being embedded together in the limestone. None of the speci-

mens show the apex of the ventral valve. The one used in illustra-

tion by Mr. Matthew has the apex broken away, and the shell is

somewhat compressed lateralh'. The diagrammatic drawing of the

dorsal valve is also inaccurate. His illustrations of the outer surface

appear to be based on specimens from which the true outer surface

has ))een exfoliated.

Among the collections made 1>y ]SIr. Loper there are ti large number
of shells crushed and crowded together, very much as is the typical

material used by Mr. Matthew. There are, however, in the accom-

panying shales large numbers of individual specimens that are beau-

t-ifulh^ preserved, which illustrate the outline and convexity of the

shell. The series illustrates the growth of the shell, also the various

form:» ill which it occurs owing to differences in the sediment in which
it has been eml^edded. The material collected by jNIr. Loper came
from several horizons of the Upper Camljrian. Mr. Matthew assigns

Lingulella concinna to the Dictyonema zone and Lingida lens to the

Parabolena zone of the Cape Breton section.

Formation and locality.—Upper Cambrian. Arenaceous shales of
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the upper beds on Little Belle Island and Great Belle Island, Con-

ception Ba}^ Newfoundland.

Several localities on ^McNeils Brook, 1 mile east of Marion Piridge.

especially about the mill pond. Ravine one-half mile north of McMul-
liii's. on crossroad to Boisdale railroad station. In ravine east of

railroad, just south of Barachois post-office. Upper Leitches Creek,

Cape Breton. Nova Scotia.

OBOLUS (LINGULELLA) BORNEMANNI, new species.

Liii(/i(l(t attenuaia Borxeman.v. Xova Acta der Kais. Leop.-Carol. Deutsch. Acad.

Naturf., 1891, LVL p. 4;m. pi. xix, iig^. 1-10.

Form an oblong- oval, sharply pointed toward the beak, marked with

ooncentrie, fine stripes, mostly regular, often also with large irregular

concentric folds. Faint radial or longitudinal striation usually appears

distinctly on the middle of the surface. At the vertex there ismosth'

a distinct straight longitudinal impression.

Shape greatly variable, often unsymmetrie; short-rounded- triangu-

lar or almost circular, or narrower and elongated; more or less arched,

or even flat. The long*-extended specimens resemble Z. acuminata

Conrad. Others agree perfectly with Murchison's original figures.

Others, again, may be compared with Z. davisii, and were at first

placed with that species. The simultaneous occurrence in enormous

multitudes and the numerous transition stages leave no doul)t that all

those forms belong to one species, and the middle type of them fits

best to Z. attenuata Sowerbv. Size, "2 to 9 mm.
Occurrence.—Very common in the Cambrian strata of Canalgrande,

in 3'ellowish-brown slates not far from the buildings of Canalgrande,

in white-gray quartz sandstone in the valley of Gutturu Sartu, in

3^ellow sandstones with Archteocyathus of Punta Pintau and elsewhere

in Sardinia.

The state of preservation is l)est in the slates, yet there the specimens

are mostly pressed flat. The specimens, existing in great numbers in

the sandstones, often still exhi])it their original arching, but the deli-

cate shells are ordinarily distorted in an irregular manner and ill

preserved.

The above notes are taken from a rather literal translation of the

original description.

Dr. Bornemann identified this species with Lhu/ala attenuata Sow-
erbv, on account of the resemblance in outline of many of the speci-

mens. Other specimens closely resemble 0. (Z.) acuminatum Conrad,

from the Middle and Upper Cambrian of North America. It is so

improbable that a species of this character should persist from Middle
Cam1)rian time to ]Middle Ordovician time that, notwithstanding the

resemblance, I think it is better to distinguish it from Z. attenuata

Sowerb}', and give a specific name that will not lead to erroneous
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stratigraphic correlations. The Cambrian fauna of Sardinia is so dis-

tinct from that of other localities and the stratig-raphic succession of

the sul)fauna is so confused I think it luiwise to identify its species

with described species unless the material is so full and well preserved

that there can be no doubt of their spccihc identity.

OBOLUS (LINGULELLA?) BICENSIS, new species.

Shell small, general form of ventral valve broad ovate, with the

greatest width at the anterior third, from which there is a slightly

curved, quite uniform slope to the beak. Moderately convex. Length

of the one specimen known, 3 nmi. Surface marked by tine, concen-

tric striffi and ver}' slight undulations of growth: also tine radiating

strife. The shell appears to have l)een thin, and formed of several

ver}" thin lamella, and marked on the interior by lino punctaj.

Olm-rvaflons.—This small species is known only by one specimen

and its matrix that I found in a limestone bowlder of the conglomerate
l

at Bic. It is associated with fragments of Olenellus and Agraulos. In I

form the ventral valve recalls DtceUoinu-'< jxil itus. It is probable that]

if a number of specimens were obtained it would not be found to differ

from typical forms of Obolus and its subgenus Lingulella.

Formation and locality.—Bowlder containing Lower Camljrian fos-

sils, Bic conglomerate, eastern point of Bic Harbor. Province of Quebec,

Canada.

OBOLUS (LINGULELLA) LINNARSSONL new species.

Ventral valve elongate oval, subacuminate. Surface marked by fine,

undulating, depressed, radiating, ridge-like lines; closely undulating,

concentric stride; and very fine papillae that appear to terminate in

fine, sharp points; the papilla are situated on the narrow, irregular,

elevated spaces between the stria\ Shell relatively thin and formed

of several lamellae more or less oblique to the outer surface.

Ohservations.—This species is based on a fine specimen of a ventral

valve associated with Ort/u's lindstni/j/i in the Paradoxides series of

Lovened. It is broader than 0. (Z.) ferrugineu><^ and the surface

ornamentation is quite different. The latter is more like that of the

associated Acrothele coriacea. In outline it approaches more nearly to

O. (Z.) lepis.

Formation and JocaJity.—Middle Cambrian. Lovened, Westrogo-

thia, Sweden.

OBOLUS (LINGULELLA) RANDOMENSIS, new species.

General form elongate ovate; ventral valve rather l>roadly suliacu-

minate, and dorsal valve slightly acuminate. The widest portion of

the valves is the anterior third, from which they very gradually

narrow toward the cardinal slopes. The convexity of the valves is

moderate and uniform and nearlv the same in each. Surface of the
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shell marked by tine concentric stri.e and rather strong linos of

growth, also tine radiating striai. The shell is formed of a few thin

lamelliB or layers, as far as can be determined from the fragments

preserved on the casts in the sandstone. The longest ventral valve in

the collection has a length of 10 mm., with a maximum width of ti mm.
The dorsal valve is slightly shorter.

As shown by the interior cast, the area of the ventral valve is rather

long, and extends well forward on the cardinal slopes. It is divided

at the center by a narrow pedicle furrow and midway l)y a very slight

Hcxure line. The base of the area curves backward over the margin,

arching slightly forward before reaching a rather deep indentation at

the center. The striie of growth cross the area parallel to its Ixise.

The}^ are very sharp and tine and c^uite unifornd}- distributed o\qx the

area. Area of the dorsal valve unknown.

01jstrimt(oni<.—This pretty species occurs in great numbers in tliin

layers of brow^n sandstone embedded in a dark shale a short distance

below the Olenus zone. In form it resembles 01)(>ln.'< {Limjuhlhi) ino^nA

var. (Mceola. It differs from it in having a narrower pedicle furrow,

and, upon comparison of a large number of specimens, in l)eing slightly

more elongate. It is narrower propoftionatel}' toward the beak.

Forinatlon and locality.—Upper Cambrian, north side of Kandom
Island, between Birch and Sandy Points, Smith Sound, Trinity Bav,

Newfoundland.

OBOLUS (LINGULELLA) SCHUCHERTI, new species.

General form elongate ovate, ventral valve subacuminate and dorsal

valve elongate ovate in outline. Surface marked by fine concentric

strite and rather strong concentric undulations or lines of growth;

also line radiating stria?, and on some specimens indistinct, rathei' nar-

row radiating depressed furrows.

The outer surface of the inner layers shows radiating strite and con-

centric lines of growth. The radiating strias are also present on the

inner surface outside of the area of the vascular cavity.

The shell is formed of a thin outer layer and several thin inner

layers or lamella arranged very much as in other thin shells of the

subgenus Lingulella. The largest ventral valve has a length of about

11 mm.; width, T nnn. A dorsal valve 8 mm. in length has a Avidth

of 5i mm.
Casts of the interior of tlie ventral valve show a well-marked area,

with a broad, sti'ong pedicle furrow. The base of the area arches

strongly forward. At the center across the pedicle furrow it has a

slight backward arch just at the center. None of the specimens show
the flexure line or the extent of the area along the cardinal slopes of

the valve. The area of the dorsal vah'e is miknown. Non(> of the

characters of the visceral cavity or vascular markings are shown with

Broc. N. M. vol. xxiii—

—

4A
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sufficient clearness to permit me to describe them. A tubercle on

each side of the median line, just in advance of the area, indicates the

main vascular sinus, and a depression marks the position of the ante-

rior portion of the visceral cavity.

OhscTratums.—This is probably the oldest species of the subgenus

Lingulella. It is associated with Acrothele ecclata, Ole7ieUusam2^ho!d6S,

and other characteristic species of the Lower Camlirian fauna. In its

elongate dorsal valve it recalls Oholus rhea of the Middle Cam])rian.

It differs from that species in the character of the shell and the outline

of the valve.

The specific name is given in honor of IVIr. Charles Schuchert. Avho

collected the only specimen of the species known to me.

Formation and locality.—Lower Cambrian conglomerate and l>ed-

ded limestone, Troy. New York.

OBOLUS (LINGULELLA) SIEMIRADZKII, new species.

Linguhi sji. ef. e.nmguif! Eichwald, Sieiuiradzki, Jahrb. K. K. (Teol. Reichsanst.,

1886rXXXVI, p. 672.

LinguJa cf. exioigiils Eichwald, Gurich, Xeiies Jahrb. ]Min. Geol. Pal. 1892, I,

p. 69; Verhandl. (Zapiski) Euss. Kais. I\Iin. Gesell., St. Petersburg, 2d ser.

1896, XXXII, pp. 17, 214.

Attention was called to this species by Dr. Jos. Siemiradzki in 1886

in connection with his study of the Paleozoic rocks of the ^Middle

Mountains of Poland. He speaks of it as Lingula sp. in the BLick

conglomerate, comparing it with L. ex\>n(juh Eichwald.^ In the asso-

ciated gray sandstone he found an Olxdus ''identicar' with (). xUnricus

Eich.

Dr. G. Gurich wrote on the Paleozoic of the Middle ]Mountains

(Mittelgebirge) in 1896, and. in a discussion of the Cambrian of San-

domir, mentions Siemiradzki's discovery of fossils in the lower sand-

stones and shales.'^

Dr. Gurich added g-reatly to the fauna found by Dr. Siemiradzki.

He mentions Paradoxides resembling- P. te-ssina, P. lj()hc)nieu><,A(jno><tus

fallo.i' Linnams, ^i. glhhus Linna?us, Ziostracus Iin narss-oni and refers

the fauna to the Middle Cambrian. The '

' Lingula " he compared with

Llngula crassa. Eichwald, calling- attention to the resemblance in the

surface characters, also to those of Lingulclhi davl.'^il Salter.

This is a small shell Ijelong-ing to the group of species containing

O. (Z.) ferrugincus, 0. (Z.) dexidcrat >(•<, etc. The outer surface is

marked b}^ concentric, slightly undulating and imln-icating strisi? of

growth, and the outer surface of the inner layers l\v fine, radiating

stria\

Through the kindness of Dr. F. Schmidt, I received a fragment of

Mahrb. K. K. Geol. Eeichsanst, XXXVI, 1886, p. 672.

-Xeiies Jahrl). Min. Geol. Pal., I, 1892, p. 69; Verhandl. (Zapiski) Kuss. Kais. :\Iin.

Gesell., St. Petersburg, 2d sen, XXXII, 1896, p. 17.
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gray quartzitic sandstone containing a large number of specimens of

the '"'Lingula" of Siemiradzki. The shell proves to ])o a true Lin-

gulella. In the same piece of rock an obscure form of Oholus occurs

that may be a medium-sized Oholus ajwlli/ihw I take pleasure in

naming the Lingulella after its discoverer, Dr. Siemiradzki.

Formation and locality.—Middle Cambrian, Quartzitic sandstone.

Pepper Mountains, near Sandomir on tlie Vistula, Russian Poland.

OBOLUS (LINGULELLA) WINONA var. CONVEXUS.

A small, relatively convex shell occurs abundantly in the Inown
sandstones at Osceola Mills,Wisconsin, that appears to l)e an interme-

diate form between O. (Z.) vnnona and 0. (Z.) mosia. It differs from
O. (Z.) mosia in being a shorter shell, and from O. (Z.) irinona in the

more regularly ovate to semicircular dorsal vah'e and more acuminate

ventral valve.

Observations.—The group of shells represented by <>. (Z.) vnnona.,

mosia., and their varieties appear to range from the Middle Cambrian
beds of Hudson up and into the Upper Camljrian beds of Osceola

Mills, etc. There is so much variety of form, owing to the different

conditions of preservation, that it is very difficult to always be sure of

the correctness of the specific reference. The variety convexus may be

only the uncompressed form of O. (Z.) irinona. which is usualh" flat-

tened in the shaly sandstones, or it may be a distinct species that from
the material available for comparison can not l)e clearly determined.

Fm'mation and locality.—Upper Cambrian. St. Croix sandstone,

Osceola Mills, Menomonee, Prairie du Sac, Wisconsin. Middle Cam-
brian, Hudson, and Trempealeau, Wisconsin.

WESTONIA. new subgenus of OBOLUS.

Ovate, with ventral valve slightly acuminate; area of ventral valve

strongly defined and divided bv a relatively large pedicle groove.

Surface marked by concentric and radiating stria^ that are crossed

by transverse, semiimbricating, "ripple-embossed" lines. As far as

known the muscle scars and vascular markings are essentially the same
as in Obolus.

• Eight species are referred to Westonia

—

Oholus
{
11') aurora. O. ( If')

stoneanus., 0. (IF!) rogersi, 0. {W.f) lamellosas Barr, 0. (IT) escaso7ii

Matthew. 0. (W.) ella, 0. {W.) euglyj^hus^ and 0. (IF.) r/oarrensis.

They all have transverse, irregular, elevated lines; that in O. (W.)

stoneanas and 0. (11") r<Kjir^i have two or three sharp undulations

near the median line and in O. ( ir) aurora many short and more or

less irregular undulations on the entire central portion of the shell.

Beyond the short, central undulations, more or less wavelike, long

undulations extend to the sides of the valve, usually with a slight back-

ward curvature toward the margin.
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OBOLUS (LINGULEPIS) GREGWA Matthew.

Lingulella gregwa Matthew, Bull. Xat. Hist. Soc, Ne\vBrun.s\vick, 1899, IV, p. 199,

pi. I, figs. la-f.

Lingulella tnmiila ^Iatthew, Bull. Xat. Hist. Soc, Xew Brunswick, l!S99, ji. 200, pi.

I, tigs. 2a-c.

Leptobolus atavui^ Matthew, Bull. Xat. Hist. Sue, Xew Brunswick, 1S99, ji. 200, jil.

II, figs. la-f.

General form elono-ate ovate, with the ventral valve acuminate and

dorsal valve ovate-triangular in outline. The outlines of the valve.s

var}", as shown by a series of specimens. The convexity of the valves

varies with the condition of preservation. Those from the sandstone

are rather strongly convex, while in the shale they are very nmch
compressed. On the dorsal valve of most 3'oung shells there is a

marked and rather broad, shallow sinus extending- from the umbo to

the front, where it flattens out. One of the largest ventral valves has

a length of 21 mm. , with a width of 18 mm. A dorsal valve 16 mm. in

width has the same length; other examples are a little wider than long.

Surface of the shell marked by concentric strias and undulations of

growth, over which there is a series of very fine, elevated, sharph^ undu-

lating and inosculating lines that form a minute, irregular network

over the surface, very much like that of O. {Lingulella) ella. Where
the lines are strongly elevated the eflect is that of a minutely granu-

lose surface. When the thin outer la3'er of the shell is exfoliated the

surfaces of the various inner la3"ers is minuteh" granulose in addition

to the flattened, radiating strijfi and concentric lines of growth. The
interior surface of both valves is often marked by concentric rows of

strong pits or puncta?, very much as in O. {Lingulella) davlsL In

some specimens the lines of puncto? extend over the surface of the

visceral cavity so as to obscure the vascular markings and muscle scars.

In some examples only a few scattered puncta3 occur, while in others

the}^ are present over nearly the entire surface. The small shells are

thin, but the larger ones arc built up of a very thin outer laj^er and

several inner layers or lamellte that are more or less oblique to the outer

surface, especially over the anterior and lateral portions of the shell.

The plane of the cardinal area of the ventral valve is nearly coinci-

dent near its edges with the edge of the shell. The area is long and

extends well forward on the cardinal slope. It is divided midwa}^ by

a narrow, rounded, deep pedicle furrow, and about halfwa}" between

the pedicle furrow and the lateral margins by an unusually well-defined

flexure line which is in line with the main vascular furrows of the inte-

rior of the valves; fine stria? of growth cross the area and arch around

the pedicle furrow parallel to the base of the area. There is practi-

cally no undercut beneath the area except near the flexure line at the

frontal margin of the area. The arx^a of the dorsal valve is short,

narrow, and crossed by fine lines of growth parallel to its base.

i
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The cast of the visceral cavitj^ in the ventral valve shows it to have

been relatively small and usually confined to the posterior half of the

shell, although when the shell is laterally compressed it may ))c drawn
out to the center of the valve, as in the specimen illustrated ])y Dr.

G. F. Matthew. There are no traces of a median septum in the \'entral

valve; in the dorsal valve a slightly elevated median line occurs at the

bottom of the groove between the central uuiscle scars, that extends

forward to the anterior margin of the visceral cavity ])eyond the

anterior lateral muscle scars. The visceral cavit}' of the ventral valve

extends forward to about the center; in some shells it is back of the

center, and in others a little in front. It A-aries in width and outline

very much as the shells vary, being wide in broad shells and narrow
in elongate forms.

The markings left on the shell by the vascular sj'stem are very strong,

and beautifully preserved in some portions. In some shells there is a

double groove with a slight ridge between; in others the rido-e is larg-e,

onh' a trace of an outer groove remaining; in some young shells the

grove is broad and shallow; in all shells the large size of the main
vessels is shown by the broad, strong grooves or ridges left on the

shell. It frequently happens that the deeplv indented lines of pits on

the lines of growth deeply indent the grooves and rounded ridges left

by the main vessels and mark them off into sections. The interior

and lateral vessels left narrow but strong grooves or ridges on the shell,

which, however, are usually obscured by the strong pitting of the

surface. The parietal scar surrounds the visceral cavity in each valve,

crosses the course of the main vascular vessels, and comes back around

the spaces occupied by the muscle scars, terminating at the edge of

the area at the flexure in the ventral valve; termination unknown on

the dorsal valve.

Some of the muscle scars are finely shown in the dorsal valve and
fairly well in the ventral. The luubonal scar of the ventral valve is

divided, the pedicle scar l)eing situated between the two parts. In the

dorsal valve the umbonal scar is close to the area and extends nearl}^

as far each side of the median line as the length of the area.

The scars of the central muscles in the ventral valve are crowded in

with the middle and outside laterals within the trapezoidal space. In

the dorsal valve the}" are located on a low ridge each side of a central,

longitvidinai median depression; they are_ elongate oval in outline,

their major axis being subparallel to the median line of the shell; line

longitudinal lines cross the scars in the best preserved specimens; the

ridge on which the central scars occur varies in strength, but it

appears to be present in all adult shells; it narrows gradualh' poste-

riorly and rather rapidlj^ to the inner side of the anterior lateral muscle

.scars. The anterior laterals of the ventral valve are placed well ])ack

on the narrow space between the edge of the area and the main Aascu-
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lar sinus; they are elong-ate and rather laro'e; in the dorsal valve they

are elong-ate, with the major axis inclining- forward toward the median

line. The middle and outside laterals are situated in the trapezoidal

area of the ventral valve, but neither is clearly separal)le from the

other or from the central scars. In the dorsal valve the position of

"the middle and outside laterals is shown, but not their form or size.

The transmedian sears in the ventral ^ah'e are seen just back of the

anterior laterals, 1)ut they have not been ol)served in the dorsal valve,

owing to the imperfections of the shell.

()hservat!o)if<.—This appears to be a representative of (K (Z.) iKumi-

natm^ which is so abundant in the Middle Cambrian of the Upper Mis-

sissippi Valle}" and the passage l)eds l)etween the Caml)rian and Ordo-

vician adjoining the Adirondack Mountains of New York. It differs

from that specdes in its greater average Avidth and in its surface char-

acters.

Mr. Matthew's illustrations are diagrannnatic and drawn from com-

pressed, impei-fect material. With a large series of well-preserved

specimens T iind that the species does not depart materially from the

typical O. {LuKjulej)!^) (icxm hiatus. ]\Ir. ^Matthew referred the species

to a pre-Cand)rian famia, but in collections made by Mr. S. Ward
Loper it occurs on slabs of siliceous shale and sandstone associated

with heads and fragments of Paradoxides.

L/iujiilrlhr til III /(la Matthew is founded on a longitudinally com-

press(Kl and distorted ventral valve of this species. A number of such

in various stages of transition between the two forms occur in the

U. S. National Museum collections.

Li'ptdhohM atavuH Matthew appears to l)e founded on the 3"oimg- of

O. (Z.) gregvxL There is a transition in form between the tvpes of

Leptoholus atarn.^ and the nndoubt(Ml forms of (K (Z.) (jregioa.

This is one of the most interesting- species I have seen. 15y its

coarsely pitted inner surface it recalls O. {Lingalella) (hivisi of Eng-

land, and (K {Luigiilrlla) irilUs! of tht^, southern Appalachians. The

elongate ventral valve is like that of O. {LuiguJrqi/x) acuin hiatus, while

the interior scars and markings are those of ()l)olus.

Foi'iiiatioii ami locality.— Middle Caml)rian. Paradoxides beds.

Siliceous shale and thin-l)edded sandstones west side of ]McLean P)rooiv.

above Marion bridge road, Salmon Hlver, (lillis Hill. 13 miles south

of Marion l)ridge, Cape Breton Island, Nova Scotia.

Subgenus ACRITIS.

OBOLUS (ACRITIS'.') RUGATUS, new species.

The concentric surface lines which ari> the characteristic feature of

this shell are of the same type as those of <>. {Acritis) aiifiquwsriinis^

although nmch coarser, andare prominenton the postero-lateral margins

in much the same manner. It is a very rare form, only one s})ecimen
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having- been collected, although the l)eds in which it occurs were very

thoroughlv searched during the survey of the Eurei<a mine district.

Fnrniatton, and /ocaliti/.—\J\:)\:)ev portion oi" the ^Middle ( ainl)riaii

sliidy limestone in Secret Can3'on shale, Secret Canyon, Kui-cka Dis-

trict, Nevada.

CAMBRIAN BRACHIOPODS OF SARDINIA.

Dr. J. G. Borncmaiui has illustrated several species of hrachiopods

that occur in association with C'anil)rian types of trilobites. \lo iden-

tities, most of tluMu with well-known Ordovician species of Kiiropc*.

The most abundant is a species that is identified as LlmjuJa (i/lriH«if<i of

Sower1)v, Avhich occurs in the middle and upper portions of the Ordo-

vician fauna. It rcM-alls by its form such American Cambrian species

as (JhohiH {L(/i(/u/ejM.s) (icnruindtus and Oholx.^ {LtiujiilrUjt) (icntaivnilm.

It resembles L!n<jtihi uttenuatu in outline, but it is highly improbable

that a species of this character should exist from Middle (luubrian

time to ^Middle Ordovician tinu>. The same is true of two other spe-

(^iey—one doubtfully identified as Lhujnhi rouauUi Salter; another as

L'nKjnhi pctaloii 1 licks.

The shell named LuKjuhi Jidirhr! Koualt i is too imperfect for either

generic or specilic identification. In size and form it suggests Mick-

witzia. Another form, oholella f sp., is probably the same as the

shells referred to Lhigula jh-falon. The study of specimens received

from Dr. l^ornemann, and the figures given by him as Oholella crassa

llall, lead to the conclusion that the reference to the genus and spe-

cies is incorrect. The identification of Kntrmj/na clugulata Billings

appears to be correct as to genus, but probably not so as to species.

The bfachiopod fauna of the Cambrian of Sardinia, as described in

this memoir, is as follows:

Obolus {Lingulella) hornemauni Walcott.

Obolus (.«') meneghini Walcott.

Obolus {?) zuppi f Walcott.

Katorijina sardinlensis Walcott.

MickwUzid ? Hp. ?




