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est height of the shell a short distance behind the beak, near the
end of the dorsal angulation. Surface marked by faint radiating
striee on the body of the shell.

Weasurements.—Length, 434 mm.; greatest transverse diameter,
44 mm.; greatest convexity 16-+ mm.; height from beak to base,
12 mm. (?).

This species is a very near relative of H. fastigieta Barrande, of
the Bolhemian Lower Devonic (Etage G.). That species has a
more strongly arching slope above the beak which is nearer the
base of the shell. TIn other respects, so far as our specimen permits
of comparison, the two are identical. (See Barrande; Gastropodes,
by Perner, pl. 123.)

Horizon and locality.—In the Amherstburg dolomite of the De-
-iroit river region. One specimen.

CEPHALOPODA.

Genus ORTHOCERAS.
110. ORTHOCERAS c¢f. TRUSITUM Clarke and Ruedemann.

Shell small, nearly ecylindrical; diameter 7.5 mm. Surface
smooth. Sutures separated from 1.8 to 2.2 mm.; septa strongly
concave, concavity about 1.5 mm. Siphuncle central, diameter
about 1.8 mm. These specimens are provisionally referred to the
above species with the young of which they seem to agree pretty
closely. 'The species is common in the Guelph of western New
York.

Horizon and locelities.—In the Lucas dolomite of the Patrick

quarry on Grosse Isle. Two fragments, (20024, 20028). The -

species occurs in the Guelph and in the Cobleskill.

Genus DAWSONOCERAS Hyatt.
111, DAWSONOCERAS ANNULATUM (Sowerby) var. AMERICANUM Foord.
(Plate XXVIIT, Fig. 8; Plate XXIX, Fig. 1.)

This charaecteristic Siluric species is represented by several frag-
ments in the brown Amherstburg dolomite of the Upper Monroe.
It corresponds well in general characters to a specimen figured
by Clarke and Ruedemann from the Lower Shelby dolomite
(Guelph). (Guelph Fauna, pl. II, figz. 1). The greatest diameter
of the specimen, which is somewhat compressed, is 22 mm. The
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distance between the tops of the annuli varies from 16 to 17 mm.
On one of the molds of the exterior there are indications of septal
sutures which are 1.4 to 2.6 mm. apart. The length of the largest
fragment is 90 mm. The surface markings are not preserved.

Horigon and locality.—In the Amherstburg dolomite of the De-
troit river, opposite Amerstburg, Ont. Rev. Thomas Nattress coli.
The form also occurs in the Guelph.

Genus CYRTOCERAS.
CYCLOSTOMICERAS,
112. CYRTOCERAS (CYCLOSTOMICERAS) ORODES Billings.
(Plate XXVIII, Figs. 6-7; Plate XXIX, Figs. 2-3.)
1865. Cyrtoceras orodes Billings. Tal. Fossils, Vol. I, p. 162.
1895. COyrtoceras orodes Whiteaves. Pal. Fossils, Vol. I11, Pt.
2, p. 103, pl. 14, figs. 7-9.
1903. Cyrtoceras orodes Clarke and Ruedemann. Guelph Fauna
in the State of N. Y. Mem. N. Y. State Mus. 5, p. 88,
pl. 15, fig. 3-11.

Original description—“Section nearly circular, the dorso-ventral
diameter slightly greater than the lateral. Aperture 15 lines in
diameter; shell at 9 lines from the aperture, 11 lines in diameter;
depth of chamber of habitation 9 lines. The septate portion of the
specimen is 21 lines in length measured on the ventral side, and
in that distance there are 12 septa. The specimen is so gently
curved that in a length of 30 lines the arch formed by the ventral
outline is only 5 lines in height in the middle.

“This shell differs from . orestes in being more gently curved,
and in having the aperture expanded.”

The original specimen came from the Guelph of New Hope, Ont.
Whiteaves describes other specimens from the Guelph of Durham.
He adds to the description the fact that the siphuncle “is evidently
exogastric and situated close to the margin of the venter.” Clarke
and Ruedemann found a number of specimens of this species in
the Lower Shelby dolomite (Guelph) of Rochester, N. Y. Our
specimens agree closely with those from the New York Guelph and
with the type specimen. The section of the young shell is nearly
circular, that of the adult becoming slightly compressed. The
curvature is a very gentle one, while the divergence of the sides
is such that the fransverse diameter is doubled in a length of
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about 33 mm.  Septa 1.5 mm. apart in the younger, and 2.5 to 3
min. apart in ithe older portion of the shell: moderately concave,
the concavity being about 3 min.; diameter of siphuncle 3.3 mm.
where the diameter of the shell is 15 mm.

In the adult (or old age?) the septa become more closely
crowded.  Thus in a characteristic specimen the interval between
the seventh and sixth septum from the living chamber is 2.8 mm.;
between the sixth and fifth it is 2.4 mm., while the interval from the
fifth to the first inclusive is only 3 mi., or on the average .75 mm.
between the last five septa. Tn the best preserved specimen about
20 mm. of the living chamber are shown, the diameter increasing
somewhat lesg than in the earlier portions.

Horizon and locality—In the Amherstburg or transition layer

from the Detroit river. It also ocenrs not uncommonly in - the
Raisin river beds of the salt shaft between 87 and 98 feet below the
Sylvania. It occurs in the Guelph of New York and Ontario. Rev.
Thowmas Nattress coll.

Genus POTERIOCERAS McCoy.
118, TOTERIOCERAS ef. SAURIDEXNS Clarke & Ruedemann.
(Plate XXIX, Fig. 4.)
1903.  CI. Poteriocerus sauridense Clarke and Ruedeman. Guelph
Fauna, Mem. 5, N. Y. State Mus, p. 83, pL. 14

Among the material from the Upper Anderdon ol the Detroit
river (Natlress colleetion) is a single specimen of a fragment of
the internal mold of the living chanber and one of the camerae or
air chambers of a brevieonic cyrfoceracone, which scems to agree
in all respects with those figured by Clarke and Ruedemann from
the Lower Shelby bed (Guelph) of western New York. The mold
is subcireunlar in section, the ventral border being flattened to a.
somewhat larger radius. The living chamber widens slightly to
about one-third the lengih and then becomes contracted on the
venfral and lateral sides until the aperture is less than at the
base of the living chamber, after which slight expansion again
occurs. The dorsal surface is regularly curved. As a consequence
the aperture is dorsoventrally compressed. Last camera exceed-
ingly shallow, almost wedge-shaped at the ventral border, the
lateral margins faintly crenulate, the crenulations continuing on
the mold of the living chamber as short longitudinal grooves.
Siphunéle not preserved. '

THE MONROE FORMATION. 199

Although only a fragment has been found, the characteristics of
this species are so marked that there is little question of the iden-
tity of our fragment with this Guelph species.  1Jere, as in New
York, it is associated with the preceding.

Horizon and localitics.—Amherstburg dolomite, Detroit river,
opposite Ambersthurg, Ont. Rev. T. Nattress coll.  Also Guelph of
New York.

Genus TROCHOCERAS Hall
114. TROCIOCERAS. GEBIIARDI Hall.
(Plate XXXI, Fig. 8 ah)
1852.  Trochoceras gebhardi, Tall, Pal. of N. Y., Vol. I, p. 335,
pl. 77, fig. 2; pl. T7a, figs. 1 a-d. }
1900.  Trochoceras gebhardi, Ilall, Grabau. Bull. Geol. Soc.
Am., Vol. XI, p. 871, pl. 21, fig. 3 a-b.

Grabaws description—“This species originally described from
the Coralline limestone of Schoharie county is represented by sev-
eral specimens from the Manlius limestone (Akron dolomite) of
Irie county. A very perfect specimen (pl. 21, [25], fig. 3 ab)
sptained by Messes. Vogt and  Piper from  the cement quarries
(Buftalo), preserves about four and one-half volutions, several be-
ing broken away at the apex. The shell has the aspect of a large gas-
tropod with rounded, strongly embracing whorls. The umbilicus is
wide and deep, the margin angular, cross section of body whorl ir-
regularly subhemispherical. The apical angle of the spive ix 607, the
sutares being moderately depressed below the outline.  No septa
are shown. In a specimen from Williamsville, referred to this
species, the surface of the shell is marked with fine erowded lines
of growth. No other surface ornamentation is shown,

“Greatest diameter of the spire of the illustrated specimen, 75
mm. Thig is about a volution younger than the type specimens,
with which it agrees in all the points which admit of comparison.
Where the body whorl has a height of 45 mmne., the umbilicas has a
diameter of 30 mn.

“In addition to the fine specimen obtained from Buffalo, a num-
ber of compressed portions of whorls have been obtained from
this rock at Williamsville. These are in the state collection at
Albany and appear to represent older and larger individuals. The
fact that septa arve not visible does not render the identification
doubtful, as the form of the shell is very characteristic. The
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greater portions of the type specimens from Schoharie show no
septa.”’

Horizon and localities—In the Akron (Builhead) dolomite of
Buffalo and Williamsville and the Cobleskill (Coralline) lime-
stone of Schoharie.

115. TROCHOCERAS ANDERDONENSE sp. nov.
(Plate XXVIII, Fig. 9; I’late XXIX, Figs. 56.)

Shell a low spire of about 5 whorls loosely embracing and leav-
ing a very wide umbilicus open to the apex; whorls rounded,
smooth, with nearly circular eross section and apparently not in-
dented by the preceding whorl; slowly increasing in diameter.
Septa strongly concave 1.8 mm. apart where the transverse diameter
of the whorl is 10.5 mm. and the vertical diameter 9.5; apical
angle 134°; height about 35 or 40 mm.; basal diameter about 70
mn. ; diameter of umbilicus about 35 mm.; diameter of final whorl
21 mm. Siphuncle excentric—nearer the ventro-lateral (outer)
margin, with a diameter on the septuin of 1.7 mm., where the whorl
has a maximum diameter of 10.5. Structure of siphuncle in
camera not observed. A

This species is of the form of 7. priscum Barrande of Ftage T,
the Upper Siluric of Bohemia, though the spire is somewhat higher.
Whether or not our species possess the moniliform siphuncle of
the Bohemian form is not ascertainable on the only specimen
known. 1If this should prove to be the case the two species must be
regarded as representative in the faunas. It differs from 7. Geb-
hardi of the Cobleskill in its much broader apical angle, and in the
circular cross-section of the whorls; the umbilical angulation of
T. gebhardi being absent. Hall (Pal. N. Y., ITI, p. 337) mentions
the occurrence of a more depressed species in the Coralline
(Cobleskill) of Schoharie, but this has never been described.

On the external mold of the shell lines of growth are observable
which gently arch forward on the outer lateral margins of the
whorls.

Horizon and locality.—Associated with Conocardium monroicum
and Spirifer modestoides in the brown dolomite or Amhersthurg
bed of the Monroe in the Detroit river opposite Amherstburg. Rev.
Thos. Nattress, B. A., collector.
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ANNELIDA.

Genus SPIRORBIS Daudin.
116. SPIRORBIS LAXUS Hall
(Plate XV, Fig. 12.)
1859. Spirorbis lawus Mall, Pal. N. Y., Vol. 111, p. 349, pl. 54, fig.

18 a-e.
1900.  Spirorbis larus Sherzer, Geol. Sur. Mich., Vol. VII, Pt. 1,
p. 225.

Shell small, normally forming a regular coil which is broadly
umbilicated, but often also coiling loosely or irregularly to almost
complete non-volution. Tubes circular in cross section, .6 mm. in
diameter or less. Generally from two to three coils occur, the tube
enlarging but slightly. Transverse ridges are generally developed
though these are weaker than in the specimens from the Manlius
limestone of New York.

Horizon and localities.—In the Raisin river dolomite of the New-
port, and Monroe quarries, also at Little Lake and Little Sink.
At the last locality the tubes are said to be coarser. It is often
extremely abundant but occurs mainly as external molds. It
occurs in the salt shaft between 118 and 120 feet below the Syl-
vania. It was originally described from the Manlius of New York.

Genus CORNULITES Schlotheim.
117. CORNULITES ARCUATUS Conrad.
(Plate XXII, Pigs. 4-6.)

1842. Cornulites arcuatus Conrad, Acad. Nat. Seci. Journ., Vol.

VIIIL, p. 276, pl. 17, fig. 8. '
1903. Cornulites arcuuatus Conrad, Clarke & Reudemann, Mem.
N. Y. State Mus. 5, Guelph Fauna, p. 105, pl. IV, figs. 1-5.
Tube small, rapidly tapering basal portion in the only specimen
seen, curved almost at right angles. Annulations about 10. In
the internal mold the surface slopes gently outward and then sud-
denly contracts, so that the two surfaces are nearly at right angles.
Sections becoming smaller toward the curved end; slightly irregu-
lar at the point of curvature. The only specimen in the collection,
an internal mold, shows somewhat more of a tapering on the tube
as a whole than is shown in most of the specimens figured by Clarke

26
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and Ruedemanu from the Guelph of western New York., In this
respect our specimen agrees more closely with fig. 1 of Clarke and
ducdemann, but that specimen is not curved at the base. Length
about 7 mm.; diaaseter of tube at aperture 2.3 mm.

Horizon and localitics—In the brown Amherstburg dolomite of
the Detroit river bed. opposite Amherstburg, Ont.  One infernal
mold. The species is described by Clavke and Ruedemann from the

Guelph of western New York.

OSTRACODA.

Genus LEPERDITIA Rouault.
118, LEPERDITIA SCALARIS (Jones) Grabau.
(Plate XXXII, Fig. 6 a-d.)
1858, Leperditio gibbera var. scalaris Jones.  Annals and Maga-
zine of Nat. IHist., 3rd series, Vol. 1V, p. 250, pl. 10,
fig. 7 a-b, 10 a-b, 11.
16960, Leperidite scalaris (Jones), Graban, Bull. Geol. Soc. A,
Vol. 11, p. 871372, pl. 22, fig. 6 a-d.
1010.  Leperditie scalaris Graban & Shimer, North American
Index Fossils, Vol. 11. p. 340, fig. 1655.

Graban's description—The general outline of the carapace is
pean-shaped, as in Leperiditia generally.  The greatest height is
posterior to the middle. IHinge line straight, about two-thirds the
length of the carapace, terminating anteriorly in an obtuse, slightly
salient angle. TPosterior extremity of hinge line likewise salient,
with the posterior border below it uniformly rounded on a short
sadiug.  Anterior dorsal margin sloping off abruptly, making an
angle of about 1309 with the hinge line. Anterior end nasate, ob-
tusely rounded. Basal margin a uniformly asynmmetrie  curve,
more convex in the posterior portion of the shell.

“A distinet marginal border or fold oceurs on both anterior aud
posterior ends, the former being the stronger and the best defined.
It is well flattened, with the margin sometimes slightly elevated.
Oceular tubercle about a third the length of the carapace from the
anterior end and about a fourth of the height below the dorsal
margin.,  The longitudinal contour is a flattened curve, rather
more convex in the anterior third and becoming abrupt near the
ends. Dorso-ventral contour an asymmetric curve, flatter near the
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hinge line and abruptly incurved at the ventral border. The ven-
tral border of the right valve overlaps that of the left valve. which
is abruptly flattened.

“In the left valve cccurs a strong, elongated fold or nodule
situated just below the hinge line in the posierior half of the carva-
pace. 1t beging about midway of the length of the hinge line and
extends backward to half way between the center and the posterior
end thus equaling in length about a fourth of the hinge line. This
fold is accentuated by an abrupt depression of the valve below it,
the fold thus becoming strongly pronounced below, but g'mding
into the upper slope of the valves. This fold or “dorsal hump” is
wanting in the right valve. Surface smooth. A perfect right valve
measures; Length 11.5 mm.; height 7.5 mm.; hinge 9 mm.; greatest
convexity 2.5 mu.  Another measures 12x7 mm., with hinge line
8 mm. long. Another measures 11.5x6.5 mm. Three left valves
from Williamsville measure respectively 10.5x5.5 mm., 9.2x5 mm.,
and 8.5x4.5 mm.”

Horizon and localities.—Jones’ original specimens were obtained
by Charles Lyell from the “Waterline rock” of Williamsville. - This
is unquestionably the Bullhead or Akron dolomite, in which this
species occurs abundantly, not only in Williamsville but elsewhere
in Krie county, New York. The species is reported by Jones from
black limestone of the “Scalent group” of Pennsylvania and it has
been found in the dark calcilutites or waterlimes of other parts of
New York. It algo occurs in the Cobleskill Hmestone of Iligh
Falls, Ulster county, New York. The species has nol been re
corded go far in any of the other outcrops of the Upper Monvoe,
in Michigan, Ohioc or Canada but will probably be found in the
Amherstburg or Anderdon.

119, LEPERDITIA ANGULIFERA Whitfield.
(Piate XX, IFigs. 28-30.)

1882, March. Leperditic angulifere YWhitfield, Ann. N, Y. Acad.
Sci., p. 196; ibid, Vol. V, 1891, p. 518, pl. 5, figs. 28-30,
and Geol. of Obio, Vol. VII, 1893, p. 418419, pl. 1, fig.
28-30.

1910. Leperditic angulifera Grabau & Shimer, North Am. Tu-
dex TFossils, Vol. I1, p. 340, fig. 1654.

Whitfield’s original description—“Carpace of medium size, hav-
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ing a length, in adult individuals, of about threc-eighths of an
inch, by a height of one-fourth of an inch in the broadest part.
General form of the outline broadly subovate and widest poster:
iorly; hinge-line straight, equal in length to two-thirds that of the
entire valve; anterior end a little the shortest, narrowly round-
"ing into the broadly-curved basal line; posterior end broadly
rounded. Surface of the carpace highly elevated and prominent,
forming a. strong, somewhat angular, longitudinal node just within
the basal margin, and near the middle of the length. From this
point the surface slopes somewhat gradually upward to the hinge-
line, with a barely perceptible convexity, except on the anfterior
end, where it is more strongly convex, and characterized by a
rather prominent and well marked occular fubercle. Irom the
angular node near the lower margin, there is, on well-preserved
individuals, a perceptible angulation, extending along the surface
to the point of greatest length on the anterior end, and a similar
one, but less strongly marked, on the posterior side. There is no
perceptible difference in form between the right and the left valves,
each showing the features about equally developed. No appeai-
ance of striations radiating from the ocular tubercles can be de-
tected, neither on the internal casts nor in the matrices; still the
nature of the rock in which they are imbedded is such that very
obscure markings would scarcely be preserved.

This species differs from ILeperditic alte Conrad, of the same
formation, in its larger size, and in the larger and more distinet
eye tubercle, as well as in its slightly different position; but most
distinetly in its subangular ridge-like node, and greater convexity
of the lower border of the valves. This projecting node being situ-
ated near the lower margin, and also being the most prominent
point of the valve, causes the rock to adhere to the more abrupt
sides when fractured, and gives to the valves as they appear upon
the fractured surfaces a very decidedly triangular aspect, entirely
unknown in L. alta.”

Horizon and locality.—Greenfield dolomite, Greenfield, Ohio,
(Whitfield).
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120. LEPERDITIA ALTOIDES nom. nov.
(Pate XXX, Fig. 27.)
1801, Leperditie alte (Conrad) Whitfield. Ann. N. Y. Acad.
Sci., Vol V, p. 517, pl. 3, fig. 27, and Geol. Ohio, Vol.
V11, 1893, p. 417-418, pl. 1, fig. 27,

Whitfield’s original description—“Valves of the carpace trans
versely subovate, widest posterior to the middle and narrowed in
front, the proportional height and ]ength‘being somewhat variable,
but are usually about as two to three. Hinge-line straight, nearly
two-thirds as long as the entire valve, extremities salient. Anter-
jor end of the valves narrowly rounded and the posterior extrem-
ity broadly curved; basal line curved but with a scarcely percept-
ible angularity just posterior to the middle of the length. Surface
prominently convex and a little the fullest anterior to the middle;
ocular tubercle small, situated a little below and just behind the
anterior extremity of the hinge-line. Lower margin of the valve
slightly inflected, and in some cases the posterior margin appears
to have been bordered by a slightly thickened rim.

“The individuals examined are either internal casts or impres-
sions of the exterior, owing to which fact the finer surface features
of the crust cannot be definitely ascertained; enough is seen, how-
ever, to show its identity with those from the Tentaculite limestone
of New York. The species as described by Mr. F. B. Meek, in-
cludes this and the following one, which are very distinct species,
the differences being very strongly marked in the great prominence
of the lower part of the valves of that one, and its strongly sub-
angular form as well as in its greater size. The principle variation
noticed among the individuals of this species, iz in the greater
proportional length of some of them, producing a cylindrical form.
This feature is, however, seen occasionally among those from Scho-
harie, N. Y., but does not appear to be worthy of specific considera-
tion.” . '

This species is larger than typical L. alta (Conrad) of the Man-
lius limestone, its hinge line is proportionately shorter than in
that species and the difference in height between the anterior and
posterior ends is more marked.

Horizon and localities.—Lower Monroe formation of Bellevue,
Sandusky county, Ohio. Also in Greenfield dolomite of Greenfield
and Ballville, Ohio.
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121, LEPERDITIA ALTA (Conrad).
1859, Leperditie alie (Conrad) Hall. Pal. N, Y., Vol. 111, p.
373,
1910, Leperditia alta (Conrad) Grabaun & Shimer, North Ameri-
can Index Fossils, Vol, 11, p. 341,

This common Upper Siluric species seems to be well represented
in the lower Monroe beds. It is characterized by its small size,
strong convexity and similarity of valves, with the eye tubercle
one-fourth the shell-length from the anterior and the dorsal mar-
gin.

Horizon and locelitics.~—In the Put-in-Bay dolomite of ILake
Erie, and the Manlius limestone of New York, ete.

Genus KLOEDENIA Jones and Holl.
122. KLOEDENIA MONROENSIS sp. nov.
_ (Plate XV, Fig. 11.)
1903. Compare Beyrichie sussceensis Weller, Pal. N. J., Vol.
III, p. 253, pl. 23, figs. 3-4.

A single carapace from tlie Raisin River beds agrees in its gen-
eral features with Weller's s Beyrichia sussercnsis, but shows some
important differences which require its removal to a new species.
The hinge-line is proportionately somewhat shorter, being about
cight-tenths the entire length of the shell. The anterior end is some-
what lower than the posterior and the anterior border forms a
rectangle with the hinge line, whereas the posterior border is
curved to the hinge line. 'The dorsal grooves or sulci are about
equally spaced, dividing that portion of the shell into three nearly
equal lobes, whereas in Weller’s species the posterior lobe is at
the center of the shell. No conmecting suleus has been observed.

Measurements of a characteristic specimen give:—length 8 mm.
greatest height 1.9 mm.

Horizon and locality. In the Raisin river calcilutites of the
Newport quarry. Rare. The original of Weller’s species was de-
scribed from the Rondout of New Jersey.

THE JMONROE FORMATION. 207

TRIOBIT. A
Genus PROETUS
123 PROVTUS CRASSIMARGINATUS Hall,
(Plate NX, Figs. 16-18.
INSNC roctus ('1’((.\',\*1'//1ll)‘{/i/((lI"I[.\' Hall and Clarke, Pal. N, Y,
Vol. VI, p. 99, pls. 200 22 and 235,

This (‘]J;l]‘n(‘T(‘]']Sll(‘, Drandee (Rchoharie and Onondaga) species
is represented by a number of individuals from the Amherstburg
dolomite.  The cephalon is represenied by a fragment which shows
the characteristic marginal rim, and large convex glabella, de
limited by pronounced furrows.

A pumber of pygidia show the characteristic features. A very
farge one (over 33.5 mm. long), though crushed, shows 14 rings
to the axis, and the grooves on the Iimb are well developed in the
anterior part but become obsolete posterior-wards. The pleural
erooves become obsolete on the border which is 6.4 mm. wide, and
of which the outer part (3.7 mm.) forms a prominent marginal
rim which descends abruptly on the inside.

Another large pygidium 20.5 mm. long, 24 mm. wide at anterior
end, shows a very narrow marginal rim, which is about 2 mm.
wide in the anterior portion, but becomes narrower posteriorly
until it is little more than L mm. wide. The pleural grooves come
within about I mm. of the marginal rim, but there is no broad
pronounced depression as in the previously described specimen.
The nunber of recognizable rings on the axis is 14, but the final
portion (about 4 mm.) is without recognizable rings. The charac-
teristic angulation of the rings is shown. Irom the groove on
either side of the axis the ring passes forward for about one-fourth
the diamefer of the axis. Then it suddenly bends back, and de-
seribes a low, backward curve across the center of the axis.

Horizon end locality—In the brown Amherstburg dolomite of
the Upper Monroe, from the bed of the Detroit river, opposite Am-
herstburg, Ont. Rev. Thomas Nattress coll. It occurs in the Scho-
harie and Onondaga elsewhere,
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MEROSTOMATA.

Genus EURYPTERUS DeKay.
124. LURYPTERUS ERIENSIS Whitfield.
(Plate XXX, Figs. 31-32.)
1882, Mavch.,  Furyptorus eriensis Whitfield.  Ann. N. Y. Acad.
Sci., p. 1965 ibid, Vol. V. p. 515, pl. b, figs. 31-32, and
Geol. of Ohio, Vol. VII, 1893, p. 416-417, pl. 1, figs. 31-32,
1910. Eurypterus criensis (Whitfield) Grabau and Shimer,
North American Index Fossils, Vol. II, p. 407, fig. 1707.

Whitfield’s original description-—“Among the fossils from the
hydraulic limestones of Peach Point, Put-in-Bay Island, Lake Erie,
there are several detached cephalic shields and one body, of a
species of Lurypterus, which is so distinctly different from any of
those described, that it seems necessary to class it as a separate
species. The differences, so far as seen on the parts preserved,
consist in the form of the cephalic plate, in the size and position
of the eye tubercles, and in the proportions of the body as cow-
pared with the known forms. There are undoubtedly other and
more important differences in the appendages, but as these are not
preserved on any of the individuals examined, comparison is ine
possible.

“The cephalic shield is proportianally broader than that of F.
remipes or H. lacustris, and is more regularly rounded or arched
on the anterior border, lacking that subquadrate form charactear-
istic of those species. The eyes are proportionally smaller, and
situated near each other, and also farther forward, as well as being
somewhat more oblique to the longitudinal axis of the body. The
minute ocular points are somewhat larger than in F. remipes, are
situated close together and are nearly opposite the posterior end of
the real eye tubercles; they consist of a pair of distinctly elevated
rings surrounding rather deep, although minute, central depres-
sions; the inner margins of the rings being almost in contact. The
head does not show evidence of having been margined by an ele-
vated or thickened rim, as in those species, but as the specimens
are rather impressions of the inner surface of the external crust
than actual external surfaces (being more properly internal casts,
the substance of the carapace having heen entirely removed), this
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feature may not be properly shown. The lhead-plate more closely
resembles that of L. microphthalmus Hall (Pal. N. Y., vol. 111, p.
407, pl. 80a, fig. 7), from the Tentaculite limestone near Cazenovia,
N. Y, than of any other described species; it differs, however, in
being proportionately much shorter, which gives it a more semi-
circular form. The eye tubercles are also more nearly of the size
of those of that species and similarly situated.

“The thorax closely resembles that of F. remipes in its general
form, but the lower three or four segments are proportionately
shorter, giving the posterior extremity a much more compact char-
acter. The principal distinction between the two species, as shown
by the thorax, exist in a difference of the ornamentation of the
surface, as seen on the specimens used. This consists in the minute
spine-like pustules or pointed granules, marking the surface of the
crust, being arranged in irregular transverse lines across the body,
and parallel to the anterior and posterior margins of the segments,
instead of being irregularly disposed, as in all other species de-
scribed. No indication of the longitudinal rows of larger pustules,
marking the median line of the thoracic segments, can be traced.
Caudal spine not observed.”

Horizon and locality.—In the dolomite calcilutites of the Put-
in-Bay horizon, at Putin-Bay Island. Several specimens. Types
in the collection of Columbia University.

PLANTJZ.

Plant remains of various kinds and of unidentifiable character
have been found in various formations within the Monroe. In the
Greenfield dolomites they occur arranged in radial bunches of sub-
cylindrical stems. In the Raisin river beds of Roche de Boeuf,
Tucas county, Ohio, they occur as similar stems not branching and
not radially arranged. Irom the Akron dolomite of Buffalo, N.
Y., Nematophyton crasswm and Bythotrephis lesquereuxi have been
described. Slender fucoids are also found at Put-in-Bay. In the
Raisin river dolomites long, reed-like plant remains oceur. The
following new species are sufficiently well preserved for descrip-
tion:
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Genus BYTHOTREPHIS Hall.
125, BYTHOTREPUIS CLAVELLOIDER sp. nov.
(Plate XII, Fig. 1.)

Plant consisting of repeatedly dichotomizing cvlindrical stems,
which frequently become slightly thickened towards the obtusely
rounded apex. Branching often incomplete, the branches adhering
for the greater part of their length. Dimmeter of main stemn 4.6
mm. of smallest branch 2 mm. '

This species is of the type of B. rwmosus Hall of the Clinton
group, but branches more rapidly and is less rigid.

Horizon and locality—TIn the Akron (Bull Head) dolomite of
North Buffalo, N. Y.
beds of Michigan.

It may be looked for in the Upper Monroe

Genus SPHAEROCOCCITES Sternberg.
126, SPHAEROCOCCITES (?) GLOMERATUS sp. nov.
(Plate XI, Fig, 1.)

P’lant consisting of numerous fine nearly cylindrical branches
which seem to be caught together in a common center, each plant
forming a bunch an inch or less in diameter, thickest in the centre
and with the somewhat flexuous branches irregularly radiating.
The appearance of jointing in the branches is very common, many
of them appearing as strings of short cylindrical segments. Rarely
is the appearance of bifurcating produced; in no case is it abso-
lutely determinable.

Average thickness of the branches 1 muw.; length of segment in
jointed stem 1.3 mm.; diameter of branch from 18 to 30 mm.

Sometimes the branches are somewhat larger and more scattered,
and occasionally the surface of the slab is covered by dissociated
segments.

The generic reference is provisional.
ably be placed in a new genus.

Horizon and localities—In the Greenfield dolomite, Greenfield,
Ohio. Also the Raisin river dolomite of Roche de Boeuf, Lucas
county, Ohio, and in the same formation in Monroe county, Michi-
gan.

The species should prob-

THE MONROE FORMATION. 211
TABLE IiI.
$ . L1
Elg 2 L&)
S5 5E E]
Showing the Distribution of the Fossils of the B £ N Do J R ’,g-
Monroe Formation. 2|E2 2ol BT
S2lE 2 Hiel|gd
5828 22l
£l |8 5| 5%
Sl (S S|FE
| B
STROMATOPOROIDEA. ! !
1. Clatlorodictyon ostiolatum Nicholson.. ....................... i XX
2. C.ovariolare v. ROSEN ... ..ot e X
3. Stromatopora galtense Dawson. ......... ... ... ... ... X
4. Coenostroma pustulosum Grabau........................... LA '
5. Stylodictyon sherzeri Grabau. ... ... i X i
6. Idiostroma natiressi. Grabau........ ... ... ... 0., I
ANTHOZOA. '
7. Helenterophyllum caliculoides Grabau.. . ..................... R S P X
8. Cyathophyllum thoroldense Lambe........ . ... ... ........... X P DS USSR P AN
9. Cyathophyllum hydraulicum Simpson .. .. .................... PP TS S TS IS O AN O DR O ‘
10. Heliophrentis alternatum Grabau................ ... coovi.. 2IX] )] [T PO O DY G I
11. H. alternatum mut. compressum Grabau...................... CAXT oo e
12. H. allernatum mut. magna Grabau.............cccveeiin... X 1S [P O R S S O DO
13, H. carinata. Grabau............c.ooo oo, 2|
14, Cylindrohelium profundum Grabau.......................... XA o] s
15. C. heliophylloides Grabau. . ... ... ......................... b S PO TN X
16, Cystiphyllum americanum mut. anderdonense Grabau.......... XX IS PO S DA O O S D
17, Acervulari@ sp. .. oo S D4 P Y
18. Synaptophyllum multicoule Hall. ... ......................... XX 1S [P O S D B
19. Deplophyllum integumentum Barrett.. ... ... ................ XX XA
20. Romingeria umbellifera Billings. .. .. ... ... viiin.. X O D D D T
21. Ceratopora regularis Grabau......................... e D4 PO S P D I TR
22, C.tenella (ROMIDEET). ..\ .ot i e e X N T
23. Favosites busaltica mut. nana. Grabau....................... X NG
24. F.rectangularis Grabau.............o i b X] L JOp .
25. F.tuberowdes Grabau. ... ... i X F Y IR O
26. F. concava Grabau. . .....ooo i i X
27. F. of. mazimus Trooste. . ....o.oovi it i, e X LaXE
28. Cladopora bifurcata Grabau............ ... .coeiieniio. XIx|x1..1.. J.da
29, C.cefocervicornis Hall... ... o X .
80. Cladopora sP ... ..o Xlopofoa, ..
31. Syringopora microfundulus Grabau. ... ... ... ... ... .. ...... XX .
32, 8. coopert Grabau. ... ... XL b
33. 8. hismmgeri Billings. ... . XX ..
BRYOZOA.
34, Fenestella sp. Loo oo oo e X
35, Fenestellasp. 2., e X
BRACHIOPODA.
36. Pholidops ef. ovata. Hall .. ... . ... ... ... .......... % Y T B g O XL
37. Schuchertella hydraulica Whitfield. .. ........................ e XX dedode]. .
38. S.anderstriata (Hall). ... . .. XXX X
38. S. amherstburgense Grabau. .............. ... ... . . ... X BN RS Y O
40. Stropheodonta vasculosa Grabau. . ......... ... ............... X .. I I DO D
41. Stropheodonia demissa mut. k iaia. Grabau............. X ..
42, 8. preeplicata Grabau. ........... ... X .. B I RS O
43, Stropheedomia@ sp. ... .o e X
44, Pentamerus pes-ovis. Whitfield. . . ......................... PR S R T D PO I & S S R R S
45, Camarotoechia hydraulica Whitfield.... ... ... ... ......... . XL N P A
46, C. semiplicata Conrad. . ... ... ... ... . XAt g X]
47, Camarotoechia sp. . ....... ... . ... ..
48. Rhynchospira preaformese Grabau,..... ..................... % IO TS O S B N
49, Spirifer eriense Grabau.......... ... R S P CAX.
50. Sp. ohivense Grabau................... ... ... ... R R S I R
51, Spirifer sulcata mut. submersa Grabau....................... XL
52, Sp.modestus Hall........ ... ... ... ... .o X,
53. Prosserella modestoides Grabau,............................. XX
54. P. modestoides mut. depressus Grabau....................... X
55, P.lucasi Grabau. . .o.oviiii i XX




212 THE MONROCE FORMATION. THE MONROE FORMATION. 213
TABLE III.—CoNTINUED. TABLE III.—CoNCLUDED.
' | o I | | ! ]
ST ST
R Slg Y Vg g ! | =
g8z [RREs Clg fepfal 212 L Bl e
Showing the Distribution of the Fossils of the Eles| g REIE B Siiowing the Distribution of the Fossils of the Ens =S1E: e TS
Monroe Formation. Sl3igl 15 moig i 5?} i Monroe Formation. <2 Pl i - E’ =
SiggldiE A sa] e (i 2iEiE|E 22 A=A 5 g
2|55 8lssSiel 2 TIEE wl 5 IS 5 -
A D= A D@ im|o = T = =]
| i i :
56. P, subtransversa Grabait.. ... ..o i i e XX 112, Cyrtoceras (Cyclostomiceras) orodes Billings, ...... .. XL
. P. subtransversa mut. alta Grabau.. ............... XX 113. Poterioceras cf. sauridens Clarke and Ruedemann X1,
58. P. unilamellosus Grabau........... ... Lo X 114, Trochoceras (Mitroceras) gebhardi Hall.. . R
59. P. planisinosus Grabau.. ... oo ] 115. Trochoceras anderdonense Grabau. ... .oocvuvvuvenvenneina.. axd..
. Hipdella (Greenfieldia) whitfieldi Grabau................. ..., A% I S S O O
. H. (Greenfieldia) rostralis Grabau. . ...........coiviiiaanns S P I S S ANNELIDA,
. 1. (Greenfieldia) ? rotundata (Whitfield). ..................0. [P U PO (S D IO
. Whatfieldella nucleolate (Whitfeld). ................ooiit .. cded] 116, Spirorbis lazus Hall.. ..o JIU% NS DU g PR A U R AR PR - U O PN
. TV, prosserd Grabau. «vov v ie i et el X P 117, Cornulites arcuatus Conrad.. ... i ciiiiaiin, XX
. W, subsuleata Grabatl. oo v i e
. W, suleate VANUXEI . o ov i ittt e i iieei s DUV P DU R R R A OSTRACODA. :
s WRHACIAOlA SD . .« o et e e X ] '
. Meristospira michiganense Grabau. . ........cooiiiiiiiiiien. it e 118, Leperditia soalaris JONeS...o.ovv v e e rneiniiaiann.s F T PR R R O RS >~ S AR <0 (S S O I O
. Meristing profunda Grabatl, . ... o oir i iiiiiin i o], 119. L. angulifera Whitfield . JRUY (N OO D S R OO Vg U O D D
. M. profunda mut. sinosus Gra JRUUR TR S DS U < PR S (A RS AR P (A U S AR IO 120, L. alioides Grabau..... e X
. Atrypa reticularis Linn. oo s e X M 121. L.alta Conrad............ X
L 122, Kloedenia monroensis Grabau JRS PP S PO g OO U O S S PO PG O PP
PELECYPODA. : |
TRILOBITA. ;
. is Whi : !
- Panenka tangdensis Whiteaves.......oooooreeeeoe s “”::::'X'::“::::::r::::::'(.):‘_'a 128, Proetus crossimarginatus Hall. .. ... ..ooiieneeeeieiinn R D4 0 T U U0 T DO U O R4 P
. Pobradit Grabau. . .....oooeo oo JRS 0% IS U U O IS DO & DS PRGOS R P O
. Goniophora dubia Hall................. ... ><><| N |
. Gondophora sp...... .. J PP MEROSTOMATA.
g’%ﬁ:}lcgz;bizlgcanadensmGrqbau ............ R I P R S AR Do 124. Eurypterus eriensis Whitfeld. ... A0 U0 U OO DR ¢ O VG DS OO S O O O S
. Modiomorpha P, oo cvviv i s ><! i . ‘
. Conocardium monroicum Grabau Sl e PLANTAE.
| !
i . 125. Bythotrephis clavelloides Grabaw.............ocooiiiiiiinl O O P P I o D Y Y Y Y K P P
GASTROPODA. 126. Sphaerococcites? glomeratus. Grabav. .......oovvvvvviiiinan.. JA R R DO PP ¢ P Y VY U'S PY  POY
. Hormotoma subcarinata Grabau. ... .....ooiviaiin i XX . :
. H. tricarinale Grabau, ... Xio e e a In the Siluric beds of the headquarters of the Saskatchawan River, Canada.
. Solenospira minute (Hall).....o...ooo o i X e b Monroe beds of Mackanic Jsland.
. 8. extenuatum (H‘iu) --------------------------- Kl e ¢ Upper Silurie (Corrigan) formation of Maryland.
. Loxonema parva Grabau....... ... o it ns Ky P d Monroe beds of eastern Wisconsin.
s LoZomema 8D Lo o oo e
o LOTONEMA SPe 2t e e e e
. Holopea subconica Hall ........ ... oo i iiiin D SN N N R
. H, antiqua var pervetuste (Conrad) .........ovveiiiiiiint Xl RN
L Holomea 8De 1. oo v e JOPS I Y S g
CHolopea sp. 2. o e e X .
L Holopea 8D. 8. oo e A R P A D g
. Pleurotrochus tricarinatus Grabau......... ... .. .cooiiiiiat b4 I P R P RN
. Acanthonema holopiformis Grabau.. . XX Aol
. 4. holopiformis mut. obsoleta. Grabau . AX] - T
. A. laza Grabau XX I
97. A. Newberryi Meek)-............ ... X ..
. Strophostylus eyclostomus (Hall.). .............oii see]dX X]..
. Pleuronotus subangulatus Grabau. ... .........coviiiiann, X P !
. Buomphalus cf. fairchildi (Clarke and Ruedemann)........... Xt X
. Eotomari areyi (Clarke and Ruedemann)..............ooo..e. XX, Xl
. Eotomaria galtensis (Billings).. .......coiiviiiiiiiiiiinn XX ? XL
. Eolomari@ sPe. oo eeaneenn e X :
. Lophospira bispiralis (Hall).............coiviiiiiiiines X|X].. XL
. Euomphalopteris cf. valerig (Billings).........cooooiiiiiins Xlotofe LXGX L
. Pleurotomaria cf. velaris Whiteaves.........oovviiiiiiiiienn R X
. Trochonema ovoides Grabau. ... ... oo iiioriiianrainnns XiXi.. A P
. Poleumita cf. crenulata (Clarke and Ruedemann)............. X1 X
. Hercynella canadense Grabau. ....... e X Ao
CEPHALOPODA.
. Orthoceras cf. irusitum (Clarke and Ruedemann).............. b2« A R A O O R R B 4 D
. Dawsonoceras annulatum var. americanum Foord.............. XL XL




CHAPTER V.
STRATIGRAPHIC AND PALLEONTOLOGIC.

SUMMARY OF THE MONROE FORMATION.
BY A. W. GRABATU.

The distribution of the faunas of the various formations is
shown in the preceding tables. Tt will be seen at once that there
are almost no species in common between the Lower and Upper
Monroe; of the few recorded the majority are imperfectly pre-
served and doubtfully identified. This goes far to prove the im-
portance of the hiatus represented by the Sylvania sandstone. The
Lower Monroe.fauna lacks altogether the coral element which is
so large a feature of the Upper Monroe, where 27 species of corals
and 6 species of stromatoporoids are known. The gastropod ele-
ment is likewise almost wanting in the Lower Monroe, only three
or four species occurring, while 24 species occur in the Upper Mon-
roe. Six species of cephalopods representing that number of genera
occur in the Upper Monroe, but only one of these has been found
in the Lower Monroe. Of the 33 species of brachiopods, 18, or a
little over one-half the number, occur in the Upper Monroe. This
includes all the species of the subgenus Prosserella, the Stropheo-
dontas, and a few others while the Whitfieldellas, Spirifers of the
8. cerispus type, and the Meristinas characterize the Lower Monroe.

Such a complete and striking difference in the two faunas is in-
dicative of a pronounced geological break or hiatus, and this is
represented by the desert sands of the Sylvania. It is not saying
too much, that the interval corresponds to several hundred feet of
sedimentation, the unrepresented middle Monroe series being no
doubt of equal magnitude with that of either of the other two
divisions.

THE FAUNAS IN DETAIL.
A. LOWER MONROE.

a. The Greenfield fauna. This fauna at Greenfield, Ohio,
ranges probably through 100 feet of strata, and is found again at
Ballville in northern Ohio. It was formerly identified by the
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author with the Bullhead or Akron fauna of western New York,
but a critical comparison of the actual specimens, preserved in the
collection of Columbia University, shows agreement in few points
only. To begin with, both the cephalopods and the coral clement.
absent from the Lower Monroe, are found in the Akron. At the
same time the Whitfieldella type of brachiopod, the crispus type

of Spirifer, and the ostracods are characteristic of the Akron and -

seem to link it with the Ohio Greenfield. The most characteristic
brachiopod of the Greenfleld fauna Schuchertelle hydraulice finds
its nearest relative in S. interstriate of the Akron. The species
referred to Hindella with a query have their nearest representa-
tion in the Clinton of Ohio, and in the Anticosti group.

From the most abundant and characteristic type, this fauna
may be called the Schuchertelle hydraulica fauna.

b. The Put-in-Bay fauna. This is a typical upper Silurvic fauna.
Spirifer ohioensis and Goniophora dubic are the predominant
types, the latter being the most characteristic, so that the fauna
may well be named the Goniophorae dubie fauna. Both the char-
acteristic species have their nearest analogues in the Manlius lime-
stone. Spirifer ohioensis is a modification of S. vanuzems, both
being probably derived from 8. crispus of the Niagaran. S. ohio-
ensis appears to be intermediate between S. wannuxremi and 8.
crispus.  Goniophorae dubie of the Put-in-Bay beds has not been
differentiated from the species of the Manlius limestone of Scho-
harie to which the name was oviginally applied. The species is
represented by a single impression in the collections from the
Raisin river beds of the Monroe quarries, but by a number of indi-
viduals in the salt shaft. This together with the fact that Whit-
fieldella prosseri occurs in some of the higher beds of Putin-Bay
island, indicates the close relationship between the Put-in-Bay and
Raisin river beds. The common Leperditia of these beds seems to
be identical with L. alta of the Manlius. The presence of Euryp-
terus in these strata side by side with the marine fossils, should
be noted. The genus is most characteristic of the Bertie Water-
lime, but the species most nearly related to if not identical with
B. eriensis of the Monroe, is found in the Manlius of New York.

¢. The Raisin river fauna. The fauna of the Raisin river beds
is another typical upper Siluric fauna. The most characteristic
species is Whitficldella prosseri, which appears to be a derivative

o
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of the Niagavan W. aitide. The characteristic Siluric genus
Meristina is likewise represented in the higher beds of this series
and the little Pholidops identified by eller as I”. ovata, and
occurring in the Upper Siluric (Rondout?) of New Jersey, also
has been found. The identification with Hall’s Helderbergian
species is probably incorrect.  The pelecypods are well repre-
sented by Pterinea lanii, which is abundant and well preserved.
It is a somewhat distant relative of Megainbonie aviculoidew of
the Manlius, with which it has often been identified. Apparently
identical individuals occur in the corresponding strata in Wis-
consin and in southern Pennsylvania. Other pelecypods are a
species of Tellinomya, and a small species of Modiella ??

The gastropods are represented by several specimens, chiefly
Loxonema and Selenospirva, 8. minutum and S. extenuatum being
among those provisionally identified. Holopea also is represented
by one or more species, but the material is too imperfect for abso-
lute identification. These species are represented in the Manlius
Jimestone of eastern New York but the identity of our specimens
is not fully established.

The little Kloedenia sussexensis deseribed by Weller from the
Decker Yerry formation of New Jersey, is represented in this di-
vision by K. monroensis. The worm tube Spirorbis lazus is another
Manlius type abounding in these strata.

On the whole the Lower Monroe faunas are intimately related
to the Upper Siluric (Manlius and Rondout) of eastern New York.
This is especially true of the Putin-Bay and Raisin river beds,
only here the fauna is distributed through at least 300 feet of
strata, while in New York the beds aggregate less than 100 feet.

THE UPPER MONROE FAUNAS.

d. The faunas of the Flatrock, Anderdon and Amberstburg beds.
The faunas of these three beds must be considered together since
they constitute a unit. Its most characteristic feature is its De-
vonic element. If the fauna were considered by itself, it would
probably be pronounced a Schoharie or an Onondaga fauna with-
out a moment’s hesitation, though there is a considerable Siluric
element. The position of this fauna beneath 200 to 250 feet of
the Luecas dolomite with a Siluric fauna, forces us to consider
this as Siluric. A detailed consideration of the fauna will bring

28
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out its relationships. The Stromatoporoids which are wholly con-
fined to this fauna are among its most characteristic elements.
Of these three species Clathrodictyon osleolatum. C. variolarc and
Stromatopore galtense are characteristic Silurie fossils, the first
and third occurring in the Guelph of Canada and New York, and
in the Cobleskill of eastern New York, while the second is a
characteristic Siluric species in Tourope. Two of the remaining
species, however, though new, are of gencra heretofore known only
from mid-Devonic formations. Thus Stylodictyon sherzeri is of
the type of S. columnare, characteristic of the Dundee (Columbus)
limestone of Ohio and elsewhere. Idiostroma nattressi is closely
velated to another small Idiostroma abundant in the Upper
Traverse of Michigan and is also similar to a form of the Kuropean
middle Devonic. The only described American species of that
genus I. cespitosa is a characteristic Upper Traverse species. The
third new species Cenostromae pustulosa, is most nearly related to
Siluric types. .

Among the corals Helenterophyllum calyculoides appears to be
an immediate derivative of Enterolasma caliculus, a characteristic
Niagaran type. It has aiso been found in the Maulius limestone
of New York. Cyathophyllum cf. thoroldense is compared with a
Niagaran type, and Heliophrentis represented by four mutations is
only a slight modification of a Niagaran type. Thus Heliophrentis
alternatum is a modified Zaphrentis racinensis of the Niagaran of
Wisconsin, while the other species are modifications of this type,
chiefly through carination of the septa. This species is repre-
sented by a closely related if not identical form in the Schoharie
of the Helderbergs. Cystiphyllum americanuwm mutation ander-
donense is a type whose nearest relative is a characteristic Hamil-
ton species.  Acervularia sp. is likewise a Devonie type, though a
somewhat similar species occurs in the Niagaran below the Dun-
dee. Synaptophyllum multicaule on the other hand is a Silurie
type, being well vepresented in the Niagaran. Diplophyllum in-
tegumentum is otherwise known only from the Cobleskill and
Decker ferry, while a closely related species, D. caspitosum is a
characteristic Niagaran type. Romingeric wmbellifera is again
a Devonic type, being most characteristic of the Onondaga of
Canada and elsewhere. Cladopora regularis is very closely related
to Cladopora subtenuis of the Helderbergian of New York but it
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is much Jarger. Ceratopere tenella is a Niagaran species.  The
Tavosites are without exeeption Devonie types, their nearvest rela-
tives being Dundee species. Thus F. basaltice var. nane is only a
smaller form of F. Dbasaltica of the Columbus limestone. F.
rectangulus is a cylindrical type of the same character, while I
tuberoides is a reduced representative of F. tuberosus of the Dun-
dee. It is not unlikely that these species represented in a distinct
genetic series, the stages in development represented by the cor-
responding Mid-Devonic species in their genetic succession.  F.
concava and F. maximus also are Devonic types, the former repre-
senting the structure of I'. epidermatus. The genus Cladopora is
represented by several species, one of which, (. dichotonme, most
characteristic of the Anderdon bed, also found in the lime-
stones of the Upper Saskatchewan, has its nearest relative among
the known Siluric species, while another is identified with a typi-
cal Devonic form. Syringopora is represented by one Silurie
species, S. retiformis, but the other two, S. cooperi and 8. hisingeri,
are Devonic types.

The brachiopods are represented by a number of species in this
fauna., Schuchertelle interstriata is a Silurie type occurring in
the Cobleskill of eastern New York. A modified type of the same
structure though resembling somewhat an Oriskany type is S.
amherstburgense.  The genus Stropheodonta is represented by
species of Devonic affinities. Thus 8. vesculose comes nearest to
Schoharie types though a Helderbergian form (8. patersoni-bonam-
ica Clarke) . also -closely resembles our species. A variety of S.
demissa, vesembling the forms from the Schoharie and Onondaga
is not uncommon in the Amherstburg beds, while S. preplicata, a
close relative of 8. plicata of the Hamilton, further emphasizes the
Devonic aspect of this fauna. The Spirifers are chiefly represented
by the subgenus Prosserella with P. modestoides and its mutation
depressus predominating. These species, characterized by closely
parallel dental lamellwe, are of types not definitely known from the
Siluric elsewhere, though a species found in the Cobleskill of
castern New York has the form and general characters of the
Anderdon species, the internal structure being, however, unknown.
Species with the type of internal structure and external form
characteristic of Prosserella occur in the Mid-Devonic limestone
of the Eifel district. There is, however, a species of Siluric affini-
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ties in the Amherstburg fauna. This i Spirifer swleatus mut,
submersus, which is most neavly identical with Sp. sulcatus as de-
veloped in the European Siluric, though not of the form of that
species in the American Niagaran. On the whole brachiopods are
not common in the formations in question. Besides those men-
tioned there are a number of others more or less perfectly pre-
served, among which Afrypa reticularis has been doubtfully iden-
tified.

Of 1)0]0&}'1)0(1S, the two most common and characteristic species
are Devonic types. These are, Pancnka cenadensis and Conocar-
divim monroicum. The former was described by Whiteaves as @
“Corniferous” or Dundee type, and ils nearest relative is found
in Panenka dichotoma of the Schoharie grit. Conocardium mon-
roicum finds its nearest relative in €. trigonele of the Schoharie
and Onondaga fauna. The two, while distinet, may very readily
be mistaken the one for the other. This species is widely dis-
tributed through the Anderdon and Amherstburg beds, being
abundant in nearly every exposure. It also passes up into the
base of the overlying ILucas dolomites. Cypricardinia, the only
other characteristic pelecypod is rather indeterminate; its affini-
ties seem to be with lower Devonie species.

The gastropods of this fauna arve all Siluric species, or when
new, have their nearest relatives among Siluric species. Many of
them are types characteristic of the overlying Lucas, making their
first appearance in the Amherstburg bed. Others are so far un-
known from the overlying beds, but clearly belong to the gastropod
fauna of those beds. It is clearly an immigrant fauna of a new
type which has entered this region at the end of the period of
dominance of the coral fauna of the Anderdon.

The fauna is best considered as a whole under the discussion of
the Lucas fauna.

The cephalopods of this fauna are with one exception so far
known only from the Amherstburg beds. They are Siluric types,
several of the ‘species being characteristic Siluric forms. These
are Oyrtoceras orodes and Poterioceras seuridens characteristic
of the Guelph of Canada and New York. Only the first of these
has been found in the Lower Monroe. The annulated cephalopods
are represented by a variety of Dawsonoceras annulaium charac-
terized by close-set septa, while the turreted cephalopods are repre-
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sented by a smooth species of Trochoceras (1% wnderdoncense) which
has its nearest relative in 7. priscum Barrande of Itage L, the
upper Siluric of Bohemia. In fact it is questionable if our species
is not merely a local representative of the Bohemian species.

The tubicular annelids are represented in this fauna only by
Cornulites armatus Conrad, a species occurring in the Guelph of
New York as well as in the Cobleskill.

Finally the Trilobites ave represented by a species indistinguish-
able from Proétus crassimarginatus of the Schoharie and Omnon-
daga faunas.

To sum up, the stromatoporoids of this fauna arve partly Siluric
and partly of Devonie types. The corals ave represented by 9
Siluric species and 18 species identical with or most nearly like
Mid-Devonic species. The brachiopods arve, with two exceptions,
of types otherwise known only from the Mid-Devonic. The pele-
cypods are similarly Mid-Devonic types and so are the trilobites.
The gastropods and cephalopods on the other hand are without
exception upper Siluric types.

THE LUCAS FAUNA.

This is the highest fauna of the Monroe group, and it is through-
out a Siluric fauna. The only corals found in it ave Cylindro-
helium profundum, a derivative of the Siluric Diplophyllum inte-
gumentum of the underlying beds and also characteristie of the lime-
stone on the upper Saskatchewan; Cladopora dichotonma, also a Sil-
urie type, persisting from the Andevdon, and a calyx of Heliophyl-
Jum ? not unlike that of H. pravum, and also occurring in the Guelph
of western New York. The brachiopods are mainly persistent types,
passing upwards from the lower formations of the Upper Monroe.
They include Schuchertella interstriata, and four species of the
Spiriferoid genus Prosserella. I lucasi, which is most character-
istic, P. subtransversa and P. unilamellosus mainly in the lower
beds, and P. planisinosus. Apparently species of this latter fype
are found in the Cobleskill limestone of eastern New York. The
closely related upper Siluric Spirifer modestus, and the Upper
Siluric and lower Devonic Camarotocchia scmiplicata algo occur
in this horizon. The pelecypods are few, consisting for the most
part of species continued into the lower Lucas from the Anderdon
and Amherstburg horizons, as Pananke canadensis and Concar-
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divm monrolcum. In the higher beds of the salt shaft the only
pelecypod is Pterinea Lradti, apparently a derivative of the Lower
Monroe P. lanii., Gouiophora appears also 10 be represented by
a species related to the characteristic form of the Lower Mouroe.

The gastropod fauna, as already noted, is a Nilurie fauna, and
noreover oue mostly exotic in chavacter. It makes its first ap-
pearance in the Amherstburg bed side by side with the members of
the indigenous Anderdon-Amherstburg fauna.

The genus Hormotoma with species in the Ordovicic and the De-
vonic, as well as the Riluric, is represented by two species, which
are very abundant in individuals. Their nearest relatives occur
in the Upper Siluric beds of Gotland (H. cavwn, H. smoniliforinis,
H. obtusangulus and H. subplicata Lindstrom) where the genus is
well represented.  Solenospira appears to be represented by two
minute species also found in the Manlius limestone, and perhaps
also in the upper beds of the Lower Monroe. The genus Holopea
is represented in the fauna by the species characteristic of the
Manlius limestone of the eastern region, i. e., H. antiqua pervetusta
and H. subconicus. The genus Pleurotrochus with one species is
well represented among the “Murchisonias” of Gotland, there being
several species in the Upper Siluric of that region, at least one of
which appears to be a very close relative of our species. Acantho-
nema appears to be a derivative of Pleurotrochus. It is so far un-
known from other formations. One of our species A. newberryi
was originally referred to the “Corniferous,” in the Palicontology
of Ohio. It is, however, a Lucus type and unknown outside of the
Upper Monroe.

Strophostylus cyclostomus is a characteristic Niagaran species
while the species of Itotomaria and Lophospira arve such as have
been previously obtained from the Guelph of America, and have
their close relatives in the Silurie of Gotland. KEuomphalopterus
is a typical Siluric genus with several species in the foreign Silurie
and one in the American Siluric. Our species though very frag-
mentary seems nearest to K. valcria (Billings) of the Guelph, while
the closely related Pleurotomarie velaris Whiteaves is also repre-
sented. Only two species are sinmilar to the Devonic forms. These
are Pleuronotus subangularis which is appavently closely related
to P. decewi of the Dundee; and Trochoneina ovoides which has a
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close relative in 7. lescarboti Clarke of the Helderbergian of the
Gaspé region,  The remarkable genus Hercynella has heretofore
been known only from the lower Devonic, being abundantly repre-
sented in Div. G. of the Boliemian series. :

It thus appears that the Anderdon fauna was a local invasion
probably from the north of a highly specialized indigenous fauna,
which was later replaced by an immigrant fanua of Illuropean
origin and probably entering the region through eastern United
States.  This immigrant Siluric fauna consisted mainly of gastro-
pods and cephalopods, while the brachiopod-pelecypod-trilobite ele- .
ment together with the corals and stromatoporoids are of indigen-
ous development. This indigenous fauna later on returned as the
Schoharie fauna and by modification and immigration developed
into the Onondaga and later into the Traverse faunas.
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CHAPTER VI.

CORRELATION OF THE MONROE FORMATION OF MICHIGAN, OHIO
AND CANADA, WITH THE UPPER SILURIC OF EASTERN
NORTH AMERICA AND ELSEWHERE.

BY A. W. GRABAU.

The correlation of the Monroe formation with the known Silurie
formations of New York—the type section for eastern North
America—is a matter of considerable difficulty. So long as
the true thickness and character of this division remained unknown
the general correlation with the late Stluric beds of New York
seemed possible. The relation of Waterlime (Bertie) and Salina
in the western New York region seemed to be reproduced in the
Ohio region, where the calcilutites of Greenfield, Ohio, Put-in-Bay
and Lucas county, and their extension into southein Michigan were
denominated the Waterlime group, while the dark or gray shales
found beneath them in some localities were correlated with the
Salina. TFrom the fact that the Waterlime (and Tentaculite or
Manlius) were in the older classifications classed with the Helder-
bergian formations as Lower Helderberg, this term was pretty gen-
erally applied to the formations between the Salina and Orviskany
or Onondaga. Thus in Ohio these beds were generally known by
the name Waterlime, while in Michigan the term Lower Helderberg
has been widely applied {o this formation. At first it was thought
that this so-called “Lower IHelderberg” series bridged the gap be-
tween the Salina and the Oriskany, the great hiatus between these
two formations being unrecognized, and when further the hiatus
between the Waterlimes and the Onondaga became apparvent, it was
at first thought that this series might be in part representative of
the Salina of New York as well as the Waterlime and Manlius.

Lane in 1893, proposed the term Monroe for the enfire series
of the formations lying between the Niagara and the Dundee.
This is synonymous with the term Cayugan of Clarke and Schu-
chiert. Moreover it was assumed that the line of division between
the Salina and the overlying waterlime series was an indefinite
orfe and not always at the same level. It is becoming more and

29
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more apparent, however, that the line of contact between the Sa-
lina and the overlying ecalcilutites is a very distinct one, the
former representing physical conditions widely distinct from the
marine conditions indicated by the latter. Grabau las repeatedly
pointed out the close agreement of the Salina formation with the
requirements of the theory of desert origin of these deposits and
their total disagreement with the requirements of the bar theory
of Ochsenius, which was used by Hubbard to explain the salt de-
posits of Michigan, and has been more or less gencrally accepted.?

One of the chief points to be considered is the total absence of
organic remains in the strata enclosing the salt,—whereas, accord-
ing to the theory defended by Hubbard, remains of marine organ-
isms should be abundant in these deposits, as shown by the most
typical modern examples of salt deposits found under the condi-
tions required by the bar theory—the Kara Bugas gulf on the
eastern border of the Caspian and the Bitter scas of Suez. Another
point® is the absence outside of the salt area of marine deposits
corresponding to the salt beds, for if the present area of these
salt beds marks the limit of their accumulations as is indicated by
the fact that they are overlapped by higher strata of late Silurie
age, there should be just outside of the salt area extensive deposits
with marine fossils representing the time period during which the
salt accumulated in. the cut-off pertion of the sea. This marine
series should be wide spread, for only from an extensive body of
sea water, capable of furnishing the salt supply of the water in
the cut-off by washing across the shallow bar can extensive beds of
salt accumulate. There is nowhere in North America a suitable
marine formation which would fill these requirements, but without
the evidence of the former existence of such a formation, the bar
theory breaks down utterly. Nor can the advocates of the bar
theory appeal to erosion as having removed this purely marine
“Salina” formation, for the higher marine beds the typical Mon-
roe which overlie the Salina beds also overlap and rest upon the
eroded surface of Niagaran or earlier formafions. If a marine
series corresponding to the Salina did exist, it should be pre-
served beneath the cover of the later marine Siluries. But in all
directions, these marine upper Silurics, where they do not rest

1See Geol. Michigan, Vol. V, Pt. II, 1895, introduction, p. xiil.
2Grabau, A. W,, Jour. of Geology, XVII, pn. 245, An extensive discussion of this
problem is in preparation, of which the passages here given are a condensation. *
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upon the Salina itself, rest upon the eroded surfaces of pre-Salina
formations. This indicates land all around the basin in which the
Salina was deposited, and extensive erosion. This condition is
compatible only with the theory of the desert origin of the salt
deposits.

Whether or not we consider the non-marine origin of the salt
deposits as proven, there can be no doubt of the marine origin
of most of the overlying beds, for they contain typical marine fos-
sils. Furthermore, since the fossiliferous beds overlie the salt beds,
there can be no other interpretation than that pure marine condi-
tions suceeded the peculiar conditions existing during Salina time
in Michigan, Canada and western New York, and that these ma-
rine conditions were more widely spread than the preceding Salina
conditions. For this reason, as repeafedly urged by the author,
it is desirable to restrict the name Monroe to the marine deposits
following the Salina, especially since the deposits at Monroe, Michi-
gan, from which the name is derived, are all of this marine type, the
Salina here being in great part if not wholly overlapped.

The author has elsewhere proposed® to rearrange the North
American Siluric formations according to the following plan:

3. Upper Siluric or Monroan.

2. Middle Siluric Salinan.

1. Lower Siluric or Niagaran.

This represents a more satisfactory division than that hercto-
fore in use, and expresses the present state of our knowledge. It
is in accordance with this subdivision that the term Monroe is
used in this paper.

The Lower Monroe beds have not been well exposed in Michigan
but they are penetrated by the salt shaft, but even in this, owing
to the difficulty of examination, we are unable to get a very satis-
factory evidence of their relationship with the underlying Salina.
All that can be said is that the salt appears to be succeeded con-
formably by some member of the Lower Monroan which higher
up is fossiliferous. That the Greenfield dolomite of Ohio repre-
sents the lowest exposed Monroe beds is most probable, though this
can not be absolutely proven until the series in Ohio has been
thoroughly investigated over wider areas. Wherever exposed in

3Science N. S, Vol. XXVII, 1908, p. 622. See also Physical and, Faunal Evolu-
tion of North America during Ordovieie, Siluric and early Devonic time. Journ. of
Geology, Vol. XVII, pp. 208-252. (Correlation table.)



228 THE MONROE FORMATION.

southern as well as northern Ohio the Greenfield rests upon the
Niagaran swrface. The Greenfield was formerly correlated by
Grabau with the Akron or Bullhead dolomite of Buffalo, which in
turn has been corvelated with the Cobleskill of eastern New York.
Both correlations can not be correct since this would give us a total
of nearly 900 feet of Siluric strata in Michigan and Ohio, above
the horizon of the Cobleskill.

Trom a comparison of the Cobleskill and Akron faunas it be-
comes evident that the two faunas are very closely related. In
fact all the most important species of the Akron fauna are typical
also of the Cobleskill. Moreover the relation of the Akron and the
underlying Bertie Waterlime is a very intimate one, the latter
erading up into the former, while some of the fossils of the Akron
already made their appearance in the upper Bertie. Moreover this
relationship of the two formations is traceable through most of
western New York, while in central New York near Union Springs
on Cayuga Lake, where the Cobleskill is typically developed, the
Bertie with its characteristic Turypterus is found to underlie it*
while the Rondout and Manlius overlie it, followed after a dis-
conformity and hiatus by the Oriskany.

In looking over the divisions of the Monroe which might be taken
as the western representative of the Cobleskill, or better, of which
the Cobleskill is the eastern extension, the Anderdon and Amherst-
burg beds appear to be the most available ones. Certainly none of
the Lower Monroe beds have the faunal character which we should
expect to characterize such a formation, but such a character Is
found in the faunas of the two formations mentioned. Of the
two the Amherstburg bed is probably to be considered the more
direct equivalent of the Cobleskill. Faunally the Cobleskill shows
its relationship to the Upper Monroe in the presence of Clathro-
dictyon ostiolare and Stromatopora galtense; Diplophyllum inte-
gumentum and probably some of the Favosites are likewise com-
mon to both, and so is Schuchertella interstriata. It is quite
likely also that some of the pauciplicate and smooth spucies of
brachiopods described as Spirifers or perhaps under other generic
names, may belong to the genus Prosserella and possibly other
brachipods may be found in common between the two. Other
species in common between the two faunas are Orthoceras trusitun:
and Cornulites arcuatus and possibly some pelecypods.

lartnagel, Rep. N. Y. State Ial, 1902, p. 1134,
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1f we correlate the Cobleskill with the Amherstburg and accept
the correlation of the Cobleskill and Bullhead of Bulfalo, we are
forced to the conclusion that a great hiatus exists between the
Bertie and the Salina of the western New York section. This we
have to assume. because the Salina of Michigan—a thousand feet
thick is followed by nearly a thousand feet of marine strata of
which the Amhersthurg, the assumed correlative of the Cobleskill,
forms one of the upper members, while in western New York, the
Salina less than 400 feet thick, and probably representing only the
Vernon and Pittsford shales or a part of thewm, of the more cast
ern localities, is succeeded by about 60 feet or less of Waterlimes,
the upper beds of which carry the liurypterus fauna, and pass up-
ward into the overlying Akron with a Cobleskill fauna. Of course
the whole of the Salina, as represented by the central New York
and the Michigan deposits may never have been deposited in west-
ern New York, since continental deposits are notably of an irregu-
lar character. 1f the Bertie waterlime represenis marine condi-
tions, as is generally held, and as scems to be indicated by the
molluscan and brachiopod elements of its fauna, though not nec-
essarily by the Hurypterid clements—then it must be regarded as
the first invasion of the sea over the Salina area of New York.
But this invasion was preceded by a long period of marine condi-
tions in Michigan and Ohio, during which the Lower Monroe beds
were deposited. This series of formations represents an invasion
possibly from the Atlantic through a passage connecting the lower
Monroe sea either with the region of the present Gulf on the soutu
or with the Atlantic in the Maryland region. The marine fauna
of the lower Monroe is essentially an Atlantic upper Siluric fauna,
if we may judge from ils similarity to the Manlius fauna which is
believed to be an Atlantie fauna though on the correlation here
considered a younger fauna than the lower Monroe. It is certain
that the invasion was not from the northeast, since here conti-
nental conditions continued longer, as shown by the overlaps of the
marine beds in that divection.

Thus while the whole, or the greater part of the Monroe seems
to be present in Maryland, only the Upper Monroe appears to be
represented by the Lewistown of central Pennsylvania. In New
York the Decker Ferry formation together with the underlying
Bossardville and Poxino island beds includes nearly 60 feet of
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Upper Monroe, the summit being formed by the Cobleskill.  Above
this are the Rondout 39 feet, and the Manliug 39 feet, making a
total of nearly 139 feet of Upper Siluric strata. In the Rosendale
region of Ulster county, New York, the High IFalls (Upper Salina)
shales are succeeded by a limestone generally less than a foot in
thickness (Wilbur limestone), and this by the Rosendale cement
bed 22 feet thick, the Cobleskill limestone 14 feet, and the Rondout
20 feet, and Manlius® 42 feet. In the Kingston region the Cobles-
kill rests directly upon the Hudson River shales,® while in the
northern 1lelderberg,” and at Becraft mountain,® the Manlius with
perhaps a suggestion of the Rondout rest upon the Ordovicic Hud-
son River beds. A progressive northward and northeastward over-
lap is thus shown throughout Menroe time.

In Marylahd the beds immediately succeeding the Niagaran
have been referred to the Salina. These beds are well exposed on
the Baltimore and Ohio R. R. near Potomae, (Pinto) Maryland.
This section was first deseribed in 1900 by C. C. O'Harra in the
report on Alleghany county, Md. (Md. Geol. Survey). It was more
fully discussed by Schuchert,” in 1903, whose interpretation differs
somewhat from that of O’Harra; among other changes he places
the dividing line between the Niagara and “Salina” npearly 25
feet.higher up in the series. A somewhat caveful study of this sec-
tion with O’Harra’s paper as a basis and without relerence to
Schuchert’s work led me to place the dividing line at the exact
place determined on by Schuchert.® This interpretation was
wholly on physical grounds, for the evidence of a profound hiatus
and disconformity was obtained. At the top of the Niagaran
series, which is here a ripple-marked sandstone, is a mass of dis-
integrated rock containing rounded boulders of limestone, the
aspect of these boulders being such as to indicate water wear and
not disintegration, since the boulders are wholly unaffected by the
disintegration of the surrounding rock. These boulders probably
mark the first readvance of the sea over an old land surface of

s[iartnagel, C., N. Y. State Palaeon. An. Rept. 1903. VanlIngen, G. and Clark,
. K, N Yi) State Geol. 17th An. Rept.,, and N. Y. State Museum 51st An. Rept.,
Vol. 1I. 1899.

sGrabau, A. W., Bull. 92, N. Y. State Mus., p. 31

Prosser. C. ., N. Y. State Geol. 18th An. Rept.
92, p. 286.

8Grabau, A. W., Stratigraphy of Becraft Mountain, N. Y. State Palaeontol. Rept.,
1903, pp. 1080-79.

sQchuchert, Chas., Proe. T. 8. Nat. Mus., Vol. XXVI, pp. 413-424.

108chuchert’s paper was not consulted until after return from the field, and the
difference in interpretation between the two authors was not noted until that time.

o
Sece also N. Y. State Mus., Bull.
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Niagaran rock. No fossils have been seen in the boulders and their
age is indeterminate. They may be anywhere from Niagaran to
early Monroan, though from the fact that they rest upon the Nia-
garan beds, they probably belong to the lower horizon. The con-
firmatory palaeontologic evidence furnished by the restudy of
Schuchert’s paper makes the interpretation practically unassail-
able. He finds that Leperditic makes its first appearance in this
section at this point, and that “no partrof its (the Niagara) fauna
is found higher up, unless it be a few of the Ostracode which re-
main undetermined.”*  Schuchert, however, considers that “the
Niagaran deposits are seen to pass without apparent break into
the Salina.”*? The break, however, may be determined by a study
of the disintegrated zone.

The beds of the Lower Monvoe of this section, the so-called Mary-
land Salina, are nearly all calcilutites, mostly thin-bedded, well
stratified, and of the general type of the Monroe formation else-
where, Tossils, while not very abundant as compared with the
Michigan strata, nevertheless occur, being mostly ostracods of the
genera Leperditia, Bollia, Octonaria, ete. These range through
the lower 600 feet or more. The beds above this were referred by
O’Harra to the “Helderberg,” but Schuchert includes nearly the en-
tire series in the Salina (525 feet) and regards the top of the sec-
tion as the lowest Manlius. The succeeding “Manlius” exposed at
Keyser, W. Va., (110 feet) has recently been made the subject of
a careful and detailed faunal study by Dr. T. Poole Maynard of
Johns Hopkins University. The series have been named the Corri-
gan formation, and in the outline presented before the Geological
Society of America at the Cambridge meeting, 1909-10, it was
shown that the fauna was a unit and of the Upper Siluric (Cobles-
kill-Manlius) type. A comparison of the fossils with those of the
Upper Monroe formation of Michigan has convinced both Mr. May-
nard and the author of the relationship of the faunas, some of the
characteristic Michigan species, such as Meristospira michiganense
Grabau, Panenka, etc., being present in the Corrigan. While thus
the Corrigan of Maryland (Manlius of Schuchert, Helderbergian
of O’Harra’s Potomac section) must be regarded as representative
of the Upper Monroe, together with a part of Schuchert’s Salina,
i. e., that part referred by O’Harra to the Helderbergian, the Lower

11Loe. cit. pp. 415-416.
2Loe¢. cit. p. 415,
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Salina of Schuchert (Salina of O’'Harra’'s Potomac section), is
with equal confidence referred to the Lower Monroe of Michigan.
There ig absoluiely no stratigraphic break between the iwo series,
in fact as shown by Rchuchert, deposition here wasg continuous
from the time it commenced in post-Niagaran time through the
Coevmans of the lower Devonic. But according to my interpreta-
tion of the facts and section this marine deposition commenced in
post-Salina time, this latter-——the mid-Silurie—Dbeing wholly un-
represented in the Maryland region.

In central Pennsylvania, the Lewistown succeeds generally the
Longwood shale, which is a red continental deposit of Salina age,
and which in turn rests upon the Shawangunk conglomerate. This
latter rock has been recognized for some time by the author as a
characteristic fan of continental origin' (continental river depos-
its) formed in ecarly Saline time.'*

Lately Mr. Paul Billingsley, a graduate student in the author’s
laboratory at Columbia University, has undertaken a detailed in-
vestigation of this problem, the resulis of whicl were announced
before Section I, A. A. A. 8., Cambridge meeting, 1909-10, and
_ the New York Academy of Sciences. The full detail will be pub-
lished shortly, but it may be stated that My. Billingsley’s investi-
gations fully demonstrate the torrential origin of the Shawangunk,
and the continental conditions of the Appalachian region at the
time of its formation. The contained Eurypterid fauna is also
shown to be in harmony with this interpretation, these Merostomes
being cither fresh water forms or capable of entering the streams
which discharged into {lie contraclted sea of late Niagaran and
carly Salinan time.

The Lewistown limestone for the most part rvepresenils upper
Monrvoe, as shown by the abundance of stromatoporoids and corals
of the types found in the Anderdon limestone. A study of the
Lewistown fauna now in progress at Columbia will, it is believed,
help to fully establish this relationship on faunal grounds. The
limestone in some places geems {o grade downwards into the
Salina shales, the Ostracods making their appearance in the upper
part of these shales. Thisg, however, is 1o be expected when on the
transgression of the sea aeross a region of previouns continental
sedimentation, the upper beds of this continental series are re-

XVIL 1609, pp. 245-246.
an B3ull, Vol. XVI, p, 82, 1906.

BJourn. of Geolo
Hzeol. Soc. Amer
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worked, and so incorporated with the basal marine series, while at
the same time the existing hiatus is obscured or rendered invisible.

ALTERNATIVE CORRELATION.

If correlation were to be based on faunal evidence alone, a dif-
ferent interpretation of the stratigraphy of Michigan would prob-
ably be adopted. In that case the lower Monroe would be correl-
ated with the upper Cuyugan, i. e, the beds from the Cobleskill
upwards. Iaunally there is a striking correspondence between the
Raisin River and Putin-Bay beds and the Manlius of New York.
This extends even to the Iurypterids as determined by Ruedemann.
Spirorbis laxus, Goniophora dubie, and Leperditic alta are repre-
sented in both, and Spirifer ohioensis and Pterine lanii have their
representatives in Spirifer vanuremi and Pterineq aviculoidea of the
Manlius of New York.

Faunally the upper Monroe might be considered as the indigen-
ous lower Devonie, with a sparse mingling of foreign types of this
age, such as Hercynella. On this hypothesis, the Sylvania would
represent the continental condition appearing at the end of the
Silurie during the temporary retreat of the Siluric sea and before
the expansion of the Helderbergian sea. Thus considered, the
upper Monroe would represent a provincial phase of the lower
Devonic distinet from the IHelderbergian. '

Since the Monroe beds and underlying formations are all in-
volved in slight folding which took plaee in post-Monroe and pre-
Dundee times, this folding and the subsequent erosion would have
to be referred to the Oriskany. Though much longer than usu-
ally assumed, from the partial representation of this formation in
eastern United States, it may be questioned of Oriskany time was
long enough to permit all this deformation and erosion which in
places removed the entire upper Monroe so that the Dundee rests
upon the Sylvania or Jower beds.

30
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THIZ CORRELATION AS

All facts considered, we may conclude
discussed is approximately correct, the
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ADOPTED.

that the correlation first
correspondence being as

follows:
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CHAPTER VII

PALALOGEOGRAPHY OF MONROE TIME.
BY A. W. GRABAU AND W. H. SHERZER.

The Palxogeography of Monroe time is that of the North Ameri-
can Upper Siluric. The Middle Siluric period, or that of the
Salina deposits, was characterized at the beginning, by the with-
drawal of the wide-spread Niagaran sea, and the gradual dessica-
tion of the continental block. The sea may have lingered in arctic
North America, but at present we have no knowledge of the de-
tails of sedimentation there. So far as the United States were
concerned, there appears to have been no marine area in Salina
time. During the progress of contraction of the sea, while still a
remnant remained in the New York-Michigan area, elevation took
place in the Northern Appalachians, which caused the torrential
deposits now constituting the Shawangunk conglomerate. The
Eurypterids living in the streams which formed these deposits, and
the remains of which are found in fragmentary condition in the
intercalated black shales, were also carried out into the remmnant
of the Niagaran sea, where they were probably able to exist in
waters not too salt, and where their remains became embedded in
the early strata of the Salina series, which are the direct deposi-
tional successors of the Guelph formation. With the complete dis-
appearance of the sea from the North American continent, the
climate became more arid, and the deposition of the extensive rcd
shale series (Longwood) of eastern New York and Pennsylvania
commenced. Over the Michigan-Ontario-Western New York area,
which constituted one or more basin-shaped depressions, the dep-
osition of the Salina muds began. These were derived from the
erosion of the earlier marine strata, especially the Niagaran series,
which according to all indications had a wide distribution in pre-
Salina time. Since the Niagaran is so largely calcareous, the re-
sultant detrital material made more or less argillaceous calciluiites
or lime-mud rocks. These were carried by the intermittent desert
streams to the center of the Salina desert, which was in the Michi:
gan region, and there deposited in shallow playa lakes. This ac-
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counts for the fine stratification and other depositional features
of these formations. The deposits carried by rivers from the noril-
ern Appalachiang, were mostly argillacecous and at first predomi-
nantly red. These are now found in {he lower Salina shales of
New York, ete. The salt and gy])éum found in these deposits was
the old seasalt imprisoned in the Niagaran and earlier mavine
stata at the tiwe of their formation under the sea. On exposure
of these salt impregnated limestones (the salt in which constituted
about one per cent of the mass), to the dry and hot desert climate
of Salina time, the salt and gypsum formed as an efflorescence
apon the surface of the exposed rocks, and this in rainy periods
was washed towards the center of the basin; i. e., the Michigan and
New York regions. Here it was deposited on the evaporation of
the shallow playa lakes, after the manner of deposition of salt in
desert basins of today. To produce a salt bed 100 ft. thick, and
covering an area of 25,000 square miles, which is probably in excess
of the area covered by the thick salt beds, it would require the
erosion of 100 ft. of marine limestone covering an area of 2,500,000
square miles, or 400 ft. of limestone covering an area of 625,000
square miles, and the concentration of the derived salt in the basin
25,000 square miles in area. Thus for the production of a pure mass
of rock salt covering 25,000 square miles, and 100 ft. thick, the ero-
sion of 400 fi. of limestone from Wisconsin, Minnesota, the upper
Great Lake region, and the Ontario region west of Toronto would
suffice. DBul since we know, that the thickness of the Niagaran
limestone over this region was at least twice 400 ft., not to men-
tion the thickness of the lower marine strata which have also been
removed by erosion, it will be seen that ihe removal of the Niag-
aran limestones from this arvea would give a salt mass 200 . thick
and covering an area of 25,000 square miles, or approximately
1,000 cubic miles of rock salt. This is probably much more than
the total quantity of rock salt in the Halina of Michigan, while
that of Canada, with a total thickness of 126 ft. at Goderich, com-
prises probably not much over 160 cubic miles of salt, and that
of New York perhaps less than half that amount. It is therefore
probable, that the Niagara formation alone was able to furnish all
the salt found in the succeeding Salina formation, of New York,
Ontario, and Michigan. ’

Suecceeding the desert conditions of the Salina, came the marine

THE MONROE FORMATION. 237

invasion of the lower Monvoe. This was from the Atlantic, as
shown by the Atlantic type of the fauna. The path of invasion
was across Maryland and Northern Virginia, and spread westward
to Ohio and Indiana, where the Kokomo dolomite probably repre-
conts lower Monroe. The lowest beds were apparently deposited
in Ohio, and the series spread mnorthward and westward into
Michigan and the Lake Iirie region, where the earliest beds seem
1o be the Put-in-Bay dolomites. At Monroe, a greater thickness,
(600 ft. ) was deposited, than in the Detroit region (860 ft.)
owing probably to overlap of the higher beds at Detroit. In the
Monroe region, the Monroe formation rests directly on the Niag-
aran series, but a short distance to the north, the Salina comes in
between the two, and at the Royal Oak well north of Detroit, where
the lower Monroe is 550 ft. thick, the Salina is over a thousand
feet thick, with about 600 ft. of rock salt.

The Lower Monroe invasion extended across Michigan and into
Wisconsin, where today near Milwaukee, some small areas are
underlain by this formation. The maximum advance was followed
by a partial retreat of the sea, and an exposure of quartz sand-
stone, such as the St. Peter of Wisconsin and the Superior sand-
stone of the Upper Peninsula, from which the sands of the Syl-
vania could be derived. The sea did not wholly retreat from North
America, as shown by the continuity of the Monroe deposition in
the Maryland region, but central North America was probably laid
bare. While the drifting Sylvania sands probably represented an
extensive sand-dune avea covering most of Michigan, a part of
Ohio, and Ontario, it probably did not represent a return of the
extreme desert conditions which existed here during Salina time.
The sands seem to have been the only type of subadrial deposit
formed during this interval, and they probably do not represent
typical desert conditiohs, but conditions comparable to some of
the semi-deserts along our modern coasts. )

Following these semi-desert conditions of Sylvania time, we have
a renewed invasion of Michigan by the sea, this time most prob-
ably from the north, as indicated by the section of the overlap of
the beds of this series. This invasion brought with it the marine
fauna developed from the early Siluric fauna, with perhaps some
elements added by imigration from the northwest. The Anderdon
reefs flourished over Michigan and Canada, and the waters slowly
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extended eastward. At first only low mud flats, in which the mud
derived largely from a calcareous shore, was a lime mud, existed
over much of western New York. These mud flats constituted the
waterlimes of which the Bertie is a most typical example. East-
ward they are represented by the quartz sandstones and greenish
pyritiferous shales (Brayman) of Schoharie valley, these over-
lapping the Salina and rvesting on eroded Ordovicic strata. The
Atlantic sea also transgressed northward and westward from the
Maryland region, the beds progressively overlapping towards the
north as the sea encroached. The formation of marine limestones
in New Jersey and southeastern New York, with an Atlantic
Siluric fauna indicates this late Siluric transgression of the Atlantic
sea. Meanwhile the purer water condition which permitted the
formation of coral reefs extended ecastward, and with it the fauna
of the lower members of the Upper Monroe beds. The Atlantic
fauna likewise encroached so that in the Cobleskill limestones we
have the results of the meeting of the two faunas, the Atlantic and
the interior, the eastern extension of this limestone containing
the Atlantic Siluric fauna with Halysites in abundance, while the
more western portion contained a larger element of the Upper Mon-
roe fauna. The entrance of the Atlantic fauna from the east,
effected in Cobleskill time, was succeeded by the entrance of the
upper Siluric gastropod and cephalopod fauna also from the east.
This fauna, exposed in Michigan, Canada and Ohio, constituted the
Lucas fauna. This fauna became dominant and superseded the
Anderdon-Amherstburg fauna, although certain elements of the
earlier fauna seem fo have held on throughout Lucas time.

The Anderdon fauna apparently had its center of evolution in
northwestern North America. A small collection of fossils made
by Miss Adams from the headwaters of the Saskatchewan and
Athabasca rivers in Alberta, Canada, shows as one of the most
abundant and characteristic species Cylindrohclium profundum
Grabau, a species characteristic of the lower Lucas of Michigan
and Ohio, but so far unknown elsewhere. This species is a deriva-
tive of Diplophyllum integumentuwm which is characteristic of the
Anderdon formation. Cladopora bifurcata is another upper Mon-
roe species associated with Cylindrohelium in the Palmozoic rocks
of Alberta.

There seems thus little doubt, that we may expect to find in the
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unexplored Palwozoics of the Canadian Rockies, the record of the
evolution of the late Siluric faunas from the carly Siluric or Niag-
aran faunas, as well as the origin of the indigenous element of the
Schoharie and Onondaga faunas.

The origin of the typical Lucas fauna is probably to be sought
in western Europe. Certainly the majority of the species have a
great similarity to west European upper Siluric types, especially
those of (otland. Many of these species had found their way
into the American interior sea in lower Siluric or Niagaran time,
but were destroyed during the Salina interval of land conditions.
They continued, however, with only slight modifications to the end
of Siluric time in the more open sea of that period, and on the
opening of the Atlantic channel again made their way into the
newly redéstablished interior sea.
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PLATE VIIL
(Salt Shaft Fossils.)
1. Stromatopore galtense Dawson. Portion of a mass showing astrorhizae,
natural size. Anderdon coral bed, salt shaft.

9. Idiostroma nattressi Grabau. A polished surface of rock showing the size and
form of this species, natural size. Anderdon coral bed, salt shaft.

3. Idiostroma natiressi Grabau. An individual cnlarged two diameters. Ander-
don coral bed, salt shaft.

4. Stylodictyon sherzeri Grabau. A portion of a mass, natural size. Anderdon
coral bed, salt shaft.

5. Stylodictyon sherzeri Grabau. A portion of the preceding enlarged three times.

6. COlathrodictyon ostiolatum Nicholson. A portion of an average mass, showing
sharp mamelons. Natural size. Anderdon coral bed, salt shaff.

Michigan Geological and
Biological Survey.

Publication 2. Geology 1,
Plate VIIIL.




PLATE IX.

1. Clathrodictyon variolare von Rosen. View of a polished surface x2. Anderdon
coral reef, Anderdon quarry.

2. Oluthrodictyon  rarviolure von Rosen.  Surface showing astrorhizae. Natural
size ; same as preceding.

3. Coenostroma pustulosum Grabau.  nlargement of surface x4, showing the sub-
equally spaced pustules. Anderdon coral veef, Anderdon quarry.

4. Coenostroma pustulosum Grabau. A fragment of the.coenosteum, natural size,
showing the numerous branching astrorhizae. Anderdon coral reef, Anderdon quarry.

5. Tdiostroma natteessi Grabag. A fragment of a branch, natural size. Anderdon
coral reef, Anderdon quarry.

G, Enlargement of a portion of the preceding x6, showing surface features.

7. Idiostrome nattressi Grabau. Another fragment. natural size. With the
preceding.
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PLATIE X.
(Salt Shaft Fossils.)

1. Diplophyllum integimentum Barvett. A corralum split, showing the thickened
peripheral area, the septa and tabule x2. Anderdon coral bed, salt shaft.

2. Qladopora bifurcate Grahau. A characteristic view of a split corallum as
usually found x234. Anderdon coral bed, salt shaft.

3. COladopore bifurcate Grabau. A specimen with the external characters pre-
served, and showing form and disposition of apostures x2. Anderdon coral bed, salt

shaft.

4. Cladopora bifurcete Grabau. A characleristic cross section as seen on the
rock fragments x4. Anderdon coral bed, salt shaft.

5. Pavosites basaltica var naene Graban.  Two corallites showing character and
distribution of pores x6. Anderdon coral reef, salt shaft.

6. Favosites basaltice var nane Grabau. A fragment showing faces of corallites
and pores x2. Anderdon coral bed, salt shaft.

7. Cylindrohelium Theliophylicides. AMold of ealyx showing impression of carinae
and uniform septa x3. Lucas dolomite, salt shaft.
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PLATE XI.

1. Nphaerococcitics @ glomeratus Grabau. A gingle bunch of stems x2.  Green-
field dolomite, Greenfield, Ohio.

2. Helenterophyllum caliculoides. A characteristic specimen x2. Anderdon coral
reef, Anderdon quarry.

3. IHclenterophyllum calicwloides. Iinlargement of the calyx of the preceding show-
ing carinated septa x4.

4.  Cylindrohelivan profundum Grabau. Gutta percha cast of exterior, natural size.
Lucas dolomite, Webster quarry near Sylvania, Ohio.

5. Cylndrohcelinm profundwuwm Grabau. The internal mold of the calyx showing the
impressions of the carinated septa, alternating in size x2. Same as preceding.

6. Cylindrohctium profundum Grabau. Calicinal view (partly filled) of a speci-
men from the I'aleozoic (Siluric?) limestones of the headwaters of the Saskatchewan,
Alberta, Canada, collected by Miss Adams x4.

7. linlargement of the septa of the same x16.

8. Ceratopore regularis Grabau. Internal mold x2  Amherstburg dolomite, Detroit
river.
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3
PLATE NI .
}
1. Rythvolrephis ciarciioides Grabaa, A specimen from the Akron dolomite of !
Buffalo.  Natural size.
9. Helioplhrentis carinatam Grahau.,  View of a gults percha cast of a part of
(he calyx showing fossula and cavinae x2. Amherstburyg dolomite. Detroit river.
S, Custiphipllum americannm wut. aoderdopense Grabau.  View of (he east of the
calyvx.  Amherstburg dolomite. Detroit river. Naofural size.
4-5. Cross sections of the calyyx.  Natural size,

6. Nygnaploplylinne wonliicaufe (1ally. A cast from the natural rock mold, natural
size.  Amherstburg dotomite, Detrott river.

7. Cladopora bifurcela Grabau.  Stem showing disposition of apertures, natural

gsize.  Anderdon coral reef, Anderdon quarry.
8. Ianlargement of a part of the surface of the same xd.




Aichigan Geological and Publication 2. Geology 1,
Biological Survey. Plate NTIT.

4
PLATE XITIL
1. Claihrodictyon ostiolatum Nicholson. A characleristic coenosteum, showing the !
finger-like prolongations.  Omne-half natural size. Amherstburg dolomite, Gibraltar
quarry.
2. Jicliophrentis alternatwm Grabau.  Naiural mold of interior of calyx showing
alternation of septa. Natural size. Ambersthurg dolomite, Detroit river.
3. Hcliophrentis alterncetwm Grabau. Natural mold of a calyx of a young indi-
vidual seen below. Lower Lucas dolomi{e, Silica quarry, near Sylvania, Ohio. Natural
size.
4. Treliophrentls altcrneluime mut. compressa Grabau.  View of fossular side of
.
an internal calicinal mold. Natural size. With the preceding.
5. Side view of the preceding. Naturail size.
6. Hcliophrentis «lternatinn mut. wmegne Grabaun.  Mold of interior of calyx.
Natural size. With {he preceding.
T. Meliophrentis carinatbimn Grabau,  €Cast of the exterior of a corallum. Natural
gize.  Amberstburg dolomite, Detroit river.
H
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PLATI X1V,
1. Nyringopora cooperi Grabau.  Part of a characteristic colony cularged x4, show- i
ing the close-set corallites and the frequent transverse bars. Flatrock dolomite, De-
troit salt shaft.
9. Faresites taberovides Grabaw,  View  of o silicified  specimen  showing  the
squamule and incomplete tabule x4.  Amherstburg dolomite, Detroit river.
B, Parvosites reclangularis Grabau.  Seciional view of a  characteristic bhranch,
showing ihe abrupt deflection of the corallites.  Natural size.  Andevdon coral reef,
Detroit salt shaft,
4. Fnlargement of a portion of the preceding x4, ,
5. Cladopora ef. cervicornis liall.  Frowm a guila percha cast, showing character-
istic branching and form of deep apertures.  Natural size.  Amhberstburg dolomite,
Detroit river. i
6. Ceratopore fcueclle (Rominger). A characteristic group of corallifes x2. An- %
derdon coral reef, Aunderdon quarey. ; %
1. Rowingerie wmbeltifera (Bill). % gutta percha cast of impression of part of §
a colony x2.  Amherstbury dolomite, Detroit yviver. £
i
|4
i
i
§




PLATIS XV,

1. Cladopora bifurcata Grabau.  Inlargement of the tip of a brancli showing the
form of the corallites and the scattered pores x3. Anderdon coral reef, Delroit salt
shaft.

2. Fuwosites concure Grabau.  Several corallites enlarged showing the zone of
crowded tabulm x2. Anderdon coral reef, Anderdon quarry.

3. Favosiles concavae Grabau.  View of under side of several corallites of the
same colony showing base of coneave (convex downward) septa 4.

4. Favesiles of. maximus Troost. A fragment showing several pores and iabule
with their funnel like prolongation x2. Flatrock dolomite, salt shaft.

5. Favosites of. maxinmus Troost. Interior of two corallites showing character-

istic funnel-shaped prolongations of tabuls. Dundee ? limestone, Sandusky, Ohio.

6. Acervulariae sp.  Scveral calices showing characteristic features. Natural size.
From a cast.  Amherstburg dolomite, Defroit river.

T-8. Nyringonord wmicrofundalas Graban.  Two corallifes enlarged x8 to show the
peculiar cone-in-cone arrangement of the tabwvle. Base of Anderdon coral bed, salt
shaft.

G Diploplyltumn integuomentam Darrelt. A characteristic specimen.  Naiural size.
Anderdon coral reef, salt shaft.

10.  End view of the same. Natural size.

11, Begrichia monrocnsis Grabau. A left valve enlarged x8. Raisin River dolo-
mites. Newport, Michigan.

120 Spirorbis farus Hall. A specimen enlarged.  Raisin River dolomites, Newport,
Michigan.
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PLATE XV

(Ralt Shaft Fe

1. Convcardivm  woncoicum Graban,  Fragment showing posterior end.  Natural
sizes  Anderdon coral hed. sale shaft.

2. Cowocardinm mionroicnm Grabau.  Fragment showing ventral aspect of a much
flattened specimen.  Natural size.  Anderdon coral bed, salt shafrt.

3. Conocardiune monroicum Grabau. Lateral view of a crushed specimen.  Natural
size.  Anderdon coral reef, salt shaft.

4. Aeawthowema holopiformis Grabau., A cast which does not show the surface
orpamentation.  Lucas dolomite. salt shaft x4.

5. DPlewrotrochus tricaringius Grahau.,  An imperfect cast x3.
Lucas dolomitre, salt shaft.

6. Loroncuma parre Grabau.  Cast of the type specimen enjarged x2. Tucas dolo-
mite, salt shaff.

7. Solenospira ? crienwation (11all). From a gutta percha cast x TLucas dolo-

mite, sait shaft.

8. Kolenospiva minute (1lail).  ¥Fnlargement from a gufta percha cast. x2. Lucas
dolomite, salt shaft,

9. Pterinea bradii Grabau.  Teft valve, natwral size. Taucas dolomite, salt shaft.
10, Pterinea bradti Grabau.  Right valve. natural size.  With the preceding.

11, Npirifer anodestus 11all. Cardinal view of a gutta percha cast x1314. Lucas
dolomite, salt shaft.

120 Kpirvifer modestus Hall,  Internal rock mold x11%. ILucas dolomite, sait shaft.

13, Camarotocchia scwmiplicete (Convad). Cardinal view of internal mold. Natural
Lucas dolomite, salt shaft.

14, Cumarotoeckio semipliceta (Conrad). Ventral view of internal mold. Natural
size.  Tucas dolomite, salt shaft.
Diplophylhume dwtegumentiom  Darrett. Transverse section showing dense
periphieral portion and septa. Nafural size. Anderdon coral bed, salt shaft.

16, Cyathophyllwm of. thorsldense Lambe. A corallum. Natural size. Anderdon
coral reef. salt shaft.

17, Diplophylium dntegumentun (Barrett).  Fragment partly enclosed by Clath-
rodictyon ostiolaetuwm Nichols. Anderdon coral reef, salt shaft. Natural size.

18.  Clathrodictyon ostiolatum Nicholson. Surrounding Diplophyllum, stem, cross
section enlarged x2. Anderdon coral bed, salt shaft.

19.  Prosserclia  planisinous Grabau.  Brachial  valve. Natural size.  Anderdon
coral reef, salt shaft.

20, Prosserille modestoides Grabau. Brachial valve. Natural size. Anderdon
coral bed, salt shaft.

21. Prosserclla lucasi Grabau. A characleristic internal mold of a pedicle valve.
Natural size. TLucas dolomite, salt shaft.

2228, Prosscrella modestoides Grabau. Two views of the type a pedicle valve.
Natural size. Anderdon coral reef, salt shaft.

24-25.  Spirifer modestus ITall (?). Two views of a gutta percha cast, enlarged
x1%. (Possibly young of Proserella). ILucas dolomite, salt shaft.

26.  DProsscrelle planisinosws Grabau. TPedicle valve—the type specimen. Natural
size. TLucas dolomite, salt shaft.

27, Poleumita cf. crenulata Whiteaves. Fragment of internal mold. Natural size.
Lucas dolomite, salt shaft.

28, Kuomphalus fairchildi Clarke and Ruedemann. An internal mold. Natural
size. Lucas dolomite, salt shaft.
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PLATE XVIIL
1. Schuchertelle amherstburgense Grahau.  View of pedicle valve x4. Amherst-
burg dolomite, Detroit river.
2. Bide view of same x4.
3. Cardinal view of same x#%.

4. Schuchertelly interstriate (Hiall). Enlargement of a portion of the surface of
a pedicle valve x4, showing the characteristic intercalation of the stris. Bullhead
dolomite, Buffalo, N. Y.

5. Schuchertelle interstriate (11all) variety. Showing gradation of strie x4.
Ambherstburg dolomite, Detroit river.

6. Stropheodonta demissa var. homalostriatus Grabau. A cast of a characteristic
specimen x2. Amherstburg dolomite, Detroit river.

7. Schuchertella hydraulica (Whitfield). Enlargement of a portion of surface of
an average size shell showing the alternating coarse and fine strie x4. Greenfield
dolomife, Ballville, Ohio.

8. Strophcodonta vesculose Grabau. Characteristic view of the internal mold of
a pedicle valve. Natural size.

9. Cardinal view of the same x1.
10. Cross section of a specimen replaced by caicite x1.

11. A cast of a brachial valve showing external characters x2. All from Amherst-
burg dolomite, Detroit river.

12.  Stropheodonta pracp
burg dolomite, Detroit river.

ate Grabaun. View of a cast of the type x2. Amherst-

13. Pholidops cf. ovate 1lall. Mold of interior of valve. Amherstburg dolomite,
Detroit river.
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PLATI XVIII,

1. Spivifer olivensis Grabau. A characteristic brachial valve x
dolomite, I'ut-in-Bay Island, Lake ILirie, Obio.

Put-in-Bay
2. Spirifer ohioensis Grabau. A characteristic pedicle valve x2. With the pre-
ceding.

3. Spirifer ohioensis Grabau var. A pedicle valve with very faint plications x2.
With the preceding.

4. Spirifer sulcete mut. submerse Grabau. An immature pedicle valve x2. Am-
herstburg dolomite, Detroit river.

5-6.  Spirifer sulcete mut. submerse Grabau. 'T'wo brachial valves showing char-
acteristic features x2. With the preceding.

7. Prossercile subtransverse Grabau. Cast of a nearly perfect small shell, without
plications x4. Lucas dolomite, Gihraltar quarry.

8. Prossercllu plaw

inosus Grabau. A brachial valve x2. Cobleskill limestone,
Schoharie, N. Y.

9. Prosserclla subtransverse Graban. Cast of interior of brachial valve x2. Am-
herstburg dolomite, Detroit river.

10.  Prosscrelle subtransverse mut. alte Grabas. The type specimen x2. Amberst-
burg dolomite, Woolmith quarry.
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LA XIX.

1. Prosserelle sublraaseersg Grabau,  Natural size. A cast of a nearly complete
specimen. Lueas dolomite, Patrick guarry.

2. Prosscrelly Tweasi Grabau.  An internal mold of a characteristic pedicle valve
x2.  Lucas dolomite. Western quarry, near Sylvania, Ohio.

3. Irosserelia Tucasi Grabau. A brachial valve showing pronounced frontal de-

3.

velopment of median fold and short plications. Trom a cast x2. With the preceding.
4. Prosserella subiransverse Grabau mut A.  TInternal mold of a pedicle valve

characterized by narrow ribs x2.  Amherstburg dolomite, Woeolmith quarry.

3-6. Prosserelle subtransverse Grabau mut. B, Two views of an internal mold of
a specimen characterized by smooth surface and high hinge areas x2. Amherstburg
dolonmite. Woolmith quarry.

T-8. Prosscrella subtransverse Grabau. A typical internal mold with shallow

sinus and short round plications x2. Amherstburg dolomite, Woolmith quarry.

9-10.  Prosserelle unilamellosus Grabauw.  Ventral and cardinal view ‘of an in-
ternal mold of a small (young) pedicle valve, showing the union of the dental
lamellae before they reach the bottom of the valve, thus forming a spondylium x2.

11, Prosscrelle unilamellosius Grabau. Internal mold of an adult shell showing
faint plications and median sinus, together with the single growth caused by the
united lamellee x2. Tucas dolomite. Patrick quarry.

12, Prosserella subtransversa Grabau. Cast of interior of a brachial valve, show-
ing the characteristic hinge plate, septum, ete., x4. TLucas dolomite, Gibraltar quarry.
(See Ilate NXI, Figure 27.)

13, Prosscrclle sublransverse Grabau.  Cast of the cardinal portion showing beaks,
hinge line, eftc. Amhberstburg dolomite, Detroit river.
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PLATE XX.

1. Adrypa veticalaris Tinn (7)) Cast of a minute pedicle ? valve x3.  Amherst-
burg dolomite, Detroit river.

2-3. Rhgnchospire praformose Graban. Lateral and cardinal views of a frag-
mental cast x3.  Greenficld dolomite of Greenfield, Ohio.

4. Iindelle 2 (Greenficldia) whitficldi. A brachial valve x2. Greenfield dolomite.
Greenfield. Ohio.

56, Heristospira wmicligancnse Grabau.  Cast of interior of rostral cavity, and
corresponding  internal mold x8.  Amhersthurg  dolomite. Woolmith quarry. (For
other views of this specimen see Plate XXI, Fig. 4-G.)

711 Meristospira michiganense Grabau. Cast of interior of rostal cavity, and
cardinal lateral, ventral and dorsal views of an infernal mold of a more convex form
with sirong pallial sinuses x2. Amherstburg dolomite, Woolmith quarry.

12, Camarotechic semiplicata ITall.  Cast of rostral avity of the infernal mold
figured on Plate XVI, Fig. 13-14 x3. Lucas dolomite, salt shatt.

18, Ptevinee Tunii Graban. A typical left valve x2. Raisin River dolomites. New-
port, Michigau.

14, Conocurdinm monveicum Grabau. Basal view of a characteristic internal mold.
Natural size.  Amberstburg dolomite, Woolmith quarry.

15 Conocardivm monroicum  Grabau. Tateral view of internal mold. Natural

size. .\ little rock adberes to the beak.

Proctus crassiwarginatus Iall.  Portion of a pygidium showing the character-
angulations on the axis and the marginal rim. Natural size. Ambherstburg dolo-
mite, Detroit river.

17, Proctus crassimarginatus 1lall, A large  crushed pygidinm. Natural size.
With the preceding.

I8, Proctus crassimarginatus 1all. A fragmentary cephalon restored in outline.
With the preceding.

]
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PLATT XXI.

1-20 Hindella? (Gireenfieldias  rostralis Grabau, Cardinal and dorsal view of a
characteristic internal mold.  Natural size.  Creenfield dolomite, Greendield. Ohio.

3. Whitfieldella  prosseri Grabau.  An  internal mold of a small pedicle valve,
Natural size. Raisin River dolomites, Newport, Aichigan.

4-6. Meristospira miclhigunense Graban. Torsal, ventral. and lateral view of an
internal mold (see Plate XX, Tig. 5-63.  Amhersthurg dolomite. Woolmith quarry.

T. Hindella? (Greenficldiay rostralis. A somewhat less perfect mold than of Fig.
1-2. Nataral size.  Greenfield dolomite, Greenfield, Ohio.

8. Whitfieldella  prosseri Graban.  Taternal mold of a hrachial valve. Natural
stze. Raisin River heds, Newport, Michigan.

9. Whitfieldella prosseri Grabau.  Cardinal view of a characteristic internal mold
of a pedicle valve. Natural size. Raisin River dolomites, Newport. Michigan.

10, Whitfieldelle sp.  Fragment of an infernal mold of a large pedicle valve.
Natural size.  Amhersthburg dolomite, Detroit river.

1. Hindella? (Greenficldie) wlitficldi Graban. Cardinal view of a cast. Natural
size.  Greenfield dolomite, Greenfield. Ohio.

1233, Whitficldella prosseri Grabai.  Ventral and lateral views of an internal
mold of a typical pedicle valve.  Natnral size. taisin River dolomites. Newport,
Michigan.

1435, Wevistina profunda mut. sinosns Grabsu.  Cardinal and ven{ral views of

an internal mold of the pedicle valve described, Raisin River dolomiles Jjust below
Sylvania sand, claim 432, Monroe county, Michigan.

16. A cast of the preceding showing ihe internal characters of fhe pedicle valve.
Natural size.

17, Iindella? (Greenfieldia) wlitficldi Grabau. A cast showing Dboth valves, and
the large foramen. Natural size. Greenfield dojomite, Greenfield. Ohio.

18-19.  Irindella? (Greenficldie) awhitfieldi Grabau. A fragmentary cast of a pedicle
valve, with side view. Natural size. ireenficld dolomite, Greenfield, Ohio.

20, Meristing profunde Grabau, An internal mold of & pedicle valve. Raisin
River dolomites just below Sylvania. Raisin River.

21.  Restoration of pedicle valve of preceding to show internal eharacters. Natural
size.

22, Gufta percha cast of same, showing internal characiers incompletely. Natural
size.

23.  Prosserclia lucasi Grabau.  Internal mold  of pedicle  valve., Natural size.
Lucas dolomite, Patrick quarry.

24-25. Prosserelle wmodestoides mut. depressus Grabau.,  Frontal and dorsal view
of a fragmentary cast veferred to thisg mutation. Tt is transitional to . subtrans-
versa though less transverse.  Natural size.  Ambherstbure dolomite, Detroit river.

26, Prosserelia modestoides mut. depressus Grabaun,  Cardinal view of an internal
mold of a pedele valve.  Natural size.  With the preceding.

27. Prosserclia subiransverse Grabau. A natural mold of the inferior of s pedicle
ralve.  (Ifor cast from same see Plate NIX, Fig. 12) XNatural size. Lucas dolomite,
Gibraltar quarry.

28-30.  Prosserclle odestoides Grabau.  Cardinal. ventral., and lateral views of a
typical infernal mold of a pedicle valve. Natural size. Amherstburg dolomite, De-
troit river.

31-32. Prosserella modestoides mut. depressus Grabaw.  Ventral and lateral view
of an internal mold of a characteristic pedicle valve. With the preceding.

33, Prosserelle wmodestoides mut. depr s Grabau. Internal mold of a slightly
plicated valve. Natural size. With the preceding.
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PLATE XXIIL

1. Panenkae canaden.
size.

Whiteaves. View of a characteristic left valve. Natural

2. Cardinal view of same. XNaturat size. Ambhersthurg dolomite, Detroit river.

3. Conocardivm monroicum Grabau. Caslt of an impression of a nearly complete
shell showing the posterior shelly profongation or hood. Natural size. Amhersthurg
dolomite, Detroit river.

4-6.  Cornulites arcuatus Convad.  Three views of the only specimen found x4.
Amherstburg dolomite, Delroit river.
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PLATT XXIII.
120 Pleurotomaria velaris Whiteavos, Tateral and umbilical views of an internal
mold from the Anderdon coral reef of the Anderdon quarry. Natural size.

3-4. Trochonema oveides (rabau. Lateral and apical views of a large shell from
the Amherstburg dolomite of the Detroit river. Natural size.

5. Fotowmaria areyi Clarke and Reudemann. An internal mold with the characters
of this species.  Natural size. Awmbersthurg dolomite, Defroit river.

G-7.  Acanthonema holopiformis Grabau. Laleral and umbilieal views of internal
mold of this species, cnlarged x3. Amhersthurg dolomite, Detroit river.

8. Acanthoncina nolopifermis Grabau. Internal mold x With the preceding.

9-10.  Stophostylus cyclostomus 1Iall. Umbonal and apical views of an internal
mold from the Amherstburg dolomite of the Detroit river. Natural size.

11, Strophostylus cyclostomus Tlall. A cast of a small fragment preserving the
impression of the surface strim. With the preceding, but from another individual.

12-18.  Trochonema oveides Grabau. A young individual, the whorls somewhat
less rapidly enlarging than in the larger specimen (Fig. 3-4). Amherstburg dolo-
mite, Detroit river.

14, Cypricardinia conadensis Grabau. A left valve of an individual somewhat
larger than general. Natural size. Ambherstburg dolomite, Defroit river.

15, Cypricardinia canadensis Grabau., A smaller loft valve. Natural size. With
the preceding.

16.  Lophospira bispiralis (ITail). A cast from an external mold; in the Lucas
dolomite of the Gibraltar quarry. Natural size.




PLATIE XXIV.
1. Hormotomy subcarinate Grabauw. Cast from a mold in the Luecas dolomite of
the Gibraltar quarry x4.

2. Hormotome subcaringte Grabau. A fragmentary cast of eight whorls. With
the preceding.

3. IBnlargement of a part of the peripheral band of the preceding.

4. Hormotome subearinate Grabau. A smaller individual with eight whorls, from
gutta percha cast. With the preceding.

5. JTormotoma subcurinate Grabau. Basal portion of a shell, showing the slightly
prolonged lower lip x6. Lucas of Gibraltar quarry.
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PLATE XXV.

1. EBotomarig galtensis (Billings). Cast of a nearly perfect mold from the Am-
herstburg dolomite of the Detroit river x4.

2. FEotomaria galtensis (Billings). Cast of a fragmentary mold x4. With the
preceding.

3. Homotoma tricarinate Grabau. Cast of an imperfect mold, showing the lower
carination x6. TLucas dolomite, Gibraltar quarry.

4. Homotoma tricarinate Grabau. A cast of a somewhat more perfect individual
x6. With the preceding.

5-6. Hercynella canadensis (irabau. The type and only specimen known—slightly
restored. Natural size. Amherstburg dolomite, Detroit river.
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PLATE XXVI.
1. dcanthonema nolopiformis Grabau, and var. obsoleta Grabail. utta percha
cast of typical individuals x6. Lucas dolomite, Gibraltar quarry.

2. Acanthoncma holopiformis Grabau. Gutta percha cast of a small imperfect
specimen x6. With the preceding.

3. Acenthonema holopiformis (rabau. Guita percha  cast of a more angularly
whorled individual x6. With the preceding.

4. Acanthonema lare Grabau. Cast of a specimen in which the ornamentation of
the last whorl becomes obsolete x6. With the preceding.
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PLATIEI XXVII.

1. Pleurotrochus tricarinatus Grabaun.  Gutia percha cast of a mold in the Lucas
dolomite of the salt shaft x8.

2. Enlargement of a portion of the surface of a whorl x12, showing the arrange-
ment of the emargination.

3. dcanthonema laxa Grabau var. Cast of a small specimen intermediate between

this species and A. Tolopiformis x6. ILucas dolomite, Gibraltar quarry.

4. Acunthoneme lara Grabau. A cast of a characteristic individual x6. Lueas
dolomite, Gibraltar quarry.

5. Acanthonema newberryi (Meek).  View of a gutta percha cast of {lhe type
from the Lucas dolomile of T.ueas county, OGhio. x4.
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PLATE XXVIIIL
1. Euomphaloplerus valepia (Billings).  Internal rock mold of a part of a whorl ‘

showing the compressed Hange. Natural size.
2. Ind view of the same fragment. Natural size. TLucas dolomite, salt shaft.

3. Buomphalopterus valerie (Billings). TUmbilical view of a cast from the Guelph
of Ohio for comparison. Natural size.

4-5.  Holopee antiqua var. pervctusta (Conrad).  Apical and lateral views of a % .’,//.J
gutfa percha cast from a mold in the Amherstburg dolomite, Detroit river. "'4:{2&;74,21;:‘2‘
S eyt :

o,

6-T.  Cyrtoceras orodes Billings. Two views of a characteristic internal rock mold
showing form and septation. Natural size. Ambher tburg dolomite, Detroit river.

8. Dawsonoceras annulatwm var. americanum Foord. Internal rock mold, with
part of an external mold in continuation. "The irregular annuli and septa are shown.
Natural size. Amherstburg dolomite, Detroit river.

9. Trochoceras anderdonense Grabau. The type specimen, partly external and
partly internal rock mold—the inner whorls showing septation. Natural size. Am-
herstburg dolomite, Detroit river.
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PLATE XXIX.

1. Dawsonoceras annulalum var. americanum TFoord. Cast from a fragmentary
mold showing the annuli. Natural size. Amhersthurg dolomite, Detroit river.

2, Cyrtoceras orodes Billings. Another characteristic internal mold, showing
septation and a part of the living chamber. Natural size. Ambherstburg dolomite,
Detroit river.

3. Cyrtoceras orodes Billings. Basal view of a fragment showing septum and
position of siphuncle. Natural size. With the preceding.

4. Poterioceras cf. sauridens Clarke and Ruedemann. An internal rock mold of
the living chamber and one camera. XNatural size. With the preceding.

5-6. 1rochoceras anderdoncnse Grabau. Two views of a model representing an
accurate restoration of this shell, made from the molds represented in Plate NNVIII,
Fig. 9. Natural size.
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PLATIEI XXX,
(Reproduction of Plate V, Vol. V, Annals N. Y. Acad. of Sciences—after Whitfield.)

1-.‘3‘. Schuclhertella hydraulica (Whitfield). (Streptorhynchas hydraulicum Whitf.).
Cast of pedicle valve x2. and brachial valve natural size and enlarged.  Greenfield
dolomite, Greenfield and Ballville, Ohio.

45, Spivifer oliioensis Grabau (var.). (Spivifer vanuzemi Whitfield). 3rachial
and pedicle valves. Naiural size (the ribs are {oo strongly emphasized for the speci-
men).  Iut-in-Bay  dolomite. Put-in-Bay Island, DI’each Point.

67, AVLitricldella  prosseri Grabau  (Meristella lerds  Whitfield . Pedicle and
brachial valves from the Raisin River beds of Lneas county (?), Ohio. Natural size.

8. Ilindella? (Gveenfieldia) Whilficldi Graban. (Meristelle belle Whitfield), A
pedicle valve. Natural size.  Greenfield dolomite, Greenficld, Ohio.

9-10.  Hindella? (Greenfieldia) Whitfieldi  Graban. (Meristella belle Whitfield).
Ventral and dorsal views of an internal mold. Nafural size. ireenfield dolomite,
(ireenfield, Ohio.

11-14. Ilindelia? rotundata (Whitfield) (Nuclcospire rolundala Whitfield). Two
specimens of different sizes.  Greenfield dolomite, Greenfield, Ohio.

15-16.  Rhynchospira praformoesa Grabau. (Retzia formose Whitfield),  Views of
brachial and pedicle valves. Greenfleld dolomite, Greenfield, Ohio.

17, Camarotwchia hydraulica (Whitfield) (Rhynchonella  hydraulice Whitfield).
Cast of a brachial valve. (ireenfield dolomite, Greenfield, Ohio. Natural size.

18-22. Pentwmerus pes-ovis Whitfield.  Various illustrations of the type material.
18-21 pedicle valves: 22 brachial valve. Lower Monroe, Adams county, Ohio.

23.  Pterinca lanii Grabau (Pterinca awiculoidca Whitfield). A cast of a some-
what imperfect mold. Raisin River dolomites, Lucas county (?) or Put-in-Bay Island,
Ohio.

24-26.  Goniophore dubia Tiall. (Whitfield). Right valve, natural size and en-
larged. Cardinal view of united valves. DIut-in-Bay dolomite, T'each Point, I’ut-in-
Bay Island, L.ake Irie.

27, ILeperditia  altoides Grabau. (Leperditia «lie Whitfield). A characteristic
right valve. Greenfield dolomite, Ballville, Ohio.

28-30. Leperditia angulifera Whitfield.  Right and left valves and outline of com-
plete carapace, showing characteristic form. Greenfield dolomite, Greenfield (?), Ohio.

31-82. HMurypterus cricnsis Whitfield. Views of parts of a nearly complete
carapace. Nalural size. DTut-in-Bay dolomite, Put-in-Bay, Lake Rrie.
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PLATE XXXI.
(Copied from Grabau, Bull. Geol. Soc. American, Vol. XI, Pl. XX1.)

1 a-d. Cyathophyllum ¢ hydraulicum. Tateral and calicinal views of casts of
typical material. Akron dolomite, Buffalo, N. Y.

2 a-b.  Spirifer eriensis Grabau. Iedicle and brachial valves of the types. Tin-
larged. Akron dolomite, Buffalo, N. Y.

3 ab. Trochoceras gebhardi 11all. A nearly complete internal mold, but showing
no septa. Akron dolomite, Buffalo, N. Y.
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1 a-c

3 a-b.

4 a-d.

[or}

a-d.

PLATE XXXII.

(Copied from Grabau, Dull Geol. Soe. Am., Vol NI, Pl XXIL)

Schuchertella intersiviata (Hall).

1 a. Cast of brachial valve with hinge area of pedicle valve showing
X225,

1 L. Same viewed from above x314.
1 c¢. Cast of interior of small pedicle valve x2%.  Akron dolomite, Buf-
talo, N. Y.

Whitficldelle sulcuta (Vanuxem).

2 a. An individual of average type.

2 b. Cast of another individual.

2 ¢d. Two views of a cast of a third characteristic speeimen.  All x2324.
Akron dolomite, Akron, N. Y.

]

Whitficldella cf. nucleslata (liall). 'I'wo views of a brachial valve (erron-
eously called pedicle valve in the original description) x224.  Akron dolo-
mite, Akron, N. Y.
Whitficldella subsulcata Grabau.
4 a-b. Two views of nataral internal mold of a pedicle valve.
4 ¢ Gutta percha cast of same.
4 d. Another mold of pedicle valve.
All x22.  Akron dolomite, Akron, N. Y.

5. Lexonema ? sp.  An internal mold. Akron dolomite, Buifalo, N. Y.

Leperditic scalaris Jones. Two left and iwo right valves x22%. Akron
dolomite, Buffalo, N. Y.
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