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THE ONONDAGA FAUNA OF THE ALLEGHENY REGION.

By E. M. KINDLE.

INTRODUCTION.

The importance of the Onondaga limestone as a datum plane was
early recognized in New York State. It was easily identified by
the peculiar black cherts of some of its beds, and Amos Eaton made
important use of it in his early surveys, before the characteristic
fossils of this or any other American formation were known. As
early as 1839 he wrote to Prof. Silliman regarding its importance to
the field geologist as follows:

I used this rock as the line of reference for other strata, as strangers in New York
City use Broadway as a place of reference for other streets. * * * Itsvastextent
and the important disposition it holds among North American rocks will make it
very useful to geological surveyors.! '

From Hudson River to Lake Erie the Onondaga limestone is rep-
resented by a zone of frequently recurring outcrops across central
New York State. Passing under Lake Erie, the fauna reappears in
rocks of the same lithologic facies in northern and central Ohio, and
reaches as far west as Louisville. The most westerly recorded ap-
pearance of the fauna is at the Bake Oven, in southwestern Illinois,
- 80 that it has an east-west extension of about 1,000 miles. In sharp
contrast with this considerable westerly extension of the Onondaga
fauna beyond its type region in eastern New York is the comparatively
insignificant southerly extension of the fauna and formation as it has
been generally recognized. The formation barely crosses Delaware
River, according to most of the papers dealing with the stratigraphy
of the Devonian in the Allegheny region, which give it a north-south
extension of scarcely 200 miles. This insignificant southerly exten-
sion of a fauna which has been recognized as so persistent in a west-
erly direction seems more surprising when it is recalled that nearly
all the other faunas characterizing the major divisions of the New
York Devonian section have been traced southward from New York
entirely across Pennsylvania into the Virginias. Thus, it is seen that
the prevailing conception of the Onondaga fauna, which presumes its

1 Eaton, Amos, Cherty lime rock, or Corniferous lime rock, proposed as the line of reference for State
geologists of New York and Pennsylvania: Am. Jour. Sci., 1st ser., vol. 36, 1839, pp. 62, 64.
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6 ONONDAGA FAUNA OF ALLEGHENY REGION.

absence south of New York, gives to it an anomalous position as
compared with the other important faunas of the Devonian section
of New York. The evidence which I have gathered during several
seasons of field work in the Allegheny region indicates that this con-
ception is not well founded, and that the southerly extension of the
Onondaga fauna is quite comparable in distance with its westerly
extension. Faunal and stratigraphic details of this evidence appear
in the following pages. My field studies have shown that the Onon-

‘daga fauna in the Allegheny region extends far south of the area in

which nearly pure limestones were deposited during Onondaga time,
into a region where shale-forming sediments partly or completely
dominated those of calcareous type. This fauna has been found in
nearly all the sections studied, from New York to Tennessee. Before
these sections are discussed, a brief account of the opinions and con-

clusions of preceding authors on the occurrence of the Onondaga

fauna south of New York will be presented.

HISTORICAL REVIEW.

In the county reports of the Second Pennsylvama Geological Sur-
vey the beds lying 1mmed1ately above the Oriskany are referred to
the Marcellus. However, in at least one of the earlier papers dealing
with the Devonian section of Pennsylvania, the shale and limestone
bands at the base of the Marcellus are referred to the “Upper Helder-
berg,” or Onondaga. Ashburner includes in his section above the
Oriskany 60 feet of shale and thin limestone bands which he assigns
to the “Upper Helderberg (Post-Meridian) limestone.”” ! He gives,
however, no paleontologic data bearing on this correlation. '

Although some of the earlier writers on the geology of Pennsyl-
vania had included the “Corniferous” (Onondaga) in sections noted
in that State, the opinion of Claypole that it was absent seems to
have been acquiesced in by almost all later writers. Claypole stated
his opinion very positively and asserted that it rested on paleontologic
data, and the positiveness of his statement gave it weight with con-
temporary and. succeeding writers. The correlation proposed by
Claypole with reference to the Perry County section for the beds above
the Oriskany was expressed as follows: '

Overlying the Oriskany sandstone is a series of shales and limestones which pale-
ontological evidence places in the Marcellus division of the Hamilton group.?

He does not, however, give the paleontologic evidence on which this
correlation rests.

t Ashburner, C. A., A measured section of the Paleozoic rocks of central Pennsylvania from the top
of the Allegheny Rlver coal series down to the Trenton limestone: Proc. Am. Philos. Soc., vol. 16, 1877,
pp. 1-19.

2 Claypole, E. W., A preliminary report on the paleontology of Perry County ,etc.]: Second Geol. Survey
Pennsylvania, Rept F2, 1885,p 64. .
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Elsewhere Claypole gives several sections showing alternatmg
thin bands of limestone and dark shale, which he states afford as
good evidence on stratigraphic grounds for their reference to the
Marcellus as to the ‘“Corniferous.” This reference he regards ss
cenfirmed by the presence of Marcellus fossils in several of the lower
beds of shale, but these are not listed. Claypole’s opinion of the
correlation of this limestone with the Onondaga is expressed in the
following quotation:

The limestone in question fthin beds in lower ‘‘Marcellus”] has been regarded as
the representative of the Corniferous formation of the New York series, solely on
account of its position at the base of the Marcellus black shale. But no trace of the
great deposits of flint which characterize the horizon in New York are found in Perry

County. Nor have any Corniferous fossils afforded the paleontologist satisfactory
evidence of the correspondence of the two strata.!

Four years after the publication of the Perry County report the
catalogue of the State Museum collections appeared, which contains
Claypole’s lists? of Perry County fossils by localities. This catalogue
includes several short lists of fossils from strata variously designated
“Marcellus limestone,” ‘“Marcellus beds,” ‘‘Marcellus shale,” or
“Marcellus formation.” These lists are composed largely of unnamed
species and species without stratigraphic significance, like Atrypa
reticularis and Ambocelia umbonata. They contain also the species
Anoplotheca acutiplicata * and Dalmanites myrmecaphorus?.t As they
include these two Onondaga species, Claypole’s lists can hardly be
said to support his contention that the Onondaga is absent from the
Perry County section.

In 1889 T. Rupert Jones descrlbed two new species of ostracodes
from beds overlying the Oriskany in Perry County, Pa. Accepting
Claypole’s opinion of the age of these beds Jones refers them to the
“noncalcareous shale of the Marcellus limestone.” ®

Lesley ¢ did not agree with Claypole’s declaration that the Onon-
daga formation was unrepresented in Pennsylvania. His argument
for its presence in central Pennsylvania included no paleontologic

evidence, however, and, being based mainly on the principle of the

supposed parallelism of the strata, has received much less considera-
tion than the opposite view, advanced by Claypole.

All the recent writers who discuss or refer to the lower part of the
Devonian section of Pennsylvania have followed Claypole in assuming
that the Onondaga formation and fauna are absent from'Pennsylvama
sections which expose the lower part of the Devonian, except in the
immediate vicinity of the New Jersey boundary. This view is

1 Op. cit., p. 261.

8 Pennsylvania Geol. Survey, Rept. D3, 1889, pp. 123, 174.

3Idem, p. 171

¢ Idem, p. 131.

6 Tones, T. R., On some Paleozoic ostracodes from Pennsylvania: Am, Geologist vol. 4, 1889, p. 338,
? Geol. Survey Pennsylvania, Summary Rept., vol. 2, 1892, pp. 1143-1195.
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expressed by Ulrich and Schuchert in their paper on Paleozoic seas
and barriers.' These authors conceived that land surfaces existed
throughout the ‘“Cumberland basin from the end of Oriskany time
to the initiation of Marcellus sedimentation.”

Schuchert’s first paleographic map of Onondaga time 2 limits the
Onondaga sea to the northern third of the State, the region of the
present outcrops of the lower part of the Devonian and the territory
to the south and southeast of them being shown as a land area in
Onondaga time. In a later map of the ‘“Middle Onondaga” sea by
Schuchert 8 its southern shore is drawn somewhat farther south but
still well to the north of the Maryland line.

In discussing the Lower Devonian formations of Maryland Schu-
chert * states that “during Upper Oriskany time sedimentation was
again general and continued until the close of the Maryland Oris-
kanian. Then a land condition prevailed in the basin south of
middle Pennsylvania throughout Esopus and Onondaga time.”

Both Prosser® and O'Harra ® have considered the lower part of
the shale formation that follows the Oriskany sandstone in Maryland
as representing in a general way the Marcellus of New York, with
which they correlate it.

Prosser 7 reports 21 species, without listing them, from the lower
500 feet of the Romney shale of Maryland and concludes that the
“correlation of this Maryland black shale with the Marcellus of New
York appears to be fairly well sustained.” In this paper Prosser®
divides the Romney formation of Maryland into two members, called
Hamilton beds and Marcellus shale.

In. writing the history of Maryland during Paleozoic.time Willis
assumed that the eastern shore of the Onondaga sea lay somewhere
west of the Allegheny Mountains. He regarded the whole of the
Romney or “black shale” as of later age than the Onondaga, and
stated ® that ‘‘its distribution corresponds to an eastward and south-
eastward migration of the coast from the shore of the Corniferous
gulf over the low marshes of Appalachia.”

Schuchert also assumed a hiatus at the top of the Orlskany—a break
extending over southern Pennsylvama, and- across Ma,ryland—as he

1 Rept. New York State Paleontologist for 1901, 1902, p. 652.

3 Schuchert, Charles, On the faunal provinces of the Middle Devonic of America and the Devonic coral
subprovinces of Russia, with two paleographic maps: Am. Geologist, vol. 32, 1903, P1. XX.

8 Schuchert, Charles, Paleogeography of North America: Bull. Geol. Soc. America, vol. 20, 1910, pl. 75.

4 Schuchert, Charles, On the lower Devonic and Ontaric formations of Maryland: Proc. U. 8. Nat. Mus.,
vol: 26, 1903, p. 114.

6 Prosser, Charles, Description and correlation of the Romney formatlon of Maryland: Jour Geology,
vol. 12, 1904, pp. 361-372.

6 O’Harra, C. C., The geology of Allegany County Maryland Geol Survey, Allegany County, 1900,
p. 103.

7 Op. cit., p. 364.

8 Jdem, pp. 362-367.

¢ Willis, Bailey, Maryland Geol. Survey, special publlcatlon vol. 4, pt. 1, 1900, p. 60.
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indicates by the statement that no Esopus, Schoharie, or Onondaga
deposits occur in Maryland or farther south.!

In the area mapped by N. H. Darton in Virginia and West Vir-
ginia the lowest beds of the Romney, which I refer to the Onondaga,
were considered to represent the Marcellus. Concerning the fossils
in the lower part of the Romney, Darton ? states: “Those in the
lowest beds comprise some species characteristic of the Marcellus.”

The papers of J. J. Stevenson ® are among the first contributions
to the correlation of the rocks of southwestern Virginia with those
of New York. The Chemung fauna is the éarliest Devonian fauna
of which he furnished definite evidence.* Although he referred the
shales below the strata containing the Chemung fauna to the Ham-
ilton,® he recorded no Hamilton fossils. The “Corniferous” (Onon-
daga) he stated to be absent from the area studied by him in south-
western Virginia.®

The earliest suggestion of an Onondaga horizon in Virginia known
to me appears in a paper by H. S. Williams,” who says:

The next question arising was as to the age of the base of the black shale. The
study of the Big Stone Gap sections also threw light on this problem. On the Ken-
tucky side of the Cumberland Channel, as well as on the Appalachia side, there are
frequently represented at the base of the black shales beds of brown iron ore. About
Big Stone Gap this brown ore contains corals which appear to be of Corniferous age,
and below is a sandstone capping the Helderberg limestone. At a single locality,
under the woolen mill on the bank of the east branch of Powell River east of Big
Stone Gap, in the place of the ore the limestone is quite filled with corals in place,
followed immediately by the black shales with no intervening iron ore. This seems
to fix the date of the beginning of the black shales for this region at an horizon closely
corresponding to that of the Marcellus shale in the New York section.

As no evidence in support of this opinion beyond that contained in
the above lines appears in Williams’s paper, it may be regarded as
having more suggestive than evidential value.

Four quadrangles in southwestern Virginia, mapped by M. R.
Campbell® include a portion of the territory in which the Onondaga
fauna occurs. Although Campbell makes no specific mention of this
fauna and was evidently not aware of its occurrence in the region,
unlike some of the authors mentioned in this review, he does not
deny its presence. On the contrary, his columnar sections indicate

1 Proc. U. 8. Nat. Mus., vol. 26, 1903, ‘p. 422.

2 Monterey folio (No. 61), Geol. Atlas U. 8., U. 8. Geol. Survey, 1899, p. 4.

8 Notes on the geology of Wise, Lee,.and Scott coundies, Va.: Proc. Am. Philos. Soc., vol. 19, 1882,
pp. 87-107; A geological reconnaissance of parts of Lee, Wise, Scott, and Washington counties, Va.:
Idem, pp. 219-262; Notes on the geological structure of Tazewell, Russell, Wise, Smythe, and Washington
counties of Virginia: Idem, vol. 22, 1885, pp. 114-160.

4 Proc. Am. Philes. Soc., vol. 22, 1885, p. 139.

6 Idem, p. 140.

6 1dem, vol. 19, 1882, D. 233,

1 On the southern Devonian formations: Am. Jour. Sci., 4th ser., vol. 3, 1897, p. 399.

8 Estillville (No. 12), Pocahontas (No. 26), Tazewell (No 44), and Bristol (No. 59) folios, Geol. Atlas
U. 8., U. 8. Geol. Survey.



10 ONONDAGA FAUNA OF ALLEGHENY REGION.

no stratigraphic break within the Devonian and hence provide for
‘the possible discovery of any one or all of the Devonian faunas.

The sections studied in my earlier work in the Allegheny region in
Pennsylvania did not extend down to the horizon of the Onondaga
limestone or the Marcellus shale. Some of the sections which were
studied in Virginia in this earlier work, however, included what Wil-
liams! considered, on rather meager evidence, it must be admitted,
an early Middle Devonian horizon. Grabau,> who found this evi-
dence unfavorable to his hypothesis of a southward transgression of
black shale in the Allegheny region, concluded that “the evidence
adduced points to an early Upper Devonic age of the black shales
at Hot Springs, rather than a lower Middle Devonic, as advocated
by Williams.” Farther north in Maryland, however, where the
theory of the southward transgression of the black shale must
assume an earlier age for .these beds.than in central Virginia, the
black shale is, according to Grabau, ‘“clearly of the age of the Mar-
cellus of New York and in part it also represents the Onondaga.”
For the statement that the black shale in part represents the Onon-
daga no evidence is offered. Though correct, this opinion appears
to have been deduced from the broader inference of the southward
transgression of the black shale.

Schuchert,? in a review of the paper by Wllhams and Kindle, just
cited, stated that the faunules in question “are decidedly  more
Marcellus than Onondaga.” Schuchert’s unwillingness to admit the
Onondaga age of any part of the Virginia section appears to have
been due in part to his doubt of the correctness of my identification
of Anoplotheca acutiplicata. With reference to this idéntification
Prosser,* in a later review of the same paper, regarded this identifi-
cation as probably correct, ‘“for the same species occurs near the

base of the black shale or Marcellus member of the Romney formation

in western Maryland. The Maryland specimens were examined by

Dr. John M. Clarke, so that no question can be raised regarding
their specific identity.” It should be stated here that the collections
on which the determination of the Onondaga age of the Virginia
sediments was based were small and not fairly representative. In
succeeding pages it will be shown that Anoplotheca acutiplicata and
other Onondaga species occur not only in Virginia but in the West
Virginia, Maryland, and Pennsylvania sections to the north.

R. S. Bassler ® has published several sections in southwestern Vir-
ginia, which include the beds below the black shale. Although his

1 Williams, H. 8., and Kindle, E. M., Contributions to Devonian paleonfology, 1903: Bull. U. 8. Geol.
Survey No. 244, 1905

2 Grabau, A. W,, Bull. Geol. Soc. America, vol. 17, 1906 p. 609

3 Am. Jour. Sci. 4th ser.; vol. 19, 1905, p. 461.

¢4 Am. Geologist, vol. 36, 1905, p. 50.

6 The cement resources of Virginia west of the Blue Ridge: Bull. Virginia Geol. Survey No. 2-A, 1909,
Pp. 258-273.
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paper is economic, it gives much valuable detail concerning the
faunas of the limestones. The paleontologic notes do not extend to -
the Onondaga fauna, however, and the paper is mentioned here
only because of its contribution to our knowledge of the beds which
lie below those containing the Onondaga fauna.

The latest reference to the Onondaga fauna in the Allegheny region
which has come under my notice occurs in a paper by Weller,! whose
observations, however, are of a generalized character, intended to
summarize the more salient points in the several papers which have
appeared on the faunas discussed. Weller's remarks on the geo-
graphic distribution of the Onondaga fauna in the Appalachian region
differ from my conclusions in much the same way as those of the
other authors already noted. It should be added, however, that
Weller’s paper does not undertake to give any new data on the
region discussed, and the discrepancy between his conclusions and
mine, as well as that between some other statements which have
been noted and the facts which will be cited, can probably be traced
back to Claypole’s declaration that the Onondaga fauna is absent in
most of the region south of New York.

GENERAL STRATIGRAPHIC RELATIONS.

Before considering the stratigraphic relations of the beds and fauna
which constitute the subject of this paper, it is desirable to refer
briefly to the general conditions controlling sedimentation during the
Devonian period in what may be called the Allegheny province.
The greater part of the province was occupied during Devonian time
by a broad arm of the sea, known as the Appalachian Gulf. Along
the eastern border of this gulf were deposited the 5,000 to 10,000 feet
of Devonian sediments found in the, Allegheny region.

Although the general tendency of earth movement in this regior
was toward subsidence, there were occasional intervals of uplift when
the sea became shallow, as is shown by the ripple marks of the
Portage. At other stages, such as the Genesee, with its fine black
shales without wave marks, there was evidently deeper water. The
great thickness of clastic sediments comprised in the Devonian sys-
tem of this region was derived largely from the land area that lay
immediately east of the Appalachian Gulf and is known as Appalachla

Faunal and stratigraphic studies in the Appalachian province
should proceed with a clear recognition of the essential factors which
determined in large degree the character of the faunas and sediments.
The most important factors controlling the uniformity of a fauna are
temperature, ocean currents, character of sedimentation, depth of

1 Weller, Stuart, Correlation of the Middle and Upper Devonian and the Mississippian faunas of North
America: Jour. Geology, vol. 17, 1909, p. 2C1.
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-

water, food supply, and land barriers. Any considerable change in
any one of these factors will give rise to a corresponding difference
in the character of a fauna. These factors differ in relative im-
portance in different regions. The factors of prime importance with
reference to the character of the formations are source of materials,
distance from shore line, and means of transportation. It is clear
that land areas of crystalline rocks will afford sediments of different
types from those composed of noncrystalline rocks, and that rivers
in limestone lands will carry to the sea sediments differing widely
from those of rivers that are eroding in areas occupied by sandstone
or quartzite. Likewise we may expect the sediments representing
any one interval of time not only to differ with difference in their
distance from the shore line of the sea in which they were deposited
but also to differ according to their distance from river mouths and,
to some extent, with reference to their relation to ocean currents.
Allusion to principles so elementary as these might appear super-
fluous were it not for the fact they have obviously been lost sight of
by the authors of some papers on stratigraphy, who appear to suppose
that differences between contemporaneous faunas can be accounted
for only by assuming the presence of land barriers. Quite as often
we find the naive reasoning that the absence in a particular area of a
type of sediments which is generally characteristic of a particular for-
mation indicates there a hiatus representmg the time during which
that formation was deposited in the region where its peculiar type of
sediment is found. Such an assumption fails to take cognizance of the
important stratigraphic principle that lithologic character remains
" uniform only over the area in which the sediments were uniform in
character and amount. It is to be expected that the amount and
kind of sedimentation will vary at a much more rapid rate in a
direction normal to the coast than parallel to it. The areas of uni-
formity in sedimentation are in general parallel to the old shore lines
of the Devonian sea. . - ]

Many of the Devonian formations of New York and the Allegheny
region well illustrate this principle, thinning and grading laterally into
very unlike formations of finer texture toward the west, while retain-
ing a uniform character for a much greater distance toward the south
and southwest. The Hamilton formation affords & notable example.
In eastern Pennsylvania it includes much coarse sandstone and even
some conglomerate. Farther west every trace of these coarse clastic
materials has disappeared from the sections, and the thickness of the
formation has been reduced about one-half. In the eastern ranges
of the Alleghenies, however, sandstones are conspicuous in the Ham-
ilton in three States.
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The Devonian formations occur in broad belts, crossing New York
from east to west. In following these formations westward across
the State of New York the faunal as well as the lithologic facies of
some of them have been found to change completely. The contrast
between the lithologic facies of the Portage formation in eastern and
in west-central New York is less striking than that between its faunal
facies in the two districts, which are totally unlike.

Although the Devonian formations as a rule retain their lithologic
and faunal integrity for a much greater distance parallel to the old
coast line of the Appalachian gulf than at right angles to it, still
nearly all of them undergo great changes, both lithologic and faunal,
in their southern extension. The lithologic peculiarities of formations
which at the north are sharply differentiated tend to converge toward
a uniform type of sediments at the south.

To illustrate this differentiation of the Devonian sediments into &
greater number of lithologic units at the north than at the south, the
Devonian geologic section of New York and of Maryland, as given by
the geological surveys of the two States, may be compared. The
New York section shows fourteen distinct divisions,! not including
some minor subdivisions, whereas the Maryland section shows but
five subdivisions.? This great difference in the number of forma-
tions recognized in New York and Maryland is due primarily neither
to comparative incompleteness of the Maryland sedimentary record
nor to lack of discrimination on the part of the Maryland geologists,
~ but it represents a tendency to lithologic uniformity toward the south,
which begins to be prominent only in Maryland. This tendency of
the Middle Devonian formations above the Oriskany sandstone to
lose their lithologic distinctions is shown in the following table, which
indicates their stratigraphic relations and geographic distribution in
the Allegheny region. With the exception of the Onondaga, which
has generally been considered absent south of New York, the strati-
graphic nomenclature of the table is that which has been used in
United States Geological Survey folios and recent State Survey
reports. This table illustrates vividly the preceding remarks regard-
ing the well-marked lithologic differentiation of the Devonian section
at the north and its slight differentiation at the south arnd shows also
the relatior. of the Onondaga fauna and formation to other formations
or lithologic groups.

1 Mem. New York State Mus. No. 3, 1900, p. 9.
3 Maryland Geol. Survey, Allegany County, 1900, pp. 94-109.



14 ) ONONDAGA FAUNA OF ALLEGHENY REGION.

Table showing decreasing differentiation of formations in equivalent beds from northeast
to soulhuest

. ' Pennsyl- ‘ West Vif— .
New York. ) vanis, Maryland. ginia, Virginia.
. . - ) Southwest-
Schoharie. Port Jervis. Northern part. ern part.
Hami)ton? Hamilton.
Marcellus. Marcellus. Romney Romney. Romney. Chattanooga.
Onondaga. Onondaga. Ononda‘ga shale member " Onondaga limestone
Schoharie. Romney. member of
Esopus. Esopus. Chattanooga.
Oriskany, Oriskany. | Oriskany Oriskany | Oriskany| Giles.a Han-
(“Monterey’’)|(“Monterey’’)|(‘“Monte- cock.a
sandstone. sandstone. rey’”)
- sand-
stone.

o The intention here is not to correlate either the Giles formation or the Hancock limestone with the

» Oriskany sandstone, as their relative positions in the table suggest, but only to indicate their relation in the

section to the Chattanooga shale and Onondaga limestone member.

The formational nomenclature which has been used in State and
Federal reports relating to the Allegheny region illustrates the salient
fact that the formations tend to converge toward a common litho-
logic type southward, but it is too much generalized and falls consid-
erably short of representing all the facts with respect to subdivisions
that can and should be discriminated. This nomenclature notably
fails to recognize the important formation and fauna which con-
stitute the subject of this paper. This formation, which will be
called the Qnondaga shale member of the Romney over most of the
southern region, comprises in Pennsylvania a series of dark limestones
and interbedded shales which lie between the Oriskany sandstone
below and the fissile black carbonaceous shales of the Marcellus above.
These stratigraphic boundaries are constant from the New Jersey
line to and beyond James River in Virginia. The drab or dark shale
is generally the predominant element of these strata in Pennsylvania,
but in certain areas the limestones are the more prominent of the two,
and some of these are pure enough to be burned for lime. Generally,
however, the limestone bands carry a large percentage of argillaceous

‘matter. After prolonged leaching these impure limestones acquire

an appearance which affords but little suggestion of their original
calcareous nature. Southward from Pennsylvania the calcareous ele-
ment betomes less prominent until southwestern Virginia is reached;
here over a small area we find a nearly pure liméstone. The pres-
ence of limestones in the beds holding the Onondaga fauna, however,
is not the only physical characteristic which dlstmgulshes them from
the fissile black shales above.

Another important distinguishing lithologic feature appears to have
been overlooked. In Maryland, West Virginia, and Virginia, where

.
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the limestone is somewhat less prominent than in Pennsylvania, these
lower shales, though variant in color, are noticeably lighter colored
than those above the horizon at which calcareous beds are conspicu-
ous. These upper strata are almost everywhere black, very fissile
shales. The lower shales (Onondaga), on the other hand, comprise
- olive green, gray, buff, or cream colored beds, interbedded with a
minor amount of black shale. These lower black shales differ funda-
mentally from the upper series in being generally though not inva-
. riably nonfissile and of the blocky type. The black shale in the lower.
terrane does not split or cleave in one direction more easily than in
another. It shows in many sections much the same difference from
a fissile shale that is shown by a piece of chalk or clay. :
The fauna which characterizes these beds has up to the present
time remained almost totally unknown, and this fact and the result-

ing erroneous assumption that these beds were a part of the Marcellus
shale have probably caused the geologists who dealt with them south
of the Pennsylvania-Maryland boundary to fail to recognize the
Onondaga in their nomenclature. The geologists of the Pennsylvania
State Survey, however, though unacquainted with the fauna of these
beds, did not fail to recognize the fact that they constitute a litho-
logic unit distinct from either the beds above or those below. In
Huntington County Ashburner! as early as 1878, recognized the
limestones and shales between the Oriskany and the Marcellus shale
as a distinct formation and correlated it with the “Upper Helder-
berg” (Onondaga) of New York. In two counties in Pennsylvania
I. C. White ? used ‘a local name for these beds, calling them the
Selinsgrove lower limestone and shale. Claypole,® who supposed the
strata under consideration to be characterized by a Marcellus fauna,
divided his “Marcellus” formation into what may be considered three
separate members, which he called Marcellus black shale, Marcellus
limestone, and Marcellus lime shales.

These observations will suffice to show that though the Pennsyl-
vania geologists were not familiar with the Onondaga fauna, they
recognized the stratigraphic distinctness of the beds holding that
fauna, and correctly correlated, at least one of them, on stratigraphic
grounds alone, with the Onondaga of New York. The geologists
working south of Pennsylvania have not entirely failed to recognize
the distinctive lithologic features of these strata, although heretofore
these beds have found no place in the formational nomenclature of
the region. The geologic descriptions of the lower portion of the
Romney shale in Maryland show the presence of limestones at & hori-
zon corresponding to that of the lime shale which the Pennsylvania

<

1 Second Geol. Survey Pennsylvania, Rept. F, 1878, p. 223,
t Idem, Rept. T3, 1885, p. 114.
# Idem, Rept. ¥2, 1885, p. 62.
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geologists have all recognized at the base of the Marcellus. = From
Prosser ! I quote the following regarding the Maryland section:

About 150 feet from the boftom of the formation there are several bluish-gray fossil.
iferous limestone bands. These are apparently never absent, although in the well-
exposed Williams Road section none of them can be seeni. . Thisis perhapsdue to the
effect of weathering, as certain evidence indicates their probable presence. These
bands are individually rarely 3 feet, usually less than 1 foot, thick, but the total thick-
ness in the best-exposed sections is more than 20 feet.

The above statement tallies with the testimony of the Pennsylva-

‘nia geologists concerning the conditions at this horizon in Pennsyl-

vania, as indicating a limestone and shale formation near the base of
the Romney shale in Maryland. I would add to it the statement
that the shales in this lower 100 to 150 feet in Maryland are generally
of much lighter color than those of the Marcellus, in many places
drab or olive. Those that are black are usually of the blocky type,
without cleavage, and thus present marked contrast to the fissile
Marcellus shale higher up.

In West Virginia and Virginia the distinctive lithologic features of
these strata were partly recognized by the geologists who wrote the
Piedmont and Franklin folios, although they did not, like the Penn-
sylvania geologists, treat these beds as separate members or forma-
tions. Darton and Taff 2 describe these beds in the Piedmont area as
follows: ‘“The formation [Romney] includes occasional thin beds of
fossilliferous limestone not far from its base.”

A very similar description is given by Darton 2 for the same beds
in the adjacent area to the south.

Like Prosser’s notes on the limestones in the lower Romney of
Maryland, these observations on the limestone bands in the lower
Romney of Virginia and West Virginia need to' be supplemented by
a statement of the lithologic characters of the shales associated with
these limestone bands, which distinguish them from the shales of the
Marcellus portion of the Romney.

Darton ¢ evidently recognized the same beds still farther south, in
the Staunton quadrangle, for he states that ‘‘The formation includes
occasional calcareous streaks not far from its base.”” He entirely
omits to mention, however, other distinguishing lithologic features of
this part of the Romney Wh.lch I have fully shown in my section at
Bells Valley, Va. (See pp. 43-45.)

The quotations given above indicate that the geologists who have
written on the Romney shale recognized at least some of the distinc-
tive lithologic characters of the beds holding the Onondaga fauna.
In this connection it is necessary to consider briefly the definition

i Maryland Geol. Survey, Allegany County, 1900, p. 105.

2 Piedmont folio (No. 28), Geol. Atlas U. S., U. S. Geol. Survey, 1896, p. 3.
3 Franklin folio (No. 32), Geol. Atlas U. 8., U. S. Geol. Survey, 1836, p. 3.

4 Staunton folio (No. 14), Geol: Atlas U. 8,, U. 8. Geol. Survey, 1894, p. 2.
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and lithologic features of the Romney shale and its relations to the
Onondaga. The type locality of the Romney shale is Romney,
W.Va. The name was proposed by Darton! for a set of beds com-
posed mainly of shales lying between the ‘‘Monterey” (Orlskany)
sandstone below and the Jennings formation above.? The Jennings
has since been shown to carry the Portage and Chemung faunas. As
thus defined, the Romney shale includes the beds holding the Onon-
daga fauna as well as the stratigraphic and faunal equivalents of the
Marcellus shale and the Hamilton formation. Prosser?® has shown
that the Romney includes the equivalents of the Hamilton and Mar-
cellus formations of the New York section. It will be shown in this
paper that it includes alse the equivalent of the Onondaga limestone.

The beds included in the Romney in Maryland and Virginia, both
north and south of the type locality, are largely shales, forming valleys
in which the limits of the different members can not be very readily
observed. In the middle and southern Virginia region there is no

such well-marked transition from the fissile black shale to the Hamil--

ton above as can be easily recognized farther north, and it becomes
most difficult to fix the precise limits of the beds which are to be cor-
related with the Marcellus and the Hamilton of Pennsylvania and
New York. Inmuch of this region, therefore, Romney shale becomes
a useful term. It is a broader term than any of the formation names
used in the New York section, for it includes the Onondaga, Marcellus,

- and Hamilton faunas. Hence, it is to be considered for the Virginia
and Maryland region the appromma.te equivalent of the Ulsterian of
Clarke 4 and the Erian of Schuchert.®* In the more easterly sections,
and toward the north, where the earlier named and more narrowly
limited New York formations represented in the Romney can be
discriminated on both faunal and lithologic evidence, these smaller
units should be used. .

As the eastern shore line of the Devonian sea is approached near
the Potomac, sandstones are found to become & prominent element
at the Hamilton horizon of the Romney, as they do in eastern Penn-
sylvania. This sandstone element is well developed in the Hedges-
ville section in West Virginia. Farther west and south both the
faunal and the lithologic differences between the upper and lower
portions of the Romney are less marked, as already pointed out.

1 Darton, N. H., Notes on the stratigraphy of a portion of central Appalachlan Virginia: Am. Geologist,
vol. 10, 1892, pp. 10-18.

3In the original definition of the Romney shale Darton (idem, pp. 17-18) states that the formation con-
tains *Corniferous” species, but as none of the species cited are characteristic of the “Corniferous’” this
statement probably resulted from & typographic error.

8 Prosser, C. S., Jour. Geology. vol. 12,.1004, pp. 361-372.

4 Mem. New York State Mus, No. 3, 1900, p. 9.

5 Bull. Geol. Soc. America, vol. 20, 1910, p. 541.

20495°—Bull. 508—12—2



18 N ONONDAGA FAUNA OF. ALLEGHENY REGION.

Where the lithologic differentiation is least prominent, however, the
three types of faunas found in the Romney shale-are still limited to
the same relative parts of the section as farther north. The lowest
of these faunas is confined to a sedimentary series which includes,
mainly, alternating drab or olive-green and black clay shales, with a
few thin bands of impure limestone. Upon these lies a series of
generally fissile black shales, with comparatively few drab or light-
colored shales. The uppermost division includes drab or sandy
shales and sandstones carrying the Hamilton fauna. The lowest of
-these divisions, the Onondaga, is more persistent in its lithologic
characters than the other two divisions of the Romney. Even where
these two upper divisions have become nearly indistinguishable by
either pheir lithology or their faunas, the drab or dark shales with lime-
stone bands and their distinctive Onondaga faunas may still be easily
recognized. As the term Romney shale is useful to designate col-
lectively these three recognizable divisions in parts of Maryland, West

-Virginia, and Virgin.ia, it appears expedient to treat the Onondaga
shale in that region as a member of the Romney shale.

In Virginia the limestone of the Onondaga becomes less and less
prominent toward the southwest, almost disappearing in the James
River region but .reappearing in southwestern Virginia. South of
James River the calcareous beds below the Marcellus, though more
attenuated, can still be distinguished in good sections. In this south-
western region four quadrangles have been mapped by M. R. Camp-
bell and a number of sections have been described by Williams and
Kindle, but it appears that these geologists overlooked the Onondaga
in this region, for they make no specific reference to it in their pub-
lished work.! It is present, however, over at least a portion of this
southwestern area. At Big Stone Gap the Onondaga fauna occursin
cherty limestone, 8 feet thick, which separates the black shale of the
Chattanooga formation from the Hancock limestone, and is included
in the Chattanooga as mapped. This limestone does not differ in
physical character from typical exposures of the Onondaga limestone
in New York State, but, being too thin to discriminate on maps and
having been prevmusly included in the Chattanooga shale as there
defined, it will be treated as a member of the Chattanooga.

Summarizing the evidence which has been presented relative to the

“treatment of the beds holding the Onondaga fauna as a lithologic
unit, I may say that I have shown, from the evidence of geologists,
who know little or nothing about the faunas involved, that the Devo-
nian section of the Allegheny region includes a set of calcareous shales
which occupy a definite and uniform stratigraphic position from the
New Jersey-Pennsylvania line to James River in Virginia. Within

1 Folios 12, 26, and 59, Geol. Atlas U. S.; Bull. U. S. Geol. Survey No. 242
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this geographic district they lie above the Oriskany sandstone and
below the fissile black shale, which, farther north, is generally called
Marcellus, and which represents a part of the Romney-south of Poto-
mac River. The same beds continue nearly to the Tennessee line, but
become much thinner. They lie below and grade into black shales,
like those found farther north, except in the vicinity of Big Stone
. Gap, where the change to the overlying black shale is abrupt, but in
this southwestern region they generally rest on rocks that do not
appear to be of Oriskany age. These shales which lie at the base of
the Devonian shale series differ from the fissile black shales imme-
diately above them not only in being somewhat calcareous but in .
being uniformly lighter in color, locally in part cream colored, and-
in being in many places nonfissile.

In the preceding discussion I have sought to show chiefly the litho-
logic and stratigraphic grounds for treating the beds under dis-
cussion as a distinct subdivision. Lest it might appear that the pro-
posed discrimination of these beds as a distinet unit is based on their
faunal rather than their lithologic distinctness, I have introduced into
this general discussion of the stratigraphy the testimony of other
geologists whose judgment in this respect was certainly not biased
by a knowledge of the fauna. : The strength and the relations of this
evidence can best be shown by assembling a few representative sec-
tions, which, for the reason just stated, are drawn as far as possible
from papers already published. The accompanying chart of rep-
resentative sections (Pl. I) shows that the stratigraphic relations of
these beds are uniform from Pennsylvania to the middle portion of
Virginia. The Allegheny sections are placed beside a section showing
the Onondaga limestone and adjacent formations as they are devel-
oped in the type region of the Onondaga in New York State. The
similarity of the stratigraphic position of the formation in central
New York and in much of the Allegheny region is obvious.

The sections on the chart are based on published and unpublished
data obtained from the sources indicated below:

1. Onondaga County, N. Y. After Clarke, J. M., and Luther, D. D., Bull. New
York State Mus. No. 82, 1905.

2. Perry County, Pa. After Claypole, E. W., Second Geol. Survey Pennsylvania,
Rept. F2, 1885.

3. Huntingdon, Pa. After White, I. C., and Ashburner, C A., Second Geol Sur-
vey Pennsylvania, Rept. F, 1878; Rept. T3 1885,

4. Maryland. Genera,hzed after Prosser, C S., Maryland Geol. Survey, Allegany
County, 1900.

5. West Virginia. Kindle.

6. Bells Valley, Va. Kindle.

7. Clifton Forge, Va. Kindle.

8. Little Moccasin Gap, Va. Kindle.
9. Big Stone Gap, Va. Kindle.
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DETAILED STRATIGRAPHY.
NEW YORK. .

A brief account of the stratigraphy of the Onondaga and closely
associated formations in southeastern New York is introduced here
for convenience of comparison and correlation with the Allegheny
sections. o .

In the Helderberg Mountains of eastern New York the Onondaga
limestone exhibits its typical development, and in no other region
can its relations to the adjacent formations be studied to greater
advantage. These formations are exposed in the face of the bold
and imposing cliffs of the Helderberg escarpment, which rises abruptly
more than 1,000 feet above the broad valley of the Hudson. This
is classic ground to American geologists, having served as the geo-
logic nursery of such men as Eaton, Mather, Emmons, Conrad, Hall,
and Agassiz. The writings of these authors, as well as many later
papers, have contributed to the elucidation of the geology of the
Helderberg Mountains. This area, therefore, serves well as a starting
point for stratigraphic studies in the much less well-known region
farther south. As a standard for comparison I may introduce here
a typical section of the Devonian seen at and south of Countryman
Hill, near the north end of the Helderberg Mountains. The greater
part of this section, except the Marcellus and Hamilton formations,
is exposed along the highway immediately west of the village of New
Salem. The thicknesses given for the Hamilton and Marcellus are
based on Prosser’s Clarksville section,! which was taken a few miles
south of the New Salem section.

Section in the Helderberg Mountains, southwest of Albany. .

Hamilton: Brownish arenaceous shales and sandstones with black Feet.
arenaceous shales in lower 200 feet. .. .............cccoaaa.... 490

Marcellus: Black argillaceous shales with dark, slightly calcareous
sandstones. This formation shows gradual transition to the

arenaceous shales of the Hamilton............................ . 300
Onondaga: Massive light-gray limestone with considerable chert

locally. Brachiopods and corals common but not abundant... 100
Schoharie grit: An impure dark-gray limestone which weathers to

a buff poroussand rock...... ..ot 3
Esopus shale: Blackish or dark-gray arenaceous shales which con-

tain few or no fossils except Spirophiton cauda-galli. ........... 121
Oriskany: Coarse sandstone varying from dark quartzitic rock to

soft brownish sandstone. Fossils abundant................... 3
Becraft limestone: Gray coarse-grained heavy-bedded limestone

with numerous fosgils...cvuueuiniii it 13
New Scotland limestone: Drab calcareous shale with some inter-

calated beds of blue limestone. Fossils abundant............. 120

1 Prosser, C. 8., and Rowe, R. B., Stratigraphic geology of the eastern Heldérbergs: Fifty-first Ann. Rept.
New York State Mus., vol. 2, 1899, p. 346.
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. Feet.

Coeymans limestone: Massive bluish-gray limestone............. 50

Manlius limestone: Dark-blue thin-bedded fine-grained limestone.
Tentaculites and ostracodesabundant........ ... .. . ... ... 46

The descriptions of the above section are taken from my notes,
but the thicknesses are quoted from the caréfully measured and more
detailed sections published by Prosser and Rowe.! The total thick-
ness is indicated for each of the formations represented in the section
except for the Hamilton, only the lower portion of which is present
at the eastern margin of the Helderberg Mountains. The thickness
given for the Hamilton represents only the portion exposed near
- Clarksville,? a few miles south of Countryman Hill, which is perhaps
little more than one-third of its entire thlckness About 4 miles
west of New Salem nearly the entire Hamilton section is exposed in
the high hill just south of the village of East Berne. Here it is.
mainly a sandstone formation, the interbedded shales representing
& minor element. '

Clarksville is the best-known locality for Onondaga fossils in the
Helderberg region. The following is a list of the Onondaga fauna
from this locality recorded by Prosser and Rowe.?

Meristella unisulcata (Con.) H....  *r | Dalmanites (Coronura) aspectans
Lepteena rhomboidalis (Wilck.) H. (Con)H. ...l r
&Co r | Phacops cristata var. pipa H...... e
Atrypa reticularis (Lin.) Dal. .. .. aa | Platyceras dumosum Con.......... c
A.spinosa H. . ... - aa | Cyrtoceras sp.. Ir
Pentamerella arata (Con.) H...... ¢ | Zaphrentis glgantea (Le Sueur)
Stropheodonta concava H. ....... r Edw. & H.oooooooiiiiiill T
S.textiis H..oo..oooooill. rr | Z. corniculum (Le Sueur) Edw. &
Spirifer duodenaria H............ a| H.._.......lll. T
S.macra H. (?).coeeeiiiiiio. rr | Fenestella biseriata H............. S &

From the Countryman Hill section southwest of Albany the line
of outcrop of these formations extends southward parallel to the
Hudson to Kingston, thence southwestward to the New Jersey-.
. Pennsylvania boundary at Tristates, N. J. -

In the Schoharie Valley, which is the type region of the Schoharie
grit, that formation is estimated to be 5 or 6 feet thick, and the
Esopus shale below it is from 80 to 90 feet thick.® In the northeast-
ern part of the Helderberg region the Schoharie grit and Esopus shale
are readily distinguishable, the former being ‘a gray, highly siliceous
limestone which weathers to a porous sandstone that is generally
" fossiliferous, and the latter a drab to blackish siliceous shale without

1 Op. cit., pp. 335, 338.

2 Idem, p. 346.

3 Idem, pp. 352, 353.

4 The following abbreviations are used in the fossil lists in this bulletin: a, abundant; aa, very ubundant
¢, comon; r, rare; IT, Very rare.

8 Grabau, A W., Guide to the geology and paleontology of the Schoharie Valley in eastem New York
Bull. New York State Mus. No. 92, 1906, pp. 170, 180.
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lime, nearly or quite barren of fossils. Farther south, however, the
distinctions between these two formations become vague and finally
disappear. At Hudson, where these formations comprise, according
-to Grabau,! about 300 feet of ‘“ dark chocolate-colored gritty shales,”
the distinctions between the two are not very well marked and 150
to 200 feet of strata lithically similar to the Esopus but more cleaved
are referred to the Schoharie formation, since some of the character-
teristic fossils have been found in them 2 Still farther south no
line of division can be drawn between the two. At Kingston Van
Ingen® has applied the name Esopus grit to the entire mass of olive-
brown fine-grained argillaceous grit that occupies the interval between
the Onondaga hmestone and the Oriskany sandstone. These grit
beds have here a thickness of about 300 feet. '

In the vicinity of Kingston and Rondout and southward into New
Jersey the Esopus grit contains.few fossils except Anoplotheca acuti-
plicata, which can be found at most localities where the formation
occurs.

The very gradual trans1t10n of the Esopus shale into the Onondaga :
limestone at Kingston clearly indicates that the Schoharie is not rep-
resented by an unconformity in this region, but has become an inte-
gral part of the Esopus. With reference to this transition Van Ingen*
states that “‘the upper part of the Esopus grit merges into the lower
portion of the Onondaga by such gradual changes that no line of
demarcation can be drawn.”

From the preceding summary of the more important facts con-
cerning the relations of the Onondaga and subjacent formations in
southeastern New York it appears that there is no stratigraphic
break between either the Onondaga and Esopus or the Esopus and
Schoharie. It is probable that sedimentation continued without

_ interruption from the Oriskany into the Onondaga in at least a part
of this area.
NEW JERSEY.

The grit series at Tristates, where it passes across the New York-
New Jersey boundary, has been treated as a single formation by
Weller,® who applied to it the name Esopus shale. Anoplotheca acu-
tiplicata occurs rather commonly in the formation near the school-
house and east of the river road 1% miles below Tristates. . :

At Tristates the Esopus is a very hard drab-colored siliceous shale,
with slaty cleavage at right angles to the bedding. It weathers into

1 Grabau, A. W., Stratigraphy of Becraft Mountain, Columbia County, N. Y.: Bull. New York State
Mus. No. 69, 1903, p. 1069. :

2 Grabau, A. W., Bull. New York State Mus. No. 92, 1906, p. 181.

3 Van Ingen, Gilbert, Disturbed fossiliferous rocks in the vicinity of Rondout, N. Y.: Bull. New York
State Mus. No. 69, 1903, p. 1204.

4Idem, p. 1205.

5 Weller, Stuart, A report on the Paleozoic paleontology of New Jersey: Geol. Survey New Jersey,
Paleontology, vol. 3, 1902, p. 102.
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fine splintery fragments. The very uniform character of the mate-
tial composing it gives no indication of bedding planes where fossils
are absent.

The Onondaga limestone, which lies immediately above the Esopus
shale, forms a low, narrow ridge separating Delaware and Nave-
sink rivers just above their confluence. The monument marking the
junction of the States of New York, New Jersey, and Pennsylvania
is located on the point of this ridge. The Onondaga limestone forms
the east bank of Delaware River below the Navesink for several
miles and outcrops at intervals below Tristates. In this region it is a
hard, bluish-gray, slightly impure limestone containing an abundance
of chert. At Tristates the Onondaga appears to contain a slightly
greater percentage of argillaceous matter than it does farther north,
but the difference is slight and the lithologic facies differs but little
from that seen in the Countryman Hill section. The Marcellus shale
at the top of the Onondaga shows no indication of a lithologic modi-
fication such as that which has reduced the Schoharie grit at the base
of the Onondaga to an indistinguishable part of the Esopus north
of the New Jersey line. The Marcellus continues on into Pennsyl-
vania with the same fissile black shale facies that is seen in the
Countryman Hill section.

Fossils are not abundant in the Onondaga limestone near Tristates
and those that are present are difficult to extract from the tough
cherty limestone. At the mouth of Neversink River, where the
Onondaga limestone is well exposed, only two species were found,
both characteristic Onondaga forms, namely, Odontocephalus zgeria
or 0. selenurus and Phacops cristata var. pipa. The faunule recorded
by Weller ! from a locality a few miles below Tristates is probably a
representative Onondaga faunule for this region. It is as follows:

Zaphrentis sp. undet. Atrypa reticularis (Linn.).
Lingula sp. undet. Spirifer sp. cf. S. varicosus Hall.
Leptwena rhomboidalis (Wilck.). Anoplotheca concava (Hall).
Schuchertella pandora (Bill.). Platyceras sp. undet.

Rhipidomella vanuxemi (Hall).

Anoplotheca acutiplicata is recorded by Weller from two localities
in this region and appears to be a common species of the Onondaga
in New Jersey as it is in Pennsylvania.
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