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LETTER OF TRANSMITTAL

To His Excellency EsErsoN C. HARRINGTON,

Governor of Maryland and President of the Geological Survey Com-
mission, :

Sir:—I have the honor to present herewith the seventh of a series of
reports dealing with the systematic geology and paleontology of Maryland.

The preceding reports of this series have dealt with the Devonian, Lower
Cretaccous, Upper Cretaccous, Eocene, Miocene, and Plio-Pleistocene
deposits and the remains of animal and plant life which they contain.
The present volume treats of the Cambrian and Ordovician deposits and
their contained life. These rocks comprise the oldest fossiliferous rocks
of the state, a knowledge of which is extremely important from a scientific,
educational, and economic standpoint. I am,

Very respectfully,

EDWARD BENNETT MATHEWS,
State Geologist.

Jorns HorkiNs UNIVERSITY,
BALTIMORE, September, 1919,
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PREFACE

The present volume is the seventh of a series of reports dealing with
the systematie geology and paleontology of Maryland, the Devonian,
Lower Cretaceous, Upper Crectaccous, Eocene, Miocene and Plio-Pleisto-
cene deposits having already been fully described.

This volume is devoted to a consideration of the Cambrian and Ordo-
vician deposits and their contained faunas. The calcareous strata making
up a considerable part of thesc two systems are so intimately united in the
Appalachians that they have long remained unseparated under the name
Cambro-Ordovieian limestone, or, as in Maryland and Virginia, the
Shenandoah limestone. It was therefore thought eminently fitting to
combine their consideration in one volume and to disregard in the title
the Ozarkian, the Canadian, and other possible systems which have been
suggested in recent years.

Upon the completion of studies on the Cambrian and Ordovician rocks
of Virginia in 1909, published as Bulletin 2A of the Virginia Geological
Survey under the title “ Cement Resources of Virginia west of the Blue
Ridge,” the writer, upon the invitation of the late Dr. William Bullock
Clark, undertook the preparation of the Maryland volume dealing with
the systematic geology and paleontology of the Cambrian and Ordovician
systems. As this work included the mapping of these strata in areas both
west and east of the Blue Ridge, and as only a few weeks werc available
each summer for the necessary field work, the volume has been long
delayed. However, this declay has proved fortunate, for during the
interval of its preparation the knowledge of Cambrian and Ordovician
stratigraphy has progressed so much that it is hoped fewer mistakes
will now be recorded.

During the preparation of the Mercershburg-Chambersburg folio deserip-
tive of the region in Pennsylvania, just north of the Maryland state line,
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the writer had the advantage of association with E. O. Ulrich and George
W. Stose in their studies of the stratigraphy and paleontology of that
area. He thus helped to collect the data and became acquainted with the
Cambrian and Ordovician faunas and sections which are so well displayed
there, but not as well developed in Maryland.

Dr. Richard C. Williams, while a graduate student at Johns Hopkins
University, assisted in the mapping of the Cambrian and Ordovician
strata, especially in the Hagerstown area. The Maryland Geological
Survey has also had the codoperation of the U. S. Geological Survey,
Mr. George W. Stose of that organization being associated in the field
work in the Williamsport quadrangle in the area west of the Martinsbhurg
shale belt. ‘

The Survey is also indebted to Dr. E. O. Ulrich of the U. S. Geological
Survey for permission to incorporate in this volume a set of his paleo-
geographie maps covering the Cambrian and Ordovician formations.
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THE CAMBRIAN AND ORDOVICIAN
DEPOSITS OF MARYLAND

BY
R. S. BASSLER

INTRODUCTION

The Cambrian and Ordovician deposits of Maryland can only be
interpreted through an understanding of the geology of the extensive
province extending from eastern Canada to Alabama, of which the State
of Maryland forms a part. The Cambrian and Ordovician formations of
Maryland extend far beyond the confines of the state and in adjacent areas
to the north or south frequently afford more satisfactory evidence of their
character and fossil content than they do in Maryland.

Tie PHYSIOGRAPHY

The region herc considered forms a small portion of the Atlantic slope,
which stretches from the crest of the Alleghanies to the sea, and which is
divided into three morc or less sharply defined physiographic regions
known as the Appalachian Region, the Piedmont Plateau, and the Coastal
Plain. These three districts follow the Atlantic border of the United
States in three belts of varying width from New England southwestward
to the Gulf states.

The Appalachian Region extends from beyond the western limits of the
state eastward to the Blue Ridge and is divided into three distriets known
as the Alleghany Plateau, the Greater Appalachian Valley, and the Blue
Ridge District. The first is west of the Alleghany Front and contains

rocks younger than Ordovician. Extending along the castern border of

the Alleghany Front is the district known as the Greater Appalachian
Valley which admits of a twofold division into the zone of Alleghany
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Ridges on the west and the Great Valley on the east, the latter known as
the Hagerstown Valley in Maryland, the Cumberland Valley in Pennsyl-
vania, and the Shenandoah Valley in Virginia. The Great Valley is a
broad lowland with an elevation averaging between 500 and 600 feet and
gradually increasing in height to the northward. It extends from New
York state to Alabama and in Maryland lies between North Mountain
on the west and the Blue Ridge on the east. The Bluc Ridge district con-
sists of the Blue Ridge and Catoctin mountains which unite immediately
north of the Maryland-Pennsylvania boundary to form the greater high-
land known as South Mountain.

The Picdmont Plateau borders the Blue Ridge district on the east and
comprises the hill country of ancient rocks lying between the Blue Ridge
on the west and the Coastal Plain district on the east—the latter district
sloping gradually to the southeast and becoming submerged beneath the
Atlantie. The Piedmont Platean is divided into an Eastern Division and
a Western Division by the upland known as Parr’s Ridge which forms the
low divide at an average elevation of between 800 and 900 feet of the
streams flowing directly into Chesapeake Bay and those flowing into
Potomac River. The Western Division in Maryland corresponds rather
closely to what is known as the Frederick Valley.

TuE GEOLOGY

The Cambrian and Ordovician formations in Maryland arc confined
to the eastern division of the Appalachian Region, previously described
as the Great Valley and Blue Ridge, and to the western division of the

Piedmont Plateaun Region.
The Cambrian formations consist of shales, limestones, and sandstones

of sedimentary origin which have been subjected to much metamorphism
and marked structural disturbances since they were deposited. They
cover considerable areas in Washington and Frederick counties. The
Ordovician formations are found in association with the Cambrian in the
Great Valley and Blue Ridge regions and also in the Frederick Valley.
The Ordovician sediments have been much folded and faulted, but they
are, on the whole, less metamorphosed than those of Cambrian age.
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HISTORICAL REVIEW

It will be remembered that previous to 1830 geologists grouped into a
single large and indefinite * Transition Series” all of the sedimentary
and interbedded voleanie roeks of Great Britain older than the Car-
boniferous. Immediately underlying the Carboniferous was the great
mass of red sandstones and marls first designated the Old Red sandstone
and later determined as of Devonian age. In 1831, Sir Roderiek I.
Murehison and Professor Adam Sedgwiek attacked the problem of the
division of the remaining underlying strata, eonfining their studies to
the roeks of western England and eastern and southeastern Wales.
Murehison undertook this study under favorable eireumstanees, as he
began his researehes at the upper end of the series where fossils abound
and the structure is simple. He found that the different members of the
upper part of this great series could be recognized by the fossils as casily
as more reeent strata, and he eontinued to diseover fossiliferous zones
lower and lower in the series. He first designated these strata as the
“{fossiliferous graywacke series,” but in 1835 he changed this to the
“ Silurian System,” named after the Silures, a tribe of aneient Britons.
Sedgwiek, on the other hand, attempted the division of the transition
series in the Snowdon distriet of Wales where the ecomplieated structure
and highly altered nature of the roeks, and eonsequent seareity of fossils,
made the problem an extremely difficult one. In 1835 he proposed the
name “ Cambrian Series ” for the lower, older member, taking the name
from Cambria, the Roman name for northern Wales.

Murehison divided his Silurian system into an upper and lower portion
which were separated from eaeh other, as pointed out by Sedgwiek, by an
angular uneonformity marking the boundary between the Caradoe and the
Llandovery groups. The lower limit of his Silurian was not defined, but
he finally ineluded all of the fossiliferous strata of Sedgwiek’s Cambrian.

Murchison, in his volume on the Silurian system published in 1839,
reeognized the Cambrian series, and up to this point the two workers
agreed. However, in 184%, in his presidential address to the Geological
Soeiety of London, he stated that the Cambrian fossils did not differ from
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those of the Lower Silurian. an opinion eminently correct because, as just
noted, he had included in it all of the fossiliferous Cambrian. In the
publication of his Siluria several years later, Murchison still regarded
Sedgwick’s Cambrian system as simply a local facies of the Silurian
system. The historic but unfortunate controversy on this question now
ensued. Murchison, by means of his influential official and social position,
was able to dominate the subject and most of the rocks now recognized
as Cambrian, Ordovician, and Silurian were marked Silurian on the
British geological maps, and in both America and Europe fossils collected
from the equivalent of the “ Transition Series” were almost invariably
classed as Silurian. The term Cambrian was practically discarded
because, according to Murchison, it was impossible to recognize the strata
on account of their supposed lack of characteristic fossils.

In 1879 Professor Lapworth of Birmingham University, England,
proposed that Murchison’s term Lower Silurian be replaced by the name
Ordovician, after the Ordoviees, a tribe which lived in Wales at the time
of the Romans. Sedgwick in his writings continued to insist that the
Cambrian system was an independent group of rocks and proposed to
limit the Silurian to the Ludlow and the Wenlock, with the Mayhill sand-
stone at the base. In his introduction to Salter’s Catalogue of Cambrian
and Silurian fossils, published in 1873, the year of his death, he held to
this same view. As practically all of the faunas which he considered as
Cambrian and the main mass of the rocks included by him in the Cam-
brian system are now recognized as typical Ordovician, it is evident that
the present-day usage of the term Cambrian does not follow the intentions
of its author. The upper, typical portion of the Silurian system, to
which the name Silurian was restricted when Lapworth introduced the
new name Ordovician for the Lower Silurian, was named Murchisonian
by d’Orbigny in 1850, but this term never reecived a wide acceptance.

With the adoption of the terms Ordovician and Silurian by many
gcologists the name Cambrian was finally rctained for the lower, much
more sparingly, unfossiliferous rocks of the original Cambrian of Sedg-
wick—a most unfair procedure and one to which that author objected
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vigorously in his lifctime. Still another classifieation of pre-Devonian
Paleozoic roeks is that of De Lapparent who reeognized the Silurian for
the entirc interval, with the thrce divisions—Cambrian, Ordovician, and
Bohemian or Gothlandian.

Another term whieh enters into this eontroversy is that of the Taeonie
system. The Taeonie question was the basis of a controversy in Ameriea
similar to that of the Silurian in Great Britain. In 1838 Emmons noted
that the Potsdam sandstone was the oldest sedimentary rock in the
vicinity of Potsdam, New York, as it lcre rested upon pre-Paleozoic
crystallines, an observation still reeognized as correct. Overlying the
Potsdam sandstone, he found the Caleifcrous sandroek, the Chazy, Birds-
eye, and Trenton limestones, and the Utica and Hudson River shales.

In western Massachusetts at the foot of the Hoosae Mountains he found
an entirely different series resting direetly upon the gneiss. Emmons
helieved this series to be older than the Potsdam and in 1841 he applied
to it the name Taconic system, after the Taconic range. The controversy
which arose over the reality of his system lasted over half a century, and
although Emmons defended his opinion until the day of his deatl,
stratigraphic geology had then not proceeded far enough to recognize the
real value of the Taeconie roeks in classifieation. It is now known that
the greater portion of the Taeonic is of Cambrian age. With slight
emendations the term Taconie could in all fairness have been recognized
for the Cambrian or for a portion of it just as Sedgwick’s term Cambrian
should have been applied to the roeks now ealled Ordovieian.

During the quarter of a century or more following Lapworth’s defini-
tion of the Ordovician system and the recognition in America of the
Cambrian, Ordovician, and Silurian, with the limits generally aecepted
to-day, no controversial matters of especial importance arosc in Early
Paleozoic stratigraphy. Most students of the subject belicved that Early
Paleozoie sedimentation took place in quiet continental seas whieh were
often of considerable depth. It was thought that sedimentation endured
without interruption either through a single period or sometimes through
several periods, until finally there was land elevation and withdrawal of
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the sea. Then after extensive erosion, the sinking of the land and incur-
sion of the sea inaugurated another period of geologieal history. Faunal
differences in apparently contemporancous strata were attributed to the
different habitats of the orgamisms, while the absence of certain strata
over wide areas was explained by the erosion during the land interval.
The great ehanges in lithological character from place to place depended
upon the topography of the land masses bordering the continental seas.

In the last decade so many new stratigraphic and paleontologic facts
have come to light that the old conceptions regarding stratigraphic corre-
lation and the ideas concerning the character and extent of the ancient
continental scas have been greatly modified and often diseredited. The
lifelong studies of E. O. Ulrich upon the stratigraphy and paleontology
of the American Paleozoic have brought to light new criteria for systemic
delimitation, and caused him to propose a revision of the Palcozoic sys-
tems based upon these new conceptions. Aceording to his views there
never was a vast continental sea of considerabledepthenduring throughany
great period of deposition, nor was there ever any considerable elevation of
the adjacent land masses with the conscquent erosion, except for compara-
tively brief periods. In his work in collaboration with Professor Charles
Sehuchert, published in Bulletin 52 of the New York State Museum
under the title “ Paleozoic seas and barriers in eastern North America,”
it was brought out that the diastrophic movements producing deformation
of the land masses, manifested themselves not only between the larger
divisions of geologic time, but cven between formations. These move-
ments resulted in a north and south warping of the continent with the

formation of narrow structural troughs whose position was determined
by their loeation in areas with a predisposition to sink. These troughs
or negative areas were separated more or less eompletely by anticlinal
arcas which had a positive tendeney to remain above sea level in all except
the periods of most general submergenee.

These positive and negative areas were discussed in more detail by
Sehuchert in his great work on the Paleogeography of North America,
published in 1910 in the Bulletin of the Geological Society of America.
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The positive areas were seldom elevated enough to have great erosive
activity and the land masses were gencrally quite low. As a result therc
are certain limestone formations which hold their lithologic character for
hundreds of miles.

In his epoch-making work on the Revision of the Paleozoic Systems,
published in volume 22 of the Bulletin of the Geological Society of
America, in 1911, Ulrich has given a very detailed account of the dia-
strophic and faunal criteria employed by him in his studies on strati-
graphic classification, and he has devoted much attention to the oscillatory
character of continental secas. The northeast-southwest troughs, separated
by barriers or arcas around which warping took place, were invaded by the
sca many times during the coursc of a period. Other barriers or areas
extending at approximate right angles to these troughs, separated them
into basins. The general idea was that the sea advanced and retreated
many times during the course of a period within these comparatively
restrieted basins. With each suecessive invasion sediments were deposited
over a larger area so that the final result was a series of overlapping
deposits thinning out on the sides of the trough. Each trough or basin
wonld contain series of formations marked off by diastrophic and faunal
evidence and a formation would be lithologically and faunally similar only
in its own basin, except in periods of great submergence when the sea
advanced over the barriers. As the different basins of sedimentation at
times connected with different oceanic areas, the marine forms of life in
them would consequently be different. Therefore, formations of the
same age in adjoining basins may differ totally not only in their lithologic
characters, but also in their faunal contents. These troughs of deposition,
with their separating barriers, were greatly influenced by later and later
periods of diastrophism with the result that in the Appalachians, where
folding occurred, the barrier or anticlinal structure is now much dimin-
ished in width and is often represented by an overthrust fault.

In addition to the north and south structural lines it has been found
that there were definite east and west lines or axes which serve as pivots
of oscillation for the continent. The formations thin from either side
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along these lines just as in the north and south structural troughs they
thin along the edges of the trough.

The greatest sea withdrawal marks the systemic boundaries, but the
advance and retreat of the seas within the systems would naturally not be
uniform throughout the basins of deposition. Therefore one area will
have deposits which are represented in another area by a stratigraphic
hiatus. As a result of this, the complete section cannot be found at any
one place but it is a composite one made up of units from many places.

The disregard of this fact has delayed the recognition of many new

formations heretofore, as in the case of the so-called Qzarkian.

Under the conception of little elevation and often slight erosion of the
Eopaleozoic land masses, the stratigraphic unconformities are not strongly
marked even though the time interval may have been great. The bedding
planes of strata belonging to distinct formations are usually parallel and
the detection of such unconformities is most difficult. The faunal method
of diserimination is a sure one, provided the oecurrence and range of the
faunas are well known. Another method is in the comparison of detached
sections and noting the gradual interpolation of other strata between two
formations with persistent lithologic characters. In the discrimination
of the Ordovician rocks of Maryland, this latter method is extremely
useful, as several of the formations developed in states to the north and
south are represented here only by their overlapping margins.

In the classification of Paleozoic rocks, as commonly recognized, the
Cambrian and Ordovician systems forming the subject of this volume
eomprise the Eopaleozoic. In his revision of the Paleozoie systems, Ulrich
has proposed and defined two new systems, the Ozarkian and Canadian,
which occupy the interval between a slightly restricted Cambrian and a
more 1modified Ordovician system. Brief deseriptions of these new
systems were read at the Baltimore meeting of the Geological Society
of America in 1909, but were not published until 1911. In 1910, in his
Palecogeography of North America, Schuchert adopted both of the new
systems, crediting them to Ulrich, and introduced a third for the Cin-
cinnatian rocks hitherto classified at the top of the Ordovician. The
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prineiples upon which the Ozarkian and Canadian have been founded are
diseussed in great detail in the Revision and their author has a mono-
graphie study on their paleontology and stratigraphy in the eourse of
preparation. Although each of the new systems (Ozarkian and Cana-
dian) eontains strata heretofore in the one case referred to the underlying
Cambrian and in the other to the overlying Ordovician, much the greater
part of eaeh system is eomposed of thiek formations whose actual dis-
tinetness from the typical Cambrian and Ordovieian has never been
appreeiated. In short these two systems, like the Cambrian, Ordovieian
and all well-founded geologie systems, are based on a eertain sequence of
diastrophie events and a suffieient thiekness of marine deposits to repre-
sent a period of geologie time approximating in length that represented by
such other well-established systems as the Silurian and Devonian. They

were not founded primarily on fossil evidenee, but on the physical criteria
of great serics of marine deposits found wedging in between the under-
lying uneven top of older formations, which contain the now well-known
and altogether characteristic Upper Cambrian fauna, and the similarly
uneven base of another system that comprises the bulk and most char-
acteristie parts of the Ordovieian system of the literature. The fossil
eontents of the two new systems were, of eourse, immediately utilized in
recognizing the several formations from place to place. But the Ozarkian
and the Canadian faunas as such could be appreeiated only after the
systems themselves had been diseriminated by physieal eriteria. So far
as these faunas have been worked out they arc clearly distinguishable and
as different from cach other and from the preceding Cambrian and the
suceeeding Ordovieian faunas as are the organie remains in any succecd-
ing eontiguous pair of systems. In other words the Ozarkian fauna as
shown in Ulrich’s collcetions in the U. S. National Muscum is more
radieally different from the life of the Upper Cambrian seas than is the
Silurian from the Ordovician, the Devonian from the Silurian, or the
Mississippian from the Devonian. The most striking feature of the
differenee between the Ozarkian and the Cambrian is the strong develop-

nient of straight and eurved eephalopods, and numerous eoiled gastro-

3
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pods—types which, up to the present, are entirely absent in Cambrian
faunas. The Canadian faunas introduce a wealth of graptolites, true
orthoids as distinguished from Billingsellidae brachiopods, the first
ostracods, and the first of the coiled eephalopods. The Ordovieian fauna
is at onee distinguished from the Canadian by the first appearance of
pelecypods, the first of the unquestionable bryozoans. and the first true
erinoids.

The following table is introdueed to illustrate graphieally the:various
usages of the Silurian and related terms eoneerned in this volume :

Although the list of papefs dealing with the geology of the parts of
Maryland concerned in this volume is quite lengthy, the number of
students whose observations have advanced the knowledge of the strati-
graphy and paleontology of the region is eomparatively small.

In 1883, Mr. II. R. Geiger began the study of the Paleozoie roeks
along the Potomae River in western Maryland and West Virginia and
in 1886 and 1887 extended his work eastward down the Potomae River
and for some distance southward over the Great Valley region of Virginia.
In 1888 he began work on the Harper’s Ferry quadrangle and after
several months study came to certain coneclusions regarding the relations
of the sandstones and associated formations in the Blue Ridge and South
Mountain to the limestones of the Great Valley which are not held to-day.

In 1890 Mr. Arthur Keith undertook a reéxamination of the Harper’s
Ferry quadrangle and as a preliminary result of his studies read a paper
in joint authorship with Mr. H. R. Geiger, before the Geologieal Soeiety
of America on “ The Strueture of the Blue Ridge near Harper’s Ferry.” !
The next year he published a short noticc on “ The Geologic Structure of
the Blue Ridge in Maryland and Virginia,” * and his final results appeared
in the Harper’s Ferry folio No. 10, Geologie Atlas of the United States.

In 1892 Mr. Charles D. Waleott made an examination of the Blue
Ridge and South Mountain region and definitely determined the Cam-
brian age of its quartzites. A statement of the results of this investigation

1 Bull. Geol. Soc. America, vol. ii, 1891, pp. 155-164, pls. iv, v.
? American Geologist, vol. x, 1892, pp. 362-368,
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was sct forth in two papers, one entitled “ Notes on the Cambrian Rocks
of Pennsylvania and Maryland from the Susquehanna to the Potomac,” g
and the other “ The Geologist at Blue Mountain, Maryland.”*

Mr. Keith continued his studies of South Mountain and Blue Ridge
geology into Virginia and in 1894 published a report on the “ Geology
of the Catoctin Belt.”® This report describes the Blue Ridge, South
Mountain, and Catoctin belts from northern Virginia through Maryland
into Pennsylvania and was an important addition to the geologic knowl-
cdge of this area east of the Great Valley.

The discovery of fossils in the Frederick Valley limestone was an-
nounced by Charles R. Keyes in 1890 * in an article in which he included
a geologic section across the valley. The next contribution in which fossils
were mentioned was by Charles S. Prosser in 1900, who described the
Shenandoah limestone and Martinsburg shale in a gencral way.

The most important contributions to the early Palcozoic stratigraphy
of this region appeared in 1910 in the description of the Mercersburg-
Chambersburg district of Pennsylvania by George W. Stose® in which
E. 0. Ulrich collaborated in the study of the Shenandoah limestone and
Martinsburg shale. Further stratigraphic and paleontologic details of
these rocks were given by E. O. Ulrich in his “ Revision of the Paleozoic
System ” in 1911.
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mont Plateau and Appalachian areas. Many local descriptions and refcrences are
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Irrcmcock, E.  Outline of the Geology of the Globe and of the United
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that portion of the range, near the Potomac River. The sccond paper deals with
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Amer. Jour. Sci., 3d ser., vol. xix, 1880, pp. 71-72.

Buthotrephis fleruosa (determined by Lesquereux) fin the Peach Bottom slates,
Sllurlan age inferred. Extract from a lctter.

1882

Scuary, J. T. History of Western Maryland, being a history of
Frederick, Montgomery, Carroll, Washington, Allegany, and Garrett
counties from the earliest period to the present day. 2 vols. 4to. Phila.,
1882. Topography and Geology by P. R. Uhler. pp. 13-46.

1884

Frazer, P., JR. The Peach Bottom Slates of Southeastern York an
Southern Lanecaster eounties.

Trans. Amer. Inst. Min. Eng., vol. xii, 1884, pp. 355-358. Plates and section.
(Abst.) Amer. Jour. Sci., 3 ser., vol. xxix, 1884, p. 70.

Discussion of a section along the Susquehanna River northward from the Mary-
land line. Also a letter from Prof. James Hall regardlng the probable age of the
slates, which he conslders are elther the Hudson Rlver or the Quebec group from the
presence of forms allled to Holymenites, Lamnantes lagranger and graptollthus.

Rocers, Wiruiam BARTON. A reprint of Annual Reports and other
papers on the Geology of the Virginias. Sm. 8vo. Appleton, 1884.
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Waruing, H. F. Topographical Indications of a Fault near Harper’s
Ferry.

(Abst.) Bull. Phil. Soc., Washington, vol. vi, 1884, pp. 30-32.

Mentions the discontinuous extension of the Biue Ridge at ilarper’s Ferry in sup
port of increased corrugation and steepness of dip eastward with reversed foiding.
The downthrow to the west.

1886

Frazer, Persiror, JR. General Notes. - Sketch on the Geology of

York County, Pennsylvania. (Read Dec. 4, 1885.)°

Proc. Amer. Phil. Soc., Phila., vol. xxiii, 1886, pp. 391-410.
Discussion of the general structure equaliy applicabie to Maryland.

1890

Keyes, CHarLES RorriN. Discovery of fossils in the limestone of
Frederick County, Maryland.

Johns Hopkins Univ. Cir. No. 84, vol. x, 1890, p. 32.

Gives a geological section and description of Frederick Valiey and enumerates
the fossils found there.

MACFARLANE, J. R. An Amcrican Geological Railway Guide. 2d ed.
8vo. 426 pp. Appleton, 1890.

Maryiand notcs based on data from Uhler, Williams, Fontaine and Chester.

1891

Ge1GER, H. R., and Kxiti1, ARTITUR. The Struecture of the Blue Ridge

ncar Harper’s Ferry. (Read Dec., 1890.)

Bull. Geol. Soc. Amer., vol. ii, 1891, pp. 155-164, plates iv and v.
(Abst.) Amer. Geol., vol. vii, 1891, p. 262; Amer. Nat., vol. xxv, 1891, p. 658.

The authors conclude that the sandstones are not Potsdam, as previously considered,
but Upper Silurian. The paper is accompanied by geological map and sections.

KeyEes, CHARLES RoLuIN. Paleozoic fossils of Maryland.
Johns Hopkins Univ. Cir. No. 94, vol. xi, 1891, pp. 28-29.
Enumerates the fossiis and type locaiities. 3
A Geologic Section across the Piedmont Platean in Maryland.

Bull. Geol. Soc. Amer., vol. ii, 1891, pp. 319-322. (Published separately, 1890.)
(Abst.) Amer. Geol., vol. viii, 1891, p. 331.

Besides the generai treatment of the structure from Washington to Catoctin Mt.,
there is a very brief discussion of structure of Sugar Loaf Mt. p. 322.
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Warcorr, C. D.  Correlation Papers—Cambrian.

Bull, U. 8. Geol. Surv,, No. 81, 1891.
House Misc. Doc., 52d Cong., 1st sess., vol. xx, No. 25. .

Based chiefly on Tyson’s Report, pp. 133, 287, 290. For problems unsolived see
pp. 328-383. :

1892

Kerrm, Arraur. The Geologic Structure of the Blue Ridge in Mary-
land and Virginia.

Amer. Geol, vol. x, 1892, pp. 362-368.

Broadly considered, the reglon is an anticline, where an arch is crumpied into
several synclines and broken by fauits tiil the resultant structure is quite compilcated.

Lrscry, J. P. A Summary description of the Geology of Pennsylvania.
3 vols. Iarrisburg, 1892.

Numerous references to formations passing southwards into Maryland.

Warcorr, C. D. The Geologist at Blue Mountain, Maryland.

Nat. Geog. Mag., vol. 5, 1892, pp. 84-88.
Sci. Amer. Supp., vol. 37, 1892, pp. 14753-14754.

Notes on the Cambrian Rocks of Pennsylvania and Mary-
land from the Susquehanna to the Potomae.

Amer. Jour. Sci., 3d ser., vol. xliv, 1892, pp. 469-482,
The portion of Maryland studied lies in the Blue Ridge and Catoctin mountains from

Mechanicstown (Thurmont) to Monterey, Pa., along the W, M. R. R. and southward to
Harper's Ferry, W. Va.

1893

Wirriams, G. H.  (The Appalachian Region and the Itinerary from
Washington, D. C., to Cumberland, Maryland.)

Geological Guidebook of the Rocky Mt. Excursion, Compte Rendu de la 5me
Ses. Congrés Geolog. Internat. Washington, 1893, pp. 268-279.

House Mise. Doe., 53d Cong., 2d sess., vol. xiii, No, 107, pp. 268-279.

Summary of the local geology along the route.

Wirniams, G. H., and Crark, W. B. Geology of Maryland.

Maryland, its Resources, Industries and Institutions, Baltimore, 1893,
pp. 55-89.

A general summary of the geology of Maryland with many illustrations and local
references.

Wirnis, Battey. The Mechanies of Appalachian Strueture.
13th Ann. Rept. U. S. Geol. Surv., 1891-92, pt. 2, Washington, 1893, pp. 211-281,
plates and maps.

The discussion includes iiiustrations from Maryland, and its conclusions are appii-
cable to the western portion of the state.
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1894

Kerra, ArtHUR. Geology of the Catoctin Belt.

14th Ann. Rept. U. S. Geol. Surv., 1892-93, Washington, 1894, pt. ii, pp. 285-395,
maps and plates.

House Exec. Doc., 53d Cong., 2d sess., vol. xvii, p. 285.

(Rev.) Sciences, n. s., vol. ii, 1895, p. 97.

A full discussion of the area studied.

———.  Harper’s Ferry Folio, Explanatory Shects.

U. 8. Geol. Surv. Geol. Atlas, folio No. 10, Washington, 1894.
Brief epitomized discussion of the local geology, structure and geologicai history of
the area included.

1896

Dorsey, CLARENCE W. The Soils of the Hagerstown Valley.
Md. Agr. Exp. Sta. Bull. No. 44, College Park, 1896.

A study of the soiis resulting from the disintegration of the Cambrian sandstone,
HHudson River shales and Trenton limestones. Distinguished five types.

WarcorT, C. D. The Cambrian Rocks of Pennsylvania.

Bull. U. S. Geol. Surv. No. 134, 1896,
House Misc. Doc., 54th Cong., 2d sess., No. 24.

Contalns incidental reference to his work with Keith in Frederick County and also
to the southern continuation of I’ennsylvania formations.

Wirris, BaiLey. The Northern Appalachians.

The Physiography of the United States.
Geographic Monographs I, American Book Company, 169 pp., 1896.
A study of the present topography and its origin.

1897

Crark, WiLLiam BuLrock. Historical sketch embracing an account
of the progress of investigation concerning the physical features and
natural resources of Maryland.

Md. Geol. Surv., vol. i, pp. 43-138, pls. ii-v, 1897.

Outline of present knowledge of the physical features of
Maryland, embracing an account of the physiography, geology, and
mineral resources. '

Md. Geol. Surv., vol. i, pp. 141-228, pls. vi-xiii, 1897.

Description of the physiographic features of the state, the character and distribution
of the igneous and sedimentary rocks, and the mineral resources,
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1899

AnBE, CLEVELAND, JR. A general report on the physiography of Mary-
land.

Md. Weather Service, vol. i, pp. 41-216, pls. iii-xix, figs. 1-20, 1899.

Discusses the physiographic features of the Pledmont Plateau and Appalachian
provinces in Maryland.

CrARK, WiLniaM Burrock. The relations of Maryland topography,

elimate, and geology to highway eonstruetion.
Md. Geol. Surv., vol. iii, pp. 47-106, pls. iii-xi, figs. 1-3, 1899.

1900

Prosser, Cr1ARLES'S. The Shenandoah limestone and Martinsburg
shale.

Jour. Geol,, vol. viii, pp. 655-663, figs. 1-4, 1900.

Describes the lithologic and faunal characters of the formations in adjacent portions
of Maryland and West Virginia.

Uwrrcr, E. O., and ScHUCTTERT, CHARLES. Paleozoie Seas and barriers

in eastern North Ameriea.
N. Y. State Mus., Bull. No. 52, pp. 633-663, 1 pl.

1906

Crark, WiLLiaM Burrock. Report on the physical features of Mary-
Iand, together with an account of the exhibits of Maryland mineral

resourees made by the Maryland Geologieal Survey.

Maryland Geol. Survey (Special Publications, vol. vi, pts. 1 and 2), 284 pp.,
30 pls., 19 figs., geol. map. (in pocket), 1906.
A general account of the physlography, geology and mineral resources of the state.

1907

MARYLAND GEOLOGICAL SURVEY.

(Geological) map of Maryland, prepared by Maryland Geological Survey,
‘Wm. Bullock Clark, State Geologist, 1907, Scale 1: 187, 500.

BassLEr, RaY S. Cement and cement materials (of Virginia).

In Watson, T. L., Mineral Resources of Virginia, pp. 86-167, 10 pls., 14 figs.,
1907,
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1908

Stose, GEorgE W. The Cambro-Ordovician limestones of the Appa-
lachian Valley in southern Pennsylvania.

Jour. Geology, vol. xvi, No. 8, pp. 698-914, 1908,

BassLER, Ray S. Cement materials of Western Virginia.

Eecon. Geology, vol. iii, No. 6, pp. 503-524, 4 figs., 1908.

Prasopy, Cuarnes. The exploration of Bushey cavern, near Cave-
town, Maryland.

Phillips Academy, Andover, Massachusetts, Dept. of Archaeology, Bull. iv,
pt. 1, pp. 3-25, 8 pls., 1908.

1909

MaTneEws, Epwarp BENNETT, and Grasty, JOHN SHARSHALL. Re-
port on the limestones of Maryland, with special reference to their use in
the manufacture of lime and ecement.

Maryland Geol. Survey, vol. viii, pp. 225-477, 14 pls., 12 figs., 1909.

Bassiter, Ray S. The Cement Resourees of Virginia west of the Blue
Ridge.
Virginia Geol. Surv., Bull No. 24, 309 pp., 30 pls., 30 figs., 1909.
1910

ScrucHERT, CHARLES. Paleogeography of North Ameriea.
Geol. Soe. Ameriea Bull,, vol. xx, pp. 427-606, 56 pls.

Stosk, GEorGE W. Description of the Mercersburg-Chambersburg dis-
trict, Pennsylvania. ' ‘

U. S. Geological Survey, Geol. Atlas U. S., Mercersburg-Chambersburg foiio
(No. 170), library edition, 19 pp., 8 pls. (maps, sections, and iliustrations
sheets), 5 figs., 1909; fieid edition, 144 pp., 6 foided maps, 10 pis,, 4 figs., 1910.

Describes the topographic features, thc general geology, the occurrcnce, character,
and relations of pre-Cambrian volcanic rocks, and of Cambrian, Ordoviclan, Silurian

and Devonian formations, and geologic structure, the geologic history, and the economic
resources.

1911

UrricH, Epwarp O. Revision of the Paleozoic Systems.
Geol. Soc. America, Buii. vol. xxii, No. 3, pp. 281-680, 5 pls.




44 TuE CAMBRIAN AND ORDOVICIAN DEPOSITS 0F MARYLAND

1912

Earon, H. N. The geology of South Mountain at the junction of
Berks, Lebanon, and Lancaster counties, Pennsylvania.

Jour. Geology, vol. xx, No. 4, pp. 331-343, 2 figs., May-June, 1912,

Describes the occurrence, character and reiation of pre-Cambrian, Cambrian, Ordo-
vician and Triassic strata and the structural conditions,

Jaxporr, MorToN LERMAYER. Preliminary report on the York Valley

limestone belt in York County.

Pennsylvania Topog. and Geol. Survey, Rept. 1910-1912, pp. 50-129, 14 pls.
(incl. maps), 1912,

Moore, ELwoop S. Siliceous oolites and other concretionary structures
in the vicinity of State College, Pennsylvania,

Jour. Geology, vol. xx, No. 3, pp. 259-269, 7 figs., April-May, 1912: Abstract,
British Assoc. Adv. Sci., Rept. 81st Meeting, p. 390, 1912,

Describes the occurrence and geologic reiations and discusses the origin of siliceous
oolites.

StosE, GEorGE W., and Swarrz, CHARLES K. Description of the
Pawpaw and Hancock quadrangles (Maryland-West Virginia-Pennsyl-
vania).

U. 8. Geol. Survey, Geol. Atlas U. S. Pawpaw-Hancock folio (No. 179), 24 pp.,
11 figs.,, 9 pls. (maps, sections, and illustrations), 1912; field edition, 176 pp.,
11 figs., 20 pls., 6 folded maps (in pocket), 1912,

Abstract, Washington Acad. Sci. Jour., vol. ii, No. 16, p. 410, October 4, 1912,

Describes the topography, the character, occurrence, and relations of Cambrian,
Ordovician, Silurian, Devonian, and Carboniferous formations, and of Tertiary, and
Quaternary deposits, the geologic structure, the geologic history, and the mlnerai
resources,

Wirris, BATLEY. Index to the stratigraphy of North America.

U. 8. Geological Survey, Prof. Paper, 71, 894 pp., 1 pl. (geological map in 4
sheets in separate case).

Drief notes on Maryland stratigraphy are given in the compilation of data used
in the preparation of the gcologic map of North Amerlea.

1913

Brown, TroMmas C. Notes on the origin of certain Paleozoic sedi-
ments, illustrated by the Cambrian and Ordovician rocks of Center
County, Pennsylvania.

Jour. Geology, vol. xxi, No. 3, pp. 232-250, 7 figs., 1913; (Abst.), Geol. Soc.
America, Bull. vol. xxiv, No. 1, p. 112, March 24, 1913.

Discusses the origin of conglomerates, ooiltes, and sandstones of Ordovician and
Cambrian age.
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PALEOGEOGRAPHY OF¥ THE CAMBRIAN AND ORDOVICIAN

The subject of ancient or geologie geography for which the term
“ paleogeography ” was proposed in 1872 by T. Sterry Hunt and was
prominently employed by Robert Etheridge, the English paleontologist,
in 1881, has become such an important branch of stratigraphie geology
that to-day no general stratigraphic discussion is complete without an
attempt to indicate the distribution of the land and water of the time.
Sinee 1896 when Canu published his “ Essai de paleogeographie ” the
term has been frequently employed.

Palcogeographic maps have been prepared in America sinee 1863 when
James D. Dana published several generalized sketehes of the Azoie,
Cretaceous, and early Tertiary periods, in the first edition of his Manual
of Geology. Since then over 500 paleogeographic maps have appeared,
about one-half of which refer to North Ameriea. Until recent years most
of these maps were subject to the criticism that they eovered too much
time and therefore were too generalized.

Schuchert, in 1908, in his “ Paleogeography of North America,” pub-
lished a scries of maps based upon the most precise correlations and the
narrowest time limits that had hitherto been attempted. This work,
whieh was prepared in eollaboration with all the leading American
stratigraphers and paleontologists, brought out with excellent clearness
many new features, especially the oscillatory nature of the continental
seas. This publication marks a great advance in the science of palco-
geography. In spite of efforts to the eontrary, some of these maps, as was
recognized by their author, covered too long a time period, and are subjeet
to the criticism just mentioned.

Since 1908 a great amount of new data on the stratigraphy and
paleontology of American early Paleozoie formations has been accu-
mulated and to-day maps covering the geography of a single formation arce
possible. Maps illustrating the early Paleozoie divisions of the geological
eolumn were prepared by E. 0. Ulrich and revised at frequent intervals
as new facts were obtained. But few of these have hitherto been pub-
lished, but the writer has obtained permission to reproduce in this volume
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all of the maps covering the formations here under diseussion. These
are inserted in their appropriate place in the text.

It must be remembcered that in these maps the shore lines are more or
less hypothetieal and do not show the bays and other features of present-
day strands. It must also be remembered that the present-day base maps
do not aecurately represent the continents of past times, beeause the latter,
espeeially in the mountainous areas, have suffered great eompression.

Although it is evident that the portion of Maryland eovered by the
Cambro-Ordovieian toeks is too small a part of the North Ameriean
eontinent to reveal much of the paleogeography, still it may be noted
from the aeecompanying maps that western Maryland has been much
eoneerned in the eontinental oseillation and other earth movements which
occasioned the repeated invasions and withdrawals of the sea. In order
to plot these sea invasions not only must the distribution of the marine
sediments of the time be dectermined and the ancient shore lines thus
approximated, but also the particular oceanic basins from which the
scveral fossil faunas have migrated must be ascertained. The waters
which have repcatedly flooded the continent have come from the Arctic,
Atlantic and Pacific oceans and the Gulf of Mexieo, and each brought with
it such samples of its own particular life as were available and suited to
existence in shallow epicontinental seas.

Comparative studies of the fossil faunas have shown them to have had
a considerable samencss in eomposition when derived from the same
occanic source, and to have had great unlikeness to contemporaneous
faunas that originated in other occanic basins. This appears to indicate

not only that the life in the several oceanie basins evolved more or less
independently, but also that each maintained in recognizable measure

its individual characteristics. Thesec distinctive facies were perhaps never
less and may often have becn greater than now. At any rate Ordovician
faunas of Arctic origin are at least as distinet from approximately eon-
temporaneous ones of Gulf origin as the life of the Aretic Ocean to-day is
different from that of the Gulf of Mexico. Appreciating these distine-
tions paleontologists are sueeeeding very well in discriminating the faunas-
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_ that came in from the east or south from those that invaded the continent
from the north or west.

The underlying prineiples of the science of paleogeography and the
methods employed in the preparation of paleogeographic maps have been
discussed in detail by Ulrich.' In brief the study of first, fossil faunas
and floras, and second, of the phenomena expressed under the general
name of diastrophism, afford the data for such maps. In the study of the
ancient life forms, eonclusions of value are reached first, by determining
the arcal distribution of certain associations of species of land and water
organisms, and second, by the discovery of their place of origin.

The sccond method of study, based on diastrophism depends upon the
idea of essentially permanent depressions and elevations of the ecarth’s
surface. According to this view the surface of the eontinent ean be

divided into (1) positive areas that have been rarely if ever submerged,
this being shown by the distribution of thesedimentary rocks around them
and (2) negative areas whieh often received deposits from waters of one

or another of the occanic basins whenever by subsidence they were brought
below sea level. A paleogeographiec map therefore is produced by plotting
the isolated occurrences of a definitely identified fossil fauna and connect-
ing them with the ocean of their origin by sea ways within the negative
areas.

From the study of the eriteria of paleogeography it beeomes apparent
that the Paleozoic cpicontinental seas occupied mostly small, shallow,
often disconnected, basins, communicating with the nearest oceanie basin.
In general they must have been mueh like Hudson Bay, which may be
regarded as a modern representative of an American interior continental
sea. Many of these land basins were filled and emptied many times,
occasionally receiving their water from the Atlantic and at other times
from the Arctic, and ofttimes from the Gulf of Mexico. Naturally, with
cach change in the source of the waters, the geographic pattern differs
considerably, and at times fundamentally, from the next preceding. In

1 Bull. Geol. Soc. Amer., vol. xxii, 1911, No. 3, pp. 281-680, 5 pls. and Compte
Rendu, XII session du Congrés géologique international, pp. 593-667.

4
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Massive pure dove, gray, and magnesian limestone
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Finely laminated pure magnesian limestone with
cauliflower and other cherts at top. 440 feet.

containing the Turritoma fauna in its upper
part. 575 feet,

PN RGN KX KX

Blue and dove limestone, cherty in upper part and

limestone.

Cherty oolitic limestone, dove-colored, pure lime-

cfontaining the born-like fossil Ceratopea.
eet.

250

stone and dense textured pink marbles. Basal
60 feet contains Cryptozoon steeli and weathers
into yellow platy chert. 600 feet.

. Blu?sh-gray sandy shaieé, slate, schist, and thin

Stonehenge member, The upper hali of massive
biue to gray limestone with contorted siliceous
laminations interbedded with edgewise conglom-
erates and oolite. The lower half gray, pure
limestone, weathering white. 500 feet.

Massive dark-blue limestone closely banded by thin
siliceous contorted Jaminae, weathering into
sandy shale fragments. Edgewise conglomerate,
oolite and chert abundant at the base. 1600
feet.

Light-blue and gray shaly limestone, weathering
into shale fragments. Massive dolomitic and
siliceous limestone developed in the middle part
and dark-blue massive limestone at the base.
3000 feet.

Siliceous gray iimestone and calcareous sandstone
at base, massive limestone and marble in middle
portion and red to purple siliceous shale at top.
Forms low ridges suitable for fruit culture.
1000 feet.

White to pink shaly marble weathering to yellow-
ish shale fragments, with also massive dark-blue
magnesian limestone. Upper beds weather into
blocky, black-banded chalcedonic cbert. 1000
feet +.

Coarse-grained white to bluish-gray sandstone and
quartzite, weathering readily to sand. Contain
numerous Scolithus. 800 feet.

flaggy sandstones. 1200 feet.

Massive, white and purple, coarse, feldspathic sand-
stone and quartzite, forming mountain ridges.
800 feet.

Dark slates, shales, sandstones, and marbles. 500
feet.

Xltered rhyolitic lava and basalt flows.

F16. 1.—COLUMNAR SECTION OF TIIE CAMBRIAN, OZARKIAN AND CANADIAN STRATA
OF MARYLAND AND NEIGHBORING STATES.
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Sflu- |Tuscarora 8
rian. sandstone, . .

s [Massive wbite quartz sandstone and conglomerate.

=| Unfossiliferous, soft, red sandstone and inter-
bedded red shale. 400 feet.

Juniata formation.

Unfossiliferous gray sandstone, probably of Upper
Maysville age. (Oswego sandstone.) 150 feet.

Unfossiliferous gray sandstone with Orthorhyn-
chula linneyi zone at top. Lower Maysville in
age. 300 feet.

Yellow shale and calcareous sandstone in upper
half and soft greenish to yellow shaly sandstone
and shale in lower part. Fossils of Eden age at
several horizons. 1000 feet —+.

Cincinnatian.

Martinsburg shale.

Dark gray unfossiliferous shale in upper half and
black carbonaceous fissile shale in lower half.
Probably of Trenton and Utica age, 1100 feet +.

Calcareous dark shale with Corynoides fauna.
P — == Thin-bedded limestone with Sinuites fauna.

l sreencastle bed. Heavy bedded impure limestone.

I [ (Not developed in Maryland.) 0-200 feet.
=T = Christiania bed. Thin-bedded calcareous shales
I;""‘_'r—_—‘-_—;[:: and shaly limestone, 0-270 feet.

J l Nidulites bed. Compact dark gray, thick and thin-
bedded limestone. 200-300 feet.

Ordovician.

Chambersburg
limestone. I l

Mohawkian.
T

Echinospheritesibed. Dark blue, argillaceous,
cobbly limestone. 40-50 feet.

Tetradium cellulosum bed. Fine-grained dove and
subgranular linestone, 0-200 feet.

Caryocystites bed. Coarsely crystalline to sub-
T ; crystalline limestone. 0-175 feet.

WJTJ\-I/L_\ Massive fine-grained dove-colored limestone. 300

] [ ] feet =+,

Stones River T —T—7T—| Blue to gray compact granular to oolitic limestone
limestone. ST = T=T=7+ with Maclurites magnus fauna. Weathers into
£ black, blocky chert. 200 feet.

Chazyan.
U
L
0
B

T L T T Massive dove limestone interbedded with magnesian
T T T layers. Cauliflower chert or silicifled edgewise
T T T conglomerates present at base, 600 feet -+,

£ <
[ (=) re] 0’ I=) . Cherty top of Beekmantown limestone.

F16. 2.—COLUMNAR SECTION OF THE ORDOVICIAN ROCKS OF MARYLAND AND NEIGI!-
BORING STATES.
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the Appalachian region the seas were often contained in narrow troughs
whieh connccted at some point with the Atlantie, although ocecasionally
these troughs communicated at both ends with the ocean.

The complete changes in the souree and direction of the faunal in-
vasions are well shown in some of the maps of North America in Early
Paleozoic time. For example the Gulf invasion of Lower Blaeck River
(Lowville) time is superseded by an incursion from the Aretic in the
Middle Black River (Decorah) and this is followed by one which seems to
have come in from the west.

STRATIGRAPHIC AND PALEONTOLOGIC CHARACTERISTICS

Throughout the Appalachian provinces the Early Paleozoie strata com-
prised in the Cambrian and Ordovician systems may be convenicntly
arranged into three great phases of sedimentation—the lowest of sand-
stone, quartzite, and sandy shales of Lower Cambrian age, next limestone
deposits extending from uppermost Lower Cambrian to the lower part of
Middle Ordovieian times, and last a shale phase covering the rcmaining
Middle and Upper Ordovieian. In Appalachian Maryland cach of these
three phases is well developed, their combined thickness rcaching 16,000
feet. Of this total, the lower division eomprises over 3300 feet, the middle
limestones over 10,000 fect, and the upper shales 2400 feet. Thesc thick-
nesses vary in different parts of the Appalachians. As a rule they are
greatly diminished to the north of Maryland and much inereased in the
states to the south. Columnar sections of the Cambrian and Ordovician

rocks of Maryland and neighboring states are presented on pages 48 and
49, while a correlation table of these strata is given on page 51.

These three quite different lithologic divisions outerop in equally dis-
tinct geographic areas. The siliceous rocks are eonfined to the Blue Ridge
province, the limestones form the floor of the Appalachian Valley, and the
shales, although sometimes occurring as a great infold or syneline in the
limestone in the middle of the Vallcy, are best developed in the eastern
ranges of the Allegheny ridges.
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East of the Blue Ridge province, sandstone metamorphosed into quartz-
ites, limestone changed into marbles, and shales into slates or schists,
outerop in small patches at numerous points on the Piedmont Plateau.
Although fossil evidence regarding the age of- these latter strata is in
most cases wanting, it is believed that they represent at least portions of
the three phases of deposition farther west. Their eorrelation, however,
cannot be confirmed until the geologie history of the Piedmont provinee
has been studied in detail. The present volume is therefore devoted more
to the discussion of the stratigraphy and paleontology of the Cambrian
and Ordovician rocks of the Blue Ridge and more western provinees,
although for the sake of eompleteness, brief notes on the Piedmont strata
of apparently the same age are introduced in their appropriate places.

CAMBRIAN SILICEOUS FORMATIONS

Although the siliccous Lower Cambrian rocks outcrop in long but
interrupted stretehes from Vermont to Alabama, they differ so greatly
in character and sequence from place to place that none of the formations,
1f any were ever so extended, are unquestionably recognizable throughout
the whole Appalachian provinee. A few widely separated arcas have been
studied in detail, but, on aceount of difficulties in correlation, differing
scts of local names had to be applied to the formations distinguished in
each. The excellent exposure in the gorge of the Potomae River where it
breaks through the Blue Ridge early attracted the attention of geologists
to the Maryland-Virginia section. The sequence of formations here
determined and named has been traced to the north across the state into
Pennsylvania and proved satisfactory, and is generally accepted as the
standard for the Lower Cambrian in the north middle Appalachiun
region. These formations and their thicknesses arranged in geologic
order, are as follows:

Table of Maryland Lower Cambrian Siliceous Formations

Feet
Antietam sandstone. Coarse grained white to bluish sandstone. ......... 800
Harpers shale. Bluish gray sandy slates and schist..................... 1200

Weverton sandstone. Massive white and purple sandstone and quartzite.. 800
Loudon formation. Dark slates, sandstone, shales and marbles........... OO
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THE LOUD(}N FORMATION

The oldest sedimentary Paleozoie rocks in Maryland are argillaceous
dark slates, sandy shales, blue limestones, white marble, gray sandstone,
and quartz conglomerate, immediately overlying the erystalline rocks
and known collectively as the Loudon formation, named from Loudon
County, Virginia, where all the members are well displayed. Weathering
of the unconformably underlying Catoctin schist gave rise to a great
variety of sediments, which accounts for the diverse strata composing the
sueeeeding formation. A fine grained, dark slate usually makes up the
ercater part of the Loudon formation, but almost all of the other varieties
of sedimentary rocks, espeeially coarse and fine eonglomerate, shale, and
pure limestone are loeally developed.

The formation outcrops in Maryland in depressions and valleys with
lines of small hills and ridges. It gives rise to a thin, micaceous, sandy
soil of little importanee agriculturally. The rocks are exposed in long
narrow belts along several lines of outcrop, namely, the east side of Elk
Ridge, both sides of South Mountain and both sides of Catoctin Mountain.
Tn the granite and schist area between Catoctin Mountain and South
Mountain a few narrow synclines made up of the coarser deposits of the
formation are also found. The finer and thinner strata of the formation
oceur only in the mountain areas mentioned above where the Weverton
quartzite overlies the Loudon formation. The limestone occurs as lenses
in the slate, and in Maryland has been found only along a line just west
of Catoctin Mountain for a distanee of a mile or two north of the Potomac
River. This limestone is usually metamorphosed into marble, but the
marbles are interbedded with slate and schist and are almost always too
poorly developed to be worked for eommereial purposes. However, almost
every outerop of this limestone has in the past afforded rock for lime.

The black slate makes up a large part of the Loudon formation in
Maryland, especially along the Catoctin Mountain line of outerop. Here
the thickness is not over 200 feet, but along the Blue Ridge at Turner’s
Gap, 10 miles north of the Potomae River, a thickness of 500 fect has
been measured. All traee of the original bedding in these slates has been
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lost by metamorphism during the folding of the rocks. The Loudon slate
can be found at localities one mile east of Harper’s Ferry and half a mile
south of Rohrersville, Maryland, with coarse fragments of the Catoetin
sehist such as epidote and jasper imbedded in it.

The eonglomerates of the Loudon formation, with few exéeptious, are
confined to the synclinal areas- where the Weverton sandstone is mnot
present. These conglomerates are limited in extent and are composed of
quartz, granite, jasper, and epidote boulders imbedded in the usual black
slate. Grains of magnetite and ilmenite washed from the Catoctin schist
are present in many of the beds. Sandstones likewise oeeur; but these are
thin and unimportant in Maryland, their greatest development heing
south of the Potomac River.

The Loudon formation as a whole has been subjected to mueh meta-
morphism and its various members exhibit the usual metamorphie prod-
uets, namely, quartzite, slate, schist, and marble. The alteration is most
marked in the argillaceous beds where all trace of their original stratifiea-
tion has been lost in the change to slate and sehist. This slate and the
few marble areas weather readily, forming low ground. The more
silieeous rocks, metamorphosed into quartzite, resist weathering and as a
result form the low hills or ridges of the Loudon areas.

No fossils have been disecovered in the Loudon.formation, the conditions
of sedimentation being uufavorable for the preservation of organie re-
mains. These rocks, however, apparently mark the beginning of the
siliceous Lower Cambrian deposits, the age of which is determined by
paleontological evidence in the overlying Harpers shale and Antietam
sandstone.

TIIE WEVERTON SANDSTONE

The prominent outerops in the gorge of the Potomae River atthe south
end of South Mountain near Weverton, Maryland, consist of massive beds
of fine, pure, white and purple sandstone, quartzite, and conglomerate,
overlying the basal Cambrian Loudon formation. These strata, termed
the Weverton sandstone, are the most resistant of all the Cambrian and
Ordovician deposits, and for that reason they are the main mountain-
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making formation of the Blue Ridge province. FElk Ridge, South Moun-
tain, and Catoetin Mountain are the principal .elevations in Maryland
due to the resistant Weverton sandstone and it is along their crests that
the formation is exposed. Sugar Loaf Mountain is the casternmost eleva-
tion due to this formation.

This sandstone is eomposed almost entirely of siliceous fragments,
mainly quartz and feldspar, firmly ecmented together and often ehanged
into quartzite. The eolor of the finer sandstone is white, and the eoarser
gray to purple. Streaks of bluish black and black sometimes occur in the
white sandstone on South Mountain. Feldspathic material is present in
greatest abundanece at the northern end of Catoctin Mountain, but its
oeeurrence does not change the general aspect of the formation. As a
rule, however, the Weverton is usually composed of well-worn quartz
grains washed elear of argillaccous material. Cross bedding is not an
uneommon oceurrenee.

As the quartz particles forming the main mass of the Weverton sand-
stones do not admit of mueh alteration, this formation has been subjeeted
to eomparatively little metamorphism, even when it has been greatly
folded. Slight schistosity has been noted in the southern part of Catoetin
Mountain, but the development of quartzite is the usual oeeurrenee.

The Weverton sandstone varies little in composition from plaee to place,
but the thiekness is subject to much variation. “Along Elk Ridge its thick-
ness is about 500 feet. At the type locality near Weverton, the thiekness
1s also about 500 feet, but northward along South Mountain this inereases
to 800 feet. A similar increase in thickness is seen in the Catoctin
Mountain area. |

This formation is not only of no value agrieulturally, but the debris
from it lessens the value of neighboring areas. It deeays very slowly into
quartz sand and its heavy bloeks eover the mountain sides and the con-
tiguous lowlands. The mountain streams earry great quantities of
boulders of Weverton sandstone out on the surrounding areas where they
are deposited as a drift formation not unlike glaeial deposits. South
Mountain has furnished boulders of white quartzite and sandstone, which
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FIG. 1.—VIEW OF THE GREAT VALLEY FROM SOUTH MOUNTAIN AT BLUE MOUNTAIN STATION.

F1c. 2—VIEW ALONG ROAD BETWEEN PEN MAR AND HIGH ROCK, MARYLAND, SHOWING
MOUNTAIN SIDE COVERED WITH BLOCKS OF WEVERTON QUARTZITE.
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are now spread out in all the lowland areas of the Hagerstown Valley in a
strip one to two miles wide paralleling the mountain.

Fossils have not been found in this sandstone, but as it is a part of the
siliceous series terminated by the Antietam sandstone, which contains
a Lower Cambrian fauna, the age of the Weverton sandstone also is very
probably Lower Cambrian,

THE HARPERS SHALE

The bluish gray slate or schist exposed so prominently in the vicinity
of Harper’s Ferry, West Virginia, in the gorges of the Potomac and
Shenandoah rivers and known as the Iarpers shale, follows the Weverton
sandstone in the geological column, although its outcrops are almost
everywhere included between faults. In southern Maryland the Harpers
shale is composed almost entirely of sandy slates with a few sandstone
layers developed in its upper portion. These shales are of a dull bluish-
gray color when freshly exposed, but they weather to a light greenish-
gray. Northward in Maryland the sandstone layers increase in thickness
until, in the region of Pen Mar, and especially at Montalto Mountain in
southern Pennsylvania, a massive quartzite 750 fcet in thickness is
devcloped in the middle portion of the schist. This is the Montalto
quartzite member mapped by Stose in the Chambersburg (Pennsylvania)
quadrangle, but it is hardly of sufficient importance in Maryland to be
distinguished as a separate unit. This Montalto member is only 20 feet
thick just north of the Maryland line, but it thickens to 850 feet going
northward a distance of 20 miles in Pennsylvania.

As no complete section of the Harpers shale is exposed in Maryland
or even in its other areas of outcrop, its thickness is difficult to determine.
Moreover one or often both sides of its areas of outcrop arc cut off from
adjoining formations by faults. At Harper’s Ferry, the type area of
outcrop, the thickness has becn estimated by Keith as 1200 feet. In
southern Pennsylvania northeast of Waynesboro the thickness is increased
to 2750 feet, due in part to the development of the Montalto quartzite
member.
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The typical outerop of the Harpers shale extends northward from
Harper’s Ferry into Maryland for several miles in a belt a mile or less
in width, following the western slope of Elk Ridge until it is terminated
by a fault against the Tomstown limestone, a mile south of Keedysville.
A second belt of outerop is one-half mile wide and follows the western
slope of South Mountain across the state. The last and easternmost belt
occurs on the eastern side of Catoetin Mountain.

The decay of the Harpers shale gives rise to soils of moderate value
when its areas of outcrop are not too deeply covered with sandstone debris
from the adjacent mountain sandstone ridges. As an example of the
latter feature, the entire area of outcrop of this shale west of South
Mountain in Maryland is covered with a thick deposit of such sandstone
boulders. So far as known the only clean exposures of the shale itself
are in cuts of the Western Maryland Railway in its ascent of South
Mountain to Pen Mar, and in certain road and stream cuttings.

With the exception of casts of the worm burrow Scolithus linearis no
fossils have been found in the Harpers shale. Its age, however, 1s un-
doubtedly Lower Cambrian because it forms a part of the same series ot
siliceous sediments as the overlying Antietam sandstone which contains
typical Lower Cambrian fossils.

THE ANTIETAM SANDSTONE

The Harpers shale forming the western slope and foot hills of South
Mountain is found to eontain an infolded sandstone formation wherever
a eonspieuous elevation is developed in front of the main ridge. Such
front ridges of South Mountain owe their origin to coarse grained white
to bluish-gray quartzite and sandstone about 500 feet in thickness, which
weathers readily to a white sand. This is the Antietam sandstone, so
named from the good exposurcs on the tributaries of Antietam Creek
cast of Sharpsburg, Maryland. This sandstone is the uppermost of the
mountain-making formations of the Blue Ridge province and is the last
of the silicecus deposits of Lower Cambrian age. It is composed of small
grains of white quartz, worn and assorted, cemented together by a small
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percentage of carbonate of lime. Its color is usually white, but some of
the upper layers change to a dull brown. Actual outerops of the rock are
very rare, but its presence can be determined readily by the numerous
lumps of white sandstone strewing the surface and by its topographie
form. On aceount of their location and the abundanee of roek fragments
in the soil, its areas of outerop are uusuitable for agrieulture other than
the growth of fruit trees.

The Antietam sandstone does not outerop in a eontinuous belt like the
associated formations, but is displayed in a number of small areas just
west of the main clevation of South Mountain. Its occurrence eoincides
with that of the Harpers shale, and indeed Keith’s detailed mapping has
shown that this sandstone is found only as synelinal remnants lying upon
the shale. The largest of these areas in Maryland are the ridge about
four miles long just cast of Pondsville and the V-shaped ridge east of
Mapleville. The elevation just cast of Boonsboro likewise is composed
of Antietam sandstone, while a few small areas are infolded in the
Harpers shale belt just north of Rohrersville. The western foot hills of
Elk Ridge likewise econtain a few small, scattered areas, while the larger
elevation two miles east of Sharpsburg is composed almost entirely of
this formation. The Harpers shale belt on the cast side of Catoetin
Mountain contains small, schistose, sandy beds lying above the Harpers
shale which may be the metamorphosed equivalent of the Antietam sand-
stone.

Except a few worm burrows in the sandstone member of the Harpers
shale, the Lower Cambrian deposits in Maryland are practically un-
fossiliferous beneath the upper part of the Antietam sandstone. Even
here fossils are by no means common at any place. In Maryland the best
locality for fossils is in the sandstones along the mountain front near
Eakles Mills where fragments of Olenellus thompsoni Hall, Hyolithes
commaunis Billings, and Obolella minor Walcott have been found by Wal-
cott. These fossils are associated with the Scolithus tubes which are
abundant in the upper part of the formation at praetieally all of its out-
crops. This fauna, although small, is sufficient to determine the age of
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the Antictam sandstone as Lower Cambrian. The same association of
species has been found on Observatory Hill, two miles south of Kcedys-
ville and at a locality about one mile southcast of Smithsburg.

CAMBRIAN-ORDOVICIAN LIMESTONES

The second great phase of dcposition in the Appalachian region com-
prises a group of limestones which, from the fact that these strata form
the floor of the great Valley, were first named the Valley limestone. In
Virginia, the geographical term Shenandoah limestone was subseqﬁently
substituted for Valley limestone of the older geologists. In all the earlier
maps of the central Appalachian Valley this limestone was regarded as a
single formation and its thickness was supposed to approximate 5000 fect.
This calearcous phase of deposition between the Cambrian siliceous rocks
and the Ordovician shales is such a conspicuous feature throughout the
Appalachian Valley that various local names have been applied to it. In
Maryland the name Shenandoah formation was used for this limestone
until comparatively recent years when geologic work in adjacent arcas
of Pennsylvania showed that thesc strata can be subdivided into seven
distinet formations with an aggregate thickness of over 10,000 feet. The
names, age, and thickness of thesc seven formations are as follows:

Table of Cambrian-Ordovician Limestones in Maryland

Feet
Middle Ordovician, Chambersburg Jimestone. ....o.ovuvvrerennnnnnnennns 300
Lower Ordovician, Stones River limestone.........c.vuvuevnenennennnns 1000
Lower Ordovician (Canadian)-Beekmantown limestone (Stonehenge mem-

T o o O e rSl B 0 0 o AT T lob: bolt o B 2500
Upper Cambrian (Ozarkian)-Conococheague limestone. .................. 1600
Middle Cambrian. . Elbrook formation ...........ceiiiviiiiennnnnnnn. 3000

Waynesboro formation ...................oui.. 1000
Lower Cambrian-Tomstown Himestone........ovvetviinrnnnnnenenennn.. 1000

All of the above formations may be more or less readily recognized by
lithologic peculiarities, by the contained fossils, by the topographic forms
and residual debris which their weathering produces and by their known
position in the stratigraphic sequence. Limestoncs of similar aspect may
be found common to all the formations, but fortunately the boundarv
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between adjoining divisions eommonly is marked by one or more dis-
tinetive lithologic features which aid eonsiderably in the delimitation
of the formations.

THE TOMSTOWN LIMESTONE

The lowest division of the “ Shenandoah ” is a thick limestone forma-
tion whieh outerops along the eastern edge of the Appalachian Valley
just west of the Blue Ridge or the equivalent mountain range in a
narrow strip often largely eovered by sandstone debris from the adjacent
mountain. These roeks are usually highly tilted and as a result the
band of outerop is often quite narrow. In Virginia this limestone
received the designation, Sherwood limestone, and more reeently the
corresponding beds in southern Pennsylvania were termed the Toms-
town limestone on account of their outerop at Tomstown, Franklin
County. In Maryland the arca of outerop of the Tomstown limestone is
broader than usual because these strata are here not so sharply folded.

TorograrHy.—The Tomstown limestone is the most soluble of all the
formations outcropping in the eastern part of the Appalachian Valley.
Its outerops therefore occur only in lowland areas. As the overlying
formation, the Waynesboro, is composed in large part of sandstone and
shale, it resists weathering and solution much more than the Tomstown
limestone and forms hills in contrast to the limestone valley between them
and South Mountain. Within this valley, however, there arc long, narrow
elevations trending northeast-southwest which owe their origin to syn-
elinal infolding of remnants of Waynecsboro sandstone. Some of the pro-
nouneed hills of this valley region, however, are underlain by limestone,
but these elevations also have resulted from differential resistance to
weathering, as they are formed in large part of black banded ehert which
is a eharacteristic component of the upper beds of the Tomstown. A
good example of a Tomstown limestone valley is the lowland area in whieh
Cavetown is located with a ridge of the Waynesboro formation to the west
and the foothills of Harpers shale and South Mountain of Weverton sand-
stone on the east.
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Exposures of this limestone arc infrequent because its area of outerop,
lying as it does at the foot of South Mountain, commonly is covered by a
thick deposit of mountain. wash in addition to its own mantle of soil.
This mountain wash is thickest and most widely spread where streams
from the mountain cnter the valley and form alluvial cones. In Mary-
land, however, as mentioned above, this Lower Cambrian limestone is
often only moderately folded and this, in connection with other factors,
causes its area of outcrop to be much wider than in neighboring states.
Overturned folds and faults are not uncommon, but as a rule these are of
relatively insignificant proportions so that the usual condition of gently
dipping strata is soon resumed. Such a fold with slight faulting is well
displayed along the Western Maryland Railway, one mile west of
Cavetown. .

Litrorocic CHARACTERS,—In the type area, southern Pennsylvania,
the Tomstown limestone is described as a formation ~omposed largely of
thin bedded and massive dolomite and limestone with considerable shale
interbedded near the base. The rocks are not well exposed in Pennsyl-
vania and it is possible that the marbles which are such a conspicuousl
feature of the formation in Maryland are present also in Pennsylvania.
At any rate proceeding southward into Maryland the main mass of the
formation consists of white to pinkish shaly marble which upon weather-
ing gives rise to yellow and greenish shale-like fragments quite sericitic
in nature. The Tomstown limestone is especially well exposed in a belt
of outcrop three miles in width southeast of Hagerstown, where the usual
drift deposits are not so thick and widely dispersed. In this area ex-
posures, particularly of the middle and upper beds of the formation, are
numerous.

The lowest beds of the Tomstown are not well exposed in Maryland,
being nearly everywhere buried beneath the mountain wash. However,
it is believed that the gray to dark blue massive, rather pure limestone
exposed in the large quarry at Cavetown represents some portion of the
lower Tomstown, since at this point the Tomstown is faulted against the

Waynesboro and the characteristic marbles are not in evidence. The
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F16. 1.—EXPOSURE OF TOMSTOWN LIMESTONE ALONG TROLLEY LINE JUST SOUTHEAST OF
WAGNERS CROSS ROAD, WASHINGTON COUNTY, MARYLAND, ILLUSTRATING WEATHERING OF
MASSIVE SHEARED LIMESTONE INTO SHALE FRAGMENTS.

ETONE QUAREY AT CAVETOWDN, MARVLAN B, SHOWING TOMETOWN LIMESTONE
FAULTED AGAINET WAYNESRBORD SANDSTONE
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uppermost beds of the formation, on the contrary, are véry commonly
exposed in Maryland because there are so many small arcas of the over-
lying Waynesboro formation yet remaining in the valley to mark the top
of the Tomstown. These upper strata, while still retaining pinkish to
pearl-colored marble beds, also comprise massive dark blue magnesian
limestones. Most of the limestones of the Tomstown, and especially the
ma‘rbles, exhibit some lamination with the result that upon weathering the
rock is easily split into thin slate-like fragments. This lamination is
usually quite regular, but in southern Maryland there is a body of Toms-
town limestone where the rock is so irregularly laminated that it weathers
into a mottled effect. Shearing of this laminated limestone is frequent,
especially in the marbles. Such strata give the characteristic fracture due
to the combination of lamination and shearing.

The shape of the eharaeteristic shale fragments resulting from the
weathering of this limestone is due to this same combination of lamination
and shearing, so that, while many of the pieces are broken, others are
undulated or twisted. The shearing planes are marked on the residual
shale-like fragments by thin films of silky, sericite-like material. Some-
what similar shale fragments result from the weathering of the Elbrook
formation. When the Tomstown and Elbrook limestones are brought in
contact by faulting-out of the intervening Waynesboro formation, carcful
diserimination is necessary to identify the formations correctly. In
doubtful cases it is necessary to scarch for an outcrop of the rock furnish-
ing the shale residuc. When this has been found it should be casy to
distinguish the sheared marbles of the Tomstown from the dull laminated
clayey limestone of the Elbrook.

RestpuaL Probpucts.—One of the characteristic residual products of
the Tomstown is black banded chert in small blocky picces left in the soil
upon the weathering of the upper beds of the formation. This chert is
almost chalcedonic in nature and the black bands passing through it give
it somewhat the aspect of agate. Chert of this particular nature is not
found again until the middle division of the Stones River limestone, and
as there is little danger of confusing these two widely separated forma-

5




64 THE CAMBRIAN AND ORDOVICIAN DEPOSITS 0F MARYLAND

tions which are also quite distinet lithologically, the banded chaleedonic
chert of the Tomstown can be relied upon as a distinguishing feature as

much as a characteristie fossil. The usual fragment of this chert is a

block four or five inches long, several inches wide and an ineh or two
thick. The upper and lower surfaces are uneven and coarsely pitted, but
the interior is of dense black and lighter eolored silica almost waxy enough
to be called chaleedony. This chert in the soil is largely responsible for
the maintenance of those hills in the Tomstown limestone valley which are
not capped by the Waynesboro formation. The hills southwest of
Pondsville are due to the chert of the upper Tomstown.

A second residual product of the Tomstown limestone is the yellow to
greenish shale fragments resulting from the weathering of the marbles
of the formation. As the black chert oceurs only in the upper part of the
Tomstown and the shaly marbles occur throughout its thiekness, these
shale fragments are more widely disperéed than the ehert and therefore
may be said to be more characteristie of the formation as a whole. The
decay of the shaly marbles into yellow and greenish shales is well dis-
played in the eut of the Hagerstown-Frederiek trolley road just east of
Wagner’s Cross Roads. At the bottom of the eut the rocks are massive
limestones, although much sheared. Near the top, solution has removed
much of the lime and the strata are casily broken into shaly blocks. At
the surface itself the separation into shale fragments is complete, cach
fragment being covered with a soapstone-like film, in many ecases not
unlike serieite.

Economic FEaTurRES.—The decomposition of the Tomstown limestone
results in a firm, compact soil, but over most of the area this soil has been
lightened and made more porous by admixture with the sand and gravel
from the nearby mountains. This is particularly true on the lower slopes
of South Mountain where the orchards of the famous South Mountain
peach belt are to a great extent located on such well-drained soil.

In the past, kilns for the burning of agrieultural lime were numerous
in the Tomstown area, but this praectice has now been diseontinued. At
present the only quarry of consequence where the Tomstown limestone is
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Fi16. 1.—VALLEY OF TOMSTOWN LIMESTONE LOOKING EAST FROM CAVETOWN, MARYLAND,
SHOWING FOOTHILLS OF ITARPERS SHALE, AND SOUTII MOUNTAIN OF WEVERTON SANDSTONE
IN THE DISTANCE.

F16. 2—VALLEY OF TOMSTOWN LIMESTONE WITH SOUTH MOUNTAIN IN THE DISTANCE
SHOWING PENEPLAINED SURFACE. THE HILL JUST BEYOND THE HOUSE IS CAPPED RY
TOMSTOWN CHERT. PHOTOGRAPH TAKEN ONE MILE SOUTH OF CAVETOWN, MARYLAND.
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utilized for lime and ballast is at Cavetown, where good loeation and
transportation faeilities are at hand.

The marbles of the Tomstown were formerly quarried to a considerable
extent, especially in the southern part of the area, but at present the only
development is near Eakles Mills. White marbles which oceur at several
horizons in the formation, have been most frequently quarried. With
these 1s a bed of a eream-white eolor with a very fine texture, but the
associated beds are impure and have the more usual grayish banded
appearanee. The piunkish shaly marbles likewise inelude some pure white
beds whieh might be profitably quarried if transportation facilitics were
available. An abandoned quarry, situated on the bank of Beaver Creek,
one mile northeast of Harmony Hill sehool, gives a good exposure of these
light colored marbles.

AREAL DistrRiBurioN.—The outerops of the Tomstown limestone are
eonfined to the eastern part of the Hagerstown Valley just west of the
Blue Ridge in a belt of low land at the foot of South Mountain about two
miles wide in the northernmost portion, inereasing to a width of three
miles or more southward. Along the entire eastern border of the forma-
tion the Harpers shale is faulted against this limestone with the inter-
vening formation, the Antictam sandstone, either wanting or outeropping
some little distance east of the Tomstown as an infold in the shale. The
western border of the Tomstown limestone in northern Maryland as far
south as the Western Maryland Railway is the mnormally overlying
Waynesboro formation. South of this, the Tomstown is faulted first
against the Elbrook formation, then against the Conoeoeheague limestone
as at Chewsville, then against the Elbrook again for some miles, and
finally at Benevola on the National pike, the succession becomes normal
again. A fault passing north and south just east of Boonsboro parallels
South Mountain and along its western side several small areas of Waynes-
boro are exposed. West of this fault in the middle of the Tomstown
valley the line of hills starting a mile north of Smithsburg and ending
near Beaver Creek are formed by an infolded area of the Waynesboro
formation. With these exceptions and several small areas where the
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Waynesboro formation is nothing but a surface remnant, all the valley
cast of the line first mentioned is composed of the Tomstown limestone.

Trick~Ess.—In spite of numerous good exposures, no continuous sec-
tions of any thickness of the Tomstown limestone are exposed in Mary-
land, and indeed no place has been found where the normal sequence ean
be determined. In southern Pennsylvania an approximate thickness of
1000 feet has beecn measured. This has been accepted as the thickness in
Maryland, although in the southern half of the statec where the marbles
are well developed a greater thickness is possible.

AcGeE AND CoRrrELATION.—No fossils have so far been noted in the
Tomstown limestone in Maryland and indeed the sheared marbles and
dolomitic strata of the formation are not favorable for the occurrence of
organic remains. In southern Pennsylvania near Roadside and near
Waynesboro, fragments of the mollusk shell Sal{erella have been collected.
A few miles north of this at the foot of the mountain east of Little
Antietam Creek fragments of the characteristie Lower Cambrian trilobite
Olenellus were diseovered by Waleott. A Lower Cambrian age for the
formation is therefore aceepted, although the paleontological evidenee is
still quite meager. Fossil evidence in the rocks holding the same strati-
graphic position in states to the south is also very slight, but favors the
same age. The most interesting of these fossils is a large species of
Archeocyathus recently found in the Sherwood limestone and a similar
large species of the same genus in the Shady limestone.

In contrast with the few fossils of the ateas just mentioned is the
abundant, well-preserved Lower Cambrian fauna found in limestones
and shales in the vicinity of York and Fruitville, Pennsylvania. Tt scems
probable that these fossiliferous strata form a part of the Tomstown
limestone, but the lithology is so different that a elose study of the inter-
vening area is necessary before this correlation can be made with
certainty.

THE WAYNESBORO FORMATION

Viewed as a lithologic unit the most obvious and easily recognized
formation in the Shenandoah limestone series is the mass of reddish to

purple caleareous sandstone and shale here known as the Waynesboro




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE VI

F16. 1.—OVERTURNED FOLD WITH SLIGHT FAULTING IN TOMSTOWN LIMESTONE
ALONG WESTERN MARYLAND RAILWAY, ONE MILE WEST OF CAVETOWN, MARYLAND,

FIG. 2—RIDGE OF THE WAYNESBORO FORMATION JUST EAST OF MIDDLE BRIDGE, ANTIETAM
BATTLEFIELD, WASHINGTON COUNTY, MARYLAND.
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formation. These striking beds form more or less conspieuous ranges of
hills in the lowland area just west of the Blue Ridge and eorresponding'
mountain ranges to the north and south of Maryland. Weathering of
these red to purple strata results in similarly colored soils which there-
fore contrast strongly with the grayish-brown and black soils of adjacent
limestone areas.

NAME AND SYNoNYMY.—In publications upon the central and northern
part of the Appalachian Valley the red zone mentioned above was fre-
quently noted, especially in folios of the United States Geological Survey,
but it was not separated as a distinet formation until 1905* when
H. D. Campbell proposed the name Buena Vista shale for eorresponding
red beds in ceutral western Virginia. Later Stose * diseriminated similar
sandstones and shales in southern Pennsylvania as the Waynesboro forma-
tion, the typical development of which extends southwestward from
Waynesboro, Pennsylvania, into Maryland, where its outcrops form the
« peach lands ” in the valley west of the Blue Ridge slope. The formation
here boihg the same in general charaeter and sequence of beds as in
Pennsylvania it is manifestly desirable to use the same name for it in both
states. It is not yet finally decided whether this name should be the one
proposed by Stose or some other. Regarding the term, Buena Vista, it
cannot be used in this connection because the same name had been given
many years before to rocks in Ohio. Among several probably synonymous
terms that have been considered, the name Wautaga shale, proposed in
1903 by Keith,” for series of red and grecn shales in east Tcnnessee, occu-
pying apparenﬂy the same stratigraphie position as the Maryland forma-
tion under consideration, is perhaps the most appropriate designation.
Aceording to Keith the Wautaga shale has been traced far enough north-
ward to warrant the application of this rame in west central Virginia in
place of the preoccupied term Buena Vista; and there may be sufficient
reason for its extension to Maryland and southern Pennsylvania. How-
ever, the lithologic development of this northern facies of the Appalachian

1 Amer. Jour. Sci., vol. xx, 1905, pp. 445-447.
2 Folio 170, U. S. Geol. Surv., 1910.
3 Cranberry folio, No. 90, U. S. Geological Survey, 1903.
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Middle Cambrian red beds for which the term Waynesboro was proposed,
is different from the Wautaga facics to the south in that eonsiderable
thicknesses of sandstone and limestone arc intercalated with the char-
acteristic red and purple shales. Morcover, there are two other names
whose elaims must be considered before this nomenelatural question ean
be finally settled. These names are the Rome sandstone and shale and
Russell shale, both in good standing and of prior dates than Wautaga
shale. Provisionally, therefore, it is thought advisable to retain the name
Waynesboro formation for these strata in Maryland and Pennsylvania.
Lrrmiovocic CHARACTER AND THICKNESS.—In Maryland as well as in
the type area of outcrop, the Wayncsboro formation consists of a lower
member of very siliceous gray limecstone and calcareous sandstone, a
middlo member of limestone, and an upper one of red and purple siliccous
shale, aggregating 1000 fect in thickness. Of the three members, the
upper is the best developed and most frequently exposed, since faulting
often cuts out the middle limestone and lower sandstone divisions. The

weathering of this upper part is mainly responsible for the charaeteristic

red color of the soils derived from the formation. The basal siliceous
limestones weathcer into shaly, porous sandstone with which are associated
numerous blocks of secondary white vein quartz and rounded corrugated
sandy fragments full of ereviees lined with small quartz erystals. The
limestones of the middle division range from dark blue massive limestone
to finc grained white marble which, on account of their soluble nature,
are generally not exposed. In Pennsylvania this middle portion is several
hundred fect thick, but in Maryland the thickness is probably not as
great. These limestones beeome siliceous toward the top of the member
and finally seem to gréde into the dark red to purple sandy shale which
makes the upper part of the formation. Certain parts of the upper mem-
ber eontain argillaccous flaggy sandstone which has been locally quarried
for paving stones. On weathered surfaces the flags break up into frag-
ments of sandy shale.

Such slabs frequently exhibit ripple marks and mud eracks, the latter
being well displayed in some of the paving stones of Smithsburg. One
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IRON-STAINED CONTORTED SANDSTONE OF WAYNESBORO FORMATION. THE UPPER FIGURE
REPRESENTS THE USUAL ASPECT OF THE ROCK. THE CAVITIES IN THE SANDSTONE ARE COVERED
BY.DRUSY QUARTZ AS SHOWN IN THE FIGURE TO THE LEFT (X 2) OR BY BEAUTIFUL MINUTE
CRYSTALS OF QUARTZ ILLUSTRATED IN FIGURE TO RIGHT (X 6).
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of these showed the interesting oecurrence of two sets of interseeting mud
eracks, one set about a foot-apart and the other about four inches.

ToroararHIC Form.—Faulting is so frequent along the eastern—edge
of the Waynesboro outerops in Maryland that the normal sequence of
strata is seldom a};p.arent. Siliceous strata always form a part of.the
Waynesboro wherever developed, so that its topographie form is always an
elevated area. If the strata have been strongly folded this highland area
assumes the form of elongated hills paralleling South Mountain. Should
the normal sequenee of the three divisions of the Waynesboro occur, the
basal siliceous strata will give rise to a range of low hills nearest the
mountain and the upper sandy shales will oeeasion another range to the
west, the narrow depression between them being underlain by the less
resistant limestones of the middle portion.

ToMmsTowN-WAYNESBORO BoUNDARY.—The base of the Waynesboro
formation is formed of a very siliceous gray limestone which weathers to
slabby, porous sandstone. Exeept in very fresh exposures the limestone
nature of this part of the formation is not apparent and it seems to be
made up of sandstone entirely. Sandstone slabs are very abundant on the
weathered slopes and assoeiated with them are large masses of contorted,
minutely laminated, iron stained, sandy roeks, with numerous eavities
filled with beautiful drusy quartz. These masses are sometimes several
feet in diameter and their presence in the fields and espeeially in the
fences identifies this basal portion of the Waynesboro. Wherever in
Maryland the Waynesboro sequenee is normal such iron stained, drusy
quartz masses are found in abundanee. Associated with this sandy rock

and also in the higher strata of the lower portion of the Waynesboro are

numerous fragments of secondary white vein quartz which in connection
with the other siliccous roek helps in identifying the basal beds. Plate
VII represents a small fragment of the contorted sandy masses in
which all the ereviees are filled with minute quartz crystals. An enlarged
view of a drusy quartz portion of one of these masses is shown on the
same plate. The crystals, though perfectly formed, are so small as to be
indistinguishable without a magnifying lens. To the unaided eye the
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surface of this drusy quartz has a beautiful velvety appearance, the beauty
of whieh is cuhanced by the lemon-yellow to brownish-olive color with just
enough reflection from the minute crystals to add a silvery sheen to the
surface. Other specimens of the same rock show these crystals increased
to a length of about 2 mm. and a magnified view exhibits their perfection
of form. These crystals are interesting in that praetically all of those
observed are terminated by a single rhombohedron instead of the two
usually found in quartz.

ARreAL DistrisurioN.—The geologie structure of the various oceur-
rences of the Wayneshoro formation in Maryland varies considerably. The
normal section from upper Tomstown through the Waynesboro into the
overlying Elbrook is present only in the strip of outcrops extending from
_Benevola southwest to Burnside Bridge east of Sharpsburg, and even
here both ends of the strip are faulted. The ridge cast of the Upper
Bridge and Middle Bridge of the Antietam battle-field exposes the
different divisions of the formation to best advantage for study. Here
only does the limestone middle portion form its characteristic topographie
feature of a valley between the two ridges left by the lower and upper
siliceous parts. Northeast of Benevola is a number of small outerops
which in most cases are little more than surfaee remnants. The same
holds true of several lines of outerop east of Chewsville where the rocks
are of such little depth that the underlying limestone is oceasionally
plowed up in the fields. A shallow syneline eommenées one and a halt
miles north of Smithsburg and terminates seven miles to the southwest
near Beaver Creck, one mile northeast of Wagner’s Cross Roads, in another
normal sy;lclinc. These two syneline terminal areas are connected by a
narrow strip of the formation in which the greater part of its thickness
is eovered by overthrust faulting. Thus in the limestone quarry at Cave-
town the lower part of the Tomstown limestone is faulted against the
purple shales of the Waynesboro. An interesting anticline of Wayneshoro
sandstone exposing the upper Tomstown ‘with its characteristie black
‘banded chalcedonic chert in its axial part, enters the state from Pennsyl-
vania and is terminated by faulting at Ringgold.
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On the western edge of the Valley the Wayneshoro outerops in a narrow

strip along the eastern base of Fairview and Powell mountains, where it
is brought to the surface by faulting. Few outerops can be found in this
area, however, since the eountry is so thoroughly covered with drift
material from the nearby mountains.

Ecoxomic FEATURES.—Compared with the neighboring limestone
areas the soils derived from the weathering of the Waynesboro formation
are eomparatively poor and the fields are frequently eovered with small
sandstone or sandy purple shale slabs and milky quartz fragments.
Freshly plowed fields, espeeially when wet, have a distinet purple to red
eolor. As the formation always outerops topographieally above the
adjoining areas, and as the soil is quite porous, Waynesboro areas have
both good water and air drainage. This eauses such arcas to be of
especial value for fruit culture, and as a result most of the Waynesboro
hills have been eleared and planted in orchards, peaches being the fruit
most commonly raised.

From a commereial standpoint the Waynesboro formation is of little
importanee. When there was a strong loeal demand for iron years ago,
it afforded small quantities of residual iron ore. The limestones in the
middle portion have in the past been employed very loeally for lime burn-
ing. The thin-bedded sandstones make exeellent flagging stones whieh
are used in the villages close to the areas of outerop. Mention of the
suncracked flagstones in the pavements of Smithsburg has been made
in a preceding paragraph.

AGE AND CoRrRELATION.—No fossils have been observed in the Waynes-
boro formation in Maryland, but at the type loeality just north of the
Maryland line a few poorly preserved phosphatic brachiopods of the
genus Lingulella have been noted. These suggest a Middle. Cambrian
age. The Buena Vista shale of Virginia has yielded an Olenellus-like
trilobite whieh would suggest a Lower Cambrian age for this shale,
although in reeent years the range of Olenellus has been extended into
the Middle Cambrian, The age of the Waynesboro is therefore not elearly
indieated by paleontologie evidenee, but stratigraphie and diastrophie
data plaee it as Middle Cambrian.
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TIHE ELBROOK FORMATION

Overlying the purple shales of the Waynesboro formation in the normal
section is a thick series of light-blue and gray shaly limestone and

caleareous shales which, in Maryland, are seldom exposed in natural

outerops. These strata were not recognized as a distinet formation until
1910, when Stose® named them the Elbrook formation from the village
on the Western Maryland Railway in southern Pennsylvania.

Lirnorocic CHARACTER AND TiickNEss.—The shaly limestone and
caleareous shale making up the major portion of the Elbrook formation
weathers very rapidly juto shale fragments, so that usually there are few
natural outerops. In stream valleys and artificial exposures the following
general succession has been determined. At the very base of the formation
are beds of rather pure dark blue massive limestones not over 100 feet
thiek which have afforded the only fossils found. Succeeding this and
constituting approximately the lower third of the formation is 1000 or
more feet of minutely laminated shaly limestone and calcareous yellow
to green and some reddish shale which weathers into caleareous shaly
plates. The middle of the formation is marked by siliceous limestones
and massive beds of dolomite which form a slight elevation in the gen-
erally low area of outerop of the formation. The upper half of the
formation is composed of light eolored ecalecareous shale and impure
laminated limestones which, like the lower part, weather shaly. How-
ever, it is slightly more siliccous than the lower third and weathers into
more irregular often cubical sandy red to brownish fragments. It is
followed by the limestone eonglomerates and sandy oclite marking the
base of the sueceeding Conococheague limestone. The total thickness of
the Elbrook as determined in both northern and southern Maryland is
about 3000 feet.

AReEAL DistriBurioN.—Notwithstanding its great thickness the
Ilbrook formation occupies less area in Maryland than almost any other
of the Cambrian or Ordovieian formations. It appears at the surface in a
narrow northeast-southwest band erossing the state in the eastern part

* ¥olio 170, U. S. Geol. Surv.
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I'1G. 1.—EXPOSURE OF ELBROOK LIMESTONE ALONG BALTIMORE AND OHIO RAILROAD JUST
SOUTH OF SHARMAN, MARYLAND. THESE MASSIVE BEDS WEATHER INTO THIN SIIALY
LAYERS,

FI1G. 2.—VIEW LOOKING NORTH OVER ANTIETAM BATTLEFIELD SHOWING EXPOSURE OF
ELBROOK LIMESTONE. PHOTOGRAPH TAKEN ONE-HALF MILE EAST OF SHARPSBURG, ALONG
ROAD TO BURNSIDE BRIDGE, MARYLAND.
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of the Hagerstown Valley and in a still narrower band along the extreme
western edge of the Great 'Valley. The eastern area of outerop enters
the state from Pennsylvania just north of Ringgold and proeceding south-
ward in a strip less than a ile in width is terminated by a fault near
Chewsville. South of Chewsville the throw of this fault beecomes less, so
that the Elbrook formation reappears at the surface and eontinues south-
ward in a band averaging a mile in width paralleling the hills of the
Wayneshoro formation on the east. At Sharpsburg beyond the extremity
of an infolded mass of the overlying limestone, the Elbrook is partly
repeated in the two limbs of the syneline and the outerop eorrespondingly
widened. ) .

The western band of outerop doubtless parallels North Mountain, but
is known only from a few exposures, as almost its entire area is ecovered
by mountain wash. The beds dip steeply in these exposures, so that the
outcrop of the formation must be confined to a strip seareely exeeeding
a half mile in width.

TorocrarHIC Form AND Resipuar Propucts.—Where the geologie
scetion is normally developed, two ranges of pronouneed hills—those of
the siliceous Waynesboro on the east, those of the siliceous limestones of
the Conoeoclheague on the west—flank a lowland in which the less
resistant limestones and shales of the Elbrook are at the surface. However,
this lowland band is not a simple valley, but is divided longitudinally
into two narrow valleys by a series of low hills due to the relatively
resistant beds of silieeous limestone and dolomite that oeeur in the middle
part of the Elbrook.

The topographie formn of the Elbrook is not unlike that of the Toms-
town and the shale fragments left in the soil from both formations are
quite similar. In arcas where the intervening Waynesboro formation is
cut out by faulting, such as the arca about five miles southeast of Hagers-
town, great eare must be exercised in diseriminating the two formations.
Determined search in areas of Tomstown limestone will sooner or later
reveal outerops of the charaeteristie sheared marble which on weathering
leave the shale-like residual fragments. On the other hand, in an Elbrook
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area the simulating residual shale will be traced to mereiy dull laminated
limestone or calcarcous shale. i

A characteristic weathering product of the lower half of the Elbrook is
light colored, sometimes almost white, waxy translucent chert approach-
ing chalcedony in appearance and structure. This appears in the soil in
small fragments, usually only a few inches thick with more or less rounded
edges. The color of this chert is sometimes a light yellow or even light
red, but it is never black nor banded like the Tomstown chalcedonic chert.

AGE AND CORRELATION.—Fossils have been found only in the basal
limestones of the formation in the vicinity of Waynesboro, Pennsylvania.
These consist mainly of well-prescrved hcads and tails of two species of
trilobites, one of which, a species of Dolichometopus, is not uncommon.
These trilobites belong to new specics whose age relations have not been
definitely determined. However, as they are closely allied to species
known to be characteristic Middle Cambrian fossils it seems highly prob-
able that the Elbrook is of similar age.

THE CONOCOCHEAGUE LIMESTONE

On the northwest, north and east flanks of the Adirondack uplift the
Potsdam sandstone grades upward through passage beds into a limestone
to which Ulrich and Cushing have applied the name Hoyt limestone:
This is succeeded by a massive dolomite known as the Little Falls dolo-
mite. Fossils have been found in all three of these formations, but arc
reasonably plentiful only in the Hoyt limestone. The fauna of this
limestone was first procured and in part briefly described by Walcott

many years ago. Recently the same authority revised and completed his
studies of the Hoyt and Potsdam faunas, the results being published in a
small monograph. As now known these early New York “ Saratogan ”
faunules comprise, besides a number of trilobites and shells of various
kinds, large concentrically laminated masses in reef-like aggregations.
These masses are thought to be calcareous algae.  Two species are dis-
tinguished, one having been described by Hall under the name Cryptozoon
proliferum; the other is a related new species. These two species have
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an important bearing on the age determination of eertain formations in
the Appalachian Valley. Apparently the same speeies oeeur abundantly
in the basal part of the Kittatinny limestone in the Lehigh Valley of
Pennsylvania and nearby areas in New Jersey where they are assoeiated
with trilobites of the same general types as those found near Saratoga,
New York. )

In the Cumberland Valley of southern Pennsylvania these same species
of Cryptozoon are found in the basal part of a thick series of silieeous
banded limestone that lies between the Middle Cambrian Elbrook lime-
stone and another great mass of relatively pure limestone that corresponds
to the well-known Beekmantown limestone of the New York seetion.
This intervening formation whieh is about to be deseribed was dis-
tinguished and mapped by Stose in the Mereershurg-Chambershurg
(Pennsylvania) folio of the U. S. Geologieal Survey as the Conoeocheague
limestone, so ealled from the good exposures along the banks of Conoeo-
eheague Creek near Seotland, Pennsylvania. From this plaee the forma-
tion extends in typieal development to the Great Valley of Western Mary-
land, where its outcrops cover a considerable area.

Larroroeic CrraRacTERS.—The main body of the Conoeocheague lime-
stone is composed essentially of massive dark-blue, closely banded lime-
stones. The banding is usually one-half to one ineh in width and is
eaused by the alternation of thin, wavy, sandy laminae with thin layers
of purer rock. The sandy laminae are ineonspicuous in the freshly
fraetured roek, although elose examination reveals the alternation of
the dark blue purer and gray silieeous limestone bands quite elearly.
Upon weathering, the siliceous laminae appear as yellowish sandy
streaks separating light-blue or gray bands of limestone. Further
weathering eauses the silieeous laminae to stand out in relief as more or
less parallel ribs. Finally, where the roek has suffered eomplete disin-
tegration, these laminae are left in the soil as hard, silieeous thin plates.
Strata of this nature ean be found in almost any outerop of the formation,
but interbedded with them are various other types of limestone. Of these,
the most striking are the beds of “edgewise ” eonglomerate which alter-
nate frequently with the usual banded limestone. This conglomerate is
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F16. 1.—CRYPTOZOON REEF AT BASE OF CONOCOCHEAGUE FORMATION, EXPOSED ALONG
NORFOLK AND WESTERN RAILROAD ABOUT ONE MILE SOUTIIWEST OF ANTIETAM STA-
TION, MARYLAND. PHOTOGRAPH ABOUT ONE-FIFTEENTH NATURAL SIZE.

I'1G. 2—CRYPT0ZOON STRUCTURE IN UPPER PART OF CONOCOCHEAGUE LIMESTONE EXPOSED
ALONG WESTERN MARYLAND RAILWAY, ONE-FOURTH MILE WEST OF CHARLTON, MARYLAND,
PHOTOGRAPH ONE-SIXTIHI NATURAL SIZE, THE OOLITES HAVE BEEN OUTLINED IN INK.
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composed of slender fragments of limestone tilted at all angles in a
matrix of limestone distinetly different in composition.

The general nature of the strata composing the Conococheague lime-
stone is shown in the type scetion near Scotland, Pennsylvania, published
by Stose. The continuity of this section is known to be interrupted by
small faults and folds. Although allowances were made for these, the
section, as finally compiled, is scarcely to be considered as entirely satis-
factory. The total thickness may be greater than given.

Section of Conococheague Limestone West of Scotland, Pennsylvania

Feet
Rather pure light-colored limestone, much sheared, followed above by
siliceous banded dark limestone and “edgewise’ conglomerate
(Stonehenge member of Beekmantown).
Granular limestone with coarse “ edgewise ”’ conglomerate, o6lite, and
fine-grained pink marble, with numerous slaty partings........... 90
CONEESA ™ .. ool v iovsio o oiaie visie s e s atie s s ans LN N N PPV, Sogok R 300
Pure dove-colored even-grained llmestone interbedded with light
siliceous-grained cross-bedded limestone, coarse “edgewise” con-
glomerate, and chert................... S S R . | b 15
Largly covered: dark impure limestone with large banded chert at the
base ....c.00 . 0iieiilne., 3o 050 0006000 N - s I Jnry.. 390
Dark and light limestone, in part banded with impurities............. 10
Dark, rather impure limestone with argillaceous partings weathering
to slaty fragments and soft yellow shale; contains trilobites and
beds of oblite ............cciiiiiiiiiiininnnnnn 86 oo adb b 5 IBE0 ool LU
Dark limestone with shaly partings on weathering.......... B0 o oof 90
Massive beds of light, dense, even-grained limestone with few wavy
siliceous partings weathering inrelief..............cevvivivnnn. 40
Coveredll. . . et . M. depidocimen I S R o onoke o bl oo FESA fdima o b 70
Wavy impure siliceous banded limestone, weathering hackly and shaly. 180
Dense black impure limestone, weathering with thick gray coating..... 30
Thick massive beds of crumpled siliceous banded limestone........... 40
Section folded and discontinuous. Dense siliceous banded limestone,
with sandy beds, odlite, “ edgewise ” conglomerate, and layers of
Cryptozoon at the base......oivvveininnennnns R R R R TR P I 200+
1635+

The exposures oi the Conocochcague limestone in Maryland are too
diseontinuous to allow a completc seetion to be taken at any particular
locality. The following general section gives the sequence of these rocks
east of the Martinsburg shale belt of the Valley.
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General Section of the Conococheague Limcestone in the Hagerstown
Valley, Maryland
Feet

Massive, rather pure, light colored limestone with cephalopods and gastro-
pods of the Stonehenge limestone.

Pink marbles, o0lite, granular limestone with edgewise conglomerate and
massive fine grained light colored limestone separated by beds of
banded dark blue siliceous limestone. Vein quartz with crystals and
yellow chert are left in soil upon weathering...................... 400

Dark impure banded limestone weathering to slaty fragments and banded
chert. Occasional beds of edgewise conglomerate.................. 600

‘Wavy, blue to black siliceous banded impure limestone with layers of
edgewise conglomerate .........ceveiinncnrecrncnoenscnansconass 400

Siliceous banded dark blue limestone with intercalcated sandy beds, odlite
and edgewise conglomerate. On weathering some of the strata give
rise to large chunks of scoriaceous chert..........c.ooiviiiiiennnnnn 200

Massive dark blue to light colored rather pure limestone with reefs of
Cryptozoon proliferum Hall and 0. undulatum new species.......... 50

Light colored calcareous shale and laminated impure limestone of the
Elbrook formation, weathering shaly.

Because of the discontinuous exposure of the formation and the folding
to which it has been subjccted the thickness is a difficult matter to deter-
mine. The above total of 1650 fcet is apparently a fair average for
Maryland.

Although five divisions are shown above in the general seetion of the
Conococheague limestone, the roeks may be conveniently grouped for
purposes of study into three divisions. First, a basal division of 250 feet
of odlite, edgewise conglomerate and Cryptozoon reefs ; second, the main
mass of the formation about 1000 fcet or more in thickness made up of the
usual banded limestone; and third, an upper part of 400 fcet which con-
tains pink marbles in addition to the usual roeks of the formation. All
three divisions are indicative of shallow water conditions during their
deposition, but the basal beds are particularly so. The edgewise eon-
glomerate and the o¢lites are shallow water deposits and the rounded
grains of quartz oceurring with them indieate nearby land. In these
beds are also inelusions of red elay which elosely resemble elays resulting
from the surface weathering of limestone. The most interesting residual
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product of these basal beds is a scoriaceous chert which occurs in great
quantity in the soils derived from their weathering. These chert masses
are sometimes several feet in diameter, and while they are composed of
crystalline milky quartz, they are so iron stained and cavernous that they
have the appearance of slag or volcanic material. Fences composed of
this chert are not uncommon in both the northern and southern areas of
outcrops and they are good evidence that the dividing line between the
Elbrook and Conococheague formations is close at hand. Good examples
of such fences may be secn on the Antietam battle-field just north of
Sharpsburg along the Hagerstown turnpike.

The main mass of the formation is described in preceding paragraphs.
The upper beds of pink marble are very much like similar strata in the
overlying Beekmantown limestone. However, there is no occasion to
confuse the two since the usual siliceous banded rocks of the Conoco-
cheague are intercalated with thesc purer strata. Besides, the soils
derived from these upper beds contain abundant fragments of black to
yellow chert and milky vein quartz. Such siliceous residuals are char-
acteristic of the Conococheague, but not of any part of the Beekmantown.

The above remarks apply particularly to the formation as developed
east of the Massanutten syncline. West of the great shale belt in Mary-
land the general features of this limestone remain about the same, with
the exception that 600 or more feet of massive sandy dolomite are inter-
calated between the usual sandy laminated limestones and the overlying
Beekmantown limestone. These sandy dolomites weather into sandstones
which strew the ground with large and small blocks. These sandstones
are coherent enough at times to have been used in the past as a local
source of grindstones. More extended study in neighboring states will
probably show that these upper sandy dolomites represent the eastward
extension of strata which do not really belong with the typical Conoco-
cheague limestone. However, until such studies have been made it is
thought advisable to classify these upper sandy beds provisionally with
the Conococheague limestone. A good section of this upper member may
be seen in the Western Maryland Railway cut just west of Charlton,




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE X

IF16. 1.—EXPOSURE OF CONOCOCHEAGUE LIMESTONE ON EDGE, ALONG ROAD NEAR BAKERS-
VILLE, MARYLAND. THE CHARACTERISTIC STRONGLY CRINKLED, SANDY LAMINAE ARE WELL
DEVELOPED.

F16. 2.—LOWER CONOCOCHEAGUE SCORIACEOUS CHERT EXPOSED IN FENCE ALONG IIAGERS-
TOWN TURNPIKE JUST NORTH OF SHARPSBURG, MARYLAND.
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Maryland. East of the Massanutten syncline thesc sandy strata are
known only in the western part of the broad expanse of Conococheague
limestone south of Hagerstown.

ToroaraprY.—The topographic features of the Conococheague lime-
stone are not as distinctive as those of the adjacent formations, still its
presence is indicated by relatively minor topographic pecularities that
after all arc decidedly characteristic. The siliccous beds at the base of
the formation are most resistant to weathering and as a result give rise
to a line of low hills trending in the direction of the outcrops. The
considerable amount of scoriaceous chert arising from the weathering of
these lower beds also tends to form highlands. The hills formed by the
siliceous basal beds are most conspicuous in the northeastern part of the
valley in Maryland from the state line southeast through Bowman’s Mill
to Chewsville. The siliceous character of the upper portion of this forma-
tion likewise resists weathering, but not in as great a degree as the lower
division. In general the areas of Conococheague limestone arc somewhat
elevated and exhibit rugged topography in comparison with the adjoining
formations. Outcrops of the limestone are numerous, in fact rolling
country with low hills and numerous rocky exposures is its characteristic
feature in northern Maryland, but in the broad area in the southern part
of the state the rocks themselves are seldom seen. Here the land is well
-cultivated and all evidence of the outcrop has usually becn removed. The
stone fences, however, are indicative of the underlying formation, as the
rock employed in them has usually been taken from neighboring fields.
Stonc fences built of the characteristically banded Conococheague lime-
stone arc a sure indication of the presence of the formation.

AreAL DistriBuTioN.—The Conococheaguc limestone forms the sur-
face rock of a comparatively broad area in the eastern half of the Great
Valley in Maryland, little interrupted by infolds of other formations.
This is bordered on the east by the older Elbrook formation, the line of
contact being quite regular except in the northern part of the state where
faulting brings two narrow tongues of the Elbrook to the surface. The
western boundary of this area is less regular due to several infolds of the
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Stonehenge member of the overlying Beekmantown limestone. This area
of outcrop therefore has a general monoclinal structure since younger

beds border it on the west and older beds pass beneath it on the east. East
of Hagerstown, Security on the west and Chewsville on the east mark

the boundaries of the outcrop which averages three miles in width.
Numerous exposures of the typical limestonc may be scen along the
 Western Maryland Railway between Chewsville and Sccurity and at the
latter place the large quarry of the Security Cement and Lime Company
exhibits a considcrable scetion of the upper beds (see pl. X1I, fig. 1).
Leitersburg, five miles northeast, stands on a rocky ridge of Conoco-
cheague limestone, the rock here belonging to the lowest beds as evidenced
by the scoriaceous chert found in abundance in the vicinity. South of
Hagerstown the width of the belt of outcrop increases to over five miles,
and a wide, unbroken expanse of this limestone occurs along the Potomac
and for some miles northward. In many places here the beds are either
very gently folded or almost horizontal.

In the western half of the Valley the outcrops of the Conococheague
consist of several narrow belts of strata brought to the surface in the
lowland area between the shale highland on the east and the front range
of the Alleghenies on the west. Here the areas of outcrop are marked by
many chert fragments and sandstone debris left in the soil.

Act AND CoRRELATION.—Only a small number of species of fossils has
so far been discovered in the Conococheague limestone, thesc consisting
of calcareous algae occurring in the basal beds, several brachiopods and
trilobites found in the upper strata, and a large species of alga near the
top of the formation. The two calcareous algae (Cryptozoon proliferum
Hall and C. undulatum new species) at the base of the formation are
found in abundance wherever these beds are cxposed. The large Crypto-
zoon near the top is a not uncommon fossil, but the trilobite, Saukia
. stoset Walcott, and the brachiopod, Eoorthis cf. desmopleura (Meek), are
of very rare occurrence in the higher beds. The trilobite has been found
only in the Cumberland Valley, so it is of little value for exact correlation.
Still it belongs to a genus that is elsewhere represented only in late Upper
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“ EDGEWISE BEDS " CIIARACTERISTIC OF BEEKMANTOWN (UPPER RIGHT HAND
FIGURE) AND CONOCOCHEAGUE FORMATIONS (LOWER FIGURE), HAGERSTOWN VALLEY,
WASHINGTON COUNTY. THE UPPER LEFT HAND FIGURE REPRESENTS TIIE CHARAC-

TERISTIC FINELY LAMINATED FEATURE OF THE BEEKMANTOWN LIMESTONE.
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Cambrian and Middle Ozarkian formations. Morcover, its affinities lie
nearer the Ozarkian species than the Cambrian, so that its evidenee, so far
as it goes, favors assignment of the Conoeocheague to the Lower Ozarkian.
‘I'he brachiopod, also, as now understood, has too wide a range for detailed
stratigraphic work. The two speeies of Cryptozoon at the base occupy this
position throughout a large part of the Appalachian Valley and serve as
exeellent guide fossils.

The Maryland early Paleozoie seetion is far from complete and the
age of the Conoeocheague limestone must be determined from more fully
developed sections in other areas. The Cryptozoon fauna occurs in ecentral
Pennsylvaria in the Gatesburg dolomite whieh, roughly speaking, is the
equivalent of the Conoeoeheague limestone. Beneath the Gatesburg dolo-
mite, and separating it from the Middle Cambrian, Elbrook, is an Upper
Cambrian formation, the Warrior limestone. To the south in Virginia,
Tennessee, and Alabama, the same Cryptozoon fauna is also known and in
each case it is separated from the Middle Cambrian equivalents of the
Elbrook limestone by Upper Cambrian formations of great thickness and
eontaining well-developed faunas. Evidently then we mnust eonelude that
the contact between the Elbrook and Conococheague in Maryland is
unconformable and represents a stratigraphie break of eonsiderable

magnitude.

Cryptozoon Reefs.

The basal 15 or 20 feet.of the Conoeocheague limestone usually exhibit
layers so uniformly and ecuriously laminated over eonsiderable areas that
this phenomenon eannot be attributed to ordinary plieations in the strata.
All of the sandy laminated and banded portions of the formation show a
wavy or erinkled strueture, especially where strong folding has oeeurred,
but the laminations of the basal beds are of a quite different nature. The
limestones in which the latter laminated structures oceur are not of the
usual banded type, but are composed of a massive, rather homogeneous
and somewhat purer rock. In an edge view of a stratum the rock is seen
to be made up of thin, parallel films of material piled one upon the other.
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At first these films are practically horizontal to the bedding planes, but

soon undulation commences and narrow or broad folds with narrower or
sharper bending down of the films occurs. After an interval of several
inches exhibiting such undulation, the horizontal lamination is resumed
and this in turn is followed by a repetition of the undulations. These
wavy outlines as seen in cross-sections of the strata appear as concen-
trically lined areas of varying diameter on the bedding planes themselves.
The greater the width of the fold seen in transverse section, the greater
the diameter of the corresponding concentric area.

These laminated strata at the base of the Conococheague follow two
distinet patterns. In each the basal laminae are horizental to the bedding
plane, but the succeeding undulations are quite different. In one kind
the undulations are an inch or less across and retain this diameter
uniformly. In the other, the width of the undulations varies from a
central one, several inches across to lateral ones an inch or less wide.
Upon the weathering of the surrounding strata, masses of this laminated
rock are left in the soil, still retaining their caleareous composition or, as
is more frequently the case, changed to silica. In either case the uni-
formity in shape of these residual masses would seem to indicate that
they arc definite organic structures.

Walcott has described a number of quite similar laminated structures
from the Proterozoic rocks of the West and has shown that they rcpresent
the secretions of calcareous algae. Certain of the Proterozoic limestones
contain beds crowded with these algal structures which are repeated again
and again through thousands of feet of strata. These remains arc not
those of the fossil plant itself, but are simply the secretions of calcium
carbonate upon the tissue of the plant. As is well known, calcium
carbonate held in solution by an excess of carbon dioxide in the water
is deposited when the carbon dioxide is abstracted. In securing carbon
from the carbon dioxide for the building of their tissues the lime is
deposited upon the films of the plant which abstracts the carbon dioxide.
The form of the plant, however, is well preserved in these limestone
secretions.
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Fic. L—QUARRY IN UPPER PART OF CONOCOCHEAGUE LIMESTONE WITH SECURITY CEMENT
WORKS, SECURITY, MARYLAND, IN DISTANCE.

Fig, 2—~TVPICAL EXPOSURE OF THE LOWEK FUNE FINELY CONGLOMERATIC NEDS OF THE
FTONEHENGE LIMESTONE ALONG NATIONAL HIGEWAY, JURT SO0UTH W FUNESTOWN,
MARYLANI,
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The Proterozoic forms of calcareous algac have been described under
six genera, but all of the Cambrian and Early Ordovician forms have been
referred to the single genus Crypiozoon. The basal Conococheague
species, consisting of a wide, flat basal portion of laminae growing into
numerous head-like masses large at the center and small along the edges,
was described long ago by Hall as Cryptozoon proliferum. The second
species, with laminae of equal undulations, is described in this volume
as new.

These two types of structure are often associated together in such
numbers that they form a true reef. Sometimes only one of the species
. will be represented in the reef, though occurring in such great numbers
as to completely fill the rock. A reef composed entirely of Cryptozoon

proliferum is well exposed in a cut along the Norfolk and Western Rail-
road about onme mile southwest of Antietam Station, Maryland (sec
pl. IX, fig. 1), where the highly tilted limestones expose the individual

colonies of the alga to good advantage. Similar reefs of C. proliferum
were observed along the northern line of outcrop from the state line south-
east to Chewsville. The basc of the line of low hills about a mile west of
Ringgold gives numerous specimens of this species. The outerops of the
basal beds along the line five miles southeast of Hagerstown show reefs
of the new species Cryptozoon undulatum most commonly.

These reefs of caleareous algac are of interest and practical value from
the standpoint of structural geology because they afford an exact criterion
for determining the top or bottom of a stratum. In areas of highly folded
strata such as the Appalachian Valley, this determination is frequently
highly important and sure methods are few. The broad upfolds of the
laminations and the narrow sharp down folds register the upper and
lower sides respectively of the stratum without a doubt.

Still a third type of strongly laminated Cryptozoon structure occurs
near the top of the Conoco.ehcague limestone in both the ecastern and
western areas of outerop in Maryland. No specimens have been obtained
free from the matrix, but natural sections in the rock show that the
undulations are 18 or more inches in width and that the zone of strong
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undulations rises in the stratum to a height of two feet or more. This
Cryptozoon sometimes consists of a single mass of strongly marked undu-
lating layers one-half inch apart rising in the rock like a column. Speci-
mens may be seen to advantage two miles northwest of Leitersburg along
the road south of Millers Chapel, and along the Western Maryland Rail-
road just west of Charlton, Maryland. This particular Cryptozoon is of
special interest in having oblites one-eighth of an inch in diameter
abundantly developed in the arcas between the downfolds of the lamina-
tions (see pl. IX, fig. 2). The formation of these odlites appears to have
been connected with the life activities of the plant.

Edgewise Conglomerate.

These peculiar conglomerates are such a marked feature of the Conoco-
cheague limestone that they are described at this point, although they
occur equally well developed in subsequent formations. The typical dark-
blue, banded and frequently crinkled limestones of the Conococheague
formation, are often separated by layers varying from a few inches to a
foot or more in thickness, composed of a rather homogeneous or slightly
granular rock filled with long, slender fragments of a distinctly different
limestone tilted at various angles to the bedding plane. The actuality of
the difference in composition of the two roek types making up such layers
is not eonspicuously evideneed on a freshly fractured surface, but weather-
ing eauses the slender fragments to stand out quite prominently upon
exposed surfaces. The position of the fragments frequently on end or on
edge in the matrix has given the common name of edgewisc beds to such
strata. Some of these fragments are sharp-edged and show no evidence
of wave action; others are rounded at one or both ends and have appar-
ently been worn. Often the matrix of these conglomerates contain small,
rounded quartz grains, evidently derived from some nearby land area.

These edgewise beds have long been considered as intraformational
eonglomerates and under a broad definition of that term they eould still
be considered so. However, the original intraformational conglomerate
described by Waleott did not include this type. All of his examples are
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more of the nature of real conglomerates even though the fragments of
which they edhsist are of the same age as the surrounding matrix and
are not, as an ordinary conglomerate, composed of foreign roeks.

Although thesc eurious edgewise structures have been known to geolo-
gists for many years, little mention of them has been made in the literature
until comparatively recently. The term “edgewisc” was coined by
Nason in 1901* and the occurrence of such structures was mentioned hy
Bain and Ulrieh in 1905 In 1906 Seely described the edgewise eon-
glomerate in division D of the Beekmantown limestone in the Champlain
Valley as the “ Wing Conglomerate,” naming it after Mr. Wing who
made the original observations upon it.

Seely believed that these flat pebbles eould not be laid down in either
swift or slow water in the position they are now found and eame to the
conclusion that they were organie. He described them as three species of
the genus Wingia, a new genus of Beekmantown sponges.

Stose, in 1910, in the Chambersburg-Mercersburg folio of the U. S.
Geological Survey, mentioned these conglomerates and aseribed their
origin to the breaking up of freshly deposited thin-bedded lime sediment
by shallow-water wave action into shingle or flat fragments that were
shuffled about on the beach. T. C. Brown,’ in an article on the origin of
certain Paleozoic sediments, reverted to the organic origin of the pebbles,
but coneluded they resulted from the activitics of calcareous algae. He
admitted that no specimens preserving any organic strueture sufficiently
well to prove their origin had been found. Another interesting origin for
these conglomerates is that discussed by Grabau in his Principles of
Stratigraphy where he explains that they are due to deformation through
gliding which has resulted in the eomplete breeeiation of the layers. He
distinguishes the intraformational conglomerates in which the fragments
lic in all positions, and the edgewise conglomerate where the gliding
process has caused the thin eakes to assume a vertical position in the rock

* Amer. Jour. Sci., 4th ser., vol. 12, p. 360.
? Copper deposits of Missouri, Bull. 267, U. S. Geological Survey, p. 23.
* Journal of Geology, vol. xxiii, No. 3, 1913.
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mass. No such distinction as this can be drawn in nature because there
are all gradations of arrangement.

The observations of Ulrich, Stose, Butts and other geologists who have
had numerous opportunities to study the edgewise beds, all tend to the
conclusion that these conglomerates are not organic, but are composed of
fragments formed on tidal flats by mud cracks. The Appalachian early
Paleozoic formations are practically all shallow-water deposits in which
the area was often subject to uplift above the sea level. Mud flats which
by uplift are exposed to evaporation soon develop the usual shrinkage
figures known as sun cracks and the edges of these to-day curl up and are
broken off and tossed about by the wind. This same condition has
occurred time and again in the past, and indeed limestones still preserving
well-defined sun cracks with the edges curled up and ready to be formed
into edgewise conglomerates have been observed.

FOSSILS OF CAMBRIAN AGE

In spite of the considerable thickness of Cambrian rocks developed in
the Appalachian region of Maryland, and the eareful searech that has been
made, fossils of this age are exceedingly rare. TUsually no trace of
organisms can be detected in the rocks, and the few specimens noted have
always been fragmentary and poorly preserved. These few remains occur
in the Harpers schist, Antietam sandstone, and Tomstown limestone of
Lower Cambrian age, in the two Middle Cambrian formations, the
Waynesboro formation and Elbrook limestone and in the Upper Cambrian
(Ozarkian), Conococheague limestone. The basal Cambrian T.oudon
formation and the succeeding Weverton quartzite are lithologically of
such a nature that fossils would not be expected in them, but the over-
lying formations are more promising in this respect and may possibly
yield to some fortunate collector more respresentative faunas than known
at present. Fairly well-developed Lower and Middle Cambrian faunas
are known in the Appalachians both north and south of Maryland, but it
appears that the strata bearing them are usually not represented in the
Maryland section. For example, the Lower Cambrian strata at York,
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Pennsylvania, containing well-preserved trilobites, do not appear to be !
present in Maryland.

The few speeies thus far discovered in the Conocoeheague limestone of
southern Pennsylvania and Maryland give no idea of the charaeteristies
of the Upper Cambrian (Ozarkian) faunas. It is true that the two
species of Cryptozoon are characteristic Ozarkian fossils over a wide area,
but very similar speeies are found in the sueceeding Ordovieian strata.
The single speeies of trilobite is very limited in its distribution and the
brachiopod is too little restricted to be of any stratigraphie value.

The few Cambrian species identified in Maryland strata are deseribed
in the following pages. These species are listed below under their
appropriate formations:

Lower Cambrian (Waucoban) Fossils of Maryland

Harpers shale. Seolithus linearis Haldemann.

Antietam sandstone. Secolithus linearis Haldemann, Obolella minor (Walcott),
Hyolithes communis Billings, and Olenellus thompsoni (Hall).

Tomstown limestone. Olenellus thompsoni (Hall) and Salterella sp.

Middle Cambrian (Acadian) Fossils

Waynesboro formation. Lingulella sp.
Elbrook formation. Dolichometopus sp.

Upper Cambrian (Ozarkian) Fossils
Conococheague Limestone

Cryptozoon proliferum Hall (common at base)
Cryptozoon undulatum n. sp. (common at base)
Saukia stosei Walcott (rare in upper part)
Eoorthis desmopleura (Meek) (rare in upper part)

THE BEEKMANTOWN LIMESTONE

The middle part of the Appalachian Valley in Maryland, with the
exception of the Martinsburg shale belt which is three miles in width,
and small areas or other formations, is directly underlain by a thick mass
of rather purc limestone. Nearly all of this rock is fine grained and most
of it is minutely laminated. Interbedded with these are pure minutely
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laminated limestones with some layers containing occasional, more or less

massive, ledges in whieh the lamination is obseure. Some of these eon-
tain numerous poorly preserved fossils. Study of these fossils shows that
a large part of the local fauna consists of species previously found in the
Beekmantown limestone of the Champlain Valley in New York, Vermont,
and southeastern Ontario. In 1910" the northern extension of these
strata was distinguished and separately mapped under the same name by
.which the formation is known in New York.

The Frederick Valley in Maryland, east of the Blue Ridge, also con-
tains a considerable development of rather pure massive limestone hold-
ing Beekmantown fossils. This development of the Beekmantown is
discussed in a separate chapter, so that the following deseription of the
stratigraphy applies only to the Appalachian Valley. As a whole, the
Beekmantown limestone of Maryland is quite distinet lithologieally from
the other divisions of the Shenandoah group, although the oecurrence of
similar beds in most of the formations often causes difficulty in the
recognition of isolated outerops. Its strata are most likely to be eonfused
with the underlying Conococheague limestone, because edgewise con-
glomerates are not uncommon in the Beekmantown, in faet in the upper
half of the lowest division they arc as well developed as in the Conoco-
cheague limestone. The characteristic sandy laminated banded, dark
blue roek of the latter, excepting one bed, is not developed in the Beck-
mantown. The main mass of the Beckmantown formation is of finely
laminated, lighter colored and purer rock than occurs in the Conoco-
cheague. The successive beds also are more uniform in texture, eolor and
composition. On this account, it is difficult to distinguish the different
portions above the basal division, which contains the exception mentioned
above in which siliceous banded limestones occur.

Fortunately there are four fossiliferous zones in the formation with
characteristic species in each, which appear frequently enough in the
outerops to obviate some of the difficulties of determination. Several
distinet zones in this formation may also be recognized by residual

1 Chambersburg-Mercersburg folio, U. S. Geological Survey.
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products left in the soil by the weathering of the limestone. The top,
middle and lower portions are especially well characterized by siliceous
produets, such as chert, flint and sandy shale fragments, which are dis-
cussed in detail in sueceeding paragraphs.

Litnoroeic CHARACTER.—Although the Beekmantown limestone
differs considerably in its lithological development in the eastern and
western parts of the valléy, the formation as a whole is composed of
much purer limestones than the underlying Conococheague. On the other
hand its purest beds are inferior in caleium carbonate content to the high
average of the overlying Stones River limestone. The purer limestones
of the Beekmantown arc interbedded with greater thickness of relatively
impure finely laminated beds whieh occur, or at least outerops, so fre-
quently that the présenee of these laminated limestones is a good eriterion
for the formation. This eharacteristic minute lamination of the average
rock of the formation is due to impurities in the rock and most apparent
on weathered surfaces. Pink and white fine grained marbles in ledges of
considerable thickness also are of common occurrence in the Beckman-
town, especially in the lower half of the formation. Marbles oceur in the
underlying Conococheague limestone, but as they are always associated
with the characteristic siliceous banded limestone of that formation they
are readily distinguished from the marble beds of the Beckmantown. But
it should not be forgotten that siliccous banded limestones quite similar
to those of the underlying Conococheague beds oceur also in the lower
ifth of the Beekmantown. These are so constantly developed in the
eastern half of the valley that the part containing them has been mapped
as a distinct basal division under the name of the Stonchenge limestone
member. This basal member can be recognized locally also in the western
part of the valley, but here its lithologic characters arc hardly distinet
enough to warrant its separation in the mapping.

As practically all of the Beekmantown areas of Maryland are covered
by gently rolling cultivated farm lands it is almost impossible to make
out the complete section of the formation in any particular place. How-
ever, by assembling incomplete sections in various parts of the valley the
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following generalized section for Maryland and southern Pennsylvania
has been described by Ulrich in his Revision of the Paleozoic Systems:’

Generalized Section of Beekmantown Limestone in Southern Pennsylvenia
and Maryland

Base of Stones Rlver limestone with quartz pebble conglomerate and e
cauliflower chert ........... 00000 000b 0 N G 00 J T [ =
Hard dense whilte chert and granular quartzose chert forming by
secondary siliclfication, caullflower chert...................... 40

Fine grained gray, finely lamlnated, Interbedded pure and magnesian
unfossiliferous limestone with sandy chert and limestone and
dolomite conglomerates at the top......... R e T R = 400

Turritoma zone. Thin bedded arglllaceous and massive purer limestone
containing the Turritoma fauna. Many of the beds weather so
as to appear riddled with worm borings...............coov..... 200

Alternating beds of pure dove, pure gray and magnesian gray unfos-
siliferous limestone often laminated, with occasional beds of fine
limestone conglomerate ...............cc00vuu... 60058k # 800000 300

Massive pure dove gray and magnesian limestone terminated above
by sandy fossiliferous chert containing Syntrophia lateralis,
Maclurites sordida and species of Liospira..... B I oo JB 75

Ceratopea zone. Blue and dove fossiliferous limestone cherty in the upper
half, containing Ceratopee and associated fossils. At the base is

a blue limestone filled with rounded quartz grains............. . =250
Cryptozoon steeli zone. Flne gralned nearly pure limestone wlth some

magnesian beds and several layers of porous chert......... el 2D

Dove, plnk and blulsh fine grained pure limestone and marble....... 300
Odlitic, cherty blue and gray limestone holdlng the Cryptozoon steeli

fauna and weatherlng Into platy yellow chert................. 60

Stonehenge limestone member. Massive dark blue to gray limestone with
contorted arglllaceous and slllceous laminatlons weathering to

sandy shale, Interbedded with edgewise beds and odlites......... 250
Masslve blue to gray pure limestone weathering white, with cepha-
lopods and gastropods dceurring in reef structures..... seonoisniel 22D0
Top of Conococheague limestone with sandy lamlnae and beds of edgewise
conglomerate ..........cc0vieinnnnnn gt 1 QISR | boocdoo
2400

From the stratigraphic standpoint the important divisions of the above
scction are the Stonchenge member and the threc zones marked respec-
tively the Cryptozoon steeli, Ceratopea, and Turritoma zones. The faunal
and other characteristics of these zones are discussed in succceding
paragraphs.

* Bull. Geol. Soc. America, vol. xxii, No. 3, 1911, pp. 652-655.
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While the general section given above holds fairly well for all parts
of the Valley, the detailed stratigraphy of the formation in the eastern
and western parts is, as mentioned above, somewhat different. The best
exposure of the Beekmantown limestone east of the Martinsburg shale
belt is adjoining the Chambersburg-Gettysburg Pike one mile cast of
Chamberéburg, Pennsylvania. This section, measured by Ulrich and
Stose, is given below with slight emendations to show the position of the
fossil zones.

Section of Beekmantown Limestone One Mile East of Chambersburg,
Pennsylvania

Feet
Base of Stones River, containing fine limestone conglomerate and laminar

and odlitic chert

Interbedded fine-grained pure and magnesian llmestones finely laminated
in part and containing small quartz geodes; porous sandy chert near
top; dark-blue layers near base containing numerous gastropods

(Turritoma fauna) and ostracods and mottled by magnesian material

that weathers out, leaving pits and holes

Alternating pure dove-colored and gray limestone and magnesian lime-

stone, with layer of sandy chert.

Bluish to dove-colored fine-grained fossiliferous limestone, at the base
containing rounded quartz grains. Ceratopea fauna at top

Pink fine-grained marble, containing layers of milky quartz chert;
gastropods of the genera Ophileta, Maclurites and Eccyliopterus
rather abundant

Pure dove-colored and blue fine-grained limestone, with some pink lime-
stones; contains fragments of trilobites

Fine-grained dove-colored to dark gray limestone with fine conglomerate
and oolite beds; abundant chert in upper portion, in part odlitic and
conglomeratic. Cryptozoon stecli in middle part..................

Stonehenge limestone member:

Fine-grained light to dark gray llmestone containing wavy laminae
of sandy matter that stand in relief or fall to sandy shale on
weathering and thick beds of ““ edgewise ” conglomerate; gastro-
pods in upper and fine fragments of trilobites in lower portion. .

Dark to very light gray massive limestone, containing Dalmanella,
Ophileta and trilobite fragments

Top of Conococheague, containing wavy and sandy laminae and beds of
coarse limestone conglomerate

West of the shale belt, the details of the Beckmantown section are

somewhat different, although the scveral fossil zones can be readily
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recognized. No continuous well-exposed scetion of these strata was noted
in Maryland, and the section repeated below is onc, published by Ulrich
and Stose,! of the northern continuation of the formation in southern
Pennsylvania. This section is broken and probably incomplete 480 feet
beneath the base of the overlying Stones River limestone. If the Turri-
toma zone which was not observed is present in this basin, it may have
been faulted out or is coneealed by covering soil and debris. However, it
fias been recognized in the southern eontinuation of the belt in Maryland.

Seetion of Beekmantown Limestone near Mouth of Licking Creek,
Franklin County, Pennsylvania
Interbedded pure and magnesian limestone of Stones River type......... Feet
Light-gray, finely laminated magnesian limestone and white dolomite
with cherts of rosette type atthetop............coiviiiiiiints 340
Dark and light coarse dolomite........... ...t iinnns ve.. 140
Rocks folded and largely covered; white dolomite, dark-blue odlitic 11me-
stone, and dark coarse dolomite with yellow blocky sandstone frag-
ments and rosette cherts; exact continuity indeterminable, but the
previous beds are apparently repeated by folding...................
Interbedded pure and magnesian limestone, with beds of coarse dark
dolomite, and in the lower part beds of “ edgewise ” conglomerate; at
base contains Ceratopea gastropods, cephalopods, and trilobites...... 350
In large part finely banded magnesian limestone with few pure lime-
stones; contains fine conglomerate beds and gastropods............. 170
Largely dolomite, some coarse and dark; large scoriaceous black chert
and coarse sandstone at the base......... e e - 130
Chiefly dolomite, coarse and dark in upper part, with some pure fos-
siliferous limestone; bed of granular limestone with numerous
Ophileta and pinkish fine-grained limestone near middle; cross-
bedded banded limestone at base, locally unconformable on under-
0002 1R 6000000 G000 SEHGEIERRA, o 5 8855 00000 of oo GORIoo o of oee o 11200
Fine-grained limestone seamed with calcite and dolomite beds with fiinty
chert containing Cryptozoon steeli at thebase..................u0. . 65
Partly covered; lower part pure dark limestone with a few beds of finely
laminated magnesian limestone and fine white o6lite near base; small
rough chert with casts of crystalsatthebase....................... 130
Light-blue limestone with fine contorted sandy laminae that weather in
relief; contains fine dark conglomerate with red limestone pebbles
and fragments of trilobites ......cccvviiiiiiiii ittt iiiiiiea ., 165
Purer fine even-grained limestone with few sandy partings.............. 530
Sandy laminated limestone, much contorted (Conococheague)...........

1 Chambersburg-Mercersburg folio U. S. Geological Survey.
7
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Comparison of these sections brings out several salient differences in
the lithology of the two areas. East of the shale belt, the Stonehenge
member with its characteristic siliceous banded limestonc, is distinct
enough to be mapped as a separate unit, but west of that belt the siliccous
banding of the lower Beekmantown is not so well developed. However, the
same faunas are prcsent in these strata in both areas so that there is no
doubt as to the presence of beds corresponding to the Stonehenge member
in both. The higher beds in each area also contain similar faunas, but
the lithology is somewhat different, limestone predominating in the east
and dolomite in the west. Chert in large quantities weathers from certain
portions of the dolomite in the western area, but it is not so conspicuously
developed in the east.

The two sections illustrate the lithologic changes occurring in the
formation going from the east, where over three-fourths of the formation
consists of pure limestone, across the strike to the western side of the
Valley where more than half of the strata is more or less highly magnesian.
In Appalachian areas still further west, as in eentral Pennsylvania, the
change to magnesian limestone beeomes yet more pronounced.

FaunaL ZoxEes.—Although the lithologic featurcs of the various por-
tions of the Beckmantown limestone vary eonsiderably, the basal member
is the only division which can be definitely recognized from the character
of its strata. Above this lower division—the Stonehenge member—three
distinct faunal zones aid in the recognition of their respective horizons.
These are in ascending order above the Stonehenge member, the Crypto-
zoon steeli zone, the Ceratopea zone and the Twrritoma zone. The value
of these zones is not local for they have a wide distribution.

Stonehenge Member—The village of Stonehenge, just cast of Cham-
bersburg, Pennsylvania, is located on the lower beds of the Beekmantown,
which are sufficiently distinet lithologically and faunally from the remain-
ing strata. of the formation to warrant their separation as a distinet
member. This Stonehenge member is composed of massive finely eon-
glomeratie pure limestone in the lower half and siliceous banded limestone
alternating with layers of large edgewisc eonglomerate in the upper half,




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE XIII

FIG. 1.—EXPOSURE OF STEEPLY INCLINED STONEHENGE LIMESTONE (I'l’l’F.R DlV]SION) AT
CIIARLTON, MARYLAND, SHOWING TIIE DISINTEGRATION INTO SILICEOUS SHALE, UPON PRO-
LONGED WEATHERING.

F16. 2—TYPICAL EXPUSURE OF EDGEWISE CONGLOMERATE FROM THE UPPER PART OF THE
STONEHENGE LIMESTONE, BALTIMORE AND OHIO RAILROAD, ONE MILE NORTII OF BALLS, MARY-
LAND.
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The lower Stonehenge limestone is made up in large part of very
‘massive blue to dove-colored limestone weathering bluish-white or
white. The outerops are always of a distinetly lighter eolor than the
associated formations. This feature is one of several that serve unmis-
takenly in identifying this basal zone of the formation. On close inspec-
tion a large part of these massive limestone ledges appears to the un-
assisted eye as granular in texture, but under a lens the granules prove
to be very small breceiated pieces of limestone usually less than a sixteenth
of an ineh in diameter. These small fragments are of a more distinetly
white color than the surrounding matrix and the eombination of a light
blue rock erowded with lighter colored minute angular fragments is very
distinetive. The lower division is further distinguished by absenee of
chert. In all of the numerous outerops that have been studied no ehert
of any kind has been observed cither in the weathered limestone or in the
soil derived from it. At intervals varying from an ineh to two inches the
limestone develops very thin layers of carbonaceous or argillaceous
material which gives it a banded aspect. Thesc layers or laminae are
usually about one-eighth of an inch in thickness, flat and parallel with the
bedding planes. They are quite unlike the sandy intertwining laminae so
charaeteristic of the upper division of the Stonehenge member.

Along the National Highway just south of Funkstown there are
splendid outerops of typical lower Stonehienge limestone where fossils
may be found and its lithologic character can be studicd to advantage.
Hagerstown and vieinity also affords numerous, excellent and instructive
exposures of those beds.

Exeepting the shells of a few brachiopods the fossils in this zone eannot
be cleanly extraeted from the rock because théy are so firmly cemented
to the fine-grained matrix that in breaking the limestone with a hammer
the fracture passes through the fossils and not along their surfaces. It
is only upon the weathered surfaces of the ledges that the fossils can be
discerned, and at that merely as eross:sections. The exposures near
Funkstown have shown clearly that the fossils of the lower Stonehenge
fauna, especially the cephalopods and gastropods which constitute much
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the greater part, oceur mainly in reef-like masses. These reefs are of
slightly different material than the enclosing roek, lenticular in form,
and scldom exceed two feet in maximum thickness. Straight and .eoiled
cephalopods are the most abundant fossils scen in cross-sections of these
reefs, but Maclurites and Ophileta-like gastropods arc not uncommon.

Most of the beds of the upper Stonchenge resemble the Conococheague
limestone so closely in their development of sandy laminated strata with
numerous beds of cdgewise conglomerate that in areas of faulted or
intricately folded strata the distinetion between the two formations is
made with difficulty. The absencc of chert in the weathered Stonehenge
limestone contrasting with its frequent oecurrence in the Conoeocheague
is perhaps the best of the physical means of separation. It will be
observed also that in the upper Stonehenge the sandy laminac are more
undulating and interwoven than in the laminated beds of the Conoco-
cheague in which eommonly they form relatively parallel bands. The
presence of shells of eephalopods and gastropods in the Stonehenge also
serves to distinguish this member from the Conocochcague.which has
never yielded any mollusean fossils. Tn areas where the sequenee is
normal the boundary between the two formations is readily determinable
by the eriteria given. Desirable and eonclusive eorroboration may be
secured by establishing the lower Beekmantown sequence of (1) the lower
Stonehenge composed of pure dove-colored to gray strata containing beds
of a minute limestone couglomerate; (2) dark impure limestone with
undulating silicecous laminae followed by (3) ‘relatively pure limestone
cohsisting largely of pinkish marbles.

All the hills within the city of Hagerstown and its vieinity are formed
of the upper Stonehenge limestone, and as the quarries for building stone
in the early days were located on these hills, it follows that many of the
older buildings in Hagerstown are of this limestone. The stone is not
only easily quarried and dressed, but as it whitens in weathering and the
edgewise conglomerate and wavy laminae become distinetly visible, it has
also 2 handsomé and unique appearanee. Several of the churches are
constructed of Stonehenge limestone and its value and beauty as building
rock may be seen particularly in St. John’s Episcopal Church on West
Antietam Street, and the Presbyterian Church at the corner of Wash-
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ington and Prospeet strects. The conglomeratic nature of the rock
is especially well brought out in the many stoune embankments about
Hagerstown in which long exposure to the weather has emphasized this
and the laminated character. At the present time brick and conerete
construetion have largely displaced this limestone as building material.

Although the upper division of the upper Stonehenge is well exposed at
many localities in Maryland, perhaps the best plaecs to study it in detail
are in the various railroad cuts around Hagerstown. The cut on the
Western Maryland Railway onc-half mile west of Bissel exposes the
characteristic edgewise eonglomerate and the heavy, wavy laminae espe-
cially well. At this place, as well as at other localities around Hagers-
town, a few granular layers are found crowded with brachiopods and
poorly preserved gastropods.

Seventeen speeies of fossils have been noted in the Stonchenge lime-
stoue of Maryland and Pennsylvania. Following Ulrich* these have been
correlated with the Tribes Hill limestone fauna of New York. The same
fauna is found also in the upper part of the Kittatinny limestone in New
Jersey and in the basal or Stonelienge limestone division of the Canadian
in central Pennsylvania. The brachipod Dalmanella wemplet Cleland is
found in abundance in certain granular layers, but other fossils are not
so common. The cephalopods are almost confined to reef-like structures
in the purer limestones of the lower half. The gastropod Ophileta com-
planata Vanuxem is found in both the lower and upper parts of the
member and it may be considered the characteristic fossil.

Representatives of one species of fucoid and 16 species of invertebrates,
including one brachiopod, six gastropods, five cephalopods, three trilo-
bites, and one branchiopod erustacean, have been found in the Stonehenge
member in Maryland sufficiently well preserved for speeific identification.
Fragments of a few more species too imperfect for accurate determination

have also been noted. The gastropod Ophileta complanata is highly

characteristic of this part of the Beckmantown and the fauna may be
known as the Ophilela complanata fauna. The Stonehenge limestone
1Ulrich, Revision Paleozoic Systems. Bull. Geol Soc. America, vol. xxii,

1911, No. 3, pl. xxvii; Ulrich and Cushing, Age and Relations of the Little
Falls dolomite—N. Y. State Museum, Bulletin 140, 1910, p. 137.
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does not leave amy residual ehert upon weathering and its eontained
fossils unfortunately do not beeome silicified. As a result, their preserva-
tion is not of the best and natural sections in the roek or poor easts are the
rule. The granular beds associated with the edgewise conglomerate of
the upper part of the Stonehenge limestone is the most favorable place
for eollecting the brachiopod and gastropod shells, some of these beds
being fairly crowded with specimens of Dalmanelia wemplei. The
cephalopods and trilobites have in the main been found in recf-like
structures in the lower Stonehenge and their oecurrenee is therefore quite
sporadic. At one point a stratum will exhibit numerous cross-seetions
of fossils, but a foot or two away where the rcef material composed of a
very fine edgewise conglomerate has disappeared, no trace of a fossil ean
be found. i

The following table gives a list of the Stonehenge fauna and shows the
distribution of the species in the Kittatinny limestone (upper part called
the Coplay limestone) of New Jersey and the Tribes Hill limestone of
New York, formations with whieh on stratigraphic and paleontologic
grounds, the Stonehenge is correlated.

LIST OF STONEHENGE LIMESTONE FOSSILS SHOWING DISTRIBUTION

KItationy | reibes Hill Other horid Stonchenge

: e
(wpper beds| limestone | oons of | Himestone
; 9 New York| town vania and
[New Jersey| Maryland
Pal@wophycus tubulare Hall .............. = * *
Dalmunella wemplei Cleland............. * * *
Ophileta complanate Vanuxem........... * | *
Ophileta levata Vanuxem................ * *
Ecoyliomphalus multiseptarius Cleland. . . * *
Pleurotomaria ?? floridensis Cleland .. ... * *
Raphistoma ? obtusum Cleland ... ....... 8o * *
Raphistoma ? columbianum Weller. . ..... * X *
Orthoceras primigenium Hall ... ......... l * ] * *
Ooceras kirbyi Whitfield................. .. * * *
Cyrtoceras gracile Cleland............. 00 E ‘ * l b *
Cyrtoceras beckmanense Whitfield. .. ... b o 50 5 * *
Cyclostomiccras cassinense? (Whitfield).. 38 o4 * *
Asaphellus gyracanthus Raymond. ....... * * *
Hemigyraspis collicana Raymond......... 4B ok *
Rymphysurus convezus (Cleland)......... * * *
Ribeiria nuculitiformis Cleland........... 44 * *
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P16, 1.—VIEW OF A WEATHERED OUTCROP OF THE UPPER STONEHENGE LIMESTONE, EASTERN
EDGE OF HAGERSTOWN, MARYLAND.

16, 2—VIEW TAKEN FROM HILL OF UPPER STONEIIENGE LIMESTONE, EASTERN EDGE OF
HAGERSTOWN, MARYLAND, LOOKING EAST, SHOWING EFFECT OF WEATIIERING OF TIIE
VARIOUS FORMATIONS UPON TOPOGRAPHY, THE VALLEY IN THE FOREGROUND IS IN TIIE
LOWER STONEHENGE PURE LIMESTONE WIIILE TIIE RIDGE 1S FORMED OF THE SILICEOUS, MORE
RESISTANT UPPER STONEHENGE. SOUTII MOUNTAIN 1S SEEN IN TIIE DISTANCE.,

/7 /' 3 ’3
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In Maryland and southern Pennsylvania, the Beekmantown strata fol-
lowing the Stonehenge member are so uniform in lithologie eharaeter
that their separation into distinet formations is impraetieable. In the
Nittanny and other valleys in eentral Pennsylvania the eorresponding
strata not only attain a much greater thiekness, but also are so developed
that four formations are readily distinguishable. These are, in aseending
order, (1) the Stonehenge limestone at the base with a thiekness of
662 feet; (2) the Nittanny dolomite, 1267 feet thiek, eherty and holding
the C'ryptozoon steeli fauna in its lower part; (3) the Axeman limestone
158 feet, and (4) the Bellefonte dolomite 2145 feet thiek. The entire
series, with both overlying and underlying formations, is to be seen in
exeellent and praetieally eontinuous exposures at Bellefonte, Pennsyl-
vania. As this seetion gives the maximum known development of the
Canadian system in the Appalachians, the four formations into. whieh it
has been divided as above by Ulrieh have been adopted in the general
time seale.

Cryptozoon steeli Zone.—Following the Stonehenge member, whieh has
just been deseribed, are 600 or more feet of eherty odlitie limestones, dove-
colored, fine-grained pure limestone and usually dense textured pink
marble. The basal 60 feet eonsisting mainly of odlitie eherty limestone
contains the charaeteristie fossil of this division—a globular mass, eom-
monly four to eight inehes in diameter eomposed of eoneentrie layers
and supposed to represent the seeretion of ealeareous algae to whieh the
name Cryptozoon steeli has been applied. Though doubtless ealeareous
originally, these rounded masses are now almost without exeeption more
or less completely replaced by siliea in the form of ehert. This fossil
oeeupies a similar position in the Beekmantown throughout the Appa-
lachian Valley and it is so abundant and eharaeteristie that this division
is termed the Cryptozoon steeli zone. Subaerial deeomposition of these
partieular strata leaves a light reddish residual elay and soil eontaining
an abundanee of ordinafy yellow platy ehert besides the numerous rounded
silieified masses of Cryptozoon. These eherty residual masses unfailingly
identify the outcrop of this zone. It is partieularly well exposed in the
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railroad cut about three-fourths of a mile east of Charlton, Md. Here
decp weathering and decomposition of the steeply dipping limestone strata
has removed their ealcareous matter and left only residual clays with
the chert clearly marking its position. The abundance of chert and
silicified C'ryptozoon heads formed in the weathering of this zone is well
attested by the frequent piles of chert collected along the roadways.

Immediately following this cherty zone with Cryptozoon are 300 feet
of dove and pink fine-grained pure limestone, of which a considerable
portion can be called marble. These marble beds are well shown in several
railroad cuts around Hagerstown. Fossils are rarc in these strata, but an
occasional layer shows traces of species found also in the underlying beds
holding Cryptozoon stecli. This zone ends with 275 feet of fine-grained,
nearly pure limestone with occasional beds of magnesian limestone and
several layers of porous chert.

The platy ehert, weathering out of the limestone of the Cryptozoon steeli
zone is common at all outerops of the zone, but is so abundant in the
western half of the valley that it occasions a distinet row of hills marking
the line of outerop. This topographic feature and the numerous masses
of Oryptozoon associated with the chert cause this portion of the Beckman-
town to be easily recognized. The following species have been found either
associated with Cryplozoon steeli or in strata underlying it, but still
included in this division:

Tossils of Cryptozoon steeli Zone

Cryptozoon steeli Seely

Rhabdaric fragilis (Billings)
Tetradium simpler new species
Syntrophia lateralis (Whitfield)
Maclurites affinis (Billings)
Eccyliopterus triangulus (Whitfield)
Ophileta compacta Salter
Hystricurus conicus (Billings)

At the very base of this zone two interesting Tossils have been found
associated with the usual gastropods. These are the sponge-like organism
Rhabdaria fragilis Billings and Tetradium simplez, a new species of coral
of particular interest in being the oldest known undoubted coral. '
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The Maryland outerops of the Cryptozoon steeli zone are so numerous
and easily located both on the map and in the field that only a few locali-
ties need be mentioned. In the western half of the valley, outerops along
the Western Maryland Railway, espeecially three-quarters of a mile east
of Charlton, show these rocks and their eoutained fossils. Iast of the
Martinsburg shale belt, exposures in the vicinity of Williamsport and
also north and west of Hagerstown have afforded fossils. In the western
part of the valley the line of hills in the Beckmantown area next to the
Beekmantown-Conoeocheague boundary represents this zone, but in the
castern part the exposures parallel a line of hills eaused by the more
resistant Stonehenge beds.

Ceratopea Zone.—Sueeceding the dove and pink pure limestones and
marbles of the Cryptozoon steeli zone are 250 feet of blue and dove lime-
stone cherty in the upper half, eontaining horn-like fossils known by the
gencrie name Ceratopea. The exaet nature of these fossils is unknown,
but they are believed to be the opereula of large gastropods like Maclu-
rites. From a stratigraphie standpoint they are of considerable interest
beeause this partieular speeies and the fauna assoeiated with it has a wide
geographic distribution, but restrieted geologic range throughout the
Appalachian and Mississippi valleys. Free silicified speeimens of this
organism oceur in the soil where this zone outerops, or they may be found
attached to the limestone. Assoeiated with the Ceratopea are a few
speeies of gastropods and fragments of trilobites, but the Ceratopea itself
1s the most charaeteristie fossil of the division. In Maryland numerous
outerops of this zone ean be found in the vieinity of Halfway, particularly
in euts along the Cumberland Valley Railroad. Loealities near Hagers-
town have also afforded this fossil, although in no place has it been found
in the abundanee that prevails in Virginia and the states to the south.

The fauna of the Ceratopea zone so far identified eonsists of nine
species. Fragments of a few other species have been noted, but they are
too imperfeet for deseription and ean only be identified with eertainty
when a monographie study of the entire Beekmantown formation has
been made.
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Fossils of the Ceratopea Zone

Dalmanella electra (Billings)
Pleurotomaria ?? canadensis Billings
Hormotoma artemesia (Billings)
Maclurites sordidus (Hall)
Ceratopea keithi Ulrich
Raphistoming lourentina (Billings)
Goniurus caudatus (Billings)
Pliomerops salteri (Billings)
Isochiling gregaria (Whitfield)

Turritoma Zone.—The next division of the Beekmantown consists of
about 575 fcet of pure dove and gray laminated magnesian limestone,
which contains in its upper part high-spired gastropods with a species
of Turriloma apparently confined to thesc beds. The lower 375 feet of
the Turritoma zone is composed of alternating highly magnesian, finely
laminated gray limestones and pure gray and pure dove limestone with
oceasional beds or streaks of fine limestone conglomerate. The basal 75
feet of this portion oceasionally exhibits a few fossils of which Syntrophia
lateralis and species of Maclurites and Liospira are most often found.

The association of species called the Turritoma fauna is found only in
the upper 200 feet of this division where the fossils usually oeeur in beds
that weather so as to appear riddled with worm borings. Here the fossils
are not silicified, but they occur as dolomitic casts, often, however, in
good preservation. They are extremely fragile and much care is required
to preserve them. Gastropods, particularly the species Turritoma acrea
(Billings), are most conspicuous. A number of species of fossils, too
imperfectly preserved for recognition, occur in this zome in Maryland ;
eight species have been identified specifically. The strata with Turritoma
are the uppermost fossiliferous rocks of the Beekmantown, but they are
followed by 400 feet of fincly laminated, gray, interbedded purc and
magnesian limestone of the type considered characteristic of the forma-
tion as a whole. At the top of these finely laminated beds are sandy cherts
and hard, dense white chert marking the top of the Beekmantown. Asso-
ciated with these cherts and continuing upward for about 40 feet arec
great numbers of the secondarily silicified cherts which have assumed
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MEMBER IN BRICKYARD, EASTERN EDGE OF HAGERSTOWN, MARYLAND. CLAY FOR BRICK
MANUFACTURE RESULTS FROM THE WEATHERING OF THE PURER BEDS.
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F1G. 2—BEEKMANTOWN LI MESTONE AT LEGORE QUARRY, LEGORE, MARYLAND. THE WEATIH ERED
OUTCROPS OF THESE STRATA IIAVE YIELDED NUMEROUS CEPHALOPODS.

T16. 1.—EXPOSURE OF LOWER BEEKMANTOWN LIMESTONE *JUST ABOVE THE STONEHENGE
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the form of a cauliflower. These mark the boundary betwcen the Beek-
mantown and Stones River limestones. As explained on another page,
the secondary silicification necessary to form the cauliflower variety i3
supposed to have occurred in the time interval between the two formations
when the Beekmantown rocks formed a land arca.

Sometimes the upper Beckmantown strata holding the Turritoma
fauna do not weather as described above, but show the usual occurrence of
smooth, rounded outcrops in which the fossils, although numerous, appear
only as natural sections in the rock. Such exposures along the N ational
Highway in the vicinity of Huyett, Maryland, have yielded the following
species :

Fossils of the Turritoma Zone in Maryland

Dalmanella electra (Billings)
Pleurotomaria ?? gregaria Billings
Hormotoma gracilens (Whitfield)
Turritoma acrea (Billings)

Maclurites oceanus (Billings)
Eccyliopterus disjunctus (Billings)
Cyrtocerina mercurius Billings
Trocholites internistriatus (Whitfield)
Isochilina scelyi (Whitfield)

Traces of this fauna, although always in poor preservation, have been
noted at numerous places in Maryland, in fact Beekmantown strata
exposed near the boundary line of the Stones River areas usually reveal
one or more layers showing natural scctions of these fossils.

Torocrariry AND REsipuaL Probucts.—The Beckmantown as a whole
produces gently rolling country, but the lower Stonehenge member and
a zone about 800 feet above the basc of the formation give risc to very
characteristic topographic features, which are of extreme importance in
the mapping of areas in which rock outcrops are infrequent.

Thesc topographic features are the result of the various siliccous
products left in the soil by weathering of the limestone. They are so
distinctive that-they become as important factors in the identification
of the strata as the characters of the rock itself or of its contained
fossils. In the absence of fossil remains or indecd of satisfactory rock
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outcrops it is often possible to determine the u.-nderground stratigraphy
by the character of these surface residual products alone. In fact such
criteria were alone available over considerable stretches of the rolling
agricultural country with few rock exposures, that in this region at least,
is characteristic of Beckmantown limestonc areas. On this account,
although they have been mentioned incidentally and repeatedly in fore-
going pages, it seems desirable to give here a connected discussion of the
three most important residual products, namely, the siliceous shale frag-
ments 11ear the base of the formation, Cryptozoon and platy yellow chert
near the middle, and the cauliflower chert at the top.

The .relative]y pure limestone of the lower half of the Stomehenge
member weathers rapidly and as its surface is not held up by some
resistant residual a slight depression in the land surface results. On
the other hand, the upper half of the Stonehenge member, with its sandy
laminated strata weathering into a protective covering of thin siliceous
shale fragments, forms hills corresponding in width to the outcrops and
trending in the direction of the strike of its beds. As the Beekmantown
everywhere in the Appalachian Valley of Maryland is highly folded, these
hills assume the usual northeast-southwest direction of the folds and
their development is so marked a feature that by plotting these elongated
narrow hills, the upper Stonehenge member can be mapped In areas of
few outcrops of the rock itself. When the succession is normal the lower
Stonehenge limestone therefore oceurs in a slight valley between the low
hills of the upper Stonehenge on one side and the higher land on the other
side formed by the chert weathered out of the upper part of the Conoco-
cheague limestone. This topographie feature, however, is well developed
only to the east of the Martinsburg shale belt. West of this belt the
siliceous content of the laminated division of the Stonehenge is so much
less that it has little effect on the topography. This topographie feature
of the Stonehenge in connection with the line of hills next described
makes it possible to map the complicated folds involving the Beekman
town limestone without much doubt and has greatly aided in deciphering
the geologic structure in areas of few outcrops. The Beekmantown rocks

next or immediately succeeding following the Stonehenge divisions are
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of a more soluble nature and therefore weather into lowland areas again.
Therefore the broad area of folded Beckmantown limestones in which
Hagerstown is located presents a succession of elongated highland areas
alternating with usnally broader lowland areas. This alternation in the
topography is well shown in Hagerstown itsclf, where the hills passing
through the town are composed of upper Stonchenge limestone and the
low areas between them are underlaid by lower Stonchenge or by the over-
lying Beckmantown limestone.

The line of low hills formed by the upper member of the Stonchenge
limestone is a characteristic feature of the Beeckmantown topography
only, as noted before, in the eastern half of the Appalachian Valley of
Maryland, because west of the Martinsburg shale belt the siliceous nature
of this member is not so well-developed and consequently weathers much
like the remaining portions of the Beeckmantown. The marked topo-
graphic feature of the western belt of outcrops is a line of hills composed
of the chert derived from the Cryptozoon steeli zonc of the formation
which is unusually well developed in this part of the Valley. Here speci-
mens of the Cryptozoon are very abundant, and as they silicify upon
weathering, their remains leave considerable masses of chert in the soil
However, the greater part of this residual inaterial consists of yellow,
platy, flinty chert formed by replacement of certain layers of the lime-
stone. The Beckmantown limestone weathers so readily that the deter-
mination of the geologic structure of the formation in many cases would
be almost impossible were it not for this extensive development of Crypto-
zoon and its accompanying chert. This chert zone is plotted on the map
of the western part of the Valley where it gives a clue to the lower
houndary of the formation and also aids in dctermining the structure.
For example, the small synclinal arca on the west flank of the larger
synclinal area three miles northeast of Clear Spring is an interesting
case of this zone’s valuc in determining structural relations.

The cauliflower chert developed at the top of the Beekmantown docs
not occur abundantly cnough or through a sufficient thickness of strata
to form a topographic feature, but the unusual shape of these flinty
objccts is so characteristie that their presence in the soil is the surest
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criterion in determining the dividing line between the Beekmantown
and the overlying Stones River limestone. These cherts are believed by
some students to represent in reality the physical evidence of the uncon-
formity between these two great limestone formations. Unlike many
other cherts they are not the result of present-day surface weathering, but
appear to have been formed in the land interval between the two forma-
tions. These cherts occur as a regular bedded deposit and their origin
seems to be as follows:

With the uplift at the end of Beekmantown time, weathering of the
exposed limestones took plaee, resulting, as it docs to-day, under favorable
conditions, in a soil with more or less numerous chert fragments. Con-
tinual exposure to waters bearing silica in solution caused a secondary
silicification of these cherts by the formation of rosettes of silica over
their surface. The rosette areas continued to grow larger and larger
until the characteristic cauliflower shape resulted. The reason for the
formation of such rosettes is obscure, but it is a fact that fractured fossils
or pieees of chert will develop areas of rosette quartz along the fractured
zones if subjected to the influence of silica-bearing waters. All of the
chert at the top of the Beekmantown has not undergone secondary silici-
fication into the cauliflower form. Fragments of platy chert representing
the primary-silicification stage may oceasionally be noted with fracture
zones penetrating into or entirely through them. The water with siliea
in solution will seep into these fractures and deposit the silica there first,
thus starting a growth area which develops into the characteristic rosettes
of the cauliflower variety. By this process a small fragment of platy or
irregular chert by eontinual growth of the rosette areas will develop into
specimens of the cauliflower variety a foot or more in diameter.

Apparently the same proeess oecurs in fractured fossils found in eer-
tain siliceous shale formations, particularly of Silurian and Missis-
sippiaﬁ ages. For example, a crinoid column of say one-half inch in
diameter, exposed to silica-bearing waters, will first reccive a deposit of
silica in its central canal and rosettes of silica will project from each end.
The column is fractured by this process and cach fracturc line then
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FI1G6. 1.—NEAR VIEW OF BEEKMANTOWN LIMESTONE AT LEGORE QUARRY, LEGORE, MARYLAND,
STRATA PENETRATED BY A SIX-INCH DIABASE DYKE (MARKED BY HAMMER).

I'16. 2.—VIEW OF CONTACT BETWEEN THE BEEKMANTOWN (B) AND STONES RIVER (s)
LIMESTONES ALONG THE SOUTH SIDE OF THE NATIONAL HIGHWAY AT WILSON, MARYLAND.
TIIE ZONE OF CAULIFLOWER CHERT (C) IS WELL DISPLAYED AT TI1IS PLACE.
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becomes filled with silieca whieh, with eontinual dcposition, enlarges the
original small eolumn into a mass several inehes in diameter. Usually
in sueh eases the resulting mass is hollow and lined internally with
erystals, thus forming a geode. Sometimes, however, it is solid, in whieh
event a strueture not unlike the eauliflower ehert results.

The general problem of silicification is most complieated and little is
known yet of either its ehemieal or physieal aspeets. Why a eertain
limestone should, under past or present-day weathering, develop ehert
produets whieh are so alike over large areas that they ean be used in the
determination of the bed, is not only an interesting question seientifieally,
but it is also of sueh geological importanee as to merit the most detailed
study.

Another interesting feature in conneetion with the cauliflower chert is
its occurrence, noted at several places, in a black shale, sometimes regu-
larly bedded but again irregularly deposited, much resembling an aneient
soil. Such a shale bed at the top of the Beekmantown may be seen in the
eut along the National Highway just west of Wilson, Md. Cauliflower
cherts are very abundant in this shale bed and its surface outerop strews
the ground with the irregular masses. However, they are not limited
to this shale, for here, as well as at other plaees, the typieal ehert oeeurs
in regularly bedded dolomite.

Although diseussed here in eonneetion with the Beckmantown, the zone
of eauliflower ehert, if the above explanation is eorrect, should be regarded
as basal Stones River. It might in reality be regarded as a basal eon-
glomerate formed, however, in a totally different manner from other
conglomerates.

ARrpaL DistriBurioN.—The Beekmantown limestone with its basal
Stonehenge member is the most widely distributed early Paleczoie forma-
tion in Maryland, as its outerop eovers large areas in both the Appalachian
and Frederick valleys where its strata weather rapidly into good soil and
produee a gently rolling eountry with excellent farm land.

In the eastern belt of outerop in the Appalachian Valley the formation
is elosely folded, oeeupying an area equal to half that of the Valley and
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extending from a line passing through Seeurity, three miles cast of
Hagerstown, to a northeast-southwest line west of Williamsport where a
fault brings the limestone in eontact with the Martinsburg shale. The
broad expanse of Conoeoeheague limestone in southern Maryland reduces
the width of the Beekmantown here from a belt almost seven miles wide
at the Pennsylvania state line to less than three at the Potomac. South
of Hagerstown the Conocoeheague and Beekmantown limestones are
intimately folded together, cxhibiting characteristie Appalachian piteh-
ing antielines and synelines. The western edge of this belt is a fault line
exeept at the extreme northern and southern ends where the normal
sequence is resumed. This fault is elearly shown at Williamsport where
the middle limestone of the Beekmantownn may be seen in contaet with
the lower Martinsburg shale. North of Williamsport the displacement
of this fault is greater and brings the Beekmantown in contact with the
upper sandy portion of the Martinsburg. Infolded in this large area of
Beekmantown are elongated, narrow bands of the purer limestones of the
suceeeding Stoncs River formation.

In the area west of the Martinsburg shale plateau the Beekmantown
limestone likewise oceupies about one-half of this part of the Appalachian
Valley, but herc closely folding with the Conoeocheague limestone causcs
each formation to appear at the surfaee in elongated, more or less parallel
bands. The eontinuity of these bands is broken in the northern part of
the state by a transverse fault. West of the eastern base of North
Mountain no roeks of Beekmantown age are exposed.

The surface rock of a econsiderable portion of the Frederick Valley
belongs to the red beds of Triassie age, but of the limestone portion of
the valley about one-half is occupied by strata referred to the Beekman-
town. These Beekmantown areas oecupy in general the eastern half of
this portion, although folding brings small areas to the surface in the
western half. Two small areas just east of Catoetin Mountain are of
interest because erosion of the red beds has proceeded far enough to
expose the underlying Beekmantown strata.
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East of the Frederick Valley on the Piedmont Plateau, narrow, elon-
gated, infolded areas of limestone occur, only one of which is shown on
the map because of its evident relationship to the limestone of the valley
proper. Metamorphism has destroyed the evidenee as to the age rela-
tions of these limestones, although it is possible that they represent an
eastern extension of the fossiliferous Beckmantown strata of the Frederick
Valley.

FREDERICK VALLEY LIMESTONES

The considerable development of Early Paleozoic limestones east of
Catoctin Mountain in the Frederick Valley and their economic value has
long been known to geologists. As these deposits oceur east of the Blue
Ridge and are the easternmost unmetamorphosed Paleozoic strata known,
the determination of their exact age relations is a matter of importanee
and interest. The Frederick Valley is bounded on the west by Catoctin
Mountain, eomposed of Lower Cambrian sandstone and shale, and on the
cast by a range of low hills formed by pre-Cambrian schist. The length
of the limestone area is about 30 miles and its maximum breadth about
six miles. North of LeGore, Maryland, the limestones pass under cover

of the Newark red beds, while at the Potomac they cross into Virginia

where they again soon disappear under the red beds.

This area has been studied by several geologists, but the most important
work upon 1t was that of Keyes, who published his results in 1890 in the
Johns Hopkins University Circular. His deseription of these rocks is
as follows: “ The beds have a mean dip of about 25 degrees to the east-
ward. Along their western border they are eovered by Triassic red sand-
stones (Newark formation). To the east the limestones pass gradually
into shales and slates, the whole forming apparently a conformable series.
The limestones in great part are bluish in color, compact and heavily
bedded ; but on approaching the shales they become more and more thinly
bedded and very dark bluc or nearly black, owing to the bituminous
matter present. The latter, however, is driven off by burning, leaving a
pure white lime. In plaees this lime rock is highly siliceous on account
of the presence of a considerable amount of rather eoarse quartz sand.

8
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This large amount of silica renders the rock unfit for the manufacture -
of lime, which at present is the chicf use to whieh the Frederick Valley
limestones are put. From the thin-bedded belt the limestone passes into
a more earthy facies and grades into dark colored ealeareous shales and

these again into slates or into sandy shales.”
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F16. 12.—STRUCTURE SECTIONS ACROSS FREDERICK VALLEY.

A. Devilbiss Bridge east through MecAleer. C. East-west section through Frederick Junection,
B. Braddock Heights east through Frederick. D. East-west section through Buckeystown.

SYMBOLS.
Tn—Newark randstone and shale. Of—Frederick litnestone. Cl—Loudon formation.
Ac—Catoctin schist.

Tne—Newark conglomerate, Ch—Harpers shale,
Ob—Reekmantown limestone. Cw—Weverton sandstone.

Keyes found a few species of fossils in these limestones which led him
to suggest that the whole series was equivalent to the Chazy, Trenton,
and Hudson River formations. The determination of the age and
structnre relations of the Frederick Valley limestones was a matter of
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some diffieulty, and the present author was fortunate in having this earlier

work upon the subject even though he is unable to agree with some of the
conclusions, Comparison of the four structure sections across the
Irederiek Valley, here presented as fig. 12 with that published by Keyes,
will show that the present coneeption of the strueture and stratigraphy
differs radieally.

The lowest sedimentary roeks of this partieular region are eomprised in
the Lower Cambrian quartzites, the Weverton sandstone and the suceeed-
ing Lower Cambrian Harpers shale exposed in Catoctin Mountain. Sugar
Loaf Mountain, on the cast, likewise is eomposed of Lower Cambrian
quartzite. In the opinion of the writer the limestone series does not pass
upward on the eastern side of the valley into Hudson River shales, but it
is faulted against shales and schists which are of pre-Cambrian age.
Along the western side of the Frederiek Valley the limestones are eovered
by the conglomcrate, red sandstone and shale of the Newark scries exeept
in two areas where stream erosion has cut decply into and in places almost
to the base of the underlying limestones.

The struetural relations of the Frederiek Valley are so complicated that
1t would be diffieult to unravel the stratigraphy were it not for the ocea-,
sional presence of fossils. Determinable, though but rarely preserved,
fossil remains have been noted at numerous places in the valley in two
distinet kinds of rocks, namely, in dark blue thin-bedded strata, known
locally as the building roek, and in massive, rather pure, blue to white
limestone that is quarried for lime. The fossils in the quarry roek have
been found distributed through several hundred feet of strata. They
eonsist mainly of eephalopod shells which are elosely related to lower.
Beckmantown species. The fauna found in the building roek consists
of a brachiopod and a trilobite of types which are unquestionably of post
Beekmantown age. By fossil evidenee, therefore, the age of the quarry
roek is established as older than the building rock. This conelusion is
borne out also by the struetural relations of the beds, the building rock
being invariably infolded in the quarry roek. In all probability, the line
of contact betwcen the limestone which forms the floor of the valley and.
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the siliceous formations which form its elevated east and west boundaries,
is in both cases a fault plane. There 1s little doubt as to the faulting on
the east side, but the cvidence is not so convineing on the west side. The
succession there may be normal, that is, undisturbed with the Beekman-
town limestone lying unconformably on the Lower Cambrian Harpers
shale.

T ' The Beekmantown Limestone

All'of fhé numecrous quarries in the Frederick Valley operated for the

l}lirniflg""of'lime cxpose massive, rather pure, bluish limestones which
Fold fossils of Beekmantown age. The roek itself is not unlike that of the
quer‘_‘Beékniantown above the Stonchenge member in the Appalaehian
Valley, so that the use of the name Beckmantown for the quarry rock
scems’ appropriate. It is even possible that the Stonchenge member is
represcited here, for in the outerops of Paleozoic limestone in the western
f;ai't of the valley, namely, along the trolley car track two and one-half
iflds horthwest of Frederick, strata with edgewise conglomerates are well
developed. Usually, in this part of the valley, these massive limestones
are covered by Mesozoic red beds. However, in two plaees, erosion has
rémoved the red beds so as to expose not only the quarry rock, but also
the underlying Harpers shale. One of these is in a small arca two miles
douth of Catoctin, the other a larger exposure just east of Braddock.
Fossils were not observed in either of these areas, but the lithology of the
Timestone is preeisely like that of the fossiliferous strata a short distanee
to the east. . Moreover, as shown on the map (pl. I), an area of quarry rock
just east of Braddock contains an infolded band of fossiliferous building
rock. Throughout. the central and castern parts of the valley where the

quarry rock frequently outerops there ean be no question regarding the
Beckmantown age, for here fossils are not uncommon. Along the castern
édge 'of thie valley just west of the pre-Cambrian schists theré are outerops
6f &'missive light gray laminated limestone in which the laminac are
meh ‘eéntortéd and weather into a sandy shale somewhat resembling the
shale fragments resulting from the disintegration of the upper Stone-
llenge member of the Beekmantown. Fossils have not been discovered in
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these particular beds, but these laminated strata undoubtedly represeut
a part of the Beeknmantown as developed in the Frederick Valley.

The northernmost exposures of the Frederick Valley limestones ocenr
at LeGore, Maryland, just before these strata disappear under the red
beds. Extensive quarrying operations here have exposed a considerable
section of closely folded and evidently repeated beds. The: elue,to the
proper sequence is given by several bands of the normnally overlying thin-
bedded fossiliferous building rock that are infolded with the;morn’massim
Beckmantown limestones.

At LeGore the building rock is immediately underlaid by about 100 fect
of massive dark blue rather pure limestone in beds two.fo three.feef
thick, alternating with similar beds of lighter colored: strata. ' 'Cephale-
pods of Beekmantown affinities are not uncommon on the weathered edges
of these strata. These upper fossiliferous beds are separated by, about
50 feet of massive light blue limestone with-quartz grains, fyom ‘a lower
fossiliferons zone. This comprises several hundred feet of strata similar
in lithology and fossils to the upper beds. The seetion then.eontinues
for several hundred feet which appear to be a repetition by folding ofithe
strata just deseribed. Many of thesc massive beds are very homogeneous
and marble-like in character. The quarrics at Frederick and.to the south
also afford excellent exposures of the upper beds of the massive lime-
stone, but as the strata are little folded here, the exposed thickness is
" consequently slight. On account of -their ready solubility, outcrops of
these pure massive limestones appear only in lowland areas. They also
leave no surface residual produets sueh as the quartz or shale fragments
of the building rock.

The Frederick Limestone

This new name is proposed for the strata in the Frederick Valley over-
lying the Beekmantown limestone and containing a fauna probably. of
Chazyan age. The rocks are shown to advantage in numerous quarrics
and natural outerops around Frederick. Fossils are of rare occurrenep
in these outérops, but they may be found occasionally in the brodd, thin
slabs of which the stone fences of the valley are built.
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The Frederick limestone consists of thin-bedded dark blue argillaccous
strata scparating into layers usually less than two inches in thickness.
On further weathering, these leave as a residual produet in the soil,
brownish-yellow shale-like fragments quite similar to the weathered
Martinsburg shale of the Appalachian Valley. This limestone is often
much erumpled and so seamed with quartz veins that the disintegration of
its strata leaves numerous fragments of white erystalline quartz in the soil.
In freshly quarried exposures the Frederiek limestone appears massive
and dark blue, but slight exposure to the weather causes its separation
into the thin flagstones so mueh used in this arca for building fenees and
embankments that the loeal name of building rock is applied to it. It is
less soluble than the assoeiated purer Beekmantown limestone, so that in
weathering it gives rise to hill topography which is in marked contrast
to the lowland areas charaeteristie of the Beekmantown strata. The
dark-blue color, thin platy layers of argillaceous composition, upland
topography and residual quartz fragments distinguish it readily from
the lighter eolored, massive, purer roek referred to the Beckmantown.

Although numerous exposures of the Frederick limestone may be seen
in the vieinity of Frederiek, perhaps the best place to view its contact
with the underlying Beekmantown limestone is at the Tabler quarry
where a distinet line of uneonformity may be noted between the two
formations. : .

The thickness of the Frederick limestone is difficult to determine
beeause it has no recognizable upper boundary such as the suecceding
formation. However, in areas where it is infolded into the Beekmantown
limestone, its thiekness seems to be not less than 200 feet. Such infolded
arcas are well shown in the quarries at LeGore, Maryland.

- Although of rare occurrence fossils can be found in this limestone
morc frequently than in the subjaeent strata becausc the opportunities
for eolleeting are more numerous. The natural outerops of the roek
seldom show organie remains, but it is only a matter of scareh along the
stone fences of the Frederiek Valley to diseover fossils in the thin lime-
stone layers of which most of them have been built. Five speeies have
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been noted, only two of which are sufficiently preserved for specific
description. These arc Acidaspis ulrichi and Strophomena stosei, two
new species and an undetermined speeies each of the genera Eefeocrinus ?,
Cameroceras and Isotelus. The prime interest of this fauna, like that
of the underlying Beekmantown, is in its occurrenee east of the Blue
Ridge. This particular assoeiation of species is also noteworthy because
neither the fauna itself nor the beds containing it ean be eorrclated
direetly with any Appalachian Valley formation. However, the fauna
suggests a Chazyan or early Mohawkian age with the possibility more in
favor of the former.

TIIE STONES RIVER LIMESTONE

The purest limestones of the Shenandoah serics arc eontained in the
strata occurring between the underlying finely laminated pure and
magnesian Beeckmantown formation and the overlying argillaceons
nodular Chambersburg limestone of Black River age. These pure lime-
stones are correlated on lithologie, stratigraphie, and paleontologie
grounds with the Stones River group or formation of the Central Basin
of Tennessce. In Maryland the Stones River limestone rests uneonform-
ably upon the Beckmantown, the uncven eontaet being well marked by an
extensive development of secondarily silicified chert known as “ eauli-
flower ” chert.

The Stones River was named and defined as a distinct group in 1855
by Safford, who based it on the limestones outcropping along the Stones
River in the vicinity of Murfrecsboro, Tennessee. The group includes
the lowest rocks appearing at the surface in the Nashville dome of the
Cineinnati axis. Safford, in his “ Geology of Tennessce” (1869), aban-
doned the term under the misapprehension that the Stones River roeks
were equivalent to the Trenton of New York. Winchell and Ulrieh, in
1897, revived the name, and later Ulrich and Hayes, in the description
of the Columbia quadrangle of the U. S. Geological Survey, more com-
pletely defined the group.

GENERAL. SECTIONS.—As recognized to-day the Stones River group in
its type area in Central Tennessee includes the following formations:
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Formations of Stones River Group in the Type Area, Central Tennessce

Fee

Lebanon limestone, flaggy, dove and shaly limestone................... 120

Ridley limestone, massive subgranular, often cherty limestone........... 80

Pierce limestone, shaly limestone crowded with bryozoans............... 27
Murfreesboro limestone, heavy bedded cherty limestone (base not ex-

LT ) e 3 S o T e 125

In the gorge of Kentueky River at and above Highbridge, Kentucky,
which cuts through the oldest rocks to be seen in the state, the lower
200 feet of the bluffs are made by massive limestone strata representing
Lebanon and Ridley members of the Stones River. In the Appalachian
Valley, rocks corresponding in age, and also very closely in lithologic
character with the typical Stones River, outerop in periodieally inter-
rupted bands from Alabama to New York. In the valley of East Ten-
nessee, where they attain a maximum thickness of more than 1200 fect,
the lithologie.facies and sequence that agrees best with the typical expres-
sion of the formation is confined almost entirely to the western side of
the valley. Here a twofold division may be recognized—a lower division
of massive, mainly pure, dove limestone and an upper division of more
argillaceous strata. The limestones in northern Virginia, Maryland, and
Pennsylvania referred to the Stones River agree in all essential respects
with these representatives of the group in the south. Here, however, the
formation is divisible into three parts, of which the lower and upper
thirds are of solid, massive, dove limestone and the middle third of more
granular often cherty blue rock holding the fauna of which the large
gastropod Maclurites magnus is the most characteristic member. The
lower part is essentially equivalent to the Murfreeshoro limestone, the
middle division to the Pierce and Ridley beds, and the upper third to the
Lebanon limestone of the type seetion. In the eastern half of the Appa-
lachian Valley in Virginia and Tennessee the Maclurites magnus fauna
occurs and attains its best development in a formation of argillaccous
limestone—the Lenoir limestone. In this part of the valley the upper
member is not present, so that here the Lenoir lies at the top of the beds
that are strictly of the age of the Stones River. Beneath the Lenoir is a
massive dove limestone formation, the Mosheim limestone, which is either
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distinetly older than the Murfreesboro limestone of the type area or it
represents the basal part of that formation whieh does not reaech the
surfaee in eentral Tennessee. A weak, though typieal representative of
the Lenoir limnestone fauna, is found in Maryland in the middle third
of the Stones River and it is probable that the upper and lower thirds of
the formations here developed represent all the remaining sedimentation
of Stones River time. '

Although there is no eontinuous seetion in Maryland where the eom-
plete sequence may be observed, a generalized seetion in areas where the
three divisions are well developed is as follows:

Generalized Section of Stones River Limestone in Maryland ot
eel

Nodular, argillaceous strata of the Chambersburg limestone o
. Massive and thin bedded fine grained, pure, dove-colored limestone.. 300+
. Massive pure limestone, blue to dark gray in color, compact, granular
and odlitic, on weathering leaving black, blocky chert; contains
the Maclurites magnus fauna
. Massive and thin bedded, pure, dove limestone in the lower part
interbedded with magnesian layers '
Light gray, finely laminated magnesian limestone of Beekmantown
age, with caulifiower chert at top......ovvveveneerevennnnn 3. .5

This generalized seetion holds, also, for southern Pennsylvania, but
from here northward the Stones River limestone diminishes in thiekness

due to progressive loss of the lowest beds by overlap. Between Green-
eastle and Chambersburg, Pennsylvania, the three divisions of the forma-
tion have a eombined thickness of about 1000 feet. At Carlisle the lowest
division and a part of the middle are missing, leaving the formation only
about 450 feet thick. - Farther north at Harrisburg the middle member
has been diminished by another hundred feet. Throughout the Lehigh

Valley in Pennsylvania and its eontinuation in New Jersey, the Stones
River is absent altogether. In eastern New York this formation is still
absent until the upper Champlain region is reached where the Stones
River interval is oceupied by Chazyan limestones. The Middle Chazyan
Crown Point limestone eontains the Maclurites magnus fauna and thus
offers a means of correlation with the more southern Stones River
limestone.
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FIG. 1.—AN AVERAGE EXAMPLE OF THE CAULIFLOWER CHERT FROM THE BASE OF
THE STONES RIVER LIMESTONE. VICINITY OF BOSTETTER, MARYLAND.

Fi6. 2—TYPICAL NATURAL OUTCROP OF UPPER STONES RIVER LIMESTONE IN CLEARED
FIELDS, ONE-HALF MILE WEST OF PINESBURG, MARYLAND. THE GROWTH OF CEDAR TREES
ON THIS PURE LIMESTONE IS ILLUSTRATED.
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Litnorocrc CiraracTER.—The Stones River rocks in Maryland are in
general heavily bedded dolomitie layers alternating with greater thick-
nesses of relatively pure dove-colored limestones. In eolor and texture
the purer rock varies from fine-grained dove to a dense black with the
dove-eolored roek predominating. Many of the layers run as high in
magnesia as the underlying Beckmantown limestone, but the Stones River
foriation differs in that at least a few pure dove limestone layers are
found in almost every exposure. The pure limestone is most abundant at
the top of the formation, which portion therefore is most extensively
quarried. Many of the layers throughout the formation and especially
the purer strata are penetrated by the thin caleite strings belonging to
the single-tubed species of the coral Tetradium, which, in connection
with the smooth, homogencous ground mass and color of the main rock,
gives it a very characteristic aspect. Another method of distinguishing
the Stones River from the Beckmantown lithologically lies in the char-
acter of the soil to which ecach gives rise on weathering. The soil result-
ing from the decomposition of the Beekmantown limestone is of a decp
red eolor, and generally contains a considerable quantity of broken chert.
Stones River rocks, on the other hand, are practically frec of chert except
the middle division ; and one soon learns to discriminate this chert from
all the varieties formed in the decomposition of the Beekmantown
limestone.

- Soil formed by decay of Stones River rocks seems to be particularly
suited for the growth of ecedar trees. Indeed, the presence of a consider-
able number of cedar trees in an area of Ordovieian strata is quite a
reliable sign that the underlying rocks are of this age. Of course, this
preference of cedars for Stones River areas is due primarily to the nature
of the rock itself, in this case, the pure dove strata being eedar-bearing.
Tho extensive well-known cedar glades of central Tennessce are loeated
upon the pure, dove-colored Stones River limestone.

ParroNTOLOGY.—Dove limestones which make up the greater part of
the formation do not as a rule afford well-preserved fossils, although
traces of organic remains in the rock may be very numerous. In fact
some of these pure limestone layers are crowded with gastropods, but
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speeimens cannot be broken out of the rock in recognizable condition.
Their eross-sections indicate a general type of strueture quite unlike and
more advanced than the gastropods found in the underlying Beckman-
town limestone. Two fossils, however, both easily recognized, may be
found at almost any outcrop of this limestone. One is a coral formed of
single tubes, quadrangular in cross-section, but commonly appearing more
like caleite stringers in the rock than organie remains. This is the
Tetradium syringoporoides deseribed on a later page. The second fossil
is a bean-shaped bivalved crustacean allied to Leperditia fabulites which
occurs throughout the limestone. Other recognizable fossils occur, but as
they arc more limited in their stratigraphic distribution, details regarding
them are reserved for the special discussions of the several divisions.

Lower Stones River.—Although present in several bands of outerop
across Maryland, this portion of the Stones River is usually covered and
the character of the rocks can be made out only from a few scattered out-
crops. The best development is in the band of outerop exposed just west
of Pinesburg Station and running north almost to the state line. This
same band of outcrop is exposed at Martinsburg, West Virginia. Here
many of the layers, espeecially in the upper two-thirds of the member, show
sections of undetermined gastropods and pelecypods and of the large
ostracod Leperditia fabulites. In the quarries on the west side of the
town which expose the lower 200 fect of the formation Ulrieh reported
certain weathered layers about 125 feet above the base of the formation,
from which he collected the following fauna: ’

. Fauna of Lower Stones River Limestone, Martinsburg, West Virginia

Girvanella sp.

Solenopora compacta var.

Small, undetermined monticuliporoid bryczoan
Cyrtodonta n. sp.

Matheria n. sp.

Liospira cf. obtusa

Lophospira cf. perangulata

Lophospira n. sp. of the L. trochonemoidcs section
Helicotoma ? n. sp. -
Orthoceras sp. undet. Small, with narrow septa
Oncoceras ? sp. undet.

Leperditia fabulites Conrad var.
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F1G. 1.—VIEW OF EDGEWISE CONGLOMERATE IN STONES RIVER FORMATION 214 MILES
SOUTHEAST OF WILLIAMSPORT, MARYLAND.

Fi16. 2—VIEW oF QUARRY IN CHAMBERSBURG LIMESTONE AT PINESBURG STATION, MARYLAND.
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Traces of this fauna have been found in Maryland, but neither these
nor the specimens from West Virginia are thought well-enough preserved
to warrant illustration and deseription.

This lower division is about 600 fcet thick and consists of massive and
thin-bedded pure dove limestone interbedded, especially toward the base,
with magnesian layers. Certain parts of the underlying Beckmantown
limestone are mueh like these in lithie character, but the presence of
bivalved pelecypod shells in the Stones River and their complete absence
in the Beckmantown serves to distinguish the two formations. No well-
exposed scetion of the Lower Stones River was found in Maryland, but at
Martinsburg, West Virginia, the following section is more or less elearly
exposed in quarries and nearby natural outerops.

Seetion of Basql Beds of Stones River Limestone at Martinsburg,
West Virginia

Feet
Strata of Middle Stones River........ciiiiiiiiiiiirerioeneeeanansnns
Light to dark drab limestone banded with thin earthy or magnesian
SEAINIS .+ oo v v veevoooestonssonosasonssonssasssasssassssosssssssnsss 275
Strata like the above but less well exposed....covveinieeeeneersnsenones 200

Dark-gray to dove-colored, fine, even-grained pure limestone (quarried). 100

Similar fine-grained, dove-colored limestone, increasing downward in
magnesium (quarried) ........cceieiiiiiiiiiiiiiiiiitiet e 100

Section extends to the cherty top of thc Beekmantown.

675

Railroad cuts along the Cumberland Valley Railroad north of Kauff-
man, Pennsylvania, eight miles north of the Maryland line, show the gen-
eral character of the division. This same band of outerop continues south-
ward into Maryland and a number of localities show small outerops of the
basal rocks. At Bostetter the very base of the formation is exposed at a
low angle of dip, with the result that a considerable area here is covered
with the cauliflower chert deseribed under the discussion of the Beckman-
town limestone. This cauliflower chert marks the base of the formation
in the northern half of Maryland east of the Martinsburg shale belt,
and it is present in all the bands of outerop west of this belt. In the
southern part of the area east of the shale belt, the Stones River rocks
are poorly exposed and their basal beds are marked by edgewise con-
glomerates quite similar to those of underlying formations. These con-
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glomerates occur in place of the caulifiower chert which is so conspicu-
ously developed elscwhere in the valley. Occasionally these basal edgewise
conglomerates become silicified, leaving very intercsting chert blocks in
the soil exhibiting the conglomeratic fragments as pure chaleedonic silica,
or in some cases showing them leached out of the rock entirely.

Middle Stones River.—The middle part of this limestone is so readily
distinguished from the upper and lower divisions by its fossils and lith-
ology that it might well be ranked as a distinct formation. The Middle
Stones River differs conspicuously from the other divisions in the pres-
ence of massive beds of dark, subgranular limestone interbedded with the
more typical dove-colored, finc-grained, pure limestone. Fine-grained,
pure, fossilifcrous limestone weathering so as to show numecrous bands
of black chert form a characteristic part of this division. In the absence
of outerops an easily recognized criterion for the determination of the
middle division is the presence of small blocks of chert in the soil. This
chert is usually black, at least the inside of the blocks when broken show
up as black. Furthermore, the Middle Stones River is generally more
fossiliferous than the other divisions and the typieal fossil, the large
coiled gastropod shell Maclurites magnus, ean usually be found in it after
a little search.

The best outcrops for fossils of the Middle Stones River are in the
quarries around Chambersburg, Pennsylvania, where the fauna listed
below was collected and determined by Ulrich (Chambersburg-Mercers-
burg Folio). All of these species, however, have been noted in the
corresponding band of outerop in Maryland, although all have not
oeeurred at a single place.

Fauna of the Middle Stones River Limestone in Southern Pennsylvania
and in Maryland

Tetradium syringoporoides (Ulrich)
Hebertella borealis (Billings)
Hebertella vulgaris (Raymond)
Dinorthis platys (Billings)

Bucania sulcatina (Emmons)
Maclurites magnus (Lesueur)
Lophospira bicincta (Hall)

Ampyzx halli (Billings)

Leperditia fabulitcs (Conrad) var.
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This fauna is correlated with the Middle Chazy or Crown Point lime-
stonc of New York and the Lenoir limestone of southern Virginia and .
Tennessee, in each of which most of these species occur.

Upper Stones River.—The upper division consists of very pure, thin-
bedded, dove-colored or pearl gray homogeneous limestone which is quite
frequently exposed because most of the quarries are in this rock. The -
large quarry at Pincsburg Station exposes a considerable thickness of
these pure upper beds. Here also scctions of numerous fossils may be
noted, but the rock is so homogeneous that the specimens cannot be
broken out, and it weathers in such a manner that the fossils are not left
in relief on the surface. The only species which can be obtained in any

fair state of prescrvation is the characteristic Stones River single tube

coral Tetradium syringoporoides.

A conspicuous topographical feature of this portion of the Stomes
River particularly is the occurrence of numerous sinks along its line of
outcrop. However, conditions favoring the formations of such sinks
oceur also in the lower portion of the Stones River.

AREAL DistRIBUTION AND ToroarAPIIC ForM.—The outcrops of the
Stones River limestone in Maryland are confined to the Appalachian
Valley and cross the state in five distinet bands, three of which occur east
of the shale belt of the middle portion of the Valley, and two to the west.
The strata of the three eastern belts are not as highly folded as those to
the west and the areas of outcrop are therefore wider. Each of these
belts occupies a nearly level lowland broken only by low hills formed by
the cherty middle division. In the northern half of these three belts the
chert and resulting fow hills of the Middle Stones River are espeeially
well developed. In Maryland this middle portion has been noted in out-
crops at many points. The residual black chert is frequently so abundant
in the soil that it leaves its impress upon the topography in the form of
low hills arranged according to the geological structure. This is illus-
trated in an area just south of the Pennsylvania state line and directly
north of Hagerstown where the outcrop of the Middle Stones River
cherty limestone is plainly indicated by the low hills elongated in a
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FIG. 1.—PITOTOGRAPH SHOWING SUCCESSION OF SINKS ALONG THE BAND OF OUTCROP OF TIIE
STONES RIVER LIMESTONE, ONE-HALF MILE SOUTH OF WILSON, MARYLAND. THE ROAD TO THE
EAST FOLLOWS THE CHHAMBERSBURG LIMESTONE.

Fio. 2 NEAR VIEW OF A SINK FILLED WITH WATER
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general northeast-southwest direction, but aligned to coineide with the
general strueture of the region. In this same area the zone of cauliflower
chert at the base of the Stones River is also well developed, but forms no
special topographic features. With weathering, however, the chert breaks

up into smaller and smaller fragments so that its presenee is not a
detriment to the soil. One of the two western belts lies just west of the

Martinsburg shale area and the second is a short belt cut off by faulting
in the middle of the state and occupies the center of the western half of
the Great Valley.

Each of these more western belts is quite narrow, beeause the rocks are
steeply inelined. Here too the Middle Stones River cherty limestone is
not as clearly developed as in the more castern areas. Roeks outerops
usually are few, and the formation cverywhere gives risc to cxccllent
farm land soil.

FAuNa or THE STONES RIVER IN MARYLAND.—The fossils of the Stones
River limestone in its typical development in the Central Basin of Tennes-
see have not rceeived as much attention as those of the younger Ordovieian
formations, but a considerable fauna from cach of its divisions has been
collected and awaits description. The faunas of the corresponding rocks in
the Champlain Valley have been quite fully described by Raymond in
recent years and Middle Chazyan faunas have been recognized farther
south in the Appalachians. In Maryland the middle division of the
Stones River limestone -eontains enough Middle Chazy species to make
it reasonably certain that these strata represent the same time interval.
The massive, purer dove and magnesian limestone of the upper and lower
divisions of the Stones River in Pennsylvania and Maryland are not
favorable for the oceurrence of well-preserved fossils. These two divisions
do not weather into chert, and the best speeimens from massive limestone
are always to be found in the residual echerts. The single-tubed coral,
Tetradium syringoporoides, and the bean-shaped ostracod, Leperdilia
fabulites, are abundant throughout the Stones River and may be found
at almost all exposures. The other seven spceies herc described are all

9
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speeies oeeurring in the Middle Chazy of the Champlain Valley. The
Maryland Stones River fauna and its oeeurrence elsewhere is listed below.

FAUNA OF THE STONES RIVER LIMESTONE IN MARYLAND

Stones Riverof |00 | Middle

Maryland lime- | Chazy of
— " |stone of| Champlain

Lower | Middle | Upper | Ten": Valley
Tetradium syringoporoides Ulrich......... | * * o6
Dinorthis (Plaesiomys) platys (Billings).. * 0o * *
ITebertella borealis (Blllln"S) ............. * . * *
Hebertella vulgaris Raymond.. 20 ggoog * a. 39 *
Bucania suleating (Emmons).............. * .: * *
Lophospira bicineta (Hall)..... N O * .. * *
Maclurites magnus Lesueur............... * o0 * *
Ampyz (Lonchodomas) halli Billings ......| .. * - .. *
Leperditia fabulites (Conrad) var..........| * * *

The lower and upper division of the Stones River in Maryland, par-
tieularly the latter, frequently exhibit layers erowded with gastropods
and peleeypods. These show at the surface as natural seetions and
weather away as fast as the roek. Without a knowledge of the fauna of
the similar dove limestone of the Stones River elsewhere, it is impossible
to identify sueh natural seetions with eertainty.

The areas of the Stones River limestone east of the Martinsburg shale
belt have yielded few fossils beeause the roeks weather into a deep soil
and outerops are eonsequently infrequent. The boundaries of these areas
have in most eases been determined by the oceurrenee of the basal Stones
River ecauliflower ehert zone. In northern Maryland, the broad folded
area of this formation just northeast of Maugansville and another a mile
northwest of the same plaee show the best development of the Middle
Stones River limestone with the eharaeteristie ehert hills left by its
weathering. TIn this chert all of the fossils in the above list have been
noted. West of the shale belt the band of outerop starting at Pinesburg
Station and going east of north through Wilson to the state line affords
numerous outerops of the dove limestone of the lower and upper divisions.
Some of the layers in the Upper Stones River at Pinesburg Station are
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erowded with T'etradium syringoporoides, while Leperditia fabulites and
several speeies of undetermined shells oceur in great number in other beds.

THE CIIAMBERSBURG LIMESTONE

Most students of Appalachian stratigraphy have recognized a so-called
transition zone of argillaceous limestone between the massive limestones
of the Shenadoah group and the overlying great shale formation, the
Martinsburg shale. These argillaccous limestones are thin bedded and
quite fossiliferous in comparison with the underlying and overfying strata.
They were elassed as the closing phase of the Shenandoah group and their
contained fossils established the Ordovician age of the upper part of that
group. As their lithologic charaeter is clearly enough intermediate
between that of the underlying puré and magnesian limestones and the
typieal shale group above, it was natural to belicve that they were really
transition beds. Ilowever, detailed eomparison of the faunas of these
argillaceous beds in different parts of the Appalachian Valley in recent
vears has shown that these strata are either not transition beds at all or
that the supposed transition oeeurred at widely different times in dif-
ferent parts of the valley. The fossils showed that as a rule shale deposi-
tion set in mueh earlier in the castern bands of the Appalachian Valley
than in the western. Also that these dates varied considerably even in
north and south directions. The “ transition ” beds when elosely studied
proved to rep'ro.sent formations of totally different ages in various parts
of the valley and that stratigraphic breaks, sometimes of considerable
extent, commonly separate them from both the underlying and overlying
strata. For example, in the castern bands of the valley of east Tenmnessee
this argillaceous limestone phase of deposition is the Lenoir limestone of
middle Chazyan age, while at the western side of the valley the limy beds
just under the first shale are late Trenton in age. Again, in southern
Pennsylvania the Chambersburg limestone of Black River age direetly
or immediately precedes the Ordovieian shale group in the eastern or
Cumberland Valley, whereas in central Pennsylvania the shale is under-
lain by uppermost Trenton. The basal part of the shale itself varies
correspondingly in age from upper Chazyan to Utica.
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In Maryland, as in southern Pennsylvania, the fossiliferous, thin-
bedded limestone with argillaceous partings, formerly regarded as the
uppermost division of the Shenandoah group, is now called the Chambers-
burg limestoue, so named by Stosc from outcrops in the vicinity of
Chambersburg, Pennsylvania. This limestonc is subject to great varia-
tions not only in thickness, but in the character of the rocks from place to
place along the strike and across it. The rather broad expanse in southern
Pennsylvania exposing Cambrian and Ordovician strata exhibits many
outcrops of Chambersburg limestone. This is particularly truc in the
Chambersburg and Mecrcersburg quadrangles in Pennsylvania where good
collections of fossils have becn made and numerous sections of the strata
were studied. This broad area of outcrop is divided by a wide synclinal
belt of Martinsburg shale that continues southward through Maryland
into Virginia and lies in a continuation of the Massanutten syncline.
As the towns of Chambersburg and Mercersburg are located respectively

in the eastern and western belts, it has been found convenient to term
these two belts of outcrop the Chambersburg and Mercersburg troughs.
The very different composition and thickness of this formation in the

two troughs has been used by Ulrich in his Revision of the Paleozoic
Systems as a striking illustration of the instability of the continental
floor during Middle Ordovician time. A résumé of these differences is
presented under the discussion of the sections.

Litaonocic CHARACTER.—The Chambersburg limestone as a whole
is characterized by thin-bedded, fossiliferous, dark-blue, argillaccous
limestone with clayey partings. Many of its layers upon weathering have
a tendency to break up into rounded cobblestone-like fragments. This
“ cobbly ” nature of the weathered outcrop is so noticeable and character-

istic of the formation that it may be safely employed in the discrimination
of this limestone. In natural or artificial cuts exposing the weathered
"and unweathercd zones of the limestone a great abundance of cobblestones
at the surfacc may always bc noted. Roads which happen to pass along the
strike of the cobbly beds where these arc highly tilted often clearly show
the arrangement of the cobblestones in definite thin-bedded layers.
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FIG. 1.—TYPICAL EXPOSURE OF THE ECHINOSPHERITES BED OF THE CHAMBERSBURG LIME-
STONE SIIOWING CHARACTERISTIC COBBLY EFFECT. RAILROAD CUT AT PINESBURG STATION,
MARYLAND.

FI1G. 2—TYPICAL OUTCROP OF STEEPLY DIPPING CHAMBERSBURG LIMESTONE ALONG ROAD
BETWEEN PINESBURG AND PINESBURG STATION, MARYLAND,

\V‘»
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The eobbly efleet is eaused by the elay partings in the limestone cross-
ing it at a high angle so that weathering breaks up the solid limestone
into rounded fragments. Also eoncentration of the lime in weathering
and the relative facility of its loss by the more clayey parts has much to
do with the formation of the eobbles, as suggested by Ulrieh. Fresh
exposures, as in quarries, indicate these partings very obseurely. The
limestone then appears massive and solid and exhibits regular bedding
planes five or six inehes apart. The ehange from the fresh, massive
limestone to the eobblestones is well shown in railroad euttings where the
surfaee outerop capping the fresh eutting is preserved.

F1g. 17.—DIAGRAMMATIC SECTION OF CHIAMBERSBURG LIMESTONE FROM CHAMBERS-
BURG, PA., TO STRASBURG, W. VA,

Although dark blue nodular limestone weathering eobbly eonstitutes
the greater or at least the most eonspieuous part of the Chambersburg
formation in Maryland, other types of roek are widely developed and
often exposed in the eontinuation of the outcrop belts to the north and
south. These strata eonsist of interbedded thin ealeareous shales and
shaly limestones, thin-bedded, dark gray limestone, and bluish grano-
erystalline limestone. All these strata form a eomposite unit that is
deeidedly different from any of the underlying limestone formations.

In Maryland the thiekness of the Chambersburg limestone does not
exeeed 300 feet; in southern Pennsylvania it reaches a maximum of 800
feet, although at the type exposure around Chambersburg, Pennsylvania,
it is about 500 feet in thiekness. This great variation is expressed in the
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diagram on page 131, which shows that the diminished thiekness in
Maryland is due mainly to the absence of the lower divisions.

AREAL D1sTRIBUTION.—The area of outerop of the Chambersburg lime-
stone in Maryland is less than that of any other formation west of the
Blue Ridge. Faulting along the east side of the Martinsburg shale belt
has cut out the Chambersburg limestone everywhere in this part of the
valley except in the very northern part of the state, and a very small patch
in the great bend of the Potomae River at the southern edge.

West of the shale belt the Chambersburg outerops in an almost eon-
tinuous band extending from Pinesburg Station northward to the Penn-
sylvania state line. West of this there is a second band of outerop whieh,
however, is eut out by faulting before half the state is traversed.

The outerops east of the Martinsburg shale belt give very little idea
of the formation, and in fact its presenee can be recognized only by a few
traces of eobbly, dark-blue limestone showing here and there along the
roads and in the fields. These exposures are so incomplete that it is
impossible to work out any adequate idea of the sequence and charaeter of
the beds. The few exposures, however, indicate the presence of the
Eechinospherites and Nidulites beds deseribed below.

The two lines of outcrop in the western half of the valley afford a better
opportunity for the study of the formation. At Pinesburg Station a good
exposure of the rocks may be seen, partieularly the Tchinospherites bed.
The road running north from Pinesburg Station to Pinésburg passes
along the strike of these rocks and numerous outcrops may be seen on
either side of it. At Wilson the Echinospherites bed is not so well exposed,
but the overlying Nidulites bed is well shown in the bluff overlooking
Conococheague Creck. North of this is a rather broad area of the forma-
tion, but here the rocks are hidden to a great extent by recent stream
gravels. The line of outerop west of the Pinesburg-Wilson area extends
only half way across the state on aceount of faulting, and exposures are
extremely few and poor throughout its length.

Faunan Zoxes.—The researches of Ulrich in the Appalachian Valley

of southern Pennsylvania, in which the present writer had an opportunity .
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of assisting, have shown that the Chambersburg limestone can be divided
into six faunal divisions or members. These members vary greatly in
thiekness from place to place, but retain their lithologic and faunal
characters with little change. At no place is the composite seetion shown
in the columnar seetion developed, but the strata shown here represent
all the sedimentation so far as known, of Chambersburg age. These six
divisions, which with one exccption have received faunal designations for

convenience of deseription, are as follows:

Divisions of Chambersburg Limestone in Pennsylvania and Maryland

Feet
6. Greencastle bed. Heavy bedded impure limestones................. 0-200
5. Christiania bed. Thin bedded calcareous shales and shaly limestone. 0-270
4. Nidulites bed. *Compact dark grey thick and thin bedded limestone. .200-300
2. Echinosphérites bed. Dark blue argillaceous cobbly limestone...... 40- 50
2. Tetradium cellulosum bed. Fine grained dove and subgranular lime-
SO 1o 6 o150 0.0 6 S oo IR 5l S o o 6 o ol R LRI 0-200
1. Caryocystites bed. Bluish coarsely crystalline to subcrystalline lime-
SEOIE o o e oo e o veasomesosososonssasosiosessssssosssossanseassos 0-175

The lithologie and fannal characteristies of these divisions are described
in the following paragraphs:

Caryocystites Bed.—The lowest division of the general time scale rep-
resented in the typical exposures of Chambersburg limestone consists ox
dove-eolored and other limestones. This division eontains the Tetradium
cellulosum fauna and is clearly of Lowville age. West of the Martinsburg
shale belt in Pennsylvania, the several bands of Chambersburg limestone
exposed in the lowland arca between the northern and southern offsets of
North Mountain contain a well-defined and casily recognized lentil of
bluish crystalline limestone reaching a maximum thiekness of 175 feet.
This bed wedges in between the Lowville division of the Chambershurg
and the underlying top of the Stones River. The abundant oeeurrence of
a eystid plate of the genus Caryocystites and its apparent restriction to
this division makes the name Caryoeystites bed appropriate. The bands
of outcrop eontaining this bed are not exposed in Maryland, but are prob-
ably buried under the younger strata of North Mountain and arcas to
the west.
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Fossils are rare in the lower two-thirds of the Caryocystites bed, but
a fauna of over 50 species has been collected from the upper third, particu-
larly from the upper 8 or 10 feet. As it is unlikely that this bed will
ever be found exposed in Maryland, it was thought sufficient for present
purposes to deseribe and illustrate only cnough of its speeies to show its
general faunal character. It contains such typical Chazyan brachiopods
as Camarotoechia plena (Hall) and Hebertelle vulgaris Raymond, with
species of other classes indicating a similar early age in association with
a few bryozoans and other fossils that have been found elsewhere only in
Black River deposits. The determination of the age of the bed would
therefore seem to be uncertain, but as it occupies the position between the
earliest Black River (Lowville) formation and the latest Stones River
division whieh elsewhere is filled by Upper Chazyan deposits with similar
faunas, it is believed advisable to refer the Caryocystites bed to the
Chazyan. On the other hand, since the main part of the fauna is de-
veloped only in the upper beds, it is possible that the entire division is of
Chazyan age and that the upper part contains an earlier appearance of
species commonly found clsewhere in the Black River. The fauna from
this bed, as identified by Ulrich, is listed below. This faunal list, as well
as others of the Chambersburg limestone which follow, is introduced only
to give a general idea of the life characteristics of the various beds. Com-
plete lists of each division can only be published when a monographie
study of the Chambersburg faunas has been finished, a work which is far
beyond the scope of the present volume. To give some idea of this fauna
the specifiedlly determined forms of the following list are deseribed in this
volume. ]

Fauna of the Caryocystites Bed, Chambersburg Limestone

Solenopora compacta (Billings)
Columnaria halli Nicholson
Tctradium columnare (Hall)
Carabocrinus sp. (plates)
Caryocystites sp. (plates)
Anolotichia sp.

Nicholsonella ef. N. laminata
Batostoma cfr. B. magnoporum
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Hemiphragma irrasum (Ulrich)
Hclopora divaricata Ulrich
Rhintdictya fidelis Ulrich
Pachydictya cfr. P, robusta
Escharopora confiuens Ulrich
Graptodictya sp. (reticulate)
Chasmatopora reticulate (Hall)
Chasmatopora sublara (Ulrich)
Hebertella borealis (Billings)
Hebertella vulgaris Raymond
Hcbertella bellarugosa (Conrad)
Rafinesquina champlainensis Raymond
Lcptaena charlottae Winchell and Schuchert
Plcctambonites sp.

Camarotoechia plena (Hall)
Zygospira recurvirostris (Hall)
Ctenodonta cf. C. gibbecrulae
Cyrtodonta sp.

Gonioceras chaziense Ruedemann
Leperditia cf. L. fabulites
Isochilina cf. 1. gracilis

Bathyurus sp.

Amphilichas cf. trcntonensis

Tetradium cellulosum Bed.—One of the most widespread Paleozoie
formatious of North Ameriea is the dove limestone of early Blaek River
age known as the Lowville limestone in the New York seetion. This
formation has received various names in different parts of the eountry,
but its fauna, and even its lithology, is unusually eonstant throughout an
area extending from southern Canada to Alabama and from the Appa-
lachians to the Mississippi River. The coral Tetradium cellulosum, dis-
tinguished by its colonies eomposed of small bunches of four-sided tubes
cach with four septa, is the guide fossil of the formation. In the Cham-
bersburg limestone, the Lowville division of the general tinme seale, or
the Tetradium cellulosum bed, as it is here ealled, is present locally amd
sometimes reaches a thickness of as mueh as 200 feet. As indieated in
the seetions on other pages, it usually consists of fine-grained, dove-eolored
limestone with some subgranular beds. In southern Pennsylvania the
Lowville forms the basal member of the Chambersburg limestone in the
arca between Chambersburg and the Maryland state line. It is present
also in the Mercersburg belts but in these it rests on the Caryoeystites
bed. If represented at all in northern Maryland, it is so thin as to be
negligible.
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The fauna of this zone, as represented just north of the Maryland
state line, contains 15 deseribed speeies, six of which are characteristic
Lowville fossils and the rest Black River forms. The gastropods Helico-
toma planulatoides Ulrieh and Omospira alezandra (Billings) are par-
ticularly characteristic species of the upper Lowville, but the coral
Tetradium cellulosum, found everywhere, is the best guide fossil. The
list of species discovered by Ulrich in this bed in southern Pennsylvania
a few miles north of the Maryland line is as follows. Only traces of the
Louisville rocks and faunas can be found in Maryland and for that reason
only the fifteen specifically identified faunas of this list are deseribed.

Fauna of the Tetradinm cellulosum Bed, Chambersburg Limestone
b (=,

Camarocladia rugosum Ulrich
Beatrieea sp.

Streptelasma profundum (Conrad)
Tetradium eellulosum (Hall)
Cliciocrinus sp.

Ordignyella wetherbyi (Ulrich)
Strophomena cf. S. emaciata
Zygospira 1 ceurvirostris (Hall)
Protorhyneha sp.

Ctenodonta gibberula Salter
Cyrtodonta sp.

Helicotoma planulatoides Ulrich
Helieotoma vertiealis Ulrich
Lophospira cf. L. procera
Omospira alexandra (Billings)
Clathrospira sp.

Bunema cf. E. salteri

Orthoceras sp.

Leperditia fabulites (Conrad)
Leperditella tumida (Ulrich)
Isochilina cf. I. gracilis
Isochilina cf. 1. ottawa
Maeronotella ulriehi Ruedemann
Drepanella maera Ulrich
Aparehites sp.

Primitia sp.

Kloedenia sp.

Isotelus sp.

Pterygometopus eallicephalus (Hall)
Ceraurus pleurexanthemus Green
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Echinospherites Bed.—The massive, pure, dove-colored strata of the
Stones River limestone are followed in Maryland by dark blue argillaceous
eobbly limestone which is never over 50 feet in thickness. In fresh out-
crops, sueh as in the railroad cut at Pinesburg Station, Maryland, this
limestone appears quite massive, but close inspection shows thin, shaly
scams dividing the main mass of the rock into dark blue strata. Upon
weathering these strata give rise to rounded picces mueh resembling cobble
stones. This feature is especially characteristie of the Echinospherites
bed, although other divisions of the Chambersburg limestone exhibit
similar strata. ,

This bed eontains a few highly fossiliferous bands whieh have yielded,
in Pennsylvania outerops, a fauna of about 27 species shown in the fol-
lowing list published by Ulrich. Of these the ball cystid Echinospherites
is the most abundant and its remains may be found at almost every out-
erop of the bed. Brachiopods and bryozoans of Black River types are
associated with this eystid, although speeimens are much less abundant.

Numerous exposures of this bed occur in the line of outerop from
Pinesburg Station northward through Wilson to the State line, the best
places for fossils being in the Western Maryland Railway eut at Pines-
burg Station and the bluffs overlooking Conoeocheague Creek at Wilson.
Tn southern Pennsylvania exeellent exposures of this bed are found in the
railroad cut at Kauffman and one mile northwest. Excepting the charac-
teristic fossil Echinospherites, the fauna of this bed seems most elosely
allied to the upper Black River Decorah shale of the Mississippi Valley
and for this rcason its age is placed as late Black River. The species in
the following list marked with an asterisk have becn found in Maryland:

Fauna of the Echinospherites Bed, Chambersburg Limestone

Lierophycus cf. L. ottawaense

Lockeia sp.

*Receptaculites oceidentalis Salter

Ischadites sp.

Orocystites ? sp.

Raphanocrinus f sp.

*Eehinospherites aurantium americanum Bassler
*Helopora spiniformis Ulrich
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*Rhinidictya neglecta Ulrich

Escharopora cf. ramosa

*Prasopora insularis Ulrich
*Hemiphragma irrasum (Ulrich)
*Dianulitcs petropolitanus Dybowski
Dalmanella tcstudinaria small variety
*Dinorthis pectinella (Emmons)
*Pianodcma subaequata (Conrad)
*Rafinesquina minnesotensis Winchell
*Rafinesquina minnesotensis inquassa (Sardeson)
Rafinesquina sp.

Strophomena cf. 8. filitexta

Plectambonites sp.

Plectambonites pisum var.

*Hebcertella bellarugosa (Conrad)

Triplecia (Cliftonia) simulatriz Bassler
Lepcrditia cf. L. fabulites

Ptcrygometopus cf. P. schmidti

*Ampyx (Lonchodomas) normalis Billings

The Echinospherites and Nidulites beds are well developed in all the
sections of this areca, but the considerable thickening of the Christiania
bed north and also south of Maryland is a seeond interesting feature.
Finally, the occurrence of the Greencastle bed only in the area extending
from the Mason-Dixon line northeast to beyond Chambersburg shows
that local depressions in an area can receive sufficient sedimentation rep-
resenting a hiatus which would otherwise hardly be suspected. In these
various sections the Upper Stones River below and the Sinuites zone at the
base of the Martinsburg above, form two datum planes which are recog-
nized without difficulty.

Nidulites Bed.—The Nidulites bed is the most conspicuous division of
the Chambersburg in Maryland and forms the main part of the outerops
of the formation both cast and west of the Martinsburg shale belt. The
heaviest limestones of the formation are included in this bed which, as a
rule, tends to weather in smooth, rounded outerops like the underlying
massive limestones of the Stones River and Beekmantown formations,
instead of the usual cobbly layers. Cobbly layers do occur in this bed and
their weathered outerops have much the appearanee of the underlying

Echinospherites bed. In such cases a brief scarch will reveal the occur-
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rence of the characteristic fossil of the Nidulites bed, Nidulites pyri-
formis, a pear-shaped organismn one to two inches long, with the surface
marked by sharp ridges formning polygonal spaces a millimeter in diam-
cter. This fossil does not reappear in the section until the Greencastle
member is reached, but the latter has not been identified in Maryland.
These Nidulifes are found throughout the 200 to 300 feet of thickness of
the bed, but they are most abundant near the middle and the top. The
different aspeets of this fossil as seen on weathered surfaccs of the lime-
stone are shownt on plate XLVI. Associated with the Nidulifes and in
equal abundance is a peculiar hemispherical or subglobular bryozoan-like
organism described as Diplotrypa ? appalachia in this volume,

A fauna of about 40 species has been collected and identified by Ulrich
from the execllent exposures of the Nidulites bed in Pennsylvania, but the
outerops in Maryland have afforded only a portion of these. With the
exception of the exposures of the bed along the bluffs overlooking Conoco-
eheague Creek at Wilson, Maryland, its outcrops in the state are usually
weathered edges of the highly tilted strata which do not as a rule afford
good fossils. Cross-sections of the Nidulites and Diplotrypa can, however,
be found in practically every exposure. So far as is known this bed and
the overlying Christiania and Greeneastle beds arc not represented in the
geologieal colummn elsewhere in North Ameriea. As the Sinuites bed at the
base of the Martinsburg shales eontain- a fauna of early Trenton age
and as the Echinospherites bed underlying the Nidulites bed contains an
assemblage of species much like the upper part of the Deeorah shales of
the upper Black River, these three intervening divisions should be of latest
Blaek River or earliest Trenton. In terms of the New York section these
three divisions would represent an age between the top of the Blaek River
and the base of the Trenton. The species marked with an asterisk are
deseribed in this volume.

Fauna of the Nidulites Bed, Chambersburg Limestone

Palaeophycus sp.

*Nidulites pyriformis Bassler
New genus of Amygdalocystidae
New genus of Pleurocystidae
Bolboporites sp.
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Carabocrinus sp. (plates)
Poroerinus sp.

*Diplotrypa appalachia Bassler
Stromatotrypa sp.

Mesolrypa ? sp.

Stictoporella ? sp.

*Prasopora contigua Ulrich
Hemiphragma cf. irrasum
*Corynotrypa inflata (Hall)
*Corynotrypa delicatula (James)
*Orthis tricenaria Conrad
Plectorthis aff. P. whitfieldi
Dalmanella testudinaria var.
Pianodema cf. P. subaequata
*Scenidium anthonense Sardeson
Strophomena cf. 8. filiterta
Rafinesquina cf. R. incrassata
Leptaena sp.

Plectambonites cf. P. pisum
Plectambonites sp.

Triplecia (Cliftonia) simulatriz Bassler
Leperditia cf. L. fabulites

Ampyz cf. A. normalis

Illaenus sp.

Pterygomctopus cf. P. callicephalus
*Ceraurus pleurcxanthemus Green
*Onchometopus simplex Raymond and Narraway

Christiania Bed.—This division of the Chambersburg limestone is best
developed on the east side of the Martinsburg shale belt in southern
Pennsylvania where it reaches a maximum thickness. of 270 feet. West
of the shale belt it is absent from the section, but going southwestward
into Maryland this division reappears and gradually increcases in thick-
ness until northern Virginia is reached, where it is 40 feet thick. The
prevailing rock of this division is thin bedded, shaly limestone and cal-
careous shale sometimes quite fossiliferous. The brachiopod Christiania
trentonensts is the most characteristic of the deseribed species and speci-
mens may usually be found at its outcrops. In Pennsylvania outcrops of
the Christiania bed have yiclded a fauna of over 40 species which indi-
cates that the age of the division is latest Black River or earliest Tren-
ton. The list of species, identified by Ulrich, is given below. As this bed
is so poorly represented in Maryland only its more characteristic fossils
are described in this volume.
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Incomplete Faunal List of the Christiania Bed, Chambersburg Limestone

Echinospherites aurantium americanum Bassler
Crinoid plates

Hemiphragma cf. H. irrasum
Trematopora cf. primigenia

Arthropora bifureata Ulrich

Rhinidictya cf. R. neglecta

Orbiculoidea lamellosa Hall

Orthis tricenaria Conrad

Scenidium cf. S. anthonense

Dinorthis sp. cf. D. subquadrata
Strophomcna sp.

Leptaena cf. L. charlottae
Plcctambonites sp.

Plcetambonites pisum Ruedemann
Christiania trentonensis Ruedemann
Triplesia (Cliftonia) simulatriz Bassler
Triplccia cf. T. nucleus

Parastrophia hemiplicata Hall
Zygospira exigua (Hall)

Ctenodonta sp.

Lepidocoleus, 2 undet. sp. (near L. jamesi)
Illacnus sp.

Isotclus gigas Dekay

Fragments of Cryptolithus or Tretaspis

Greencastle Bed.—The thickest seetions of Chambersburg limestone
are in southern Pennsylvania in the vicinity of Greencastle, where 200
feet of heavy bedded, immpure limestone follow the usual Christiania bed
and underlie the base of the Martinsburg shales. Reference to the sec-
tions on another page shows that this member can be rccognized as far
north as Chambersburg, but that it does not appear in any of the sections
west of the Martinsburg shale belt. It appears that after the deposition
of the rather widely distributed Christiania bed, a local depression in the
sea, extending from about the Maryland state line northward to and
beyond Chambersburg, allowed the accumulation of this considerable
thiekness of caleareous sediments before the inauguration of the basal
Martinsburg shale. This division, for which the local name Greencastle
bed is cmployed for convenience of referenec, is interesting from a
paleontological standpoint, first because it contains fossils found also

10
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in the underlying Christiania zone and second because the guide fossils
of still lower members of the Chambersburg limestone, Nidulites and
Echinospherites, here reappear in well developed, apparently typieal
specimens, The number of speeies found in this bed is rather large but
only two apparently eharaeteristie forms, the eephalopods Orihoceras
arcuoliratum and Cyrtoceras camurum, are deseribed in t_he present
volume.

SECTIONS OF THE CHAMBERSBURG LIMESTONE.—Bxtended outerops of
the Chambersburg limestone are so few in Maryland that in order to get
an idea of the formation it is necessary to study the exposures in eon-
tiguous states. In Maryland there are only two plaees, namely, at Pines-
burg Station and Wilson, where a detailed section of the formation can
be studied, but in Pennsylvania there are numerous loealities where all
the members of the formation ean be seen to great advantage.

As noted above the formation varies eonsiderably from east to west
and it has been found convenient to study ‘the divisions in sections
exposed east of the Martinsburg shale belt and west of the same area.
Throughout the Maryland basin the datum plane for the base of the
Chambersburg is the Upper Stones River dove limestone which is every-
where developed and easily recognized. The various seetions quoted below
were prepared by E. O. Ulrich, with whom the writer was associated in
the study of this limestone. Most of them have since been published in
the Chambersburg-Mereersburg folio.

Sections East of Martinsburg Shale Belt in Pennsylvania.—Although
the Chambersburg limestone is named from Chambersburg, Pennsyl-
vania, its outerops at this place are too few or inecomplete to give a good
idea of the entire section. The Christiania and Greeneastle beds forming
the upper part of the Chambersburg are well exposed here, the Echino-
spherites bed 1s well shown along the railroad, but the Nidulites bed is
mostly eovered and the Tetradium cellulosum bed is not seen at all. This
seetion, which is given below, is partieularly interesting in showing the
development of the Greencastle bed and also in exhibiting the different
faunal zones of the lower part of the Martinsburg shale.
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Secction of Martinsburg Shale and Chambersburg Limestonc Northwest Corner
of Chambersburg, Pennsylvania
Martinsburg shale.
Unfossiliferous black fissile shale............covviiiinn.. .
Black shale with Corynoides fauna at base...............o... 32
Limy shales with Cryptolithus. ......c.coveevunen... S8R 10
Thin blue to black limestone holding the Sinuites fauna at the
TS0 "o Ml o o S e R A T O O AT 10
Chambersburg limestone.
Greencastle bed.
Massive dark bluish limestone...........ocviviininininnenn. 9
Yellowish limy and arenaceous shale with cobbly shaly and
sandy limestones at base.................. o dbo0oooo0B00 66
Christiania bed.
Shaly limestone with Christiania trentonensis (lower beds of
formation not exposed in this section but shown elsewhere
in vieinity) ......co i, 50000d™00060000v0gqo 504
Nidulites bed.
Compact, massive, dark gray limestone...................... cee
Echinospherites bed.
Argillaceous limestone weathering cobbly...................
Tetradium cellulosum bed.
Massive fine grained dark limestone.............coiiviennnn.
Stones River limestone.

Feet

South from Chambersburg along the same general line of outerop an
exeellent section is exposed in the railroad cut two miles southwest of
Marion. This is the most complete and continuous seetion of the forma-
tion kuown in the area east of the Martinsburg shale belt. Fossils are not
as abundant in some of the beds as they are clsewhere, but the lithologie
characters of the different divisions are well developed and the seetion
exposes all of the members reeoguized cast of the shale belt. The Green-
castle member, however, 1s not shown in this particular section whieh
ends at the Martinsburg shale on the west, but cast of the section along
the railroad near the pike, the Sinuites bed of lower Martinsburg shale is
underlain by 150 feet of dark gray massive limestone containing the

fauna of the Greeneastle member.
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Section of Chambersburg Limestone Two Miles Southwest of Marion, Pa.

Martinsburg shale.
Chambersburg limestone.
Greencastle bed.

Only residual shale and thin limestone seen. At the top are
black carbonaceous limestone and a thin sandstone, capped
by a thin, coarsely crystalline limestone bed containing
Lingula, representing undoubtedly the Corynoides bed
commonly found near the base of the succeeding Martins-
burg shale ......... 0 00000M006000g 0000000 teeneesses... 150

Christiania bed.
Interbedded thin calcareous shale and shaly limestone with a

Feet

few fossils which indicate the Christiania fauna....... ... 100
Nidulites bed.
Dark, nodular, thin-bedded limestone; fossils rare............ 50
Dark, fine-grained, platy limestone; contains Nidulites and
associated fossils ............. Y cees 94

Compact, dark-gray, thick-bedded limestone; upper part very

fossiliferous, containing numerous cystids and Nidulitcs.. 108
Echinospherites bed.

Dark, argillaceous, cobbly limestone, shaly in lower part; very
fossiliferous, containing a layer filled with the ball cystid
ECRANOSPRETIEES v vv et vivneeaneanennseneeneseneennas .. 65

Limestone like overlying bed but even darker in color and
interbedded with subcrystalline limestone layers; fossils

: SCATCE ...ovuns E e oa o a e aoes ol s IR, o a e e e e 40
Tetradium cellulosum bed.

Grayish to dark, dense thin-bedded limestone, containing Tei-

radium cellulosum and Leperditia........ e eees. 150+
Stones River limestone—contact not exposed.

Four miles south of this section the Cumberland Valley Railroad crosses
the Chambersburg limestone at Greencastle, Pennsylvania, and exposes
the Nidulites, Christiania, and Greencastle beds. This scction is of par-
ticular interest in showing the extreme development of the Greencastle
bed in the railroad cut starting at the bridge just north of the town where
about 200 feet mainly of dark blue massive limestone with rather numer-
ous fossils intervenes between the typiéal Christiania bed and the usual
strata of the basal Martinsburg shale. The details of this section, as
recently determined by Ulrich, are as follows:
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Section of Upper Divisions of Chambersburg Limestone at Grecncastle,
Pennsylvania
Martinsburg shale,.
Black fissile shale at top and shaly limestone below, not well
(3.3 0)0, - 10 N 3 R Jocatlds oo oY
Chambersburg limestone,
Greencastle member.
Rather massive, dark blue fine grained limestone with gastro-
pods and hemispheric bryozoa
Argillaceous cobbly limestone, sandy at base
Massive grey to dark blue fine grained fossiliferous limestone.
Nidulites abundant at base
Massive gray to blue subcrystalline limestone
Sandy shales
Massive granular limestone
Sandy limestone and sandstone
Christiania bed.
Argillaceous thin bedded limestone with Christiania trento-
nensis, ete. (exposed at southwest end of bridge)
Nidulites bed.
Massive grayish limestone with Nidulites fauna. (Underlying
strata not exposed)

Feet

This castern band of outcrop continues into Maryland, but disappcars
by faulting about a mile south of Cearfoss. The exposures of the Cham-
bersburg in this part of Maryland are extremely poor, but the formation
can be clearly recognized by the cobbly appearance of the weathered rock.
No section could be made in this part of the state, nor were the rocks well
enough exposed in the southern part in the big bend of the Potomac
River where the formation outcrops again.

Sections West of Martinsburg Shale Belt in Pennsylvania.—In south-
ernmost Pennsylvania numerous belts of Chambersburg limestone arc
brought to the surface by the geologic structure which causes the great
cove in North Mountain in which Mercersburg is situated. This low-
land area affords numecrous sections of the limcstone and many
excellently prescrved fossils have been collccted. Thesc sections are par-

ticularly interesting because they contain beneath the Tetradium cellullo-(

sum bed, which forms the base of the Chambersburg in the eastern li'nes[

of outerop, a suberystalline, massive limestone reaching 1004-feet in,
thickness, characterized by a fauna which is related to both Chazyan.and.
Black River faunas. Another interesting feature is that the Christiania
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bed whieh is so well developed cast of the Martinsburg shale area is here
entirely wanting, the Nidulites bed of the general section being suceeeded
immediately by the Martinsburg shale. The casternmost belt of outerop

in this western arca affords the following seetion which is exposed south

of St. Thomas. This section as deseribed by Ulrich is interesting because
it is in the most casternly belt of the trough in which the Caryocystites
bed is developed. The next outerop of the Chambersburg limestone to
the east contains no representation of the 110 or more feet of the
Caryocystites bed as here developed.

Seetion of Chambersburg Limestone 2% Miles South of St. Thomas

Martinsburg shale.
Typlcal dark shale.
Thin calcareous shale, underlaln by calcareous black shale and
hard thin black 1lmestone wlth the Corynoides fauna at top.
Coarse granular fossiliferous limestone (Sinuites fauna)
Chambersburg llmestone.
Nidulites bed.
Black cobbly thin-bedded fossiliferous limestone
Tetradium cellulosum bed.
Massive granular or finely conglomeratic gray, highly fossill-
ferous limestone (Beatricea numerous)
Subcerystalline, very fossiliferous gray limestone (Leperditia
numerous)
Granocrystalline unfosslliferous gray limestone, 1n part mlnutely
conglomeratlc
Caryoeystites bed.
Bluish suberystalline limestone contalning numerous Caryoecys-
’ tites plates and Solenopora compacta 00
Cobbly dark suberystalline limestone, more massive in upper
part

Stones Rlver limestone,
Fine even-grained pure limestone, drab to dark gray, thin bedded

above, less pure below
The railroad cut just north of Dickey’s station, four or five miles south-
east from Ft. Loudon, exposes a good section of the formation, particu-
Iarly of the middle beds. The Echinospherites bed was not distinguished,
but it is possible that it may be included in the cobbly limestone at the
base of the Nidulites bed. As usual in these western bands of outerop,

the Christiania bed is missing,.
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Seetion of Chambersburg Limestone One-Half Mile Northwest of Dickey, Pa.

Martinsburg shale.
Fissile shale, limy at base Cee
Thick bed of dark-gray coarse crystalline crinoidal limestone
fossiliferous (Sinuites bed)
Chambersburg limestone.
Nidulites bed.
Thin-bedded cobbly, dark, ﬁne-graihed limestone containing
Diplotrypa appalachia, Plectambonites cf. P. seriecus,
Leptaena sp., Pianodema cf. P. subaequata
Rather massive gray to dove-colored fine-grained mottled lime-
stone banded  in part
Fine-grained platy to cobbly gray limestone with few Diplo-

Tetradium ecllulosum bed.
Massive fine-grained dark limestone containing Beatricea and
Tetradium cellulosum .
Caryoeystites bed.
Dark compact subgranular to crystalline limestone, with
Caryocystites plates
Concealed, 170 = fect, of which probably at least 130 feet
belongs to the Chambersburg
Stones River limestone.
Thin bedded pure fine even-grained drab limestone

The railroad cut just south of Fort Loudon exposes the Tetradium

cellulosum hed to advantage and here good fossils from this zone can be

had. Faulting has somewhat confused this seetion, but the locality is

of particular interest in showing an unconformable contact between the
Caryocystites and the overlying Tetradium cellulosum beds. The lowest
six inches of the latter consist of compact clayey limestone filling irregu-
latities in the surface of the underlying bed. Evidenee of a time interval
is also shown by the parasitic bryozoans and the expanded bases of
Cleioewinus which are attached to the eroded surface of:the underlying
bed.
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Section of Chambersburg Limestone One-Half Mile South of Fort Loudon, Pa.

Martinsburg shale. Feet
Fissile shale with thin, hard, dark calcareous beds on fresh ex-
posure, 100 - feet, underlain by 40 feet of hard calcareous
dark shale and thin limestones, weathering light gray,
with graptolites at top.
Sinuites bed.
Subgranular black crinoidal limestone containing Sinuites and
Trinucleus ..... ogs 2 m e oo PP G oo o000t b olelolel oMele [+ [ o 2
Chambersburg limestone,
Nidulites bed.

Dark fine-grained limestone weathering cobbly............... 36
Echinospherites bed. .
Rather dark thin bedded and shaly limestone with fossils,
among them fragments of Echinospherités.............. 15
Massive dark subgranular limestone.........covvvunnrenen.. .12

Tetradium cellulosum bed.
Pure dove-covered fine even-grained limestone, containing
Tetradium cellulosum and Leperditia in fine conglomerate. 8
Pure granular and suboblitic limestone, upper beds coarsely
granular; contains Leperditia and other ostracoda........ 9
Irregularly bedded compact clayey limestone filling irregulari-
ties in top surface of underlying bed. Contains Helicotoma
planulatoides, Beatricea and other fossils............... 1
Caryocystites bed.
Heavy-bedded gray granular to subcrystalline limestone; very
fossiliferous; trilobites, brachiopods, Caryocystites plates,

and Solenopora ...... 5000000 008000 000 o Aok 0.0 0 0.0 10
Dark-blue flaggy limestone, few £08SilS. ... vovvvvurvernnnnnn. 8
Poorly exposed dark granular limestone, estimated........... 100+
Stones River limestone.
Pure dove-colored limestone with Leperditia................. 50
' 2004

An excellent section showing the three divisions usually developed in
this area is exposed on the banks of the west branch of Conococheague
Creek two and one-half miles southeast of Mercershurg, just south of the
Greencastle turnpike. In this section the Sinuites zone marking the base
of the overlying Martinsburg shale is very fossiliferous and easily recog-
nized. The fine-graincd, pure limestone of the Stones River also clearly

marks the base of the formation.
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Section of Chambersburg Limestone on West Branch of Conococheague Creek,
21, Miles Southeast of Mercersburg, Pennsylvania

Martinsburg shale. Feet
Fissile shale, overlying calcareous black shale and hard thin
black carbonaceous limestone, containing graptolites and
Lingula ........ 55000 oGO A00 B0 o0 ool L'5.000000 000 & B JE
Granocrystalline, very fossiliferous limestone (Sinuites bed).. 2
Chambersburg limestone. .
Nidulites bed.
Cobbly dark subcrystalline limestone, both massive and thin
bedded =..c.iiiiia.. 8000000000 dc00ddenadt0000 Bk a0 o i b3
Tetradium cellulosum bed (Lowville).
Coarse, massive granocrystalline limestone with massive beds
of pure fine-grained limestone containing Beatricea and
Tetradium cellulosum ..... e S - . Jone .
Caryocystites bed.
Platy granocrystalline limestone, very fossiliferous........... 25
Dark suberystalline limestone with wavy partings of shale;
LOBBIISIPATE « ot v veuvineefenerceneenecunseanconns el 150+
Stones River limestone.
Very thin bedded pure fine-grained drab limestone underlain by
more massive pure beds with magnesian layers and fine
laminations containing Leperditia...... 00 aBigo 0 00000600k L]

323+

In the few bands of outerops of this limestone in Maryland and West
Virginia its development is interesting for several reasons. First, the
Lowville limestone portion or Tetradium eellulosum bed, and also the
Caryocystites bed are both absent. Second, the Nidulites bed forms the
main mass of the formation, and, third, the Christiania bed is present
west of the shale belt, but in greatly diminished thickness.

The following section at Pinesburg Station, Maryland, is typical for
the state. At this place the Echinospherites bed is well exposed, but the
best exposures of the Nidulites bed are farther north at Wilson, Maryland.
Nowhere are there good outerops of the Christiania bed.

Scction of Chambersburg Limestone at Pinesburg Station, Maryland

Martinsburg shale. Feet
Black fissile shale...........coovveeennn.. LI S aoaddB8860
Calcareous shale and argillaceous shaly limestone with grapto-

lites near base............ W5 oooh B S R
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Chambersburg limestone.
Christiania bed. E Feet
Calcareous shales and shaly limestone with traces of Christiania. 10
Nidulites bed.
Massive dark blue to dark gray limestone with abundant Nidu-
L R s e A SR X R A TR v P [ R T S 270
Echinospherites bed.
’I_‘hin bedded subgranular limestone weathering cobbly and hold-
ing BahinoSpherites .............coeieiiiionacenns = 30
Stones River limestone.
Pure dove limestone with Leperditia fabulites and Tetradium
SYTINGOPOTOTACS oo vv ittt ittt nneennenn o SN S oy

Essentially the same section is exposed at Martinsburg, West Virgima,
where the southern continuation of the same line of outerops affords the
following sequenec:

Section of Chambersburg Limestonc at Martinsburg, West Virginia

Martinsburg shale. Feet
Black fissileshale...............ccoiinn 06000000 LS 0o O B3
Argillaceous shaly limestone. .......cvv it iiiiin i ennnns 125

Chambersburg limestone.
Christiania bed.
Thin bedded dark gray limestone with Christiania trcntoncnsis. . 20
Nidulites bed.
Dark gray massive and thin bedded limestone weathering light
gray cobbly, holding Nidulifes.........ccoviiiinnenn.. ... 300
Echinospherites bed.
Dark shaly and subgranular limestone with Echinospherites.... 20
Stones River limestone. :
Pure dove limestone. . c.ovve e enneeeaneeeennes. i == Py,

Variations in Distribution.—The distribution of the various members
of the Chambersburg limestone in the castern and western parts of the
Appalachian Valley in southern Pennsylvania is expressed in the following
table:

General Scquence of Beds in Chambersburg Limestone

West of Martinsburg shale belt ) East of Martinsburg shale belt
..................................... Greencastle bed.

o208 S BB BB B 80 B85 a0 o Christiania bed.
Nidulites bed .............cc0vvnn .. Nidulites bed.
Echinospherites bed .......... «......Echinospherites bed.
Tetradium cellulosum bed ........... Tetradium cellulosum bed.

Caryocystites bed ... .0 . i e ieen ittt - dA5%
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As noted before, this area has been selected by Ulrieh as a striking
example of the instability of the floor of the continent during Middle
Ordovician time. The differences between the two areas seem to indicate
that the castern half of the valley received 1o sedimentation during
earliest Chambersburg time, while in the western half 150 feet or more
of granular limestone were deposited. During the periods of deposition
registered by the Tetradium eellulosum, Lchinospherites, and Nidulites
beds, there was no great interruption of sedimentation, but followiny
this time the Christiania bed reaching as much as 270 feet in thickness
and the Greencastle bed with a maximum of 200 feet were deposited in
the eastern half, while the absenee of such deposits in the western half
indicates a time of emergence. Fig. 17, on page 131, illustrates the un-
equal deposition of these several beds in a northeast-southwest line run-
ning from northeast of Chambersburg, Pennsylvania, to Strasburg,
Virginia. The Caryoeystites bed is not present in any of these sections
and the entire area belongs to the Chambersburg belt of outerop. The
thinning of the Lowville limestone at the base of the section in southern
Pennsylvania, its absence in Maryland and West Virginia, and its reap-
pearance in northern Virginia, is the first example of the variation in the
formation along the strike. The succeeding beds continue across Mary-

land in varying thicknesses with the exception of the Greencastle bed,

which disappears in southern Pennsylvania and apparently does not

reappear to the south. Whatever the loeal expression of the Chambersburg
limestone may be, the next succeeding beds in all of the seetions are
the argillaeeous limestones and shales of the overlapping Martinsburg
shale. . .

AGE AND CorrELATION.—The Chambersburg limestone, with a thick-
ness not exceeding 300 feet in Maryland, is the thinnest formation of
the Cambrian-Ordovician seetion of the state and its surface outerops
are decidedly small in comparison with any of the other formations.
Kast of the shale belt its areas of outerop are so small as to be negligible,
and west of the same belt there are but two narrow bands, only one of

which is continuous aeross the state. From the paleontologic standpoint,
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however, the Chambersburg limestone is most important since its con-

tained faunas arc more numecrous in species and individuals than any
other formation.

Just north of the Maryland-Pennsylvania statc linc the areas of out-
crop of the Chambersburg limestone are not only more numerous, but
also often broader. Here also natural and artificial cuttings have af-
forded much better opportunities to study the formation and to collect
its faunas. The identification of the Chambersburg fossils described in
the following pages has been based primarily upon the much better pre-
served material from Pennsylvania, although the Echinospherites and
Nidulites beds in Maryland have yielded equally good faunas. The
divisions of the Chambersburg limestone and their approximate position
in the time scale are as follows:

Divisions of Chambersburg Limestone in Pennsylvania and Maryland

Greencastle bed (Late Black River or Early Trenton)
Christiania bed (Late Black River)

Nidulites bed (Late Black River)

Echinospherites bed (Late Black River)

Tetradium cellulosum bed (Early Black River-Lowville)
Caryocystites bed (Upper Chazyan or Earlicst Black River)

The relations of these faunas to each other and the distribution of their
strata in different portions of thc middle Appalachian valley have been
described on previous pages.

UprrPER ORDOVICIAN SHALES

TIHIE MARTINSBURG SHALE

The shale phasc of scdimentation which concludes Ordovician deposi-
tion in the Middle Appalachians is best known from outcrops in the
middle of the Great Valley where these strata occupy part of the well-
known syncline named from Massanutten Mountain in Virginia. Mar-
tinsburg, West Virginia, lies on the western edge of this syncline, whence
the name for this shale formation. The Massanutten synclinc crosses
Maryland in a southwest-northeast direction, occupying an arca scveral
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miles wide just west of Williamsport. In its course through Maryland,
Conococheague Creek is confined to this belt of Marfinsburg shale, and
the rugged topography caused by its erosion affords many outcrops of the
strata. Exceptionally fine exposures occur, however, along the Western
Maryland Railway from Williamsport west to Pinesburg Station. The
underlying shale rock is shown almost continuously between these two
places. Perhaps nowherc clse in the Appalachian Valley is there such a
continuous section of this formation exposed with all its attendant fold-
ing and faulting, and these railroad cuts will long remain classic ground
for the study of this great syncline.

This seetion clearly brings out two well-marked divisions in the forma-
tion, the lower part consisting of a thiek mass of black shale, and the
upper portion for the most part of yellowish-green sandy strata. These
two portions are distinet -enough in the Massanutten syneline to be
mapped as scparate divisions, but in the North Mountain uplift to the
west they grade into each other so gradually that it is impossible to map
them separately. '

Sufficient fossil evidence has been found in Maryland, but especially 1n
southern Pennsylvania, to show that these two lithologie divisions corre-
spond to definite' portions of the general time scale. The lower black
shale division contains, near the base, several horizons with faunas of
Trenton age. It is probable, although not yet established by paleon-
tologic evidence, that the upper part of these black shales corresponds to
the Utiea shale of the New York section. In the area west of the Massa-
nutten syneline the sandy division has furnished numerous fairly well
preserved fossils of Eden age. In the North Mountain uplift this sandy
Eden division is followed by gray sandstones with a maximum thiekness
of 450 feet in which a considerable number of Cineinnatian (Tower Mays-
ville) fossils has been found. These gray sandstones are still included in
the Martinsburg shale, but the overlying soft red sandstone and red shale
are so distinet that they have been separated as the Juuniata formation.
The Martinsburg shale as here developed, therefore, ranges in age from
the Lower Trenton to at least the Lower Maysville and comprises portions
of the Mohawkian and Cineinnatian series. '
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Lititornocic CIHARACTERS AND SECTIONS.—As just noted above, the
Martinsburg shale consists in gencral of black shale forming the lower
division and light-colored sandy shales the upper, but its lowest beds are
of thin-bedded limestone and calcareous shale, while the uppermost beds
arc gray sandstone. The formation thus ineludes a variety of rock types,
but shale is the predominating rock, so that the lithologie designation
“shale ” for the formation as a whole is appropriate. Depending more
particularly on fossil evidenee, four distinet divisions ean be recognized
in this shale, although all may not be present in the same seetion. These
divisions with their approximate thieknesses are expressed in the fol-

lowing general seetion:

General Scction of the Martinsburg Shale in Southern Pennsylvania
and Maryland

Junlata Formatlon of Earliest Silurian or Highest Ordovician Age.

Martinsburg shale.
Upper Maysville division. Feet
Unfossiliferous sandstone (Oswego sandstone). (Probably
represented under cover west of North Mountain, In Mary-
Tand)] ¥ . B R 50 0 AE TN A RN 150
Lower Maysville division.
Fossiliferous gray sandstone with Orthorhynchula linneyi bed
at top. (Probably present west of North Mountain under
@OVEL) .« vuive soehemeronnnocsasnsn R L Y, | PP 300
Eden division.
Yellow shale and calcareous sandstone interbedded, with upper

) D1 (57U (0T 159 U U R MUy St P s N M s s (SRS 500
Soft greenish to yellow shaly sandstones and shale with Eden
fossils not uncommon at several horizons................ 500+

Trenton and ? Utica divlsion.
Dark-gray unfossiliferous shale breaking up into “ shoe peg”

fragments and often weathering into soft whitish clay... 500+
Black carbonaceous fissile unfossiliferous shale.............. 500+
Calcareous dark shale and thin limestone weathering gray
containing graptolites (Corynoides fauna)......... ve...20-100
Granocrystalline fossiliferous llmestone and shale holding the
S 0 e 2-10
Chambersburg llmestone ...............tititininternnenencensnnnns
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Although the above section applies in general to all of the Martinsburg
shale areas in Maryland and adjoining states, a conspicuous exception to
the devclopment of the Eden division is to be noted in the Massanutten
syncline area. Here the lower part is the usual thick mass of black
carbonaccous shale with the Sinuites bed at the base and the Corynoides
bed higher, but the upper portion consists of yellowish-green speckled
sandstone so easily rccognized that it has becen mapped as a separate
member. On fresh exposure this rock is found to be a grecnish-gray
arkose of feldspar and sand with the speckled appearance due to the
weathering of the feldspar into kaolin. Small streams draining into
Conococheague Creek have cut very rugged picturesque ravines in these
strata. '

The black carbonaceous shale becomes quite calcareous at the base and
appears to grade into the underlying Chambersburg limestone. How-
ever, a distinct line of unconformity separates the two formations as
evidenced by the varying age of the topmost bed of the Chambersburg
in different parts of the valley. Fossils are sometimes abundant in these
basal calcareous beds of the shale and the frequent occurrence of the
gastropod Sinuites gives its name to the bed. A fauna of almost 50
species has been recognized in the Sinuites bed of Pennsylvania and
Virginia, but in Maryland the bed, although recognized, has yielded
few fossils.

Thirty or more feet above the base of the shale a second faunal zone ie
encountered. Here the small comma-shaped graptolite Corynoides is so
abundant that it forms a convenient designation for the bed. This Cory-

noides bed has been recognized in several places in Maryland particularly
at Williamsport and at Pinesburg Station on the east and west sides

respectively of the Massanutten syncline. This fauna is small in num-
bers, but it constitutes an interesting horizon throughout this part of the
Appalachians.

Following the Corynoides bed are the typical black carbonaceous and
dark gray unfossiliferous shales of the lower Martinsburg which are so
readily recognized on surface outcrops by the “shoe peg ” fragments left
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by weathering. In fresh exposures these beds are hard and sometimes
reach scveral feet in thickness, but weathering brings out the intense
squeezing and folding to whieh they have becn subjeeted. Slaty eleavage
usually obseures the original bedding, but occasionally a weathered sur-
faee clearly shows the relation between eleavage and stratifieation. The
rock breaks down into small fragments not unlike shoe pegs and finally
weathers into soft whitish elay. With the introduetion of sandy sedi-
ments in the Martinsburg shale, fossils again are eneountered and give a
elew as to the age relations. At least threc distinet fossiliferous zomes
have been diseovered in these upper sandy shales. Two of these eontain
numerous speeics eharaeterizing the Eden division of the Cineinnatian,
whereas the third zone shows fossils of Lower Maysville age. As noted
before, these fossiliferous zones are encountered only in areas west of the
Massanutten syncline’ as the eonditions for the preservation of organic
remains werc not favorable during tlie deposition of the sandy strata in the
syneline itself. i

Because of the laek of good exposures of the upper Martinsburg in the
mountainous areas of western Maryland, it has not been possible to pre-
pare detailed sections showing the position of the fossiliferous beds
accurately. In southern Pennsylvania, however, especially in the vieinity
of MeConnellsburg and Fort Loudon. there are several extensive exposures
of these beds. In the Eden portion of the Martinsburg shale 42 speeies
have been recognized.

The interval between the top of the formation and the highest zone
in which Eden fossils werc found is occupied by gray sandstone about

450 fcet thiek. This is locally divisible into two unequal parts, the lower
300 feet thick, the upper 150 fect, by a fossiliferous stratum in which the

braehiopod Orthorhynchula linneyi is a common fossil. Elsewhere in the
Appalachian Valley and in the Ohio Valley this Orthorhynchula bed lies
near the top of the Lower Maysville. This fossil zone has yielded a fauna
of 18 species in southern Pennsylvania, all of whiech are eharaeteristic

" Lower Maysville fossils. The overlying unfossiliferous gray sandstone
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F16. 1.—VIEW IN THE TABLER QUARRY JUST SOUTH OF FREDERICK, MARYLAND,
SHOWING THE MASSIVE BEEKMANTOWN LIMESTONE OVERLAID BY THE TIIIN-BEDDED
FREDERICK LIMESTONE WITH A DISTINCT LINE OF UNCONFORMITY SEPARATING THEM.

F1G. 2—FOLD IN SANDY UPPER (EDF.N) PORTION OF MARTINSBURG SHALE ALONG WESTERN
MARYLAND RAILWAY, THREE-FOURTHS MILE WEST OF WILLIAMSPORT, MARYLAND.
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bringing Martinsburg shale deposition to a close is equivalent on strati-
graphic grounds to the Oswego sandstone of New York, and like it, is
apparently either of eontinental origin or its formation is eonneeted with
some phase of sea withdrawal. It is fairly well agreed upon by geologists
that the Juniata shales or Red Medina immediately following the Oswego
sandstone, is a continental expression of the marine Richmond group of
the Ohio Valley. Indeed the two formations have actually been traced
into each other. The underlying fossiliferous Upper Maysville (Me-
Millan) formation of the Ohio Valley, which occurs between the Richmond
above and the Orthorhynchula bed at or near the top of the Lower Maysville
(Fairview) below, is thus almost certainly the equivalent of the un-
fossiliferous Oswego sandstone which has the same boundary planes.
This correlation is further indicated by the fact that in both instances the
Lower Maysville strata pass into the Upper Maysville without any clear
evidence of a stratigraphic break.

ToroarAPHIC FEATURES AND AREAL DistrIBuTioN.—The largest arca
of Martinsburg shale in Maryland forms a low plateau averaging two
and one-half miles in width. This crosses the state in a belt trendiny
southwest-northeast through the central part of the Appalachian Valley.
These shales resist weathering much more effectively than the subjacent
limestones, the result being the low, yet topographieally conspicuous
plateau already mentioned. Although it is much disseeted by Conoco-
cheague Creek and its tributaries, the upland part of this plateau has an
altitude of about 580 feet at the Mason-Dixon line, but descends to about
540 feet at the Potomae River. These upland areas are remnants of an
old peneplain that is still well preserved in the vicinity of Harrisburg,
Pennsylvania, and after which it has been named. The execllent and
almost eontinuous exposures of the Massanutten syneline belt of Martins-
burg shale along the Western Maryland Railway between Williamsport
and Pinesburg Station have been mentioned before.

In the limestone valley west of the Massanutten syneline a narrow strip
of this shale has been brought down to the surface by faulting. The only
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other areas in Maryland are in the North Mountain uplift, one forming
the castern slope of Powell Mountain, a seeond oeeupying Blair Valley
between Rickard and Sword Mountains, and the third and smallest being
the Punchbowl area of Bear Pond Mountain. These North Mountain areas
show few outcrops of rock and are generally covered by debris of the
sandstone formations whieh form the tops of the adjacent mountains.

Faunas.—Although fossils must be considered as quite rare in the
Martinsburg shale, suffieient paleontologic eviderice has been found to
show that faunas of Trenton, Eden, and Maysville age are represented.
Two zones with Trenton fossils oceur near the base of the formation, the
Eden fauna is found in the upper sandy portion, and the topmost sand-
stones hold Maysville speeies.

Fauna of the Basal Martinsburg Shale (Sinuites Bed of Trenton Age.)
The most prolific zone for fossils in the Martinsburg shale is a thin
band of limestone near the base of the formation which loeally is erowded
with organie remains. This zone has been recognized at numerous places
in southern Pennsylvania, Maryland, and Virginia, although exposures of
it are less frequent in Maryland and its eontained fossils here arc quite
few in comparison with the other two states. In southern Pennsylvania
the 35 species deseribed in the following pages have been found repre-
sented by fairly good specimens, while an additional dozen or more forms
are known from poorly preserved fragments. A still larger fauna oecurs
in this bed at Strasburg, Virginia, where exeellent exposures for eolleet-
ing oeeurred in the past.

The most striking and eommon fossil of this zone is the gastropod
Sinuites cancellatus which has given rise to the name of the Sinuites bed.
In the Chambershurg-Mereersburg folio of the U. S. Geologieal Survey,
this zone has been considered as a transition bed between the Black River
and Trenton and placed at the top of the Chambersburg limestone. As
indiecated later by Ulrich in his Revision of the Paleozoie Systems, the
early Trenton aspeet of its fauna is more marked than that of the Black
River, and the reference of the bed to the basal Martinsburg is believed to
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be more correet. Stratigraphic evidence also shows that the Sinuites
bed follows a considerable interruption of deposition, since the thickness
of strata between it and the Nidulites bed of the Chambersburg is most
variable,

The best localities for obtaining collections of the Sinuites fauna are
just north of the Mason-Dixon line in southern Pennsylvania. East of
the Martinsburg shale belt, in this region the following fossils have been

- found :

Fauna of Basal Martinsburg Shale (Sinuites Bed), Chambershurg
Quadrangle

Lingula riciniformis Hall
Leptobolus ovalis n. sp.
Conotreta rusti Walcott
Strophomena sculpturata n. sp.
Dalmanella testudinaria (Dalman) var.
Microceras inornatum Hall
Sinuites cancellatus Hall
Sinuites granistriatus Ulrich
COyclora minuta Hall

Cyclora parvula (Hall)

Cyclora hoffmani Miller
Coleolus iowensis James
Conularia trentonensis Hall
Orthoceras junceum Hall
Trocholites ammonius Conrad
Eoharpes ottawaensis (Billings)
Cryptolithus tesselatus Green
Triarthrus fischeri. Billings
Triarthrus becki Green
Bumastus trentoncnsis Emmons
Proetus latimarginatus Weller
Cyphaspis matutina Ruedemann
Calymene senaria Conrad

West of the shale belt in the Mercersburg quadrangle a larger number
of species has been identified in the Sinuites zone, but many of them are
identical with those in the more eastern belt of outcrop.
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IF1G. 1..—EXPOSURE OF LOWER PART OF MARTINSBURG SHALE ALONG WESTERN MARYLAND
RAILWAY, ABOUT ONE-HALF MILE EAST OF PINESBURG STATION, MARYLAND. THE GENTLE
DI’ OF THE STRATA AND THE CLEAVAGE AT RIGIIT ANGLES ARE WELL SHOWN.

' 1G, 2—VvieW ACRUSS VALLEY Or CONOCOCHEAGUE AND BEEKMANTOWN LIMESTONES, FROM
A POINT TWO MILES EAST OF LITTLE GEORGETOWN, WEST VIRGINIA., CONOCOCHEAGUE CIIERT
STREWS THE FOREGROUND., NORTH MOUNTAIN IN THE DISTANCE CONTAINS THE JUNIATA
AND TUSCARORA FORMATIONS,
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Fauna of Sinuites Bed in Mercersburg Quadrangle, Pennsylvania

Hindia parva Ulrich

Lingula riciniformis Hall

Leptobolus ovalis n. sp.

Dalmanella tcstudinaria (Dalman) var.
Dalmanella edsoni n. sp.

Christiania lamellosa n. sp.
Strophomena sculpturata n. sp.
Leptaena tenuistriata Sowerby var.
Triplecia (Cliftonia) simulatriz n. sp.
Scenidium ? merope (Billings)
Cyriolitina nitidula (Ulrich)
Microceras inornatum (Hall)

Sinuites cancellatus (Hall)

Sinuites granistriatus (Ulrich)
Strophostylus textilis Ulrich and Scofield
Cyclora hoffmanni Miller

Cyclora minuta Hall

Cyclora parvula (Hall)
Eccyliomphalus trentonensis (Conrad)
Colcolus iowensis James

Orthoceras junceum Hall

Spyroceras bilineatum (Hall)
Cryptolithus tesselatus Green
Triarthrus becki Green

Illaenus amcricanus Billings
Cyphaspis matutina Ruedemann
Amphilichas trentonensis (Conrad)

The complete list of identified species in the Sinuites bed with their
occurrence in the best localities for collecting in southern Pennsylvania is
shown in the table on next page.

Fauna of the Lower Martinsburg Shale (Corynoides Bed of T'renton
Age) . —Thirty feet or more of unfossiliferous black calcareous shale and
thin-bedded limestonc overlie the Sinuites bed and are in turn followed by
a fossiliferous zone crowded with graptolites and other organisms, some of
which have a Utica aspect, although the majority are known in the Tren-
ton limestone. The abundant occurrence of the small, peculiar graptolite
Corynoides calicularis in this zone occasions its name. A sccond char-
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acteristic fossil is the pod-shaped crustacean Caryocaris silicula, indi-
viduals of which are often quite common in the shaly limestones.

The Corynoides bed has been recognized in the Appalachian Valley
from Pennsylvania south to Virginia. In Maryland the shale outcrops
in the vieinity of Williamsport and Pinesburg Station have furnished the
few fossils so far discovered in this bed.

Fauna of the Corynoides Bed

Climacograptus putillus (Hall)
Climacograptus spinifer (Ruedemann)
Corynoidcs calicularis Nicholson
Leptobolus insignis Hall

Schizocrania filosa (Hall)

Cyclora minuta Hall

Cryptolithus tesselatus Green
Triarthrus becki Green

Lepidocolcus jamcest (Hall and Whitfield)
Caryocaris silicula n. sp.

Fossils of the Eden Division, Martinsburg Shale.—The splendid ex-
posures of the lower Cincinnatian shales, later designated the Eden shale,
in the vicinity of Cincinnati, Ohio, have afforded a wealth of execllently
preserved fossils which have been so widely studied by paleontologists that
a large described fauna has resulted. The occurrence of this same fauna,
well enough preserved for the accurate reecognition of at least 42 species,
in the sandy upper portion of the Martinsburg shale of Pennsylvania,
Maryland, and Virginia, is one of the interesting discoveries of recent
years in Appalachian geology.

Numerous exposures of this sandy upper portion of the Martinsburg
shale oeeur along the Western Maryland Railway between Williamsport
and Pinesburg Station, but the conditions of sedimentation in this part
of the valley secem to have been unfavorable for life, as no fossils could be
found. The northward and southward cxtensions of this Martinsburg
shale belt likewise have furnished no fossils, but the shale exposures in
the mountains to the west exhibit scveral fossiliferous zones. In Mary-
land it happens that no good exposures of the upper Martinshurg oceur
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along the roads crossing the mountains, and here the fauna is known only
from sandstone debris along their lower slopes. In southern Pennsyl-
vania, on the contrary, good exposures of the fossiliferous strata are found
along several turnpikes crossing the mountains. The best fossils have
been procured from such outcrops along Jordan Knob, one and a half
miles northeast of Fort Loudon, Tuscarora Mountain, two and a half
miles southeast of McConnellsburg, and Cowans Gap, five miles northeast
of McConncllsburg. Two fossiliferous zones are known in the Eden
portion of the Martinsburg shale, one at the top of this portion and the
second 400 feet lower. The faunas, listed on next page, show that there
is little difference between these two zones.

Fossils of the Maysville Sandstone Division, Martinsburg Shale.—As
explained on a previous page tlie unfossiliferous red sandstones and shales
immediately overlying the Martinsburg shale have been distinguished
and mapped in southern Pennsylvania as the Juniata formation. Upon
stratigraphic grounds these red beds are undoubtedly the equivalent of
the Lower or Red Medina (Queenston) shales of New York. Litho-
logically the rocks are similar and in cach area they are underlaid by
strata with Cincinnatian (Maysville) fossils and followed by the White
Medina (Tuscarora) sandstone. The sandstone underlying the Juniata
formation and following the sandy shales of Eden age, although covering
the well-defined Middle Cincinnatian (Maysville) division of geological
time have not hitherto been separated from the Martinsburg shales in
Pennsylvania and Maryland. As their arca of occurrence in Maryland is

so small and good outcrops are almost wanting, the practice of uniting
these strata with the Martinsburg shale is continued in this volume.
Exposures along the turnpike crossing Tuscarora Mountain, one and
one-half miles southeast of MeConnellsburg, Pennsylvania, have afforded
fairly well-preserved spceimens of the speeies listed below. All of these
fossils occur at the top of the lower division of these sandstones in a bed
characterized by Orthorhynchula linneyi. This Orthorhynchula bed
everywhere marks the dividing line between the Lower Maysville (Fair-
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LIST OF FOSSILS IN EDEN PORTION OF MARTINSBURG SHALE

2 Q0limacograptus bicornis (Hall) var.......
Diplograptus vespertinus (Ruedemann). ..
2 Cornulites flexuosus (all)...............
! Heterocrinus hetcrodactylus Hall.........
Merocrinus species undetermined..........
Hudsonaster clarkin. sp..................
Berenicea vesiculosa Ulrich..
Bythoporae arctipora (NlcllO]SOn)
! Hallopore onealli sigillarioides (Nlcholqon)
! Batostoma jamcsi Nicholson..............
* Arthropora cleavclandi (James) ..........
1 Pholidops cincinnatieusis Hall............
! Dalmanella multisecta (Meek)............
2 Plectorthis plicatella Hall var............
! 8trophomena hallic (S. A. Miller) .........
1 Strophomena sinuata James var..........
* Rafinesquina squamula (James)...........
2 Plectambonites rugosus (Meck)...........
! Leptaena gibbosa (James)................
2 Zygospira modesta (Hall)................
tQtcnodonta obliqgua Hall..................
! Ctenodonta filistriate Ulrich.............
tClidoplorus planulatus (Conrad) .........
t Byssonychia vera Ulrich..................
! Lyrodesma conradi Ulrich................
2 8inuites cancellatus (Hally...............
*Sinuites granistriatus (Ulrich)........ o
2 Tetranota obsoleta Ulrich................
:flormotoma gracilis (Hall)........
! Lophospira (Rucdemannia) Izrata (Ulnch)
2 Liospira micula (Hall)...................
! Orthoceras transversum Miller
1 Cryptolithus bellulus (Ulrich)..
2Cryptolithus recurvus (Ulrlch) n. sp
2Triarthrus beeki Green.. .. ..
* {sotelus stegops Green.. A8 J8lo d SO,
! Calymeng qranulosa (Foersfe) e
2 Aparchites minutissimus (Hall)
*Ceratopsis chambersi (Miller) .
2 Ulrichia bivertex (Ulrich)................
* Bythocypris cﬂmdrwa (Hall) . .
? Lepidocoleus jamesi (Hall and Wlntﬁeld)

1Restricted to Eden. 2 Oceurs in hd‘n and other formations.
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view) and the Upper Maysville (McMillan) divisions, the latter in the
Appalachian region being an unfossiliferous, gray sandstone apparently
of continental origin and equivalent-to the Oswego sandstone of the New
York section.

List of Maysville Fossils (Orthorhynchula Bed), Southern Pennsylvania

Lingula nicklesi n. sp.
Plectorthis plicatella Hall
Rafinesquina alternata (Emmons)
Rafincsquina squamula (James)
Orthorhynchula linneyi (James)
Zygospira modesta (Hall)
Zygospira ? erratica (Hall)
Ischyrodonta unionoides (Meek)
Pterinea (Caritodens) dcmissa (Conrad)
Byssonychia radiata (Hall)
Byssonychia praecursa Ulrich
Allonychia ovata Ulrich
Modiolopsis modiolaris (Conrad)
Modiolodon truncatus (Hall)
Orthodesma nasutum (Conrad)
Liospira micula (Hall)
Orthoceras lamellosum Hall
Isotelus megistos Locke

THE JUNIATA FORMATION

Until quite recently American geologists have been in accord in regard-
ing the boundary betwecn the Ordovician and Silurian systems as lying
at the base of the Red Medina. Indecd, by many, the basc of the Silurian
was placed still lower, namely, at the bottom of the Oncida conglomerate
which was supposed to underlie the Medina and to be equivalent in age
to the Oswego sandstone which actually does occur under the Red Medina.
The Oneida conglomerate, however, has been proved to belong at the top
of the Medina and may indeed represent the initial deposit of the Clinton.
The Oswego sandstone therefore became a valid formation, and the name
Oswegan scries was coined by Clarke and Schuchert to include the Oswego
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F1G6. 1.—VIEW OF MARTINSBURG SHALE TOPOGRAPHY, LOOKING NORTHEAST FROM A POINT
ONE-HALF MILE SOUTH OF WILSON, MARYLAND. CONOCOCHEAGUE CREEK IS SEEN IN THE
FOREGROUND AND THE NATIONAL HIGHWAY IN THE MIDDLE.

F16. 2—VALLEY OF MARTINSBURG SIIALE (BLAIR VALLEY, MARYLAND) VIEWED FRUM ROAD,
JUST WEST OF UNION BETHEL CHURCH. THE MOUNTAINS ON BOTH SIDES ARE FORMED OF
THE JUNIATA AND TUSCARORA FORMATIONS.

1)/ 7¢
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sandstone and the Red and White Medina formations as the earliest major
division of the Silurian. The reason for regarding the Oswego sandstone
as Ordovician in age lias been given on a preeeding page.

In the standard Ordovieian-Silurian seetion of New York the last
fauna of Ordovieian age is found in the Pulaski shale where speeies
identieal with Lower Maysville fossils of the Cineinnatian seetion oeeur.
Above the Pulaski shale are unfossiliferous gray sandstones (Oswego
sandstone) whieh in turn are sueeeeded by the Lower (“Red ””) Medina
forming the base of the Silurian, aceording to the New York geologists.
This Lower Medina is unfossiliferous, but in the overlying Upper
(“ White ”) Medina a fauna of Silurian types is preserved.

In Pennsylvania and Maryland praetieally the same seetion is de-
veloped. The sandstones at the top of the Martinsburg shale contain the
Pulaski shale representative with the Lower Maysville fauna and above
this a gray unfossiliferous sandstone very similar to the Oswego sand-
stone oceurs, followed in turn by the typical Red Medina here termed the
Juniata formation, and by the White Medina or Tusearora sandstone.

In the extremely fossiliferous Upper Ordovieian, Cineinnatian roeks
of the Ohio Valley, the equivalent of the Pulaski shale of New York is
ineluded in the Lower Maysville, Fairview formation. This is sueeeeded
by the fossiliferous Upper Maysville (MeMillan) formation, whieh in turn
is followed by the equally fossiliferous Riehmond group. Lately it has
been proved by aetual tracing that the Riehmond group passes laterally
into the Lower (Red) Medina of New York. Until the reeent researches
of Ulrieh upon the paleontology and stratigraphie distribution of the
Richmond and related formations, the Upper Ordovieian age of the Rich-
mond fauna had been taken for granted. In his paper on the Ordovician-
Silurian boundary, published in the Proeeedings of the Twelfth Sessiou
of the International Geologieal Congress, Ulrieh has reviewed the faunal
and physieal aspeets of the data relating to the age of the Riehmond group
and eoneludes that the ehoiee of the Medina ineluding the Queenston-
Richmond formations by the New York geologists as the base of the
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Silurian has strong evidence in its favor. The present writer has had the
opportunity of studying the Richmond group over a large portion of the
United States with the result that in previous publications he has classi-
fied it at the base of the Silurian. His treatement of the equivalent
Juniata formation in this volume under the Ordovician is not due to a
change of view, but to the fact that in the Silurian volume of the Mary-
land Geological Survey the base of the Silurian is placed at the Tuscarora
sandstone. As the Juniata is unfossiliferous and, morcover, is very poorly
exposed in Maryland, further details are believed unneccssary here,
and the reader is referrcd to the publication by Ulrich cited above for
more data as to its age.

In Pennsylvania and Maryland the red sandstone and shales of the
Juniata formation form the upper slope of the mountains just west of the
Great Valley. These mountain slopes usually show only reddish sand-
stone blocks and it is only in cliffs or in road sections that the interbedded
red shales can be seen. The sandstone frequently shows cross bedding and
sometimes conglomerate beds of white quartz or red jasper boulders or
oceasionally red shale pebbles are developed. The occurrences of the
formation in Maryland consists of small areas on Bear Pond Mountain,
a narrow strip on Fairview Mountain and another narrow strip along the
eastern side of Sword Mountain. None of these areas shows a section of
the rocks and the red shales and sandstones are known only from surface
debris.

The relations and general characters of the Juniata and associated
formations are well shown in the following generalized seetion of Upper
Ordovician and Early Silurian strata made by E. O. Ulrieh and the
writer. This section is exposed along the west slope of Tuscarora Moun-
tain between McConnellsburg, Pennsylvania, and the summit of the
mountain, along the Mercersburg pike starting about a mile and a half
southeast of McConnellshurg and continuing southeast and south for
about two and one-half miles.
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Section Along West Slope of Tuscarora Mountain, Southeast of
McConnellsburg, Pennsylvania

Silurian—Tuscarora sandstone. | Feet
Massive granular white quartz sandstone...................ovu.. 200+4-
Ordovician or Silurian—Juniata formation.
Soft red unfossiliferous sandstone and red shale, interbedded..... 4004
Ordovician-Martinsburg shale.

Oswego gray sandstone member............ P e S0 0 o 150
Maysville (Fairview) fossiliferous gray sandstone (Orthorhynchula
1B B @) 0 0 G0 0lo0 66086, 0 OB 6,000 ob 50,0860 0 b S ke 1300
Upper Eden shale and calcareous sandstone interbedded.......... 400
Middle Eden fossiliferous shale weathering yellow...............
Lower Eden shales, not exposed........ oorg 50 0 O o R NP | ,
Trenton and Utica ? black fissile unfossiliferous shale with black
shale ‘at base bearing graptolites .............c.ovveevun.n..

Chambersburg limestone ................. SalE s o B I o o SE0 oo
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THALLOPHYTA
CLASS'ALGAE

Cenus GRYPTOZOON Hall

CRYPTOZOON PROLIFERUM Ilall *
Plate XXVI11I, Figs. 1, 2; Plate NXIX, Fig. 1

Cryptozoon proliferum Hall, 1884, 36th Rept. New York State Mus. Nat.
Hist., pl. vi.

Cryptozoon proliferum Walcott, 1912, Smithsonlan Mlsc. Coll. 57, p. 258,
pl. xxxvii, figs. 1-3.

Description.—* These bodies are made up of irregular, conecentric
laminae of greater or less density and of very unequal thickness. The
substance between the concentric hines, in well-preserved specimens, is
traversed by nwmmerous, minute, irrcgular canaliculi which branch and
anastomose without regularity. The central portions of the masses are
usually filled with crystalline, granular, and oélitic material and many
specimens show the intrusion of these extraneous and inorganic sub-
stances between the concentrie laminae. That these are intrusions, and
not inclusions, is shown from the fact that they can be traced to a vertical
fissure or break leading to the exterior of the fossil and which allowed the
crystalline matter to enter.”—Hall, 1884,

As noted under the following species, Cryptozoon proliferum is char-
acterized by its growth from a widely expanded, almost flat, series ot
lamellac into confluent heads of a size varying from four or more inches
in diameter at the center of a growth to small, concentric areas an inch or
less wide on the edge.

* In the specific bibliography throughout this volume only the original and
the more important subsequent references are cited. The complete bibli-
ography for the Post-Cambrian forms may be consulted in the Bibliographic
Index of American Ordovician and Silurian fossils published as Bulletin 92,
U. S. National Museum.
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Occurrence.—CoNOCOCHEAGUE LiMESTONE.—In Pennsylvania, Mary-
land, and Virginia this is a eharacteristic fossil at the base of the Conoeo-
eheague limestone. Specimens may be found at praetieally all of the
normal eontaets between the Elbrook and Conoeocheague limestones. The
species is partieularly abundant in the vieinity of Sharpsburg, Maryland,
and also in a eut of the Norfolk and Western Railroad, one mile south-
west of Antietam Station where a reef of these algae is exposed.

The original types eame from the Ozarkian (Hoyt) limestone of Sara-
toga County, New York.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

CRYPTOZOON UNDULATUM n, Sp.
Plate XXIX, Figs. 2, 3; Plate XXX

Description.—The Conoeocheague limestone in the Appalachian Valley
from Virginia to northeastern Pennsylvania and the eorresponding strata
in New York State afford a seeond well-defined speeies of Cryptozoon
whieh oeeurs in association with C. proliferum. Comparison of the two
species Will bring out the essential eharaecters of the present new one.
Cryptozoon proliferum grows from a widely expanded almost flat series
of lamellae into numerous eonfluent heads of unequal size. In C. undu-
latwm the laminae are at first evenly undulating, forming in edge view, a
pseudo-eolumnar structure, the eolumns averaging 20 mm. in width.
A cross-section through this part of the fossil shows these eolumn-like
areas to be of equal size and totally unlike the eorresponding portion of
C. proliferum. Following the undulating zone in C. undulatum the
laminae go through a stage in which the distinet lamination disappears.
Then, with a new growth, the eharaeteristie undulations of the speeies
reappear.

Ocourrence.—CoNOCOCHEAGUE LiMESTONE. Assoeiated with Crypto-
zoon proliferum. The types are from a loeality two and one-half miles
southeast of Funkstown, Maryland, where examples were numerous.
Sharpsburg and vieinity also show numerous speeimens, partieularly in
the stone fenees. This speeies and C. proliferum have also been found
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in the Conococheague limestone as far north as the Reading area of
Pennsylvania. They both occur in the Hoyt limestone near Saratoga
Springs, New York.

Collections.—Maryland Geological Survey, U. S. National Museum.

CrRYPTOZOON STEELI Seely

Plate XXXIV, Fig. 1

Cryptozoon steeli Seely, 1906, Rept. State Geol. Vermont, vol. v, p. 161,
pls. xxxiv, xxxvi, xliii, fig. 1.

Description.—The Beekmantown rocks of New York, Vermont, and
northward into Canada contain a species of Cryptozoon several inches to
a foot in diameter which differs from the other specics of the genus in
that the organism is usually made up of a single globular or hemispherieal
mass of lamellac. The suceessive layers are quite parallel and arranged
coneentrieally even in the largest specimens. These layers are composed
of a dense material apparently without definite organie strueture.

In the Cumberland Valley this particular form of Cryptozoon is
apparently restrieted to a definite zone in the Lower Beekmantown. As
the fossil weathers out in large, silicified masses aceompanied by much
platy chert, this zone is generally easily recognized. Cryptozoon steeli
therefore forms an excellent guide fossil in mapping, as it not only
assists in the recognition of the strata, but the chert masses accompanying
it indicate the outcrops of this zone. These, if plotted, help to decipher
the geologieal structure. The Cryptozoon steeli zone of chert has been a
most valuable aid in determining the structurc of the Beekmantown in
the Valley west of the Martinsburg shale belt where frequently lack of
rock outerops has caused great difficulty in mapping.

Occurrence.—BEERMANTOWN LIMESTONE (Cryplozoon sieeli zone).
In the Appalachian Valley of Maryland and southern Pennsylvania
this is a common fossil about 800 feet above the base of the Beekmantown.
Numerous spceimens may be found among the residual cherts of this
zone at practically every outcrop both east and west of the Martinsburg
shale belt of Maryland, particularly in the vicinity of Hagerstown.

Collections.—Maryland Geological Survey, U. S. National Museum.

13
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Genus PAL/EOPHYCUS Hall
Pavmornycus TuBULARE Hall
Plate XXXI, Fig. 1
Paleophycus tubulare Hall, 1847, Pal. New York, vol. i, p. 7, pl. ii, figs. 1,
2, 4, b.

Description.—Although formerly considered as seaweeds, the fossil
remains described under this name, and related so-called genera and
species, are of very doubtful origin. The particular form here illustrated
is interesting because it occurs in such widely separated areas, although
the two formations in which it is found are believed to be of the same
age. The specimens as observed on weathered surfaces consist of un-
evenly bent or flexuose cylindrical stems somctimes gradually tapering
to a point, irrcgularly branched and often bifurcated. In Maryland, as
in New York, these stems when weathered appear as if hollow. The
stems and branches are usually much compressed, smooth, and preserve
no traces of structure.

Oceurrence.—BEEKMANTOWN LimEestoNt (Stonchenge member). Sev-
eral localities in the vicinity of Hagerstown, Maryland. Tribes Hill
Limestone. Amsterdam, Canajoharie, etc., New York.

Collection.—U. 8. National Museum.

Genus SOLENOPORA Dybowski
SOLENOPORA COMPACTA (Billings)
Plate XI1.I, Figs. 1-3

Stromatopora compacta Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada,
pp. 55, 212,

Tetradium peachii Nicholson and Etheridge, 1877, Ann. and Mag. Nat. Hist,,
4th ser., vol. xx, p. 166, text figs. d-g.

Solenopora spongioides Dybowski, 1877, Die Chaetetiden der ostbaltischen
Silur. Formation, p. 124, pl. ii, figs. 11a-b.

Tetradium peachii var. canadense Foord, 1883, Cont. Micro-Pal., Geol. Surv.
Canada, p. 24, pl. vi, figs. 1-1f.

Solenopora compacta trentonensis Brown, 1894, Geol. Mag. London, dec. 4,
vol. i, p. 146, text fig. 2.

Solenopora compacte Winchell and Schuchert, 1895, Geol. Minnesota, Pal.,
vol. 3, pt. i, p. 80, pl. F, figs. 21-23.

Actinostroma trentonensis Weller, 1893, Geol. Surv. New Jersey, Pal,, vol. 3,
p. 139, pl. vi, fig. 8; pl. vii, figs. 3, 4.
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Description.—This species forms small, sub-globular masses, from
one to two inches in diameter. The concentric lamellae are thin and
closely packed together, there being in some specimens from 6 to 12 layers
in the thiekness of two lines.

The internal strueture is deseribed by Dr. Nicholson as follows:
“ Composed of radiating eapillary tubes, arranged in concentric strata.
The tubes vary from 1/12 to 1/20 mm. in size, and are in direet contaect
throughout, no interstitial tissue of any kind being developed. The tubes
are irregular in form, with thin often undulated walls, which are not
piereed by any apertures or pores, but are often erossed by more or fewer
transverse partitions of ‘tabulae’ Very eommonly the tubes exhibit
more or fewer inwardly directed partitions, which extend to a greater or
less distance into the cavity of the tube, and are the result of the cleavage

or ¢ fission ’ of the tubes.”

An intensive study of this wide-spread and long-ranged fossil will in all
probability reveal the fact that a number of distinet species are included
under the name Solenopora compacta.

Occurrence—CHaMBERSBURG LimrsToNt (Caryocystites bed).. Fort
Loudon and localities south to Blue Spring, Franklin County, Pennsyl-
vania. A wide-spread and abundant fossil in almost all of the divisions
of the Middle and Upper Ordovieian in North America.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

SPQNGIAE ? (CALCAREOQOUS ALGAE ?)
Genus NIDU_ITES Salter
NIDULITES PYRIFORMIS Bassler.
Plate XLV, Figs. 1-5

Nidulites sp. Bassler, 1909, Bull. Virginia Geol. Surv., vol. iia, pl. vii, fig. 11.
Nidulites pyriformis Bassler, 1915, Bull. U. S. Nat. Mus., no. xcii, p. 855.

Description.—The body of this interesting organism, which is such an
abundant fossil at certain horizons in the Chambersburg limestone of
the Appalachian Valley, is pyriform and pedunculate, with an outer
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covering of hexagonal, cuplike plates fused or articulated by their edges.
On the exterior each plate is deeply concave and marked off at the surface
by a sharp wall. The plates are smallest at the narrow end of the organ-
ism, but increase in size in the more swollen part where an average
diameter for them of one millimeter is the rule. The interior of the
organism is hollow (pl. XLVI, fig. 5) and is frequently filled with crystal-
line calcite (pl. XLVI, fig. 3). Specimens about 35 mm. in length are the
rule, but some individuals attain a length of 50 mm.

Small fragments of Nidulites, especially where partly imbedded in the
rock, much resemble a massive bryozoan with large zooecia, but examina-
tion with a lens reveals the very different nature of the hexagonal plates
or cups.

The systematic position of Nidulites is still quite uncertain. These
bodies were supposed by Salter to be the egg-ribbons of marine gastropods.
Later paleontologists placed them among the Protozoa, but to-day the
prevalent opinion is that they are allied to Receptaculites, Cerionites,
Ischadites and related genera, and are either sponges or calcareous algae.

Occurrence.—CHAMBERSBURG LIMESTONE (Nidulites bed). Pennsyl-
vania, Maryland, and Virginia. Wilson, Pinesburg Station, and other
localities in Maryland furnish numerous specimens of the species, em-
bedded in the rather massive strata of the Nidulites bed.

Collection.—Maryland Geological Survey, U. S. National Museum.

Genus RECEPTACGULITES Defrance
RECEPTACULITES OCCIDENTALIS Salter
Plate XLV, Fig. ¥

Receptaculites occidenlalis Salter, 1859, Canadian Org. Remains, deec. i,
p. 45, pl. x, figs. 1-7.

Receptaculites occidentalis Billings, 1865, Pal. Foss., vol. i, Geol. Surv.
Canada, p. 381, text figs. 354-356.

Receptaculites occidentalis Weller, 1903, Geol. Surv. New Jersey, Pal,
vol. iii, p. 135, pl. vi, figs. 2-4.

Description.—* Sponge forming discoid or flattened, saucer-like ex-

pansions ; attaining a diameter of 200 mm., and having a thickness vary-
ing from 4 mm. at the center of the disk to 12 mm. at the margin. The
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disk itself composed of vertical rods or spicules, with their extremities
expanded and more or less flattened to form the two surfaees of the disk.
The shafts of the spicules are cylindrical, about 1 mm. or slightly more in

thiekness, and scparated from eaeh other by interspaccs about equal to
their own thiekness. The arrangement of the terminations of the spicules
upon the surface of the disk is in curved, radiating lines, crossing after
the manner of the engine-turned ornamentation of a watch. The ex-
panded outer extremities of the spicules are rthomboidal in outline, leaving
narrow, linear interstices on each side between adjoining spicules. A
short distance above the flattened, rhomboidal extremity there are four
connecting processes, which join the spicule with each of the adjoining
omes. The inner extremities of the spicules are also expanded and joined
together to form the inner surface of the disk.”—Weller, 1903.
Occurrence.—CHAMBERSBURG LIMESTONE (Echinospherites bed).
Southern TPennsylvania and at Pinesburg Station, Maryland. Black
River group of Canada, New Jersey, Kentucky, and Arctic America.
Collection.—U. S. National Museum.

PORIFERA
cuass SPONGIAE

Genus RHABDARIA Billings
RuaBparIA FRAGILIS (Billings)

Rhabdaria fragilis Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada, p. 357.

Rhabdaria fragilis Rauff, 1894, Paleontographica, vol. x1, p. 245.

Description.— Small cylindrieal stems, with a rough exterior, and a
central perforation or canal. At first these were thought to be silicified
speeimens of Stenopora fibrosa, but when others were procured showing
the central canal, it became evident that they could not be thus referred.
They have the form of erinoidal columns, but arc not jointed. No
structure can be made out in thin slices under the microscope.”—Billings,
1865. ‘
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Specimens of a ramose bryozoan-like fossil with a central canal have
been found at several localities in the Beekmantown of the Appalachian
Valley in Maryland and Pennsylvania. These agree in all respects with
the species described above by Billings, which unfortunately has never
becn figured. In order to establish the species the original types or speci-
mens from the type locality must be further investigated and illustrated.
Until this has been done the identification of the species in the Appa-
lachian Valley must be considered as provisional. The type specimens
arc from the Romaine division of the Canadian, Mingan Islands, Quebec.

Occurrence—~BEEKMANTOWN LIMESTONE. Lower part above the Stone-
henge horizon, just east of Hagerstown, Maryland. Also at the same zone
in the Chambersburg quadrangle of Pennsylvania. .

Collection.—U. S. National Museum.

Cenus CAMAROCLADIA Ulrich and Everett
CAMAROCLADIA RUGOSA Ulrich

Plate XLII, Fig. 6

Camarocladie rugose Ulrich, 1897, Geol. Minnesota, vol. ili, pt. 2, p. xev,

foot note.

Description.—The fucoid-like remains upon which this species is based
appear to bc the cast of a branching sponge, although the specimens
scldom show structurc and appear most frequently as flattened, stony
branches with more or less obscure oblique and transverse furrows. These

compressed flexuous branches bifurcate sometimes close together and
other times far apart. The branches vary from 5 to over 12 mm. in

width and are sometimes so crowded in the rock as to form a regular
network or matting. In the best preseryed examples, the surface is
covered with an irregular network of coarse, nodulose thrcads often
arranged longitudinally and generally on one side of the branch only.
When removed from the rock the stems are found to be composed of two
fairly well-defined portions, (1) a siphuncle-like, subcylindrical rod,
with annulations and constrictions 3 to 6 mm. apart, and (2) a serics
of oblique septa-like partitions, generally two to each annulation, clasp-
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ing the annulated rod so as to leave about one-third of its cireumference
exposed to view. Sometimes the rod changes suddenly from one side
of the branch to the other.

Occurrence—CHAMBERSBURG LiMESTONE (Tetradium cellulosum bed).
Fort Loudon, Franklin County, Pennsylvania. An abundant species in
the Decorah shales division of the Black River in Goodhue County,
Minnesota, and at the same horizon in Mercer County, Kentucky.

Collections.—Maryland Geological Survey, U. S. National Museum.

Order TETRACTINELLIDA
Family HINDIIDAE
Genus HiNDIA Duncan
Hixbia pArvA Ulrieh

Plate L, Figs. 11-13

Hindia parva Ulrich, 1889, Amer. Geol,, vol. iii, p. 244. ‘

Hindia parve Winchell and Schuchert, 1895, Geol. Minnesota, vol. iii, pt. 1,
p. 79, pl. G, figs. 7-9.

Hindia parva Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii, p. 135, pl. vi,
fig. 1.

Description.—This small sponge forms frec, rounded masses with a
smooth surface. Most of the specimens are about 7 mm. in diameter,
although this dimension varies between 5 and 10 mm. The internal
structure is very similar to the common Hindia sphaeroidalis Duncan
of the Silurian and Early Dcvonian, but the radiating canals of H. parva
are somewhat smaller, being not over 0.27 mm. in diametcr. More
refined methods of study of these sponges will no doubt reveal other
important differences.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia. Black River of Minnesota and
Wisconsin, Trenton of Kentucky, Tennessce, New Jersey and other states.

Collections.—Maryland Geological Survey, U. S. National Museum.
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COELENTERATA

cLass ANTHOZOA
Subclass TETRACORALLA
Family CYATHOPHYLLIDAE

Genus COLUMNARIA Goldfuss
CorumNARIA (?) HALLI Nicholson

Plate XLI, Fig. 5

Columnaria alveolata Hall, 1847, Pal. New York, vol. i, p. 47, pl. xii,
figs. 1a-1c. (not Goldfuss).

Columnaria (?) halli Nicholson, 1879, Tab. Corals Pal. Period, p. 198, fext

figs. 28, 2; p. 200, text fig. 29; pl. x, figs. 3, 3a.

Columnaria (?) halli Winchell and Schuchert, 1895, Geol. Minnesota, Pal.,

vol. iii, pt. 1, p. 85, pl. G, figs. 14-16.

Description.— Corallum forming large massive coloniés which vary
from a few inches to several feet in diameter, and which are composed of
various sized polygonal corallites, in close contact with one another
throughout their entirc length. The walls of the corallites are not
excessively thickened, and they are so completely amalgamated in con-
tiguous tubes that even under tho microscope the original lines of
demarcation between the tubes can be made out with difficulty or not at
all. The large tubes are usually from two to threc lines in diameter,
though occasionally considerably more than this, and the smaller
corallites are of all sizes. Septa marginal, in the form of obtuse longi-
tudinal ridges which vary in number from 20 to 40, do not extend to
any distance into the visceral chambers, and are not divisible into an
alternating longer or short series. Tabulae strong, horizontal and com-
plete, about half a line apart or sometimes closer. Mural pores not
recognized with certainty.”—Winchell & Schuchert, 1895,

Occurrence.—CHAMBERSBURG LIMESTONE (Caryocystites bed). From
Fort Loudon south to Blue Spring, Franklin County, Pennsylvania.
Generally an abundant fossil in the Mohawkian rocks of Canada and the
United States.

Collections.—Maryland Geological Survey, U. S. National Museum.
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Family ZAPHRENTIDAE
Genus STREPTELAS /A Hall
STREPTELASMA PROFUNDUM (Conrad)

Plate XLII, Figs. 1, 2

Cyathophyllum profundum Cqnrad, 1843, Proc. Acad. Nat. Sei., Philadelphia,
p. 335.

Streptelasme profunda Hall, 1847, Pal. New York, vol. i, p. 49, pl. xii,
figs. 4a-d.

Streptelasma profundum Winchell and Schuchert, 1895, Geol. Minnesota,
Pal.,, vol. iii, pt. i, p. 88, pl. G, figs. 17-19.

Description.— Obliqucly turbinate, often slightly eurved near the
base, expanding above more or less abruptly; cell profoundly deep, ex-
tending nearly to the base of the coral ; margin of the cup reflexed ; sur-
face scarcely marked by transverse rugae; lamellae from 36 to 60, strong,
nearly cqual to the margin, but distinetly alternating in length within;
no transverse dissepiments or eelluliferous structure.”’—Hall, 1847.

This well-marked form ean readily be separated from other speeies of
the genus by its deep, visceral eavity, by its sharply defined lateral fos-
sulae and great development of the primary septum, and by its septa
which are never twisted in approaching the eenter.

Occurrence.—CHAMBERSBURG LivustoN: (Tetradium cellulosum bed).
Fort Loudon, Franklin County, Pennsylvania. A characteristic and
abundant Blaek River fossil of the United States and Canada.

Collections.—Maryland Geological Survey, U. S. National Muscum,

Suborder TABULATA
Family CHAETETIDAE
Genus TETRADIUM Dana
TETRADIUM ? SIMPLEX N. Sp.

Plate XXXIIT, Figs. 13-15
Description.—The discovery of a ecoral in the Beckmantown limestone

is of especial interest sinee hitherto no typical represcntative of the corals
has been recorded from strata of this age. The species here noted occurs
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abundantly in the lower Beekmantown just above the top of the Stonc-
henge member, where it appears in lamellose masses on the weathered
rock surfaces. Unfortunately all trace of the structure is lost in the
solid rock and the generic determination cannot therefore be confirmed
by thin sections. The corallites are polygonal, with rather thick walls
which sometimes show a distinct line of “separation. Three corallites
occur on an average in 2 mm. No septa are scen, but their apparent
absence may be due to the poor preservation of the specimens. The
vertical sections exposed by weathering show no tabulae.

If this species should prove to be an early representative of Tetradium
it will be readily distinguished from the other species of that genus by its
small corallites.

Occurrence.—BEEKMANTOWN LiMESTONE. Just above the Stonehenge
member. The best specimens were found in the old brick yard on the
eastern cdge of Hagerstown.

Collections.—Maryland Geological Survey, U. S. National Museum.

TETRADIUM SYRINGOPOROIDES Ulrich

Plate XXXVIII, Figs. 13-15

+ Tetradium sp. Bassler, 1909, Va. Geol. Surv., Bull, vol. iia, pl. iv, fig. 2.

Tetradium syringoporoides Ulrich, 1910, in Stose, Folio U. S. Geol. Surv.,

170, p. 58. '

Description.—This species, which is very characteristic of the Stones
River group, has been known for a number of years by the students of
Appalachian geology as the “single-tubed Tetradium.” Certain beds of
the Stones River limestone are so charged with these tubes that they give
the rock a coarse, spongy appearance. Upon weathering the individual
tubes stand out in relief like picces of cord, but in fractured fragments
of limestone the tubes are equally distinct, although here appearing as
stringers of calcite. TUpon close examination the coral nature of this
organism becomes evident, for the tubes divide, giving risc to either two
or four individual tubes which, after adhering together for a short dis-
tance, separate and in turn subdivide as before. No tabulae are visible
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nor are any signs of septa to be observed until just before a tube divides
when the characteristic four septa of Tefradium are devcloped. A normal
corallite is quadrangular and about two-thirds of a millimeter across.

Occurrence.—STONES RIVER LIMESTONE. Abundant especially in the
upper division, in the Appalachian Valley. In Maryland exposures along
the line of outerop from Pinesburg Station north through Wilson to the
state line exhibit numerous examples.

Oollections.——Maryland Geological Survey, U. S. National Museum.

TETRADIUM COLUMNARE (Hall)
Plate XLI, Fig. 4

Chaetetes columnaris Hall, 1847, Pal. New York, vol. i, p. 68, pl. xxiii,

figs. 4, 4a.

Tetradium columnare Safford, 1856, Amer. Jour. Sci. and Arts, 2d ser.,

vol. xxii, p. 237.

Description.—“ Coral massive, hemispherical or subglobose, consisting
of a series of parallel or diverging polygonal tubes; tubes four- or five-
sided, simple, without visible transverse dissepiments or connecting pores;
interior of the cells apparently rugose or denticulate.

“The rugose structure within the cell probably indicates the existence
of diaphragms which have disappeared. The fossil, in its general form
and structure, has the appearance of a Favosiles, from which a cursory
examination would not induce us to separate it. A closer examination
proves that the tubes are usually four-sided, and that there are no con-
necting pores in the walls of the cells. These characters had decided me
to separate it from the genus Favosites, before knowing fully the char-
acters on which the genus Chaetetes is founded. It appears refcrable
to the latter genus from its general similarity to some of the species, the
character of quadrangular cells probably being unimportant and not
constant. The apparent absence of diaphragms, or transverse dissepi-
ments, is perhaps due to their subscquent destruction, or solution and
removal.,”—Hall, 1847.

Occurrence.—CHAMBERSBURG LIMESTONE (Caryocystites bed). Fort
T.oudon, Pennsylvania.
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Not uncommon in the Trenton rocks of New York, Kentucky, and
Tennessce. Similar forms occur in the Black River and Stones River
formations of the United States and Canada.

Collections.—Maryland Geological Survey, U. S. National Museum.

TeTRADIUM CELLULOsUM (Hall)
Plate XLII, Figs. 3-5

Phytopsis cellulosum Hall, 1847, Pal. New York, vol. i, pp. 39, 315, pl. ix,

figs. 1a-d.

Description.—The principal features of this index fossil of the Liow-
ville limestone are well shown in Hall’s original illustrations reproduced
in the present volume. As is well known, the main specific character of the
fossil is the occurrence of the corallites in small bunches which, in the
course of growth, form elongated, subcylindrical or compressed stems.
These stems sometimes anastomose, forming a network. In transversc
sections the generic character of the coral, the quadrangular corallites
with four regularly placed septa, is well brought out. This most. char-
acteristic coral of the Lowville limestone has a wide distribution in New
York and Canada and the Appalachian and Ohio valleys.

Occurrence.—CHAMBERSBURG  LimEsTONE  (Tetradium  cellulosum
bed). Fort Loudon and the railroad cut two miles southwest of Marion,
Franklin County, Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Muscum.

cuss GRAPTOLITOIDEA

order GRAPTO LOIDEA
Family DIPLOGRAPTIDAE
Genus CLIMACOGRA!TUS Hall
CrimacoeraP1US PUTILLUS (Hall)
Plate LII, Figs. 5-7

Graptolithus putillus Hall, 1865, Geol. Surv. Canada, Org. Rem., dec. 2,
pp. 27, 44, pl. A, figs. 10-12a.

Climacograptus putillus Ruedemann, 1908, Mem. New York State Mus.,
vol. xi, pt. 2, pp. 415-419, pl. xxviii, figs. 14, 15, text figs, 368-374, 376,
37
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Description.—* Rhabdosome very small (9 mm. mostly less) and
slender (1-1.3 mm. wide), elliptic in section, widening gradually, possess-
ing a gently wavy median furrow on eaeh lateral face. Sieula small
(1.3 mm.) and.very slender, provided with a short apertural spine; its
slender virgella protruding from the rhabdosome. Theeae tubular, little
inelined to the axis of the rhabdosome in the proximal half and sub-
parallel to it in the distal free half; closely arranged (12-14 in the spaee
of 10 mm. or 32 in 1 ineh) ; apertures straight, at right angles to longer
axes of theeae. Nemacaulus thin.”—Ruedemann, 1908.

A common speeies of the Ohio and Mississippi valleys, New York.
Canada, ete., ranging from the Trenton to the Richmond.

Occurrence.—MARTINSBURG SHALE (Corynoides bed). Chambers-
burg, Pennsylvania, and Williamsport, Maryland.

Collections.—Maryland Geological Survey, U. S. National Muscum.

CLIMACOGRAPTUS SPINIFER (Rucdemann)
Plate LII, Figs. 3, 4

Climacograptus typicalis mut. spinifer Ruedemann, 1908, New York State
Mus. Mem., vol. xi, pt. 2, pp. 411, 412, pl. xxviii, figs. 8, 9, text fig. 236.

Climacograptus spiniferus Ruedemann, 1912, New York State Mus., Bull.
162, p. 84.

Description.—This species is distinguished from the well-known Cli-
macograptus typicalis HMall, which it most closely resembles, in the
presenee of two straight, thin spaces and in the eloser arrangement of the
thecae, the majority of the specimens having 14 thecae in 10 mm. In the
presence of the two spines this species resembles Climacograptus bicornis
Hall, but in the latter speeies these spines grew from the first two theeae
and are not prolongations of the sieular spines as in C. spinifer.

Occurrence.—MARTINSBURG SHALE (Corynoidés bed). Chambers-
burg, Pennsylvania, and Williamsport, Maryland. Trenton shale of
eastern New York.

Collections.—Maryland Geologieal Survey, U. S. National Museum.
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CLIMACOGRAPTUS BICORNIS (Hall)
Plate LIII, Fig. 1

Graptolithus bicornis Hall, 1847, Pal. New York, vol. i, p. 268, pl. 1xxiii,
figs. 2a-s, .

Climacograptus bicornis Elles and Wood, 1906, Mon. British Grapt., pt. b,

pp. 193, 194, fig. 125, pl. 26, figs. 8a-f.

Climacograptus bicornis Ruedemann, 1908, Mem. New York State Mus.,

vol. xi, pt. 2, pp. 433-437, pl. xxviii, figs. 24-26, figs. 404, 405.

Description.— Synrhabdosome not observed. Rhabdosome lincar in
the middle and antisieular portions ; attaining great length (10 cm. and
more) ; gradually widening from the sicular extremity to a width of
2.64+mm., attained in about 30 mm. and maintained elose to the anti-
sicular extremity. The former extremity is always armed with two
diverging lateral spines, whieh grow from the first two thecac, and the
virgella whieh greatly varies in length. The sicula is 1 mm. long, its
greater portion embedded. The thecae number 12 in the sieular region
and seven in the mature part and overlap about one-third their length;
their proximal walls are curved, the free distal wall straight and parallel
to the axis of the rhabdosome. The apertural margins are horizontal,
the apertural excavations wide (one-third length of theea) and attaining
in depth one-fourth the width of the rhabdosome in mature part, and
one-third in the earlier part. Nemaeaulus not obscrved.”—Ruedemann,
1908.

The typical form of this wide-spread speeies has been reeognized in
North Ameriea only in the Chazyan, but varieties or very elosely related
species occur in younger formations of the Ordovician. In southern
Pennsylvania and Washington County, Maryland, the upper beds (Eden)
of the Martinsburg shale furnish a species of Climacograptus exhibiting
the diverging points at the base eharaeteristic of C. bicornis.

Occurrence.—MARTINSBURG SHALE (Eden division). Washington
County, Maryland.

Collections.—Maryland Geologieal Survey, U. S. National Museum.
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Genus DIPLOGRAPTUS McCoy
DrrrograPTUS VESPERTINUS (Ruedemann)

Plate LIII, Figs. 2-4

Diplograptus pristis (parte) Hall, 1847, Pal. New York, vol. i, pl. 1xxii,
figs. 1, 1a, 1b, 1k, 11.

Diplograptus foliaceus mut. vespertinus Ruedemann, 1908, Mem. New York
State Mus., vol. xi, pt. 2, pp. 352-354, pl. xxv, figs. 4, 5, 18, text figs.
296-298.

Description.—* Synrhabdosome not observed. Rhabdosomes as a rule
short (15 mm., greatest length observed 42 mm.), widening gradually
from an initial width of 1 mm. to a maximum width of 2.5 which i»
attained.in a distance of 15 mm. from the sieular extremity and then
maintained. Sieula not observed. Sieular extremity furnished with a
short blunt virgella (about .4 mm. long) and two equally short straight
lateral spines. Theeae numbering 11 to 13 in 10 mm. (30-32 in 1 inch),
inclined at an angle of 30°-40°, overlapping a little more than one-third,
the outer margin distinctly eonvex, the proximal part frequently slightly
concave. The aperture horizontal, concave, the interthecal excavation

about one-fourth the width. Nemacaulus very thin and inconspicuous

within the rhabdosome and not seen protruding beyond the antisicular
end.”—Ruedemann, 1908.

The types are from the Normanskill (Chazyan) shales of New York
and the speeies has been identified also from the Trenton shales of the
same state.

Occurrence—~MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania, and in the
same horizon on the west slope of Riekard Mountain, Maryland.

Collection.—TU. 8. National Museum.
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POSITION UNCERTAIN
Genus GORYNOIDES Nicholson
CORYNOIDES CALICULARIS Nicholson

Plate LII, Figs. 1,2

Graptolite germs Hall, 1859, Pal. New York, vol. iii, p. 508, fig. 7.
Corynoides calicularis Nicholson, 1867, Geol. Magazine, vol. iv, p. 108, pl. vii,
figs. 9-11.

Corynoides calicularis Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
pp. 62, 214, pl. xvi, figs. 12, 13.

Corynoides calicularis Ruedemann, 1908, New York State Museum, Mem.,
vol. xi, pt. 2, pp. 234-237, pl. xiii, figs. 1, 6-8, text figs. 122-132.

Description.—* Rhabdosome short (6-8 mm.) and relatively broad
(about 1 mm.), of uniform width, consisting of a sicula and three thecae.
Sicula small (2 mm.), conical, without apertural processes, in mature
specimens slightly recurving, suspended from a long and slender nema.
Thecae slender tubes of uniform width, all originating close to the sieula,
arranged in a bundle which forms an angle of 50° with the sicula.
Apertures straight, normal to the axes of the thecae, all adjoining at the
distal extremity of the rhabdosome, each provided with a pair of usually
curved strong spines, which often appear to be raised upon a tongue-
like process. Nema thin and filiform.”—Ruedemann, 1908.

This curious little graptolite is so small and usually so poorly preserved
in the shales that its presence is often not detected without eareful search.
Weathered shale fragments in which the color of the fossil has been
changed to reddish brown or even white, show specimens to the best
advantage.

Occurrence.—MARTINSBURG SHALE (Corynoides bed). Chambers-
burg, Pennsylvania, Williamsport, Maryland, and in other outerops to
the south. Chazyan (Normanskill) shales, New York, and south in the
Appalachian Valley to Tennessee,

Collection.—U. S. National Museum.
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ECHINODERMATA
CLASS CYSTO]DEA

Family ECHINOSPHAERITIDAE
Genus ECHINOSPHAERITES Wahlenberg

ECHINOSPHAERITES AURANTIUM AMERICANUM D. var.

Plate XLV, Figs. 15-20
Compare Echinus aurantium Gyllenhal, 1772, Kongl. Vet. Akad. Handl,
vol. xxxiii, p. 245, pl. viii, figs. 4, 5; pl. 9, figs. 6-9.

Descriplion.—One of the most interesting paleontological discoveries
in the Ordovieian limestone of the Appalachian Valley of Pennsylvania
and Maryland was that of numerous large globular eystids belonging to
the genus chinospherites, which had heretofore not been recognized in
America. One division of the Chambersburg limestone is so crowded
with these cystids that the name Echinospheriles bed has been applied
to it. At first sight these eystids appear as so many boulders in the roek,
and indeed in the past the strata eontaining them have doubtless been
considered as eonglomerates. Unweathered speeimens show no definite
structurc to these organisms other than that they appear to be globular
masses with a thiek, smooth outer covering. When weathcred, however,
they are seen to be eomposed of irregularly arranged plates with the
numerous eanals forming the pore rhombs especially visible.

The various speeies of Echinospherites seem to have been distinguished
by European paleontologists mainly by their differences in shape. Com-
paring the figures on pl. XLV with typieal E. auranitum from the Middle
Ordovieian of Esthonia, Russia, it will be noted that the Ameriean form
is larger and more ovate. For this reason it has been thought best to
distinguish it as a variety pending a thorough study of the group by some
speeialist. The eommon name of “ erystal apple” applied to species of
Echinospheriies in Europe is very appropriate, first because of their shape
and second because the interior of the eystid is often a mass of ealeite
erystals. Ameriean specimens are often found with a erystalline interior.

14
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This large globular cystid, as noted above, is so abundant in a lower
division of the Chambersburg limestone that it has reccived the name of
the Echinospherites bed. The reappearance of the species in the Chris-
tiania bed was noted only in southern Pennsylvania where a few speci-
mens were found at the higher horizon. A

Occurrence. —CEAMBERSBURG LiMESTONE (Echinospherites bed).
Appalachian Valley of Pennsylvania, Maryland, West Virginia, and
Virginia. In Maryland specimens have been found at Pinesburg Station
and northward along the line of outcrop through Wilson to the state
line. The same form reappears, although rarely, in the Christiania bed
of the Chambersburg limestone in southern Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus CARYOCYSTITES Von Buch
CARYOCYSTITES sp.

Plate XLI, Fig. 7

Description.—The strata of the Chambersburg limestone underlying
the Lowrville division contain plates of a species of the cystid genus
Caryocystites so abundantly that the name Caryocystites bed has been
applied to them. The calyx of this cystid has not yet been found, but the
plates are easily recognized by the elevated, prominent pore rhombs on
their external surface. When weathered the plates also show the pores
or canals connecting with the pore rhombs and passing vertically through
the plate. .

Occurrence.—CHAMBERSBURG LiMEeSTONE (Caryocystites bed). Fort
Loudon and south to Blue Spring, Franklin County, Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.
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crass CRINOIDEA

Order CAMERATA
Family RETEOCRINIDAE
Genus RETEOCRINUS Billings

RETEOCRINUS ? sp.

Plate XXXVII, Fig. 5

Description.—Small plates showing six or seven rays arc not uncommon
oun the surface of the thin-bedded Frederick limestone. Thesc are of
echinoderm nature, but whether cystid or erinoid cannot be determined.
They appear most like the minute pieces forming the pliant integument
of the interbrachial areas in such crinoidal genera as Refeocrinus.

Occurrence.—FREDERICK LIMESTONE. In the vicinity of Frederick,
Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

order INADUNATA
Family CYATHOCRINIDAE
Genus CARABOCRINUS Billings

CARABOCRINUS Sp.
Plate XLI, Fig. 10

Description.—Associated with the small plates of the cystid Caryo-
cystites in the lowest bed of the Chambershurg limestone are larger,
strongly marked plates of a crinoid. These bear the characteristic mark-
ings of the genus Carabocrinus, and as such plates are known only from
this division of the Chambersburg limestone an illustration of onc has
been given on pl. XLI as a characteristic, although unnamed fossil.

Occurrence.—~CHAMBERSBURG LIMESTONE (Caryocystites bed). Tort
Loudon south to Blue Spring, Franklin County, Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.
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Family HETEROCRINIDAE
Genus HETEROCRINUS Hall
HETEROCRINUS METERODACTYLUS Hall
Plate LIII, Figs. 6, 7

Heterocrinus heterodactylus Hall, 1847, Pal. New York, vol. i, p. 279,
pl. 1xxvi, figs. 1a-0.

Heterocrinus heterodactylus Meek, 1873, Geol. Surv. Ohio, Pal., vol. 1, p. 12,

pl. i, figs. 1a-b.

Description.—“Body short, rounded, subcylindrical, tapering above
and below; pelvis composed of five small pentagonal plates, which are
succeeded by the same number of larger costal plates, and thesc again by
five scapulars ; arms irregularly subdivided ; column pentagonal, composed
of thick joints, which are nodulose at the angles; joints alternating in size
as they approach the pelvis.

“This is a peculiar species, remarkable for the small size of the body
when compared with the column. The irregularity of the arrangement
of the plates in the arms and fingers is likewise a striking characteristic
of the species, which is constant in two specimens from different localities.
In one of the arms, the scapular plate supports a regular series of six or
more plates of similar form without division. The arms at the right and
left of this one are again unlike each other. The one on the left has
three rcgular and gradually diminishing joints above the scapular, and
of the same form ; the last one supports the cuneiform joint, which again
supports a double row of joints (or a pair of fingers). The arm on the
right of the first mentioned consists of a pair of quadrangular joints,
each of which supports a cuneiform joint. In the remaining two arms,
no plates have been traced beyond the scapulars, and consequently the
entire form of the species cannot be determined. Sufficient is visible,
however, to show the irregular character of the arms, from which its name
1s given.”—Hall, 1847.

Occurrence—MARTINSBURG SHALE (Eden division). Pennsylvania
and Maryland. A splendid mold of a well-preserved, entire calyx with a
considerable column attached was found at Jordans Knob, one and one-
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half miles northeast of Fort Loudon, Pennsylvania. Eden shale of New
York and the Ohio Valley.
Collections.—Maryland Geological Survey, U. S. National Muscum.

Family DENDROCRINIDAE
Genus MEROCRINUS Wwalcott
MEROCRINUS sp.
Plate LIII, Fig. 5
Description.—Only stem segments of this erinoid have been found in
the upper Martinsburg shale, but the genus itself is so characteristic of
the Trenton and Eden formations that it was thought advisable to figure
an example as a characteristic fossil. It is possible that the segments
here illustrated will be found to belong to the only known Eden species,
M. curtus Ulrich, from the Cincinnati region.
Occurrence.—MArTINSBURG SHALE (Eden division). Jordans Knob,
onc and onc-half miles northeast of Fort Looudon, and other localitics in
southern Pennsylvania, and in the sandy debris on the west slope of
Rickard Mountain, Washington County, Maryland.
Collections.—U. S. National Museum.

CLASS STE LLEROIDEA

Family HUDSONASTERIDAE
Genus HUDSONASTER Stiirtz
T UDSONASTER CLARKI 1. Sp.
Plate LIII, Fig. 8
Description.—This new species is based upon two specimens preserved
as a mold in sandy shale and exhibiting the actinal side. The species is
closcly related to H. matutinus (Hall) from the Trenton, and is indced
probably descended from it, but the Eden form differs in having coarse
tuberculations on the axillary plates and morc slender and more regu-
larly tapering arms. Further differences will no doubt be detected wheu
better specimens are found, but the above seem sufficient to diseriminate
the species.
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The specific name is in honor of the late Professor William Bullock
Clark in appreciation of his work upon fossil echinoderms.
Occurrence—MarTINSBURG SHALE (Eden division). Jordans Knob
one and one-half miles northeast of Fort Loudon, Pennsylvania.
Collection.—U. S. National Museum.

)

- MOLLUSCOIDEA

cass BRYOZOA
Order CYCLOSTOMATA

Family DIASTOPORIDAE
Genus CORYNOTRYPA Bassler

CorYNOTRYPA INFLATA (Hall)
Plate XLVII, Figs. 15-17

Alecto inflate Hall, 1847, Pal. New York, vol. i, p. 77, pl. xxvi, figs. 7a, b.
Stomatopora inflata Ulrich, 1893, Geol. Minnesota, vol. iii, p. 117, pl i,
figs. 13-21. :

Corynotrypa inflata Bassler, 1911, Proc. U. S. Nat. Mus., vol. xxxix, p. 515,
text figs. 12-14.

Description.— Zocecia resembling those of Hippothoa, short and wide,
pyriform, the proximal end contracted and springing from the under side
of the anterior end of the cell beneath ; eight or nine in 5 mm. Apertures
circular, direct, with a peristome, about 0.09 mm. in diameter, situated
near the anterior end. Mural perforations minute and but rarely
preserved.

“In the Trenton or typical form of this species the zocecia, as a rule,
are less swollen and the adnate zoarium divides less frequently than in
the better known Cincinnati form. In the latter, therefore, the network
is closer, and occasionally the growth is so luxuriant that the rows cross
each other to such an extent that but little space is left between the cells.
No distinction, however, can be based upon these characters since, when
good series of specimens are studied, it is found that 4mong those from
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Trenton localities some have more than commonly swollen and crowded
cells, while in some of those from the geologically higher localities the
growth'is lax and the zocecia comparatively narrow.”—Ulrich, 1893.
Occurrence.—CHAMBERSBURG LIMESTONE (Nidulites bed). Wilson,
Maryland.
Found in the Black River-Richmond at many localities in the United
States and Canada.

Collections.—Maryland Geological Survey, U. S. National Muscum.

CORYNOTRYPA DELICATULA (James)
Plate XLVII, Figs. 12-14

Hippothoa delicatula James, 1878, The Paleontologist, No. 1, p. 6.

Stomatopora tenuissima Ulrich, 1893, Geol. Minnesota, vol. iii, pt. 1, p. 116,
pl. i, figs. 16, 17. '

Stomatopora proutane Ulrich, 1893, Geol. Minnesota, vol. iii, pt. 1, p. 117,
pl. i, figs. 8-12.

Corynotrypa delicatula Bassler, 1911, Proc. U. S. Nat. Mus. vol. xxxix,
p. 506, text figs. 3a, 4-7.

Description.—This neat incrusting fossil is extremely abundant in

America where it is known in most of the Ordovician formations, begin-
ning with the Stones River. The zocecia vary considerably in size in the
different forms of the species, but maintain the same relative proportions.

In both the large and small forms the zoarium is incrusting and con-
sists of uniserially arranged, slender, club-shaped zocecia, increasing
gradually in size from the narrow proximal end to the rounded anterior
portion. The aperture is small, subterminal, with a slightly elevated
border, and about one-third the diameter of the anterior third of the
zoecia. The measurements for the two forms are as follows: Typical
specimens have zocecia 0.04 mm. in diameter at the proximal end, increas-
ing to 0.12 to 0.15 mm. at the widest part of the rounded anterior por-
tion. The zocecia vary from 0.6 to 0.8 mm. in length, and 8 to 10 occur
in 5 mm. The larger form varies from 0.8 to 1.1 mm. in length and
from 0.2 to 0.3 mm. in diameter at the anterior portion. The stolon is
of variable length. The angle of divergence in both large and small
zoceeia is about 15°. ;
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Occurrence.—CHAMBERSBURG LiMEsTONE (Nidulites bed). Wilson,
Maryland. Stones River-Richmond at many localities in the United
States and Canada.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus BERENIGEA Lamouroux
BerENICEA VEsIOULOSA Ulrich
Plate LIII, Fig. 9
Berenicea vesiculose Ulrich, 1882, Jour. Cineinnati Soc. Nat. Hist., vol. v,
p. 168, pl. vi, fig. 5.

Description.—* Zoarium adnate, very delicate, growing usually upon
smooth crinoid columns. Cells showing distinetly upon the surface as
elliptical convex spaces, with the circular aperture situated upon the
forward slope of the same. The cells are closely arranged in rather
irregularly alternating series; measured along the length of the cells,
about eight may be counted in the spacc of one inch; and across their
width 11 or 12 occupy the same space.”—Ulrich, 1882.

Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Knob,
onc and one-half miles northeast of Fort Loudon, Pennsylvania. Eden
shale of the Ohio Valley.

Collections.—Maryland Geological Survey, U. S. National Muscum.

order TREPOSTOMATA

Family MONTICULIPORIDAE
Genus ORBIGNYELLA Ulrich and Bassler

OrpIGNYELLA WETHERBYI (Ulrich)

Plate XLII, Figs. 7, 8
Monticulipora wetherbyi Ulrich, 1882 Jour. Cincinnati Soc. Nat. Hist., vol. v,
p. 239, pl. 10, figs. 4-4b.
Monticulipora wetherbyi Ulrich, 1893, Geol. Minnesota, vol. iii, p. 218; pl. xv,
figs. 7, 8.
Description.—Zoarium attached, forming thin crusts or small de-
pressed conical masses with slightly monticulose, or smooth surfaces.

Zocecia polygonal, with very thin walls, those of the ordinary size with a
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diameter of 0.25 mm. Clusters of larger zoeeia form the montieules, or

are seattered over the surfaee of the smooth zoceeia at intervals of about
2.5 mm., measuring from eenter to eenter. These zocceia mcasure from
0.30 to 0.38 mm. in diameter. At the eenter of the monticules a few
mesopores, or more probably young zoeeia, are present. Aeanthopores
rather large and numerous.

In longitudinal seetions the zoceeial tubes exhibit thin walls with the
eharaeteristic granulose strueture. The diaphragms are eurved and oeeur
at intervals of a tube-diameter or more in the lower half of the tubes and
about one-third that distanee apart near the surface. In tangential see-
tions the zoceeial walls are angular and thin with a strong aeanthopore at
most of the angles. The method of growth, small, angular, thin-walled
zocecia, large aeanthopores, granulose wall strueture and the presenee of
eurved diaphragms are the important features of this eharaeteristic and
wide-spread Lowville fossil.

Occurrence—CHAMBERSBURG LIMESTONE (Tetradium eellulosum
bed). Several localities south of Chambersburg in Franklin County,
Pennsylvania. Lowville limestone of the Ohio Valley, cte.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Genus PRASOPORA Nicholson and Etheridge, Jr
Prasorora 1NsuLAris Ulrieh

Plate XLIV, Figs. 15-17
Prasopora insularis Ulrich, 1893, Geol. Minnesota, vol. iii, p. 251, pl. 16,
figs. 18-23.

Description.— Zoarium small, discoid, plano- or eoneavo-eonvex, eom-
monly from 15-20 mm. in diameter and 5 or 6 mmn. in height. In a very
large example these dimensions are respeetively 28 and 12 mm., while in
the smallest seen they are 1.5 and 0.5 mm. Under surface with a eentral
scar, and beyond it delicate radiating lines, fine eoneentrie striae, and, at
intervals indieating stages of growth, stronger wrinkles. Very often the
zoaria are evidently made up of distinet superimposed layers, but these
are not usually distinguishable internally. Upper or eonvex surface with-
out montieules, but exhibiting, at intervals of about 4 mm., distinet
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clusters of large zocecia. Generally, at the center of each of these clusters,
the mesopores which are small and in nearly all cases just about numerous
enough to isolate the zoccia, are gathered into groups of varying size.
Zocecial apertures circular, those in the clusters attaining a diameter of
0.4 mm., while those of the smaller size in the inter-macular spaces
average about 0.22 mm., with 11 or 12 in 3 mm.

“ Internal Characters: The first peculiarity to be noticed in tan-
gential sections is the relatively great abundance of the mesopores. In
most specimens they form a complete ring around the zocecia, and it is
chiefly the large cells in the clusters that are occasionally in contact at
limited points. The zocecial walls are thin. The cystiphragms are more
numecrous and extend to a less distance from the walls than in any other
American species. The opening left by them is of various shapes, gen-
‘erally subangular, and often removed from the walls. True acanthopores
have not been detected.

“In vertical sections the abundance of the mesopores, the narrowness
of the cystiphragms, and the unusual crowding of the tabulation in both
sets of tubes, are the distinctive features. In the mesoporcs the average
number of diaphragms in 1 mm. is. over 25, while the cystiphrams may
number as high as 20 in 1 mm., though the average is not likely to be
over 15 in that.space.”—TUlrich, 1893.

Occurrence.—CHAMBERSBURG LIMESTONE (Echinospherites bed).
Pinesburg Station, Maryland. This species has hitherto. bcen known
only from the lower Trenton (Prosser limestone) of Minnesota.

Collections.—Maryland Geological Survey, U. S. National Museum.

Prasorora coNTIGUA Ulrich

Plate XLVII, Figs. 7, 8

Prasopora contigua Ulrich, 1886, Fourteenth Ann.. Rept. Geol. Nat. Hist.
Surv. Minnesota, p. 87.

Prasoporae contigua Ulrich, 1893, Geol. Mlnneéota, vol. iii, p. 249, pl. xvi,
figs. 24-26.

Description.—“ Zoarium hemispheric, base flat or slightly concave,
usually less than 30 mm. in diameter. Zocecia with very thin walls and
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polygonal apertures, 10 or 11 of the average size in 3 mm. Clusters of
zoecia, some of them attaining a diameter of 0.37 mm., occur at intervals
of less than 4 mm. Mesopores comparatively few, often difficult to detect
at the surface.

“ Internal Structure: Tangential scctions show that the zoecial walls
are polygonal and very thin, with neighboring cells in contact, cxcept at
many of the angles of junction, these being occupied by one or two small
mesoporcs. The latter often form very inconspicuous clusters at the
center of the groups of large zocecia, but in the intecrmediate spaces not
over half of the angles of junction between the ordinary zoocia are
occupied by mesopores, A few very small acanthopores arc developed.
The opening left by the cystiphragms is generally of ovate form and more
often eccentric than central in its position within the tube cavity.

“ Vertical sections are peculiar chiefly because they exhibit a marked
dccrease in the number of mesopores when compared with other species
of the genus.”—Ulrich, 1893.

Occurrence.—CHAMBERSBURG LiMESTONE (Nidulites bed). Pennsyl-
vania, Maryland, and Virginia. The cliffs along Conocochcague Creek
at Wilson, Maryland, exhibit specimens of this bryozoan. A not uncom-
mon fossil of the Decorah shale division of the Black River group of
Minnesota.

Collections.—Maryland Geological Survey, U. 8. National Muscum.

Family CONSTELLARIIDAE
Genus DIANULITES Eichwald
DIANULITES PETROPOLITANUS Dybowski
Plate XLIV, Figs. 6, 7

Dignulites petropolitanus Dybowski, 1877, Die Chaetetiden der Ostbaltischen
Silurform., p. 24, pl. 1, figs. 4, 5.

Dignulites petropolitana Bassler, 1911, Bull. U, S. Nat. Mus. No. 77, pp. 232,
237, pl. ii, figs. 4-6a; pl x, figs. 7-11; text figs. 129-132.

Monotrypa (Chaetetes ?) cumulata Ulrich, 1893, Geol. Minnesota, vol. iif,
pt. 1, p. 307, pl. xxvii, figs. 26, 27.

Description.—Zoarium massive, usually hemispheric with a slightly
concave, epithecated base, and about 2.5 cm. wide, but ranging from this
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to large expansions 10 or morc eentimeters across. Some specimens are
of irregular shape, but almost always show their origin from the usual
hemispheric forms. Celluliferous side usually smooth, but somectimes
divided into polygonal, usually hexagonal, areas bounded by crestlike
elevations formed of mesopores. At the center of these arcas is a similarly
elevated cluster of mesopores forming the macula. Zocecia thin-walled,
polygonal, averaging four in 2 mm. Mesopores few, restricted usually to
the macula and to the edges of the polygonal areas noted above. Acan-
thopores absent. Diaphragms placed at irregular intervals in the zoceeial
tubes, but usnally at distances varying between onc and two tube diam-
eters. In the mesopores three diaphragms oceur in a distance of their own
diameter. Walls exhibitihg the minute granules scen in the typical
species of Dianulites.

Occurrence.—CHAMBERSBURG LIMESTONE (Echinospherites bed).
Pinesburg Station, Maryland. Middle Ordovician of Ksthonia, Russia,
and Goodhue County, Minnesota (Prosser limestone).

Collections.—Maryland Geological Survey, U. 8. National Museum.

Family TREMATOPORIDAE
Genus HEMIPHRAGMA Ulrich

HemiparAGMA IRRASUM (Ulrich)
Plate XI.IV, Figs. 1-5

Batostoma irrasa Ulrich, 1886, Fourteenth Ann. Rept. Geol. Nat. Hist. Surv.
Minnesota, p. 94.
Hemiphragma irrasum Ulrich, 1893, Geol. Minnesota, vol. iii, p. 299, pl. xxiv,

figs. 5-19. o
Hemiphragma irrasum Bassler, 1911, Bull. U. S. Nat. Mus., No. 77, pp. 284
286, text figs. 172, 173.

Description.— Zoarium consisting of small, subeylindrieal, frequently
and rather irregularly dividing branehes, eommonly 5 or 6 mm. in diam-
eter, but varying from 4 to 8 mm., the latter extreme probably only when
an extra layer of tubes has grown over the original braneh. Monticules
wanting, but under fully matured eonditions the surfaee is abundantly
spinulose. Zocceia with subangular apertures and thin walls when young,
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and with smaller, subcircular or oval aperturcs and more or less thiek

walls in fully matured examples ; arrangement of apertures rather regular
in rows about small solid spots, in the immediate vieinity of which the
zoeeeia may be of larger size than elscwhere;wseven to nine in 3 mm,.
Interspaces apparcntly solid and gencrally with shallow irregular depres-
sions in most speeimens, but in very young stages a variable number of
irregular mesopores may be recognized. Acanthopores numerous, two
or more to each zocecium, situated in the angles of junction and inter-
spaces, and inereasing in size with age. They are large and a conspicuous
external feature of well-prescrved mature examples.

“ Internal Characters: In the axial region of vertical seetions the tubes
have thin and irregularly fluctuating walls, and few or no diaphragms.
The latter are complete here and the proximal end of the tube expands
to full size with unusual rapidity. In the peripheral region, which is
narrow and abruptly distinguished from the axial, the walls are more or
less thickened, and the tubes intersected by semi-diaphragms, about four
in 0.5 mm. I have satisfied myself that all the transverse partitions in
this outer part of the zocecial tubes are really incomplete. That many
may appear entire in sections is only because their inner edge happens
to be vertical instead of horizontal. Mesopores are difficult to make out
in these sections, being short and usually filled, in part at least, with
solid tissue. In the axial part of transverse sections the tubes are un-
usually irregular and their walls eomparatively thick.”—Ulrich, 1893.

Occurrence.—CrAMBERSBURG LIMESTONE (Echinospherites bed). Sev-
cral localities in southern Pennsylvania and at Pinesburg Station, Mary-
land. Black River and Early Trenton of the Upper Mississippi Valley.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus DIPLOTRYPA Nicholson
DIPLOTRYPA ? APPALACHIA D. Sp.
Plate XLVII, Figs. 9-11

Description.—Zoarium a small hemisphere or subeonical mass averag-
ing 20 mm. in width and 10 to 15 mm, higl. The under surface exhibits
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extremely small tubes which indicate that the reference of the fossil to

the Bryozoa may be incorrect. The upper surface shows extremely large
openings for a bryozoan, averaging 1 mm. in diameter, with thin walls.
In thin sections these cells are seen to be separated by small, irregular
mesopore-like structures. Vertical sections are particularly interesting
because here the rapid increase in diameter of the tubes from the minute
pores of the base to the wide openings of the outer part is well shown.
The walls in such sections are seen to be thin and slightly undulating.
No diaphragms are developed in either the larger or smaller tubcs.

It is possible that more extended study of this organism will show it to
be a coral related to Lichenaria, but most of the evidence at present secms
to indicate its relationship to the Bryozoa.

Occurrence.—~—CHAMBERSBURG LIMESTONE. This fossil and Nidulites
pyriformis are the two most abundant and characteristic species ot
the Nidulites bed of the Chambersburg formation. The comparatively
large tubes of this bryozoan may be seen in weathercd cross-sections
wherever the more massive layers of the Nidulites beds are exposed.
Pinesburg and Wilson, Maryland, afford numerous specimens.

“Collections.—Maryland Geological Survey, U. S. National Museum.

Genus BATOSTOMA Ulrich

BaTostoma JaMEsT Nicholson

~Plate LIV, TFigs. 1, 2

Chaetetes jamesi Nicholson, 1874, Quart. Jour. Geol. Soc. London, vol. xxx,
p. 506, pl. xxix, figs. 10, 10Db.

Chaetetes jamesi Nicholson, 1875, Pal. Ohio, vol. ii, p. 200, pl. xxi, figs.
11, 11a.

Monticulipora (Heterotrypa) jamesi Nicholson, 1881, Genus Monticulipora,
p. 147, figs. 25, 26. '

Batostoma jamesi Cumings, 1908, 32d Ann. Rep. Dep. Geol. Nat. Res. Indiana,
p. 775, pl. vii, figs. 8, 8a; pl. viii, fig. 1; pl. xxvii, figs. 6, 6a.

Description.—Zoarium of small, rounded, solid stems marked at the
surface by large oval zowecia, rather conspicuous acanthopores and numer-
ous mesopores. In tangential sections the walls in the mature region
consist of thick, dark rings of dense tissue usually widely separated from
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each other by angular, irregularly shaped mesopores. Embedded in these
walls numerous acanthopores may be noticed. In longitudinal sections
the zocecia arc provided with rather infrequent complete diaphragms and
mesopores with partitiens which are four or five times as numerous.
Occurrence.—MARTINSBURG SmALE (Eden division). Abundant and
characteristic in the Eden shale of the Ohio Valley. Impressions of &
ramose bryozoan in the upper part (Eden) of the Martinsburg shale at
Jordans Knob, one and one-half miles northeast from Fort Loudon,
Pennsylvania, and Cowans Gap, five miles northeast of McConnellshurg,

Pennsylvania, have the external features of this species. -
Collections.—Maryland Geological Survey, U. S. National Museum.

Family BATOSTOMELLIDAE
Genus BYTHOPORA Miller and Dyer
ByrrOPORA ARCTIPORA (Nicholson)

i Plate LIII, Figs. 11-13

Ptilodictya ? arctipora Nicholson, 1875, Ann. Mag. Nat. Hist., 4th ser,,
vol. xv, p. 180, pl. xiv, figs. 4-4b.

Ptilodictya ? arctipora Nicholson, 1875, Pal. Ohio, vol. ii, p. 262, pl. xxv,
figs. 9-9b.

Bythopora arctipora Bassler, 1906, Proc. U. S. Nat. Mus., vol. xxx, p. 90,
pl. ii, figs. 1, 2.

Description.—This minute species is characterized by its long, slender,
eylindrical branches, a millimeter or less in diameter, made up of zocecial
tubes which open at the surface in elongate, often attenuate, orifices.
The internal structure is that of the genus Bythopora, that is, the zocecial
walls are fused in the mature region, diaphragms are praectically absent,
the apertures are oblique and narrowed above, and the interspaces are
canaliculate. Mesopores are present but small, and on account of the
small sizc and little development of the zocecia in this species, they are
inconspicuous.

Occurrence—MARTINSBURG SHALE (Eden division). An abundant
and characteristic Eden fossil of the Ohio Valley. Not so abundant in
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the upper part (Eden) of the Martinsburg shale at Jordans Knob, one

and one-half miles northeast of Fort Loudon, Pennsylvania, and west

slope of Rickard Mountain, Washington County, Maryland.
Collections.—Maryland Geological Survey, U. S. National Museum.

Family HALLOPORIDAE
Genus HALLOPORA Bassler

HALLOPORA ONEALLI SIGILLARIOIDES (Nieholson)

Plate LLIII, Fig. 10

Chaetetes sigillarioides Nicholson, 1875, Pal. Ohio, vol. ii, p. 203, pl. xxil,
figs. 9, 9a. .

Callopora sigillarioides Nickles, 1905, Kentucky Geol. Surv., Bull. v, p. 50,
pl. ii, figs. 10, 11.

Callopora onealli sigillaroides Bassler, 1906, Proc. U. S. Nat. Mus., vol. xxx,
pl. vi, figs. 3, 4.

Description.—Zoarium ramose, consisting of narrow, dichotomously
dividing branches from 2 to 4 mm. in diameter. Surface of branches
usually smooth, although occasionally the clusters of larger cells
(maculae) are slightly elevated. Apertures of zocecia oval, about six in
# mm. measuring along the length of the branch, and eight in the same
space transversely with their longer diameter in the direction of the
branch. Mesopores numerous. Diaphragms few in the axial region of
the tubes, but rather numerous in the mature zone. In the mesopores
the diaphragms are closely spaced throughout their length.

Occurrence.—MARTINSBURG SHALE (Eden division). Very abundant
and characteristic of the Eden shale in the Ohio Valley. Upper part

(Eden) of Martinshurg shale at Jordans Knob, onc and one-half miles
northeast of Fort Loudon; Cowan’s Gap, five miles northeast of McCon-

nellsburg, and Tuscarora Mountain, two and one-half miles southeast of
MecConnellsburg, Pennsylvania. The corresponding horizon in Maryland
on Rickard Mountain, Washington County, also furnishes specimens. In
all of the eastern localities the species oceurs as molds in the sandy
matrix, but the preservation is so good that gutta percha squeezes readily
show all of the specific characters of the surface.

Collections.—Maryland Geological Survey, U. S. National Museum.
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order CRYPTOSTOMATA
Family PTILODICTYONIDAE
Genus ESCHAROPORA Hall
EsciiAroPoRA CONFLUENS Ulrich
Plate XT, Figs. 11-14
Escharopora conjfiuens Ulrich, 1893, Geol. Minnesota, vol. iii, p. 171, pl. xiii,
figs. 1-11.,

Description.— Zoarium branehing, the smallest seen less than 25 mm.
high, with the branehes averaging about 2.5 mm. in width; the largest
fragments indieate a hight of from 80 to 120 mm., and in these the width
of the branches varies from 4 to 8 mm. The two surfaces of the branches
are generally obtusely ridge-shaped, and in the largest a row of monti-
cules, or simply clusters of large cells, oceurs on the summit of the ridge.
Edges thin and sharp, commonly with a coarsely striated or pitted narrow
border. Through all stages, though less distinet in the oldest, the
zoceeial apertures are narrow and appear to be drawn out at the ends so
as to connect by means of a narrow channel. This confluent character
of the zocecial apertures is better shown and more regular in the eentral
rows, where they are also narrower and on the whole eonsiderably smaller
than toward the margins. In the central rows, 10 in 5 mm. lengthwise;
18 or 19 in 5 mm. diagonally, and five and one-half in 1 mm., and 10 in
2 mm., transversely ; of longitudinal rows there are 19 or 20 in 2 mm.

“ Tangential sections show that the base of the zowecla, excepting those
in the marginal rows, is bounded by very thin, straight, longitudinal wall,
and equally thin transverse partitions. This portion of the zoceeium
therefore may be deseribed as a parallelogram, with the length and
breadth respectively as four is to one. At about the middle of the hight
of the primitive eell its sides have spread a little and the ends eontracted

in a corresponding degree. Just as the posterior half is about to be

roofed over two projections from the side walls, at a point a little behind
the middle, gradually converge until they meet and thereby cut off and
15
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enclose the elliptical primitive aperture. In the succceding stages the
principal change is a reduction in the size of the apertures, caused by an
internal deposit.”—Ulrich, 1893.

Occurrence.—CHAMBERSBURG LIMESTONE (Caryocystites bed). Blue
Spring, Franklin County, Pennsylvania: The type specimens of this
species were found in the Decorah shales division of the Black River at
Minncapolis, Minnesota.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus ARTHROPORA Ulrich
ARTHROPORA BIFURCATA Ulrich

Plate XLVIII, Figs. 13-15

Arthropora' bifurcata Ulrich, 1893, Geol. Minnesota, vol. iii, p. 178, pl. xiv,
figs. 22-25.

Description.—* Scgments small, thin, with sharp edges and rather wide
nonporiferous border, the lower ones bifuréating, usually only once; so
far as observed not over 8 mm. long, and from 1.2 to 1.8 mm. wide; the
upper joints shorter, their length occasionally less than 5 mm., bifureat-
ing or with a single lobe-likc projcction on one or both sides. Young
segments with comparatively large, ovate zowecial apertures, not very
regularly arranged in longitudinal and diagonally intersecting scrics,
with about nine in 3 mm. lengthwise, and five in 1 mm. diagonally.
Apertures enclosed in distinct granulosc rims, connecting longitudinally.
Interspaces depressed, sometimes with a few indistinet striae. With age
the zocecial apertures become more circular and smaller, and the peri
stomes and connecting ridges thicker.”—TUlrich, 1893.

Occurrence.—Cl1AMBERSBURG LIMESTONE (Christiania bed). Green-
castle and other localities in southern Pennsylvania.

Black River and early Trenton of Minnesota, Kentucky, Tennessce,
and Canada.

Collections.—Maryland Geological Survey, U. S. National Muscum.
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ARTHROPORA CLEAVELANDI (James)
Plate LI1I, Figs. 14, 15

Ptilodictya cleavelandi James, 1881, Paleontologist, No. 5, p. 38.
Arthropora cleavelandi Bassler, 1906, Proc. U. S, Nat. Mus., vol. xxx, p. xiv,
pl. 3, figs. 13-16; pl. 4, fig. 6.

Description.—Ptilodictya cleavelandi James, as shown by the type, is
founded upon segments of a rather well-marked species of Arthropora
occurring abundantly throughout the various subdivisions of the Eden
shale. The species is characterized by slender, generally nonbifurcating
scgments (in consequence of which the eomplete zoarium must have con-
sisted of comparatively only a few rigid branches) and by the numerous
and small lateral branchlets springing out at nearly right angles from the
main stem. The segments are usually found separated, speeimens retain-
ing more than a sequence of two or three being extremely rare. Ir
length they vary but little from the average of ¥ mm. The basal seg-
ment is bifureated and drawn out acuminately below.

The zoceeial apertures are as usual in this genus, elliptical, surrounded
by a delicate peristoine. The interspaces have one or more thread-like
ridges, variously disposed and with a row of minute papillae.

Occurrence.—MARTINSBURG SHALE (Iiden division). TPennsylvania
and Maryland. Jordans KXnob, one and one-half miles northeast of Fort
Loundon and Tuscarora Mountain, two and one-half miles southeast of ,
MeConnellsburg, in Pennsylvania, and the western slopes of Fairview and
Riekard Mountains, Washington County, Maryland, are localities where
the speeies may be found.

A characteristic and abundant species of the Eden shale at Cinciunati,
Ohio, and vieinity.

Collections.—Maryland Geological Survey, U. S. National Museum.
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Family PHYLLOPORINIDAE
Genus CHASMATOPORA Eichwald

CrasMaTOrorA RETICULATA (Hall)
Plate XI,, Figs. 4-6

Intricaria ? reticulate Hall, 1847, Pal. New York, vol. i, p. 77, pl. xxvi,
figs. 8a-c.

Phylloporing reticulata Ulrich, 1890, Geol. Surv. Illinois, vol. viii, pp. 332,
639, pl. 1iii, figs. 2, 2a.

Phylloporina reticulata Ulrich, 1893, Geol. Minnesota, vol. viii, p. 210, pl. iv,
figs. 8-15.

Chasmatoporae reticulata Bassler, 1911, Bull. U. S. Nat. Mus., No. 77, pp. 170,
171, text fig. 86.

Description.— Specimens as seen, consisting of small, flat or undulat-
ing, reticulate expansions, being in cach case evidently fragments of a
depressed, funnol-shaped zoarium, probably not exeeeding 5 cm. in
diameter. Branches rounded in section, 0.2 to 0.3 mm. in diameter,
inosculating at unusually frequent and regular intervals. Fenestrules
somewhat elongate, about as wide as the branches, subrhomboidal in
shape in the more regularly eonstructed fragments; their number in a
given space is fairly constant, the extremes noticed in 1 cm. being 10
and 12. Reverse of branches convex finely striated lengthwise.

“ Qbverse strongly convex, with three rather irregular rows of zoceeia,
their apertures subeircular, with a distinet peristome, about 0.1 mm. in
diameter, eight or nine in 2 mm. Acanthopores abundant, irregularly
distributed, rather large, especially so in the earliest forms of the species,
Interspaces slightly concave, occasionally faintly pitted and striated.

“Tn tangential seetions the zocecia are rather short, with a row on
each side directed obliquely outward, and one series between them. The
latter are wedge-shaped, and in deep sections appear as a more or less
narrow central space. Diaphragms, one in each tube, have been observed.”
Ulriel, 1893.

Occurrence.—CHAMBERSBURG LIMESTONE (Caryocystites bed). Fort

Loudon and Blue Spring, Franklin County, Pennsylvania. The original

types are from the Trenton limestone of New York, but the species has a
wide distribution in both the Black River and Trenton rocks.
Collections—Maryland Geological Survey, U. S. National Museum.
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CrasMATOPORA SUBLAXA (Ulrich)
Plate XTI, Figs. 7-10

Phylloporina sublaza Uirich, 1890, Journ. Cincinnati Soc. Nat. Hist., vol. xii,
p. 179, fig. 6.

Phylloporina sublare Uirich, 1893, Geoi. Minnesota, voi. iii, p. 209, pl. iv,
figs. 1-7.

Description.—* Zoarium an undulating flabelliform expansion, attain-
ing a diameter of 5 em. or more, eonsisting of irregularly inosculating
slender subcylindrieal branches, varying in ‘width from 0.3 to 0.6 mm.,
but averaging about 0.45 mm. Fenestrules large, subaeutely elliptieal,
varying eonsiderably in shape and size, generally two or three times

longer than wide ; measuring longitudinally, the average number in 1 em

is between five and six ; transversely, nine or ten in the same space. These

measurements apply to the Tennessce specimens. In the Minnesota form
of this speeics the fcnestrules are smaller, averaging between six and
seven in 1 em. lengthwise.

« Reverse of the Tennessee speeimens strongly rounded, nearly smooth,
or with faint longitudinal strise. In very young examples the latter
would probably be more distinet.”—Ulrieh, 1893.

Occurrence.—CHAMBERsBURG LimesToNE (Caryoeystites bed). Fort
Loudon and Blue Spring, Franklin County, Pennsylvania.

Specimens from the Stones River, Black River, and Chazyan roeks have
been identified with the types of this speeies whieh were found in the
Upper Stones River limestone of Central Tennessee.

COollections.—Maryland Geological Survey, U. S. National Museum.

Family ARTHROSTYLIDAE

Genus HELOPORA Hall
HxrrororA vivaricata Ulrieh

Plate XL, Figs. 1-3

Helopora divaricate Ulrich, 1886, Fourteenth Ann. Rept. Geol. Surv. Min-
nesota, p. 59.

Helopore divaricata Uirich, 1893, Geol. Minnesota, voi. iii, p. 191, pl. iij,
figs. 1-3.

Helopora divaricata Bassier, 1911, Bull. U. 8. Nat. Mus,, No. 77, pp. 149-150,
text fig. 72.
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Description.— Zoarium jointed ; segments about 7.0 mm. long, obtuse
at both extremities, subeylindrical, polygonal in cross-section, the number
of the angles and corresponding rows of zoecial apertures six, seven or
eight. Their diameter varies w1th age and aceordlnﬂf to the number of
zocecia contained from 0.5 to 0.9 mm. Zocecial aperturos ecomparatively
large, oblique, ovate, sceming to widen anteriorly, arranged in troughs
between strong longitudinal ridges, 12 in 5 mm, lengthwise and generally
in regular transverse rows. - Posterior border of apertures thick, promi-
nent, sloping backward into the aperture next below. This border is

continued upon the sides of the zoceial aperture as two diverging ridges

which extend on cach side to the summit of the longitudinal keels where
they meet with similar ridges from the adjoining rows. These divarieat-
Ing ridges cause the strong vertical keels to appear as being marked by a
suceession of narrow A-shaped furrows and ridges. Oeccasionally, and
this is true more especially of the young and slender segments, the
rounded posterior slope is divided by a central furrow into two small
ridges.”—Ulrich, 1893.

Occurrence.—CHAMBERSBURG LIMESTONE (Caryoeystites bed). Fort
Loudon, Franklin County, Pennsylvania. This species has heretofore
been recorded from the Decorah shales of the Black River group of Minne-
sota and the Kuckers shales of Esthonia, Russia.

Collections.—Maryland Geological Survey, U. S. National Museum.

Hevorora spiNtrorMIs (Ulrich)
Plate XLIV, Figs. 8-10
Arthroclema spiniformis Ulrich, 1882, Jour Cincinnati Soc. Nat. Hist.,
vol. v, p. 161, pl. vi, figs. 10, 10a.

Helopora spiniformis Ulrich, 1893, Geol. Minnesota, vol. iii, pl iii, figs. 4-6.

Description.—* Zoarium eomposed of numerous segments, which are
eylindrieal, poriferous on all sides, and pointed more or less obtusely at
each end; their length varies from two- to four-tenths of an inch, their
diameter from .015 ineh to .04 ineh. Cell apertures oblique, arranged
between slightly clevated longitudinal lines, and in transverse rows
around the stem. On aceount of their obliquity, well-preserved examples
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have the lower margin of the aperture prominently elevated. There are
from 8 to 16 longitudinal series of cell-apertures around the segments;
seven of the transverse series oecupy the space of .1 inch. Longitudinal
seetions show that the eells radiate from a eentral axis, that their walls
are thin near the axis, and become much thickened as they approach the
surface. No diaphragms. In transverse sections the eells radiate from
the central axis, and appear as so many wedges arranged around a eentral
point.”—Ulrieh, 1893.

Occurrence.—CHAMBERSBURG TaMEsTONE  (Eehinospherites  bed).
Pinesburg Station, Maryland. Lebanon limestone division of the Stones
River group at Lebanon and other localities in Central Tennessee.

Collections.—Maryland Geological Survey, U. S. National Museum.

Family RHINIDICTYONIDAE
Genus RHINIDICTYA Ulrich
RHINIDICTYA NEGLECTA Ulrich

Plate XI.IV, Figs. 11-14

Stictopora paupera (in part) Ulrich, 1886, Fourteenth Ann. Rept. Geol. Nat.
Hist. Surv. Minnesota, p. 69.

Rhinidictya neglecta Ulrich, 1893, Geol. Minnesota, vol. iii, p. 130, pl. v,
figs. 22-25.

Description.— Zoarium small, branches dividing dichotomously at

intervals of from 4 to 7 mm., rather eonvex, the margins parallel, not
very sharp, and with non-eelluliferous border variable. Width of branelies
rather constant at about 1.5 mm. Zoceeia in 8 to 11 ranges, the usual
number nine, with rather small, elliptical, oblique apertures, about 17 in
5 mm. lengthwise, and six in 1 mm. transversely. In most eases all the
apertures are directed longitudinally or parallel with the edges of the
branches; in others, however, those forming the marginal row on cach
side may be turned slightly outward. Interspaecs comparatively thiek,
less ridge-shaped than usual, often slightly zigzag, with the range of
granules well developed.

“ Internal strueture chiefly diagnostie in vertieal seetions. . These show
that the primitive or prostrate eell is comparatively elongate, and that at
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the turn into the vestibule > the wall is merely sharply curved and not
angular, as in B. mutabilis.”—Ulrieh, 1893.
Occurrence—CHaMBERSBURG LiMEsToNE  (Eehinospherites bed).
Southern Pennsylvania and Pinesburg Station, Maryland. TLower Tren-
ton of Kentueky, Tennessee, and Minnesota.
COollections.—Maryland Geologieal Survey, U. S. National Museum.

BRACHIOPODA

order ATREMATA
Family OBOLIDAE
Genus LINGULELLA Salter
LINGULELLA sp.

Description.—No fossils have been found in the Wayneshoro formation
_in Maryland, but Stose records the diseovery of a few poorly preserved
shells in the sandy shales at the top, just each of Waynesboro in Pennsyl-
vania. These were identified as an undetermined speeies of Lingulella
suggesting Middle Cambrian age. Better preserved material is neeessary

before any stratigraphie use ean be made of this species, and for that
reason it has not been figured.

Occurrence.—WAYNEsBoro FormarioN. Just east of Waynesboro,
Pennsylvania.

Collection.—U. S. National Museum.

Genus LEPTOBOLUS Hall
LerrosoLus ? ovALIs n. sp.

Plate XLIX, Figs. 14-16
Description.—This interesting little brachiopod is assoeiated with the
quite similar Lingula riciniformis Hall from whieh it ean be distin-
guished externally by its more rounded beak. Tnternally the valves of
this new Leptobolus show the two or three diverging, slightly elevated
septa charaeteristic of the genus, but these are so faintly developed that
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the species cannot be considered typieal. Paterula, which differs from
Leptobolus in having the inner margins of the valves thickened, must also
be eonsidered in determinating its final gencric position.

Compared with other speeies of Leptobolus, L. ovalis is distinguished
at onee by its larger size, more elongated, oval shape, more rounded beak
and less elearly marked interior.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Many loealities in
the Chambersburg and Mereersburg quadrangles of Penusylvania and in
the southern extension of the same strata into Maryland. The figured
speeimens are from the locality two miles northeast of Kau{fman, Penn-
sylvania.

Collections.—Maryland Geological Survey, U. S. National Muscum.

LeprosoLus 1nNsieNrs Hall
Plate LLI, Fig. 13
Leptobolus insignis Hall, 1871, Fossils from Hudson River Group, p. 3, pl. iii,
fig. 17 (Twenty-fourth Rept. New York State Cab. Nat. Hist, p. 227,
pl. vii, fig. 17).
Leptobolus insignis Hall and Clarke, 1892, Pal. New York, vol. viii, pt. i,
p. 74, pl. iii, figs. 1-6.

Description.—Shell semiphosphatie, minute, 1.50-2.00 mm. in length,
fragile, orbicular, with a scareely pointed beak. Valves subeireular,
regularly convex and marked with coneentric lines of growth on the
exterior surface. Ventral valve with a distinct pedicle groove and an
elevated subquadrate muscular area on its interior. The dorsal valve is
somewhat thickened on the cardinal margin and bears slightly clevated,
trifid muscular impressions. The internal surface with radiating striae
separates this species from other forms of the genus.

Occurrence.—MARTINSBURG SHALE (Corynoides bed). Chambers-
burg, Pennsylvania, and Williamsport, Maryland. TUtiea shale of New
York, Canada, and tlic Ohio Valley.

Collections.—Maryland Geological Survey, U. S. National Muscum.
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Family LINGULIDAE
Genus LINGULA Bruguiere
Lingura riciNtrormis Ifall
Plate L, Figs. 6-8
Lingula riciniformis Hall, 1847, Pal. New York, vol. i, p. 95, pl. Xxx, fig. 2.
Lingula (GQlossina) riciniformis Hall and Clarke, 1892, Pal. New York,
vol. viii, pt. i, pl. i, fig. 3.
Lingula riciniformis Winchell and Schuchert, 1893, Minnesota Geol. Surv,
pt. iii, p. 343, fig. 24; pl. xxix, fig. 9.
Lingule riciniformis Weller, 1903, Geol. Surv. New Jersey, Pal. 3, p. 144,
pl. ix, fig. 8.

Description.—Shell oval to subelliptical in outline with the two valves
equally convex; an average specimen is 8 mm. long and 4 mm. wide.
Anterior margin regularly rounded, lateral margins slightly convex, sub-
parallel; postero-lateral margins rounded and apex rather blunt. Sur
face nearly smooth or marked by very fine concentrie lines of growth
Fine radiating striac arc sometimes visible,

As pointed out by Winchell and Schuchert in 1893 this shell is of
particular interest in showing the three stages of development very
clearly. The first shelled condition or “ protegulum” is very small;
second comes a sharply defined circular stage, termed the Obolella stage,
distinguished furthermorc by its lighter color, and third arises the stage
in which the shell begins to assume its specific form. Through the
addition of shell substance posterior to the protegulum the apex at
maturity is no longer marginal as in the Obolella stage, but has become
submarginate.

Occurrence.—MARTINSBURG SHALE (Sinutes bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia. Trenton limestone of New York,
Canada, Minnesota, and New Jersey.

Collections.—Maryland Geological Survey, U. S. National Muscum.

LINGULA NICKLESI n. sp.
Plate LVII, Figs. 1-3
Description.—The sandsvoncs of Lower Maysville age in the Appa-
lachians eontain specimens of a Lingula which upon close comparison
prove 10 be identical with a species from the upper part of the Fairview
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division of the Maysville at Cinecinnati, Ohio, and vieinity. This speeies
has the subquadrangular outline of Lingula elderi Whitfield from the
Blaek River group of Miunesota and Wiseonsin, but its anterior end is
more drawn out. It is also closely related to L. rectilateralis Xmmons
from the Utica shales of New York, but lacks the fine radiating striae of
that species, is more elongate and less quadrate.
Occurrence.—MarTiNsBUre StALE (Orthorhynchula bed at the top of
the Fairview division). Head of Raver’s Run, three and onc-half niles

southwest of Saxton, Pennsylvania.

The figured specimens are fromn the upper part of the Fairview forma-

tion at Cincinnati, Ohio.
Collection.—U. S. National Museum.

order NEOTREMATA
Family OBOLELLIDAE
Cenus OBOLELLA Billings
OBoLELLA MINOR (Waleott)
Plate XXV, Figs. 1-4
Camarelle minor Walcott, 1890, Proc. U. S. Nat. Mus. for 1889, vol. 12,
pp. 36-37.

Camarella ? minor Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 614,

pl. Ixxii, figs. 4, 4a-d.

Camarella minor Hall and Clarke, 1894, Nat. Hist. New York, Paleontology,

vol. 8, pt. 2, p. 221,
Obolella minor Clark and Mathews, 1906, Maryland Geol. Survey, vol. 6, pt. 1,
p. 252, pl. xvi, figs. 13 and 14.

Description— General form ovate, biconvex. - Surface smooth or
marked by concentrie lines and varices of growth. Ventral valve suba-
cuminate, moderately convex, with the most elevated portion at the umbo,
which curves toward the small apex; the posterior or nmbonal third of the
valve is usually more or less tumid, a ridge of growth separating it from
the anterior portion of the shell ; area nearly on the plane of the margins of
the valve and divided midway by narrow, decp, pediele furrow ; casts of
the interior show that the area formed a shelf on cach side of the pediele
furrow. Dorsal valve transversely ovate; a mnarrow, short area and a

slight median ridge are indicated on a cast of the interior.
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“This shell is small. A large ventral valve nieasures, lengtls ¥ mm.;
width, 6 mm.; & dorsal valve, length 6 mm.; width, 6.5 mm.”—Waleott.

Occurrence.—ANTIETAM SANDSTONE.  Mouth of Little Antietam
Creek near Eakles Mills, one mile east-southeast of Smithsburg and other
localities in Washington County, Maryland.

¢

Collections—Maryland Geological Survey, U. S. National Musenm.

Family DISCINIDAE
Genus ORBICULOIDEA D’Orbigny
ORBICULOIDEA LAMELLOSA (Hall)
Plate XLVIII, Fig. 12
Orbicula lamellosa Hall, 1847, Pal. New York, vol. i, p. 99, pl. xxx, fig. 1.0
(not Broderip, 1833).
Orbiculoidea lamellosa Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1,
pl. 4E, fig. 12,
Orbiculoidea lamellosa Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 147, pl. ix, figs. 1, 2.

Description.— Shell depressed-conical, nearly circular in outline, the
apex of the brachial valve situated about one-third of the breadth of the
shell from the margin. Surface marked by rather irregular, clevated,
more or less lamellose, coneentric lines, the grooves between the lines
being rather wider than the ridges themsclves.

“The dimensions of a nearly perfect brachial valve are: Length,
9.5 mm. ; width, 8.75 mm. ; convexity, 2.5 mm,”—Weller, 1903,

Occurrence.—CHAMBERSBURG LIMESTONE (Christiania bed). Penn-
sylvania and Virginia. Trenton limestone of Middleville, etc., New York,
New Jersey, and Ontario.

Collection.—U. S. National Muscum.

Family ACROTRETIDAE

Genus CONQTRETA Walcott

CovorreETA RUSTT Walcott
Plate L, Figs. 1-5

Conotreta rusti Walcott, 1890, Proc. U. S. Nat. Mus., vol. xii, p. 365, figs. 1-4.
Conotreta rusti Hall and Clarke, 1892, Pal. New York, vol. viii, pt. i, p. 104,
pl. 4K, figs. 16-21.
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Description.—Shell small, ealearco-corneous, cireular in outline and
cone-shaped, in form; 2 to 3 mm. in height. Pediele valve conieal with the
height greater than the length. Apex usually broken, but showing evi-
denee of the external opening of the sipho. Extending {rom the apex to
the posterior margin is a shallow furrow inereasing in width downward.
The posterior wall of the shell conforms to the eurvature of the rest of
the surface in small specimens, but this area becomes distinetly flattened
in larger examples, as in Acrotreta. Surface eovered with sharp con-
centric striae eurving slightly upward as they eross the foraminal groove.

Tn casts of the interior a strong apical callosity marking the probable
position of the foramen is produced anteriorly into a short, sharp ridge,
on either side of which lie two other ridges, with evidence of a third on the
lateral slopes.

The highly conical form of this ealearco-corneous shell and the numer-
ous radiating ridges on the ventral interior readily distinguish this
interesting brachiopod.

Occurrence.~—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia. Trenton limestone, Trenton
Falls, New York.

Collection.—U. S. National Museum.

Family TREMATIDAE
Genus SCHIZOGRANIA Hall and Whitfield
Scu1zocraxNia ¥irosa (Hall)

Plate L1T, Figs. 8, 9

Orbicula ? filosa Hall, 1847, Pal. New York, vol. i, p. 99, pl. xxx, fig. 9.
Schizocrania filose Hall and Whitfield, 1875, Pal. Ohio, vol. ii, p. 73, pl. i,
tigs. 12-15.
Schizocrania filosa Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii, p. 146,
pl. ix, figs. 3, 4.
Description.— Shell orbieular or subovate, the beak of the free or
brachial valve projeeting slightly beyond the limits of the ecircle, giving
a somewhat greater diameter along the median line than in a transverse

direetion. Pedicle or attached valve diseoid, very thin, deeply and broadly
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notched on the posterior side; the notch occupying nearly one-quarter
of the cireumference of the valve on the outer margin and cxtending
nearly to the center of the valve, its border thiekencd, cspecially at the
base, which is rounded, with the center marked by a slightly projecting
point, marked by strong, irregular, concentric undulations parallel to the
margin, but interrupted by the border of the notch. Brachial or frec
valve moderately convex, most prominent near the center, its surface
marked by fine, even, thread-like, radiating striae, which increase both by
bifurcation and intercalation, and become stronger toward the border
of the shell.”—Weller, 1903.

This interesfing brachiopod ranges in age from the Trenton to the
Riechmond, the best localities, however, being in the Trenton of New York
and the Maysville of the Ohio Valley. In thec Cumberland Valley the
species is known only in the lower part (Corynoides bed) of the Martins-
burg shale.

Occurrence.—MARTINSBURG SHALE (Corynoides bed). Williamsport,
Maryland.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Family CRANIIDAE
Genus PHOLIDOPS Hall
ProLipors CINCINNATIENSIS Hall

Plate L1V, Figs. 23, 24

Pholidops cincinnatiensis Hall, 1872, 24th Rept. New York State Cab. Nat.
Hist., pl. vii, fig. 10.

Pholidops cincinnatiensis Meek, 1873, Pal. Ohio, vol. i, p. 130, pl. v, fig. 2.

Description.— Shell small, ovate in outline. Larger valve about one-
fifth longer than wide, with height one-third to one-fourth the breadth.
Apex obtuse, near half way between the middle and the larger end.
Anterior end narrowly rounded, posterior end somewhat more broadly
rounded, or almost sub-truncate. Surface ornamented by six or seven
sub-imbricating marks of growth. Smaller valve unknown.

“Length, 0.14 ineh, 0.12 inch; height of larger valve, 0.04 ineh.”—
Meck, 1873.
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Occurrence—MARTINSBURG SHALE (Eden division). Molds and casts
showing the specifie characters quite plainly are found at Jordans Knob
one and one-half miles northeast of Fort Loudon, Cowans Gap, five miles
northeast MeConnellsburg, and Tuscarora Mountain two and one-half
miles southeast McConnellsburg, Pennsylvania. In Maryland the same
horizon on Rickard Mountain, Washington County, has afforded
specimens. Not uncommon in the Eden and Maysville strata of the
Ohio Valley.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

order PROTREMATA :

Superfamily ORTHACEA

Family BILLINGSELLIDAE
Genus EOORTHIS Walcott
KoorrHIS DESMoPLEURA (Meek)

Plate XXVII, Figs. 1-5

Orthis desmopleura Meek, 1872, Hayden’s U. S. Geol. Surv. Wyoming, p. 295.
Orthis (Plectorthis) desmopleura Walcott, 1905, Proc. U. S. Nat. Mus.,
vol. xxviii, p. 261. i

Eoorthis desmopleura Walcott, 1912, Mon. U. 8. Geol. Surv., vol. li, p. 777,

pl. xcvi, figs. 1, 1la-r.

Description.— This shell has the general form and external characters
of E. wichitaensis (Walcott). It differs in being less eonvex and in the
details of the radiating ribs. Eoorthis desmopleura differs from E. rem-
nicha (N. H. Winchell) in its uniformly smaller size, less convexity, and
in the details of the radiating ribs. The ribs have a wide range of varia-
tion, but when from the same character of matrix they are all of the same
type and the shells grade from one to the other. The ventral valves of
young shells 2 to 3 mm. long are highly eonvex and usually appear to he
a little longer than wide; if in sueh shells the surface striae are in sharply
clevated fasiculae, the result is to all appearances a rhynehonelloid
shell.
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“The interior of the ventral valve shows a narrow area, broad delthy-
rium, spondylium almost free from the bottom of the valve, and a median
septum that may have supported the front end of the spondylium. In
young and strongly convex shells the spondylium is narrow and very
strongly defined. The narrow area of the dorsal valve is divided by a
broad delthyrium, in the eenter of whieh is a very slightly developed
eardinal proeess.”—\Waleott, 1912.

Occurrence.—~CoN0OCOCHEAGUE LIMESTONE. Near Seotland, Franklin
County, Pennsylvania, and the same horizon near Funkstown, Maryland,

furnish fragments apparently of this speeies. T.’p'per Canadian and

lowest Ordovieian of Utah, New Mexieco and Colorado.
Collections.—Maryland Geologieal Survey, U. S. National Museum.

Family ORTHIDAE
Genus HEBERTELLA Hall and Clarke
HeperTELLA BOREALIS (Billings)
Plate XXXVIII, Figs. 9-12; Plate XL, Fig. 17

Orthis borealis Billings, 1859, Canadian Nat. Geol., vol. iv, p. 436, fig. 14.

Orthis borealis Billings, 1863, Geol. Canada, p. 129, fig. 56, p. 167, fig. 148.

Hebertella borealis Raymond, 1911, Ann. Carnegie Mus., vol. vii, No. 2,
p. 241, text figs. 13, 14.

Description.— Shell transversely oval, width at hinge cousiderably
less than the width below. Sides rounded, front straight or slightly
rounded. There is a low, broad depression in both valves. The pediele
valve is the more convex of the two in young speeimens, but in mature
shells the brachial valve is slightly the larger. The eardinal area of the
pediele valve is high and ineurved, with a narrow delthyrium. The sur-
faee is marked by from 20 to 30 broad, simple plications, separated by
very narrow grooves.”—Raymond, 1911.

Occurrence.—SToNES RIVER LimestoNe (Middle division). Near
Maugansville, Maryland ; Chambersburg, Pennsylvania.

CHAMBERSBURG LIMEsTONE (Caryoeystites bed). Fort Loudon and
Blue Spring, Pennsylvania.

A not uneommon Chazyan fossil in Canada and New York. In east
Tennessee the speeies occurs in the Lenoir (Middle Chazyan) limestone.

Collections.—Maryland Geologieal Survey, U. S. National Museum.
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HeBERTELLA VULGARIS Raymond
Plate XXXVIII, Figs. 1-5; Plate XLI, Tig. 18

Hebertella vulgaris Raymond, 1911, Ann. Carnegie Mus., vol. vii, No. 2,
p. 242, pl. xxxvi, figs. 2-5, text figs. 15-18, 22.

Description.—* Valves nearly equally eonvex, outline transversely oval,
hinge of variable length, but always less than the greatest width. Sides
and front rounded. Some speeimens have a broad shallow sinus in the
pediele valve, while others have that valve evenly eonvex, or merely
flattened toward the front. The braehial valve usually shows a narrow
but not deep sinus, whieh extends from the beak nearly or quite to the
front. The line in which the two valves ineet is usually straight, but in
those speeimens whieh have a sinus in the pediele valve and not in the
brachial, the front is sinuate. Mature speeimens usually have from 60 to
90 fine striae on each valve. The striae inerease both by bifureation and
implantation. The eardinal area of the pedicle valve is high and stightly
ineurved, the delthyrium apparently open. The teeth are supported by
thin lamellae, between which are the sears of the museles. In the braehial

valve there is a low median septum whieh expands at the posterior end,

forming a platform, in the middle of whieh is the small linear eardinal

process. In front of this platform are two pairs of deep adduetor sears.
The dental soekets are narrow and deep.”—Raymond, 1911.

Occurrence—SToNES RIvErR LimEstoNE (Middle division). Cham-
bersburg, Pennsylvania.

CitamMBERSBURG LimesToXE (Caryoeystites bed). Fort Loudon and
near Blue Spring, Pennsylvania.

An abundant fossil in the Chazyan rocks of New York, Canada, and
Temiessee.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

HEBERTELLA BELLARUGOSA (Conrad)
Plate XL, Fig. 6; Plate XLV, Figs. 10-12
Orthis bellarugosa Conrad, 1843, Proc. Acad. Nat. Sci., Phila., vol. i, p. 333.
Orthis bellarugosa Hall, 1847, Pal., New York, vol. i, p. 118, pl. xxxii, fig. 3.
Orthis (Hebertella 7) bellarugosa Winchell and Schuchert, 1893, Geol. Min-
nesota, vol. iii, p. 434, pl. xxxiii, figs. 1-4.

Hebertella bellarugose Raymond, 1911, Ann. Carnegie Mus., vol. vii, No. 2,
p. 245, pl. xxxvi, figs. 8, 9, text figs. 19, 20.

16
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Description.— Shell usually nearly circular in outline, valves about

equally convex. Surface marked by from 30 to 40 coarse striae which
inerease by implantation and bifurcation. The radial striae are erossed
by sharp concentric lamellae, produecing the rugose appearance which
suggested the specific name. From 10 to 15 of the radial striac are
stronger than the others, and between each pair of strong striae is a
single weaker one, except in the sinus of the brachial valve, where there
are two. The pedicle valve is evenly convex, somewhat flattened toward
the front, but without a sinus. Hinge line less than the greatest width.
Cardinal area not high, nor much incurved. The bachial valve has a
narrow median sinus.

“The shells vary in outline ; some are wider than long, while in others
the width and length are about cqual. The sides are rounded, and the
front is nearly straight in some specimens and rounded in others.”—
Raymond, 1911.

Occurrence.—CIIAMBERSBURG LIMESTONE (Caryoeystites and Echine
spherites beds). Pinesburg and Wilson, Maryland; Fort Loudon and
Blue Spring, Pennsylvania.

The original types of this wide-spread species were obtained in the
Black River rocks of Wisconsin. ‘

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Genus ORTHIS Dalman
OrTHIS TRICENARIA Conrad

Plate XL VII, Figs. 4-6

Orthis tricenaria Conrad, 1843, Proc. Acad. Nat. Sci. Philadelphia, vol. i,
p. 333.

Orthis tricenaria Hall, 1847, Pal. New York, vol. i, p. 121, pl. xxxii, fig. 8.

Orthis tricenaria Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1,"
pp. 191, 193, 221, 228, pl. v, figs. 9-14.

Orthis tricenaria Weller, 1903, Geol. Surv. New Jersey, Pal,, vol. iii, p. 151,
pl. ix, figs. 18-21,

Description.— Shell plano-convex, longitudinally semi-elliptical in
outline ; hinge-line equal to the greatest width of the shell, rarely shorter.
Cardinal area well developed on each valve. Surface marked by 30 to 36
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usnally nearly equal, simple, subangular, radiating eostac, which are

crossed by exceedingly delicete, coneentrie lines of growth. Pedicle valve
strongly convex, subangular along the median line, with the greatest
elevation on the umbo. Cardinal arca very high, more or less concave,
striated longitudinally and transversely, divided by a very narrow delthy-
rium, whose apieal third is oecupied by a flat, concave or convex deltidium.
Brachial valve nearly flat, slightly clevated at the beak, from whieh point
the surface slopes gradually into a broad, searcely pereeptible, rarely well-
defined, median sinus. Cardinal arca nearly one-third as wide as that of
the pedicle valve, flat, divided by a triangular delthyrium, which is as
_broad as long and more or less covered by a eonvex chilidium, the anterior
margin of which is eoneave. The dimensions of a rather large specimen

are: Length, 19 mm.; width, 20 mm.; thickness, 10.5 mm.”—Weller,
1903.

A characteristie fossil of the Black River group of the Mississippi and
Appalachian valleys.

Occurrence.—CHAMBERSBURG LinmesToNE (Nidulites bed). Wilson
and Pinesburg, Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus PLECTORTHIS Hall and Clarke
PrecrorTHIS rLICcATELLA Hall
Plate LVII, Figs. 4-7

Orthis plicatella Hall, 1847, Pal. New York, vol. i, p. 122, pl. xxxii, fig. 9.

Orthis plicatella Meek, 1873, Pal. Ohio, vol. i, p. 108, pl. viii, fig. 7.

Plectorthis plicatella Hall and Clarke, 1892, Pal. New York, vol. viii, pt. i,

p. 22, pl. v, ﬁgs. 18-20.

Description.—* Broadly semioval, nearly equivalve, length and breadth
about as 3 to 4; surface marked by strong radiating plicae, which are
usually simple, about 20 to 28 on each valve, crossed by simple elevated
concentric lines, which are more distinet in the depressions between the
costae, and often ohseure or obsolete upon their exposed surfaces; valves
nearly equally convex, without sensible depression or elevation on either
one, meeting at the edges in a straight line; cardinal line not extending
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beyond the width of the shell; area narrow, dorsal foramen extending
to the beak.”—Hall, 1847.

Occurrence.—MARTINSBURG SHALE (Orthorhynchula bed at the top of
the Fairview division). Tuscarora Mountain, one and one-half miles
southeast of MeConnellsburg, Pennsylvania. The types of this species
were obtained in the upper part of the Fairview formation at Cincinnati,
Ohio.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

I’LECTORTHIS PLICATELLA Hall var.
Plate LIV, Figs. 15-16

Description.—The typieal form of this species oeeurs in the lower part
of the Maysville group at Cineinnati, Ohio, and vieinity. The upper part
of the Martinsburg shale in Pennsylvania has afforded brachiopod so
close to P. plicatella that it cannot be eonsidered niore than a variety.
Unfortunately the preservation of these speeimens is not good enough to
allow this variety to be distinguished. A deseription of Plectorthis
plicatella is given above.

Occurrence.—~MARTINSBURG SHALE (IEden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania, has fur-
nished the Eden form here regarded as a variety.

Collections.—Maryland Geologieal Survey, U. S. National Musewn.

Genus DALMANELLA Hall and Clarke
DALMANELLA TESTUDINARIA (Dalman) var.

Plate 1., Figs. 9, 10

Orthis testudinaria Dalman, 1828, Kongl. Svenska Vet.-Akad. Handl., p. 115,
pl. ii, fig. 4.

Dalmanella testudinaria. Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 165, pl. x, figs. 1, 2; p. 216, pl. xvi, figs. 4, 5.

Description.— Adult shells subeireular and the younger ones trans-
versely subelliptical in outline; hinge-line less than the greatest width;
cardinal angles rounded, lateral and anterior margins broadly rounded,
though the extreme front of the shell is sometimes straight for a short
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distanee. Surfaee of both valves marked by unequal, angular, radiating
costae, about 10 or 12 of the largest ones having their origin at the beak,
the remainder being lateral branches from these. In some of the larger
individuals as many as 60 or more costae are present along the margin
of the shell. The branehes from the main costac are small at first, but
inerease in size towards the margin of the shell, and themselves give off
additional branehes. In many individuals this manner of branching gives
to the eostae a more or less faseieulate appearanee, each faseicle having
one large rib in the ‘eenter, with smaller ones on cither side. In those
specimens having the shell well preserved the bottoms of the grooves
between the ecostae exhibit a series of fine, transverse erenulations.
Pedicle valve convex, subearinate along the median line, the lateral slopes
nearly straight, the greatest eonvexity of the valve about ome-third the
distanee from the beak. Cardinal area moderately concave, forming an
angle of about 45° with the plane of the valve, about five or six times as
high. Delthyrium a little higher than wide. Braehial valve nearly flat,
with a sinus beginuing elose to the beak and expanding in a broad, shallow
depression towards the front.
“The dimensicns of an average-sized specimen are: Length, 8 mm.;
width, 8.25 mm.; eonvexity of pedicle valve, 2.5 mm.”—Weller, 1903.
The partieular variety of Dalmanella testudinaria deseribed above by
Weller from the Trenton limestone of New Jersey is represented in the
Sinuites bed at the base of the Martinsburg shale.
Occurrence.—MARTINSBURG SHALE (Sinuites bed). The Trenton
variety here figured oecurs at Chambersburg, Pennsylvania, and Stras-
burg, Virginia. Shells identified as this speeies oecurs in most of the
Middle and Upper Ordovieian strata of Europe and Ameriea.
Collections.—Maryland Geologieal Survey, U. S. National Museum.

DALMANELLA EDSONI 1. SD.
Plate XLIX, Figs. 17-21
Description.—This well-inarked new speeies is distinguished by its
large size and by its sharply folded plieations, arranged in bundles. The
length and breadth of average speeimens from southern Pennsylvania is
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as 3 1s to 4 mm., that is, the length is 18 mm. and the breadth 24 mm.
Other specimens from the same area attain as great a breadth as 35 mm.
The Vermont specimens are even more robust, an average speeimen here
being 30 mm. long and almost 40 mm. broad. The arrangement of the
plications in bundles, each bundle being marked off by a stronger plica-
tion, is also a striking specifie feature. The speeific name is in honor of
the late George E. Edson, who discovered the species in the Trenton
rocks of Vermont. '

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Two miles south

of St. Thomas, Pennsylvania. Lower Trenton at H ighgate Springs, Ver-

mont.
Collection.—U. S. National Muscum.

DALMANELLA MULTISECTA (Meek)
Plate LIV, Figs. 5, 6

Orthis emacerata var. multisecta (James MSS.) Meek, 1873, Pal. Olio, vol. i,
p: 112, pl. viii, fig. 3. '

Orthis emacerata var. multisecta Miller, 1875, Cincinnati Quart. Jour. Sei.,
vol. ii, p. 22. I

Orthis multisecta Sardeson, 1897, American Geologist, vol. xix, p. 97, pl. iv,
figs. 20-23.

Dalmanella testudinaria var. multisecta Cumings, 1908, 32d Ann. Rept.
Dept. Geol. and Nat. Res. Indiana, p. 901, pl. xxxiii, figs. 4, 4c.

Deséription.—-—" Shell small, subeircular, plano-convex, or sometimes
concavo-convex, hinge line shorter than the greatest breadth of the valves;
valves thin. Dorsal valve nearly flat, or having a coneentric depression
through the middle; mesial sinus undefined or indistinct; beak, small,
not incurved; area low at the middle, and narrowing off to nothing at
the lateral extremities; foramen very small and filled by the cardinal
process. Interior flat; mesial ridge extending to about the middle of the
shell, without any well-defined termination; sears of posterior pair of
adduetor muscles a little smaller than the anterior pair, from which they
are separated by a very fine line, or, more generally, not distinetly sepa-
rated ; cardinal process very small, conical, obscurely trifid on the pos-
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terior side; brachial processes slender, prominent, and direeted obliquely
forward ; surface granular and showing the radiating striae.

« Ventral valve eonvex, with elevated mesial ridge, greatest convexity
just behind the middle; beak arched, projecting slightly; area moderate,
narrowing laterally; foramen an equilateral triangle, partly occupied by
the cardinal process of the other valve. Interior strongly eoncave, show-
ing moderately prominent teeth ; dental laminae extend from the base of
the teeth forward, gradually becoming more indistinet as they fade away
in a cireular line to the mesial depression, forming a heart-shaped eavity
for the muscular sears; surfaee granular and showing the radiating
striae. '

« Qurface -of both valves ornamented by fine radiating striae, that
increase by bifureation ; lateral striac curved so that a few of them run
out on the hinge line; eoncentrie striac plainly visible with the aid of a
magnifier, and sometimes visible to the nnaided eye; imbricating marks
of growth usnal. Length of an average full-grown specimen, 0.50 inch;
breadth, 0.58 inch ; eonvexity, 0.20 inch. They vary, however, from one-
fourth this size to one-half larger.”—DMiller, 1875.

This. is probably the most abundant fossil of the Eden shale wherever
exposed. In the Appalachian Valley of Pennsylvania and Maryland it
oecurs in the upper sandy layers of the Martinsburg.

Occurrence.—MarTINSBURG STALE (Eden division). Jordans Knob,
*one and one-half miles northeast of Fort Loudon, in Pennsylvania, and the
west slope of Rickard Mountain in Maryland furnish speeimens.

Collections.—Maryland Geological Survey, U. S. National Museum.

DarmanerLra ELECTRA (Billings)

Plate XXXV, Fig. 6
Orthis electra Billings, 1865, Pal. Foss., vol. i, p. 79, fig. 72.
Dalmanella electra Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii, p. 125,
pl. iv, fig. 13.
Description.—Shell wider than long, the usual dimensions being about
6 mm. in length and ¥ mm. in width, with the hinge-line a little shorter

than the greatest width, and the cardinal extremities angular. Pediele
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valve moderately convex on the umbo, but more flattened towards the
cardinal extremities ; cardinal arca narrow, coneave above; beak project-
ing slightly beyond the cardinal margin. Surface marked by about 30
fine, subequal, radiating costae, increasing by bifureation.

The numerous fine radiating costac distinguish this shell from the
closely allied Dalmanella wemplei Cleland, which differs in having larger
costae at regular intervals.

Occurrence—BEERMANTOWN Limestoxs (Ceratopea zone). West of
Hagerstown, near Halfway, and east of Williamsport, Maryland.

Canadian at Point Levis, Qucbec, Newfoundland, New Brunswick,

New Jersey and Pennsylvania.
Collections.—Maryland Geologieal Survey, U. S. National Museum.

DarMaNeLLa weMPLET Cleland
Plate XXXI, Figs. 7-12

Dalmanetia (Orthis) wemplei Cleland, 1900, Bull. Amer. Pal,, vol. iii, p. 129
(257), pl. xvii, figs. 10-13.

Dalmanella wemplei Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iif,
p. 124, pl. iv, figs. 10-12.

Dalmanella wemplei Cleland, 1903, Bull. Amer. Pal., vol. iv, p. 19.

Description.—Shell small, the average being about 5 mm. long and
6 mm. wide, subquadrangular to subeireular in outline, with the hinge-
line slightly shorter than the width; eardinal extremities usually quite
angular. Pediele valve strongly eonvex, highest posterior to the middle;
beak elevated, projecting beyond the hinge-line; cardinal area high,
slightly arehed. Brachial valve much less convex than the pedicle, with
a mesial depreésion whiell may become a shallow sinus towards the front.
Surface of each valve marked by from 10 to 16 stronger, radiating eostae,
alternating with from two to four finer ones.

This species differs from the closely related Dalmanella electra (Bill-
ings) which occurs in the higher beds of the Beckmantown, especially
in its eoarser striae whieh alternate with from two to four finer ones.

The original types were colleeted in the Tribes Hill limestone at Fort
Hunter, New York. The species has been identified by Weller in the
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corresponding horizon in the Canadian part of the Kittatinny limestone
at Columbia, New Jersey. Specimens fairly well preserved are not
uneommon in the Stonehenge limestone, particularly the upper part, at
many localities in Maryland. The outerops around Hagerstown and
Funkstown have shown some layers fairly erowded with this brachiopod.

Occurrence.—BREEKMANXTOWX  LIMESTONE  (Stonehenge member).
Numerous localities in Maryland, especially around Hagerstown and
TFunkstown. Tribes IIill limestone at Fort Hunter, New York, and Kit-
tatinny limestone, Columbia, New Jersey.

Collections.—Maryland Geological Survey, U. S. National Museum.

Family RHIPIDOMELLIDAE
Genus DINORTHIS Hall and Clarke
Divorrmis (Puarsiomys) prarys (Billings)
Plate XXXVIII, Figs. 6-8

Orthis platys Billings, 1859, Canadian Nat. and Geol., vol. iv, p. 438, fig. 15.

Dinorthis platys Schuchert, 1897, Bull. U. S. Geol. Surv., 87, p. 216.

Plaesiomys platys Raymond, 1911, Ann. Carnegie Mus,, vol. vii, No. 2, p. 238,
pl. xxxv, figs. 13, 14.

Description.— Pedicle valve fairly high and convex on the umbo,

flat or only slightly convex in front. Brachial valve nearly flat, usually
showing a shallow sinus on the umbo. Surface marked by fairly coarse
striae, which inerease by implantation. There are usually three or four
in the space of 2 mm. on the front of the shell. The interior of the
pedicle valve shows a small musele area under the beak, composed of two
strong diductor sears, and between them two very narrow adductor sears.
Delthyrium narrow. No specimen has been seen which was so preserved
as to retain the deltidium. Tn the brachial valve there is a low median
septum. Other details could not be made out.”—Raymond, 1911.

Occurrence.~—SToNES RIVER LinestoNe (Middle division). Maugans-
ville, Maryland.

The types occurred in the Chazyan at Montreal, Canada. In the Lake
Champlain area this fossil occurs in the Crown Point or middle division
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of the Chazyan. In east Tennecssee it is found in the supposedly equiva-
lent horizon—the Lenoir limestone.

Collections.—Maryland Geological Survey, U. S. National Muscum.

DiNorTHIS PECTINELLA (Kmmons)
Plate XLV, Figs. 8,9 ¢

Orthis pectinella Emmons, 1842, Geol. New York, Rep. 2d Dist., p. 394, fig. 2.

Dinorthis pectinella Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1,
pp. 195, 222, 228, pl. v, figs. 27-33. '

Orthis (Dinorthis) pectinella Winchell and Schuchert, 1893, Geol. Mlnne-
sota, vol. iii, p. 424, pl. xxxii, figs. 31-34.

Dinorthis pectinella Weller, 1903, Geol. Surv. New Jersey, Pal., vol. ili,
p. 154, pl. ix, figs. 29, 30.

Description.—* Shell resupinate, transversely subelliptical in outline,
wider than long, in about the proportion of four to three; cardinal line is
usually less than the greatest width of the shell, the cardinal extremities
rounded ; surface of each valve marked by from 22 to 30 prominent,
rounded, simple costae, which are equal in width to the spaces betwecn,
and are crossed by fine, closcly crowded clevated, concentric lines of
growth. Pedicle valve slightly convex near the beak, flattened on the
stdes, with a broad, shallow, ill-defined depression alon,g;r the center,
usually most distinet in front, but frequently nearly obsolete. Cardinal
area moderatcly large and well defined, flat, lying nearly at right angles
to the plane of the shell. Brachial valve regularly convex, most prominent
in the center, flattened and stightly deflected near the cardinal extremi-
ties. Cardinal area much narrower than that of the opyposite valve, lying
nearly in the plane of the shell.

“The dimensions of the nearly perfeet pedicle valve are: Length,
21 mm.; width, 27.5 mm.”—Weller, 1903.

Occurrence.—CHAMBERSBURG LiMESTONE (Echinospherites bed).
Wilson and Pinesburg, Maryland. (

This species occurs in the Upper Black River and Early Trenton of
New York and Canada, and the Ohio and Mississippi valleys,

Collections.—Maryland Geological Survey, U. S. National Museum.
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Genus PIANODEMA Foerste
Praxopema suBaEqQuara (Courad)
Plate XLV, Figs. 1-3

Orthis subacquata Conrad, 1843, Proc. Acad. Nat. Sci. Philadelphia, vol. i,
p. 333.
Dalmanella subaequata Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1,

pp. 194, 207, 224, pls. 5c¢, figs. 6-11.

Orthis (Dalmanella) subaequata Winchell and Schuchert, 1893, Geol. Min-
nesota, vol. iii, p. 446, pl. xxxiii, figs. 30-36.

Dalmanella subequata Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 156, pl. x, figs. 3, 4.

])éscription.—“ Shell subequally biconvex, usually wider than long;
the hinge-line shorter than the greatest width of the shell, exeept some-
times in young individuals; cardinal extremities angular or rounded.
Surface of each valve marked by numerous, fine, tubulose striae, which
bifurcate about twice in passing from the beak to the anterior margin.
Pedicle valve strongly and evenly eonvex, the greatest elevation posterior
to the middle of the shell; near the beak and upon the umbo no medial
depression exists, but near the middle of the valve a broad, shallow and
indistinet sinus begins and becomes deeper toward the anterior margin.
The cardinal area is well defined, broadly triangular, elevated and only
moderately coneave ; the delthyrium, with slightly curved sides, is about
twice as high as wide. Brachial valve more evenly, but a little less convex
than the pedicle, the greatest clevation near the middle. Near the beak
the mesial portion of the shell is usually flattened or slightly depressed,
but near the middle of the shell this flattening gradually ehanges into a
low, broad, ill-defined elevation, corresponding with the sinus of the
pedicle valve. The cardinal area is narrow and concave, with a delthy-
rium as broad or broader than high. The dimensions of an average speei-
men are: Breadth, 16 mm., and length, 14 mm.”—Weller, 1903.

Occurrence.—CHAMBERSBURG LiMEsTONE (Echinospherites bed).
Pinesburg Station, Maryland, and various localities in southern Penn-
sylvania. Stones River group of Tennessee and the Black River group
of Minnesota, ete.

Collections.—Maryland Geological Survey, U. S. National Museum.
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Superfamily STROPHOMENACEA
Family STROPHOMENIDAE
Genus STROPHOMENA Blainville
STROPHOMENA STOSEI n. SP.
Plate XXXVII, Figs. 1-4
Description.—This brachiopod, which is the most frequent fossil of
the few speeies diseovered in the Frederick limestone is known from
both brachial and pedicle valves, although none show the hinge line
clearly. Its general shape is that of Strophomena sinuata James of the
Cineinnatian rocks, but 8. stoset differs eonspicuously in the occurrenee
of several fine radiating striae between each of the larger coarse ones.
The interior of the brachial valve in each of these species scems to be
quite alike and the reference of this new speeies of Strophomena to the
S. sinuata group appears to be warranted.
The specific name is in honor of George W. Stose, of the U. S. Geo-
logical Survey, who helped collect the type specimens.
Occurrence.—FREDERICK LiaEstoNe. Just east of Frederick, Mary-
land. ‘
Collections.—Maryland Geologieal Survey, U. S. National Museum.

STROPHOMENA SCULPTURATA D. SD.
Plate XLIX, Tig. 1

Description.—Although this new species belongs to a group of braehio-
pods not uncommon in the faunas of eastern North America, all of these
species happen to be new, so that eomparison is not necessary. It is the
only brachioped in the Middle Ordovician limestone with sueh a highly
sculptured shell and for that reason will be easily recognized. Between
each of the very distinet radiating ridges there are five or six smaller
radiating striae visible only under a lens. Transverse to these radiating
striations are concentrie, squamose ridges of growth quite similar to those
obtaining in Leptaena charlottae. In the latter respeet the group of
speeies is related to Leptaena, but other features suggest Strophomena.

An average specimen is 10 mm. high and 13 mm. wide.
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Occurrence.—MARTINSBURG SHALE (Sinuites bed). Pennsylvania.
The type specimens are from one mile south of St. Thomas.
Collections.—Maryland Geological Survey, U. S. National Museum.

STROPHOMENA HALLIE (S. A. Miller)
Plate LIV, Figs. 7-9
Streptorhynchus ? hallie Miller, 1874, Cincinnati Quart. Jour. Sci., vol. 1,
p. 148, figs. 14-16.
Strophomena hallie Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,
p- 38, plL. {i, figs. la-e.

Description.— Shell sub-trigonal in outline, concavo-convex, deflected
laterally, resupinate, rather thin and frail; hinge scarcely equalling the
greatest breadth of the valves; length and breadth about three-fourths
of an inch.

“ Dorsal valve convex in the central part, flattened on the umbone and
deflected laterally ; surface marked by moderately coarse, radiating striae,
which increase by intercalation of smaller ones; arca linear, beak not
distinet from the cdge of the area. Interior showing cardinal process to
be very small and divided into two tecth-like parts, directed a little
forward and flattened on their faces: socket-ridges small, short, and
oblique ; mesial ridge scarcely pereeptible without a magnifier, radiating
striae plainly visible.

“ Ventral valve moderately concave in the central and anterior regions,
but slightly convex at the beak, which is perforated and projects slightly
beyond the edge of the area; surface marked by radiating striae, which
increase by even bifurcations ; area narrow and sloping laterally; foramen
closed by a rounded deltidium for the reception of the cardinal teeth of
the dorsal valve. Interior showing trigonal hinge and circular cavity;
marked by radiating striac.”—DMiller, 1874.

Occurrence.—MarrINsBURG SHALE (Eden division). Jordans Knob
one and one-half iles northeast of Fort Loudon, and Tuscarora Moun-
tain, two and one-half miles southeast of MeConnellsburg, Pennsylvania.
Eden shale at Cincinnati, Ohio.

Collection.—U. S. National Museum.
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STROPHOMENA SINUATA James

Plate LIV, Figs. 10-14

Strophomena sinuata James, 1871, Cat. Fossils, Cincinnati group, p. 9.
Strophomena (Hemipronites) sinuata Meek, 1873, Pal. Ohio, vol. i, p. 87,
pl. 15, fig. 5a-g.

Strophomena sinuate Foerste, 1912, Bull. Sci. Lab. Denison Univ., vol. xvii,
p. 57, pl. 1, figs. 3a-d.

Description.—* Shell semicircular, or forming rather more than a
semicircle, moderately convex, with valves nearly equal, the dorsal being
most eonvex in the central and anterior regions, and the ventral near
the umbo; hinge nearly or quite equalling the greatest breadth; lateral
margins forming more or less nearly right angles with the hinge line;
or sometimes rounding a little to the same, and ronuding regularly to the
front, which forms a semicireular curve, with rarely a slight sinuosity
at the middle. V

“Dorsal valve, flat at the beak, whieh is not distinct from the eardinal
margin, usually a little raiscd in the middle at the front, so as to form a
low, broad, undefined medial prominence; cardinal area narrow and
inclined backward; interior with a low, small, deeply bipartite cardinal
proeess, from which diverge three small ridges, the two lateral of which
cxtend obliquely outward to form the margins of the rather well-defined
soekets for the reception of the teeth of the other valve, while the third
ridge is central, and extends a short distance forward; muscular scars
not visible in any speeimen examined.

“Ventral valve moderately convex at the umbo, which is not very
prominent or arched, and has a minute perforation at the apex; fromt
with usually a broad, shallow, undefined depression ; lateral regious more
or less nearly flat; cardinal area well developed, tapering to the lateral
extremities, flat, and inclined more or less obliquely backward ; foramen
closed by a prom.inent, triangular deltidium; interior showing small,
somewhat saucer-shaped cavity, formed by the low, sharp dental laminae,
extending forward from the inner side of the rather well-dcvelpped
oblique eardinal teeth, and curving a little toward cach other, without
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meeting at their inner ends; muscular scars not visible in any specimens
examined.

“Surface of both valves ornamented with rather coarse radiating
striae, most of which bifurcate once or oftencr, while occasionally a
shorter one is interealated between two longer; crossing the whole, occa-
sional smmall marks of growth, and finer but obseure, concentric striae
may be seen, by the aid of a lens, on well-preserved specimens.

“ Length of a rather large specimen, 0.65 inch; breadth, 0.88 inch;
convexity, 0.30 inch.”—Meek, 1873.

Occurrence.—MArTINSBURG SHALE (Iiden division). Jordans Knob,
onc and onc-half miles northeast of Fort Loudon, and Tuscarora Moun-
tain, two and one-half miles southeast of McConnellsburg, Pennsylvania.

This species has- hitherto been recorded only from the upper part of
the Fairview formation in the Ohio Valley.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus PLECTAMBONITES Pander
PLECTAMBONITES PIsUM Ruedemann
Plate XLVIII, Figs. 1-7
Plcctambonites pisum Ruedemann, 1902, Bull. New York State Museum,
No. 49, p. 19, pl. i, figs. 8-20.

Description.— Shell small, semicircular in outline, with subauricu-
late cardinal extensions; highly concavo-convex, the convexity surpassing
that of a hemisphere; toward the cardinal ears becoming depressed cou-
vex; length to width as 4: 5; greatest width along the hinge line, which
is nearly straight. Surfaee marked with very fine striae, which usually
are interrupted by from 16 to 20 eoarse striae ; somctimes the fine striae
become nearly obsolcte, leaving the interspace between the coarsc striae
almost smooth; at other times the coarsc striae disappear, lcaving the
shicll uniformnly and finely striated ; a few concentric growth lines are also
present. Pediele valve extremely gibbous, the greatest clevation being
in the central part; the unbonal part sloping abruptly ; the umbo being
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protuberant and projecting beyond the cardinal line ; anterior and lateral
slopes less abrupt, near the margins turning suddenly into a flatter border.
Cardinal area moderately elevated, concave, delthyrium large, of equal
width and length; no deltidium observed. Teeth small, supported by
strong, diverging dental lamellae, which continue in outward direction
into the much elevated margin of the diductor muscles; this margin
extends about one-fourth the length of the valve, and then returns under
an acute angle including a very decp pyriform muscle pit. The muscle
margins are scparated by a distinet septum, which extends to near the
anterior margin; from the anterior part of the muscular impressions
extend strongly marked vascular trunks which are tri- or quadripartite
and inclose between them a narrow elongate depressed area. Brachial
valve concave in the middle part, closely following the curvature of the
pedicle valve with a well-defined ridge all around the lateral and anterior
margin. Cardinal area as high as that of the pedicle valve, and also
slightly concave, retrorse, with a large chilidium, somewhat concave in
the middle. Cardinal process single and ercct and, by the coalescence
with the divergent, short, crural plates, appearing distinctly trilobate at
the. posterior end, similarly to P. sericeus, with the difference, however,
that the posterior ends of the crural plates arc not closely appressed to
the cardinal process, but separate again a little, forming processes almost
as prominent as and parallel to the cardinal process. Adductor scars
shallow, broadly triangular, extending not quite to the middle of the
shell, slightly divergent, inner margins formed by two ridges, branching
from the crural processes and extending to ncar the anterior margin;
outer somewhat indented margin of the muscular impressions greatly
clevated as in P. gibbosus Winehell and Schuchert.

“ Dimensions: Length, 8.5 mm.; width, 10.2 mm. ; height, 5.5 mm.”—
Ruedemann, 1902.

Occurrence.—CHAMBERSBURG LiMesToNE (Christiania bed). Penn-
sylvania, Maryland, and Virginia.

Rysedorph conglomerate at base of Trenton, New York. :

Collections—Maryland Geological Survey, U. S. National Museum.
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PrecraMBoNITES RUGOSUS (Meck)

Plate LIV, Figs. 31-33
Leptacna sericea var. rugose Meek, 1873, Pal. Ohio. vol. i, pt. 2, pl. v,
figs. 3f-h.
Plectambonites rugosa Foerste, 1912, Bull. Sci. Lab. Denison University,
vol. xvii, p. 123, pl. i, figs. Ta-c; pl. x, figs. Ta-d.

Description—The form of Plectambonites found so abundantly in the

Lden shales of the Cineinnati area was long ago separated by Meek as a
variety of the ubiquitous speeies P. sericea. “ The term rugosa was given
not on account of the oblique wrinkles along the hinge-line, hut on
aceount of the roughened surface of the general exterior surfaee of the
valves, cspeeially anteriorly. This roughened surfaee appears due to the
presence of numerous very thin overlapping films of shell material. These

films appear to consist of the same extremely fine, silky, fibrous material
as that forming the eompact body of the valves. Sometimes they are

traversed by the same radiating striae as those seen on that part of the
exterior surface of the valves where the films are not present. The films
may be more or less discrete from one another, but in some specimens they
are built up into a solid mass, resulting in a thickening of the valves
exteriorly. At the cxterior margin of the pedicle valve, this thickening
may reach a total of fully 2 mm., and frequently the anterior, morc or
less vertical slope of this thickening is crossed by lines evidently corre-
sponding to the extensions of the radiating striae. The thickening
usually is confined to the anterior half or third of the valves. It may
result in a succession of eoncentric bands, the one nearest the anterior
margin being the most eonspicuous. At other times, the thickening
increases evenly, without any eoneentric banding, but, most frequently
it is more or less irregular, the films being more or less warped or broken
into shreds.”—Foerste, 1912.

Ocecurrenee.—MARTINSBURG SuaLt (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania, and in the
same horizon on Rickard Mountain, Maryland. Eden shalec of the Ohio
Valley.

Collections.—Maryland Geological Survey, U. S. National Museum.

17
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Genus CHRISTIANIA Hall and Clarke
CHRISTIANIA TRENTONENSIS Ruedemann

Plate XLVIII, Figs. 16-18
Christiania irentonensis Ruedemann, 1902, Bull. New York State Mus.,
No. 49, p. 21, pl. ii, figs. 2-6,

Description.—“ Shell small, convexo-concave, somewhat variable in
shape, rotundo-quadrate to rotundo-rectangular; sides sub-parallel or
slightly converging to the cardinal line; front rounded. Hinge line
straight, only slightly shorter than the greatest width of the valve in the
middle part; cardinal extremities obtusely angular, having the dppear-
ance of flattened ears. Pedicle valve uniformly and strongly convex;
umbo slightly projecting and very narrow ; beak obscure. Cardinal area
narrow (?); interior of pedicle valve not observed. Brachial valve
strongly concave, beak hardly projecting beyond the long, straight hinge
line. Cardinal extremities strongly developed, flat; area very small,
cardinal process small, bipartite on its anterior face; the lobes being
denticulate anteriorly with from threc to five small denticles on each
side. Crural plates very long and slightly divergent; the lower portion
produced on each side as a strongly elevated wall with perpendicular
sides extending in the original direction of the crural plates close to the
ante-lateral angle, where it recurves and returns, parallel to the median
axis and nearly in a straight line as a still more prominent wall merging
into the base of the cardinal process. The elongate, symmetric, sub-
rectangular spaces thus formed are each divided transversely by a vertical
ridge about one-third of the length of the valve from the cardinal line.
The long narrow space between. the inner muscular walls is also bounded
anteriorly by a low, rounded, curving ridge and divided in the median line
of the shell by a low, rounded, longitudinal ridge. The anterior half of
the surface of the long anterior adductors is very rugose and radially
striated.

“ The surface is covered with concentric lines of growth and radiating
quite widely separated, filiform striae with smooth, flat, interspaces.”—
Ruedemann, 1902.
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Occurrence—CHAMBERSBURG LiMusTONE (Christiania bed). Appa-
lachian Valley of Pennsylvania, Maryland, and Virginia.

Rysedorph conglomerate at base of Trenton, New York.

Collections.—Maryland Geological Survey, U. S. National Museum.

CHRISTIANIA LAMELLOSA 1, Sp.
Plate XLIX, Figs. 3-10

Description.—The strongly lamellose surface of this brachiopod is
sufficient reason for discriminating it from all other deseribed species of
the genus. The general outline of the shell is not unlike several small
shells of the Chambersburg and carly Trenton rocks referred to both
Christiania and Plectambonites, but the interior of the valve shows the
characteristic markings of the former genus. The pediele valve is stréngly
convex and bears the concentrie lamellac almost to the beak. The
brachial valve is as strongly eoneave, with a smooth surface. The average
shell is 9 mm. high and about 10 mm. wide.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Southern Penn-
sylvania; also abundant at the same horizon in northern Virginia, the
types being from Strasburg.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus LEPTAENA Dalman
LrrTAENA cHARLOTTAE Winchell and Schuchert
Plate XLI, Figs. 11-12

Leptaena charlottae Winchell and Schuchert, 1892, Amer. Geol., vol. ix,
p. 288.

Leptaena charlottae Winchell and Schuchert, 1893, Geol. Minnesota, vol. iii,
p. 410, pl. xxxii, figs. 1-5.

Strophomena halli Sardeson, 1892, Bull. Minnesota Acad. Nat. Sci., vol. iii,
p. 334, pl. iv, figs. 36, 38.

Description.—* Shell small, transversely semioval, plano-convex, ge-
nieulate, with the sides slightly eonvex and converging to the broadly
rounded front, or drawn out tongue shaped; hinge-line as long as, or
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somewhat shorter than, the greatest width of the shell. Surface marked
by fine, closely crowded, alternating striae, as in Rafinesquina alternata,
crossed by exceedingly delicate concentric lines and over the central flat
disc of each valve by more or less continuous zigzag undulations or
wrinkles,

“ Ventral valve depressed-convex over the greater portion of the shell
and more or less suddenly bent downward or geniculated along the
margin, especially anteriorly. Cardinal area wide, broadly triangular,
with a convex deltidium, wider than long, apically perforated by a rather
large pedicle opening, posteriorly excavated and completely occupied by
the chilidium of the other valve. Crenulated hinge teeth prominent and
supported by short dental plates, which are attached to the clevated outer
margin of the small, transversely oval muscular area. Within this area,
in the center of the mesial thickening, are placed the short and narrow
adduetors, surrounded by the large diductors, and outside these, at the
base of the dental plates, are the distinct scars of the small adjustors.
Surfaece marked by delicate, erowded papillae, strongest in front of the
muscular area, and in the thin shells by the wrinkling of the outer surface.

“Dorsal valve nearly flat, with the anterior margin more or less
reflexed downward. Cardinal area narrow, about one-third that of the
other valve, with a broad and strongly convex chilidium. Dental sockets
deep; crural plates slender, very bilobed, cordate eardinal process; in
front of this is a short, low septum separating the inconspieuons septa.
Just inside the outer margin of the valve is situated a prominent, rounded
ridge of the same naturc as that in L. rhomboidalis.”—\Winehell and
Schueliert, 1893.

Leptaena charlottae differs conspieuously from all other Ameriean
speeies of the genus in its zigzag, eoneentrie surfaee corrugations,

Occurrence.—CHAMBERSBURG LIMESTONE (Caryoeystites bed). Fort
Loudon and Blue Spring, Franklin County, Pennsylvania,

The type specimens were described from the Decorah shales division of
the Black River at Minneapolis and St. Paul, Minnesota.

Collections.—Maryland Geological Survey, U. S. National Museum.
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- LEPTAENA GIBBOSA (James)

Plate LIV, Fig. 25

Strophomena gibbosa James, 1874, Cinecinnati Quart. Jour. Sci., vol. i, p. 333.

Leptaena gibbosa Foerste, 1909, Bull. Sci. Lab. Denison Univ., vol. xiv,
p. 316.

Leptaena gibbosa Foerste, 1912, Idem., vol. xvii, p. 116, pl. i, figs. 5a-C.

Description.— Shell fragile, semi-oval; cardinal line extended to or
a little beyond the width of the shell farther forward, deflected at the
‘extremities ; lateral and front margins regularly rounded. Ventral valve
slightly convex in the umbonal region, but at about one-third or one-half
the distance from the beak, toward the front and lateral margins, it
curves suddenly upward, then rounds off, and is deflected as suddenly the
other way to the front and sides, forming a high rounded ridge, giving
to the shell a decidedly gibbous form ; this hump extends to about 1/8th
of an inch of the eardinal line on each side, where the shell is rather
depressed from the umbonal slopes outwards to the deflected extremities
immediately in front of the cardinal line; eardinal arca lincar; beak
rather prominent, projecting, minutely perforated; six to eight slight
wrinkles on the umbonal region. Surface covered by fine radiating striae,
increased by interstitial additions, somewhat variable in size on the front
slope, but quite uniform on the umbone and to the lateral margins;
crossed by fine concentric striac. Interior not observed.

“ Porsal valve (exterior) gently concave to about the middle, where it
makes a sudden curve, conforming to the shapc of the other valve; the
two valves are so closely drawn together as to leave searcely any visceral
space; beak very little elevated above the eardinal linc; area no mgqre
than a rather sharp edge of the hinge; radiating striae, as far as observed
same as on the ventral valve. Interior nearly flat, or slightly convex to
the base of the ridge, in front and laterally to within about one-quarter
or onc-eighth of an inch of the cardinal line, where there is a flat depres-
sion extending to the lateral margins ; the curve to the front from the top
of this ridge is abrupt, corresponding to the exterior; cardinal process
bifid, ercct, rather prominent, curving slightly anteriorly, erenulated
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posteriorly and sloping in the same direction ; socket ridges short, crenu-
lated, oblique; rounded, low, wavy elevations just beyond the points and
in front of the socket ridges; a small but rather deep pit immediately in
front of the cardinal process, from which extends a low mesial ridge to
about the middle of the shell forwards, where it fades out ; the concentric
wrinkles of the exterior show through slightly, and the radiating striae
plainly, with small, but distinct, radiating rows of papillae, which are
rather distant from each other, to the ridge, but crowded together on the
front slope and toward the lateral margins; no muscular scars observed,”

“Width of a specimen of medium size, measuring from the points of
the hinge-line, 1} inches ; length about three-fourths of an inch.”’—J ames,
1874.

Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania. Eden
shale of the Ohio Valley.

Collections.—Maryland Geological Survey, U. S. National Museum.

LEPTAENA TENUISTRIATA Sowerby var.
Plate XLIX, Fig. 2

Leptaena tenuistriata Sowerby, 1839, in Murchison’s Sil. Syst., vol. ii,
p. 636, pl. xxii, fig. 2a.

Leptaena tenuistriata Foerste, 1910, Bull. Sci. Lab. Denison Univ., vol. xvi,
p. 45, pl. v, fig. 9.

Description.—The particular form of Lepiaena found in the Sinuites
bed of southern Pennsylvania is in general aspect quite like specimens
from a similar lower Trenton horizon in Tennessee identified by Foerste -
as L. tenuistriata Sowerby. Direct comparison with typical British
specimens is necessary before the identity of the American form can be
determined with certainty. In the meantime it is believed best to record
the Sinuites zone species as a variety.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). One mile south
of St. Thomas and other localities in southern Pennsylvania.

Collection.—U. S. National Museum.
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Genus RAFINESQUINA Hall and Clarke
RAFINESQUINA CHAMPLAINENSIS Raymond
Plate XLI, Figs. 8, 9

Rafinesquina champlainensis Raymond, 1902, Bull. Amer. Pal.,, vol. iii, p. 37,
pl. xviii, figs. 5, 6.

Rafinesquina champlainensis Raymond, 1911, Ann. Carnegie Mus., vol. vii,
p. 233, figs. 6-9.

Description.— Shell large, ventrieose, almost hemispherie. Length

and width nearly equal. Hinge line usually a little longer than the width
below, and the eardinal extremities are produeed into broad, rounded
ears. The pediele valve is strongly and evenly eonvex, the highest point
being about the middle of the valve. The braehial valve is flat on the
umbo and eoneave in front, following the eurvature of the opposite
valve. Cardinal area on the pediele valve rather wide. Delthyrium
covered by a broad eonvex deltidium. Area of brachial valve linear.
The surface is marked by very numerous fine radiating striae, every
third or fourth one of whieh is stronger than the ones between. The
striae inerease by implantation. In the partially exfoliated state in
whieh the speeimens are usually found, the strine appear nearly equal
and the shell strueture fibrous.”—Raymond, 1902.

Occurrence.—CHAMBERSBURG LiMmsToNE (Caryoeystites bed). Fort
Loudon and Blue Spring, Franklin County, Pennsylvania.

Tn the type loealities in the Lake Champlain area, this speeies oeeurs
in the Middle Chazy (Crown Point) limestone. It has been identified
in the stratigraphieally equivalent Lenoir limestone of east Tennessee
and Virginia.

Collection.—U. S. National Museum.

RAFINESQUINA MINNESOTENSIS (Winehell)

Plate XLV, Fig. 4

Strophomena deltoidea Owen (not Conrad), 1844, Geol. Expl. Iowa, Wis-
consin and Illinois, pl. xvi, fig. 8; pl. xvii, fig. 6.

Strophomena minnesotensis N. H. Winchell, 1881, Ninth Ann. Rept. Geol.
Nat. Hist. Surv. Minnesota, p. 120.
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Rafinesquina minnesotensis Hall and Clarke, 1892, Pal. New York, vol. viii,
pt. 1, pl. 31, figs. 25-29,

Rafinesquina minnesotensis Winchell and Schuchert, 1893, Geol. Minnesota,
vol. iii, p. 401, pl. xxxi, figs. 25-29.

Description.— Shell semi-oblong or semi-oval, with the cardinal angle
about 90, or less than 90; diamcter from six to nine lines transversely,
and from four and a half to eight lines perpendicularly ; the ventral valve
convex, somctimes more suddenly deflected after passing the visceral
arca; dorsal valve gently concave, but reflexed more rapidly about the
margin ; the exterior of the convex, ventral valve marked by fine, radiating
striae, every third, fourth or fifth one being larger than the intervening
ones; interior of the convex (ventral) valve, which is best known from
its frequent casts, shows a large muscular impression somewhat bilobate
in front and larger in proportion to the size of the valve ; scars of adduc-
tor muscles closely approximate, small and in many casts of this valve
undistinguishable ; behind they are separated (on the casts) by a short
mesial ridge, which between them becomes a narrow mesial furrow and
then a deep furrow, terminating at the sinus between the outer larger
scars ; the outer larger scars (diductors) are radiately striated from the
beak (at the base of the dental lamellae small adjustors are occasionally
indicated) ; their margins are strongly marked (on the cast) along their
posterior sides by distinct grooves formed by the dental plates, which
diverge at once from the foramen at an angle of 100-1200, running nearly
straight to the outer margins of the muscular scar, when they curve
slightly towards the front ; the anterior and lateral margins of the general
muscular impression are slightly marked on the casts; outside of the
muscular scar is a shallow marginal impressed line which is most evident
at the cardinal angles as it converges toward the beak; the interior edge
of the cardinal line is carinate from the teeth to the cardinal angles; the
details of the markings in the apex of the beak are seen on the valve itself
to consist of two short, distinct, diverging ridges extending not much
beyond the hinge teeth (enclosiﬁg the adductor scars), between the
anterior ends of which rises a short mesial ridge of about the same size
and length, with faint linear ridges parallel with it on each side, whichi
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extend a little further forward than the mesial ridge. The mesial ridge
first gives place to a flat, unmarked interval, when it again rises more
conspicuously, but narrower and sharper, extending nearly to the sinus
separating the lobes of the outer muscular scar. The cardinal arca of the
convex valve slopes from the hinge-line obliquely backward, instead of
being in plane with the lateral edges, thus differing from R. alternata.
From three to five undulations of the shell transverse to the eardinal line
are secn often between the umbo and the cardinal angles, the heavier ones
being near the cardinal angles. The cardinal process is bifid and promi-
nent, the two parts being short, smooth, dentate protruberances that
stand prominently exposed about parallel with the plane of the cardinal
area.

“ The interior of the dorsal valve is very different from that of the
dorsal valve of I. alternata. The general visceral disc is nearly flat, sur-
rounded by a suddenly flexed margin, inside of which is a shallow im-
pressed broad line, most evident round the front; inside the cardinal
angles are a few scattered, radiately interrupted, short ridges or elevations

genital markings), but these do not prevail along the side nor in front,
the surface there being smooth or finely granulated instead ; in the center
of the valve are five smooth, abrupt, digitately spreading ridges, the
middle one of which is a little larger and longer than the others; these
rise more abruptly at their anterior extremities than behind, but none
of them reach the beak, or even the umbonal region, though the exterior
pair of lateral ones are placed further back than the others, converging
at an angle of about 700 (and often pass through the large pair of adductor
sears). Socket (crural) ridges very short and widely divergent; behind
them are small, doubly grooved sockets. The beak of the ventral valve is
often perforated by a minute, circular, pedicle opening.”—Winchell and
Sehuchert, 1893.

Occurrence.—CHAMBERSBURG LIMESTONE (Jichinosplerites bed). Wil-
son and Pinesburg Station, Maryland. A characteristic Black River
species of the Mississippi Valley.

Collections.—Maryland Geological Survey, U. S. National Museum.
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RAFINESQUINA MINNESOTENSIS INQUAssA (Sardeson)
Plate XLV, Figs. 5, 6

Strophomena inguassa Sardeson, 1892, Bull. Minnesota Acad. Nat. Sci.,
vol. iii, p. 334, pl. v, figs. 22-24.

Rafinesquina minnesotensis var. inquassa Winchell and Schuchert, 1893
Geol. Minnesota, vol. iii, p. 403, pl. xxxi, figs. 27, 28.

»

Description.—The brachiopod to which this varietal name has been
applied differs from R. minnesotensis in its larger and more convex sheli
with a wide ventral hinge area. Extcrnally this shell also has a eonsider-
able resemblance to R. alternata, but the interiors of each exhibit con-
siderable difference, the two ridges on each side of the median septum in
the present variety being reduced to one in R. alternala.

Occurrence.—CHAMBERSBURG LiMESTONE (Echinospherites bed).
Southern Pennsylvania and at Pinesburg Station and Wilson, Maryland.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

RAFINESQUINA sQUAMULA (James)
Plate LIV, Figs. 3-4; Plate LVIII, Fig. 4

Strophomena squamula James, 1874, Cincinnati Quart. Jour. Sci., vol. i,
p. 335.

Rafinesquina squamula Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,
D. 264.

Description.—* Shell small, thin, semi-oval in outline, broader thau
long ; hinge-line varying from a little more to a little less than the greatest
breadth of the shell farther forward.

“Dorsal valve slightly convex or nearly flat; cardinal line stra:ight;
cardinal area linear ; a slight depression immediately forward of the beak.
Surface covered with fine, rounded radiating striae of nearly uniform
size, increased toward the free margin by bifurcation.

“Ventral valve slightly convex; beak and hinge-line slightly project-
ing; cardinal area narrow, a little the widest in the middle; foramen
triangular and nearly closed by the eardinal proeess of the other valve;
a strong mesial rib extending from beak to the front; surface covercd by
fine, rounded, radiating striae, which bifurcate onee or twiee before
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reaching the free margins; the striae starting at and near the beak more
prominent than the branching ones; crossed by very fine concentrie lines,
visible only under a good magnifier, and even then in some cases quite
obscure. Visceral space very little, the valves being so closely drawn
together, translucent. Interior not observed. Breadth of a full-sized
speeimen, 5/8 ineli; length, 1.2 inch.”—Foerste, 1914.

Although hitherto unfigured the species has long been known as an
interesting shell of the Cincinnati area where it oecurs at several horizons
in the Eden shale and in the Fairview formation of the Maysville group.
The above deseription was based upon the type specimens and the ex-
amples illustrated were identified by the author of the species.

Occurrence,—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania, and in
sandstone fragments on Rickard Mountain, Washington County,
Maryland.

The Orthorhynehula bed at the top of the Fairview division of the
Martinsburg shale, just under the Oswego sandstone, one and one-half
miles southeast of McConnellsburg Pennsylvania, has furnished numerous
speeimens,

Collections.—Maryland Geological Survey, U. S. National Museum.

RAFINESQUINA ALTERNATA (Emmons)

Plate LVII, Fig. 8

Strophomena alternata Emmons, 1842, Geol. New York, Rept. 2d Dist,
p. 395, fig. 3.

Leptaena alternata Hall, 1847, Pal. New York, vol. i, pp. 102, 286, pl. xxxi,
fig. 1; pl. xxxiA, fig. 1; pl. Ixxix, fig. 2.

Rafinesquina alternata Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1,
p. 282, pl. viii, figs. 6-11, 27, 28; pt. 2, 1895, pl. IxxxivV, figs. 17, 18.

Description.— Broadly semioval ; length and breadth about as 12 to
15; hinge line, in perfect specimens, a little longer than the width of the

shell, slightly reflected at the extremities, which sometimes become short,
acute ears; cardinal area narrow, the callosity of the ventral valve nearly
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filling the triangular foramen of the dorsal valve; beak uniformly per-
forated with a minute eireular opening; dorsal valve depressed convex,
sometimes more convex in the middle, suddenly deflected near the margin
and flattened towards the cardinal linc; ventral valve eoneave, gradually
or sometimes suddenly inflected towards the basal margin ; surface marker
by fine rounded radiating striae, which alternate at unequal intervals
with eoarser ones; striae increasing in number towards the margin of
the shell, erossed by fine elevated concentric lines and a few imbrieating
lines of growth.”—Hall, 1847.

This very abundant brachiopod has such a long range that it is of little
value for detailed stratigraphic purposes, although it is true that the
varieties or mutations of the species whieh oceur at various horizons hold
their eharaeters fairly well if minute diseriminations are made. The
illustrations represent the common Maysville form of the speecies occur-
ring in the Pulaski shale of New York. The same form occurs at the
eorresponding horizon in Pennsylvania and Maryland.

Occurrence—MARTINSBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles southwest of McConnellshurg, Penn-
sylvania,

Collections.—Maryland Geological Survey, U. S. National Muscum.

Genus TRIPLECIA Hall
TrirLECIA (CLIFTONIA) SIMULATRIX 1. sp.
Plate XLIX, Figs. 11-13

Description.—The strata of the Chambersburg limestone suceeeding
the Lowville division and the Sinuites bed at the base of the Martinsburg

shale, contain a radially plicated brachiopod which is so similar to small
examples of Platystrophia that its references to that genus would seem
proper. However, upon elosc examination this new species is found to
have the characteristic bifurcated cardinal process of Triplecia and to
lack the surface granulations of Platystrophia. The open delthyrium of
Platystrophia is also absent, but the deltidium of the Strophomenidae
is present.
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This speeies belougs to the genus or subgenus Cliftonia established by
Foerste for the plieated forms of Triplecia, which was well deseribed as
Ozxoplecia by Miss Aliee Wilson. Triplecia (Cliftonia) stmulatriz is
related to Ozoplecia calhount Wilson, from the base of the Collingwood
(Trenton) shale of Ottawa, Canada, but differs in its eoarser plieation,
this feature being most marked on the sides of the shell.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). One mile south
of St. Thomas, Pennsylvania, and at Strasburg, Virginia. The species
oeeurs also in the Echinospherites, Nidulites, and Christiania beds of the
Chambershurg limestone in Pennsylvania, Maryland, and Virginia.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Superfamily PENTAMERACEA
Family SYNTROPHIIDAE
Genus SYNTROPHIA Hall and Clarke
SYNTROPHIA LATERALIS (Whitfield)

Plate XXXIII, Figs. 4, 5

Triplesia lateralis Whitfield, 1886, Bull. Amer. Mus. Nat. Hlst, p. 303,
pl. xxiv, figs. 9-11.

Syntrophia lateralis Hall and Clarke, 1892, Pal. New York, vol. vill, pt. 1,
p. 270; ibld., vol. viii, pt. 2, p. 216, pl. 1xii, figs. 1-10.

Syntrophia lateralis Weller, 1903, Geol. Surv. New Jersey, Pal.,, vol. iii,
p. 126, pl. iv, figs. 14, 15. .

Syntrophie lateralis Walcott, 1912, Mon. U. S. Geol. Surv., vol. 11, p. 802,

text fig. 11, p. 299; pl. cii, figs. 6, 6a-g.

Description—Shell averaging 7.5 mm. in length and 11 mm. wide,
subelliptieal, with the hinge-line about two-thirds the greatest width and
the eardinal extremities rounded. Pediele valve somewhat eonvex, promi-
nent on the umbo, but a little flattened near the cardinal angles; beak
slightly ineurved and rather blunt, projeeting beyond the eardinal mar-
gin; mesial sinus broad, shallow, and ill-defined, not extending to the
beak. Surfaece with fine, eoneentrie lines of growth.

Occurrence.—BEEKMANTOWN LIMESTONE (Cryptozoon steeli zone).
At various loealities around Williamsport and Hagerstown, Maryland.

Collections.—Maryland Geologieal Survey, U. S. National Museum.
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Family CLITAMBONITIDAE
Genus SCENIDIUM Hall
SCENIDIUM ANTHONENSE Sardeson

Plate XLVII, Figs. 1-3

Seenidium anthonensis Sardeson, 1892, Bull. Minnesota Acad. Nat. Sei.,
vol. iii, p. 333, pl. iv, fig. 7.

Scenidium halli Hall and Clarke, 1892, Pal. New York, vol. viii, pt. 1, p. 242
pl. viiA, figs. 33-39.

Scenidium anthonensis Winehell and Schuchert 1893, Geol. Minnesota,
vol. iii, p. 381, pl. xxx, figs. 20-23.

Scenidium anthonensis Weller, 1903, Geol. Surv. New Jersey, Pal., iii,
p. 157, pl. x, figs. 5-7.

’

Description.— Shell small, subsemi-circular in oﬁtline, the greatest
width along the hinge-line. 'Each valve marked by from 20 to 26 simple,
rounded plications. Pedicle valve subpyramidal, the beak erect; cardinal
area large, flat, broadly triangular, with a large delthyrium. Along the
median linc a slight elevation or ill-defined fold is developed. In the
Interior of the apical portion of the valve is a small spondylium. Brachial
valve depressed, convex, with a slight mesial sinus. The dimensions of
an average specimen are: Length, 2.5 mm., and breadth, 5 mm.”—
Weller, 1903.

Occurrence.—CHAMBERSBURG LiMESTONE (Nidulites bed). Wilson
and Pinesburg Station, Maryland.

Black River group of Minnesota, Iowa and New Jersey.

Collections.—Maryland Geological Survey, U. S. National Muscum.

SceNiD1UM ? MEROPE (Billings)
Plate L, Figs. 14-16

Orthis merope Billings, 1865, Geol. Surv. Canada, Pal. Fossils, vol. i, p. 139,
fig. 116,
Scenidium ? merope Hall and Clarke, ? 1892, Pal. New York, vol. viii, pt. 1,
p. 242, pl. viiA, figs. 31, 32.
Description.—Shell small, subpyramidal, somewhat semi-circular, with
a width to the hinge-line of 6 mm. and a length of 3 mm.; cardinal angles

acute, from 60° to 70°; exterior surface marked with 25 to 30 strong
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radiating striae. Ventral valve elevated, subpyramidal, most elevated
at the beak, thenee sloping nearly uniformly to the sides and margin;
area large, triangular, at right angles to the plane of the margin ; foramen
large, extending to the beak. Dorsal valve nearly flat, with an obseure
mesial sinus.

This interesting little brachiopod is somewhat similar to several small
striated forms, and a restudy of the types is neeessary before its true
generic characters ean be determined. The shell from Cincinnati, Ohio,
figured by Hall and Clarke in 1892, is very probably of a distinet speeies.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,.
Pennsylvania. Trenton limestone at Ottawa, Canada.

Collection.—U. S. National Museum.

Family PORAMBONITIDAE
Genus PARASTROPHIA Hall and Clarke
PARASTROPHIA HEMIPLICATA Hall

Plate XLVIII, Figs. 8-11

Atrypa hemiplicata Hall, 1847, Pal. New York, vol. i, p. 144, pl. xxxiii, fig. x.

Anastrophia ? hemiplicata Winchell and Schuchert, 1893, Geol. Minnesota,
vol. iii, p. 382, pl. xxx, fig. 29-31.

Parastrophic hemiplicate Hall and Clarke, 1893, Pal, New York, vol. viii,
pti2; p.221, pl.'lxiii, figs. 1-3.

Parastrophia hemiplicata Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 1568, pl. x, figs. 11-14. .

Parastrophia hemiplicata Wilson, 1914, Canada Geol. Surv. Mus. Bull. No. 2,
pp. 1-10, pl. iv, figs. 1-34.

Description.—* Shell subglobose, subpentagonal in outline, wider than
long, the thickness frequently equal to the length. Cardinal line short,
with sometimes the appearance of a small area on the pedicle valve. Each
valve marked by from 8 to 12 simple, subangular, radiating plications,
which reach from one-third to one-half the distanee from the margin
to the beak, leaving the older portion of each valve smooth. Besides the
radiating plieations, the entire surfaee is marked by fine, concentrie, sub-
imbricating lines of growth, which are more eonspicuous near the margin
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of the shell. Pedicle valve depressed-convex, with an abrupt, broad, but
not deep sinus, which originates about one-third of the distance from the
beak to the anterior margin and is produced as a lingual extension in
front at nearly a right angle to the plane of the valve; it is marked by
from three to five radiating plications. The beak is small, closely in-
curved ; delthyrium small and triangular. Brachial valve strongly con-
vex or gibbous, with a broad mesial fold commencing one-third of the
distance from the beak to the anterior margin, which is marked by from
four to six radiating plications. .

“The dimensions of a perfect individual are: Lengtl, 13 mm. ; width,
16.5 mm. ; thickness, 12.5 mm.”—Weller, 1903.

Occurrence.—C1AMBERSBURG LiMesTONE (Christiania bed). South-
ern Pennsylvania. Trenton limestone of New York, New Jersey, cte.

Collections.—Maryland Geological Survey, U. S. National Muscum.

order TELOTREMATA
Superfamily RHYNCHONELLACEA

Family RHYNCHONELLIDAE
Genus CAMAROTOECHIA Hall and Clarke
CaMaroToECHIA PLENA (Hall)
Plate XLI, Figs. 14-16
Atrypa plena Hall, 1847, Pal. New York, vol. i, p. 21, pl. iv, figs. 7.
Camarotoechia plena Raymond, 1911, Ann. Carnegie Mus., vol. vii, p. 221,
pl. xxxiii, figs, 7-18.

Description.— The adult shells are subtriangular to subcircular in
outline, with a wide, shallow ventral sinus and a somewhat elevated dorsal
fold. Surface marked by from 17 to 24 strong plications, four to seven
of which are in the sinus and five to eight on the fold. The plications
are crossed by zigzag lines of growth, which are sometimes stronger and
sometimes weaker on partially exfoliated spccimens than of specimens
with perfect shells. The dorsal beak is strongly incurved, and the umbo
bears a slight median depression. The beak of the pedicle valve is only
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slightly incurved, and does not rest against the brachial valve. The
delthyrium is open throughout life. None of the specimens in the collec-
tion show the deltidial plates.

“ Casts of the interior of the brachial valve show a low septuin which
extends about one-third the length of the shell. This septum divides at
its posterior end as in the typical species of Camarotoechia, but there
is no cardinal process as in Rhynchotrema.”—Raymond, 1911.

One of the most abundant and characteristic Upper Chazyan (Val-
cour) fossils of the Lake Champlain region in New York and in Canada.

Occurrence.~CHAMBERSBURG LAMESTONE (Caryocystites bed). In the
strip of outerop from Fort Loudon to Blue Spring, ¥Franklin County,
Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Muscum.

Genus ORTHORHYNCHULA Hall and Clarke

ORTITORHYNCHULA LINNEYI (James)

Plate LVII, Ifigs. 9-12
Orthis ? linneyi James, 1881, Paleontologist, vol. v, p. 41.
Orthorhynchule linneyi Hall and Clarke, 1893, Pal. New York, vol. viii, pt. 2,
p. 181, pl. 1vi, figs. 10-13, 19.

Description.—“ Shells rhynchonelloid in contour; hinge-line short,
straight, extending for about one-third the transverse diameter of the
valves. A true cardinal area is present on both valves, that of the pedicle-
valve being considerably the broader, creet, often incurved. Each valve
also possesses a distinet triangular delthyrium, that of the pedicle-valve,
according to the evidence at hand, never being in any degree closed by
deltidial plates. External surface strongly and simply plicated, the
median fold and sinus being well developed. On the interior, the pedicle-
valve possesses blunt tecth which rest upon the laterally thickened walls
of the valve and are not supported by lamellac. Between, and slightly
in front of these lics a short, subquadrate muscular secar. The brachial
valve possesses a linear cardinal process, on either side of which are two
diserete erural plates, sharply concave on the upper surface and diverging

18
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anteriorly for a considerable distance. Shell-substanee fibrous, im-
punctate.”—Hall and Clarke, 1893.

Although occurring at two distinet geological horizons this interesting
brachiopod, when considered with the assoeiated fossils, is highly char-
acteristic of each horizon. The species is so well developed at the top of
the Fairview formation of the Maysville group that the name Ortho-
rhynchula bed has been applied to these strata. In this bed the species
often grow to an unusual size, some examples being an inch or more in
length.

Occurrence.—MARTINSBURG SHALE (TFairview division). "Tuscarora
Mountain, one and one-half miles southeast of MeConnellsburg, Pennsyl-
vania. Upper Trenton of Kentueky and Tennessee, Lower Maysville of
the Ohio Valley, Virginia, Maryland, and Pennsylvania.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Genus ZYGOSPIRA Hall
ZYGoSPIRA RECURVIROSTRIS (Hall)

Plate XLII, Figs. 9-12

Atrypa recurvirostris Hall, 1847, Pal. New York, vol. i, p. 140, pl. xxxiii,
fig. 5.

Zygospira recurvirostris Winchell and Schuchert, 1893, Geol. Minnesota,
vol. iii, p. 466, pl. xxxiv, figs. 38-41.

Zygospira recurvirostris Hall and Clarke, -1895, Pal. New York, vol. viii,
pt. 2, pl. liv, figs. 1-6.

Zygospira recurvirostris Weller, 1903, Geol, Surv. New Jersey, Pal, vol. iii,
p. 161, pl. x, figs. 23-26.

Description.—* Shell small, subcircular or longitudinally subovate in
outline, subglobular ; surface of both valves marked by 24 to 28 rounded
or subangular, radiating plieations, whieh are erossed by fine, concentric
lines of growth. Pedicle valve gibbous, with its greatest elevation near
the center, subcarinate near the beak, the keel becoming broader toward
the front and forming a rather well-defined, more or less flat-topped
median fold; beak small and pointed, ineurved over the beak of the
brachial valve. Brachial valve less eonvex than the other, marked by a
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rather broad, shallow, rounded median sinus, whieh eorresponds with the
fold of the pcdicle valve and which reaches nearly to the beak. The
dimensions of an average speeimen arc: Length, 6 mm.; width, 6 mm.;
thickness, 4 mm.”—Weller, 1903.

An abundant species in its various forms, in the Black River and
Trenton rocks of New York and Canada and the Ohio and Mississippi
valleys.

Occurrence.~—~CHAMBERSBURG LIMESTONE (Tetradium cellulosum
bed). Railroad cut two miles southwest of Marion and at Fort Loudon,
Franklin County, Pennsylvania, where the Lowville form oeeurs in some
abundance.

Collections.—Maryland Geological Survey, U. S. National Museum.

7YGOSPIRA EXIGUA (Iall)

Plate XLVIII, Figs. 19, 20
Atrypae exigua Hall, 1847, Pal. New York, vol. i, p. 141, pl. xxxiii, fig. 6.
Protozyga exigua Hall and Clarke, 1893, Pal. New York, vol. viii, pt. 2,
p. 149, figs. 137, 138, pl. liv, figs. 47, 48.

Description.—* Plano-convex ; length and breadth about equal; cardi-
nal line considerably extended ; dorsal valve clevated in a ridge along the
middle, depressed at the sides, and slightly inflected towards the cardinal
extremities; beak small, straight, much extended beyond the cardinal
line ; ventral valve considerably shorter than the dorsal, depressed-convex,
with a broad depression along the center, reaching half way from the base
to the beak; beak small, and close pressed into the foramen beneath the
beak of the opposite valve; surface scarcely marked with fine concentric
lines, and a few indistinet longitudinal rays near the margin.

“TIn the largest specimen which I have seen, there are evidences, under
a magnifier, of small radii commencing below the center of the valve:
Since, however, they are not pereeptible to the naked eye, they are of
minor importance, unless it should be found that this is the young of a
species which changes with growth. The specimens yet seen, however,
are minute, and it may properly be doubted whether the species attains
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" asize beyond the largest figures given. The valves are often close pressed,
and deflected at the margin.”—Hall, 1847.

Occurrence,—CHAMBERSBURG LIMESTONE (Christiania bed). Green-
castle and other localities in southern Pennsylvania. Trenton limestone
of New York.

Collection.—U. S. National Museum.

ZyGospIrA MODESTA (Hall)
Plate LIV, Figs. 20-22; Plate LVII, Figs. 13-16

Atrypa modesta (Say) Hall, 1847, Pal. New York, vol. i, p. 141, pi. xv, fig. 15.

Zygospira modesta Meek, 1873, Pal. Ohio, vol. 1, p. 125, pi. 1i, fig. 4.

Zygospira modesta Winchell and Schuchert, 1893, Geol. Minnesota, vol. iii,
p. 465, pl. xxxlv, figs. 42-44.

Zygospira modesta Hall and Clarke, 1893, Pal. New York, vol. viii, pt. 2,
p. 165, figs. 146-149; pl. iiv, figs. 7-10, 12,

Description.—* Shell small, rather depressed, nearly plano-convex, sub-
orbicular, or straightened and eonverging to the beaks at an obtuse angle;;
lateral margins more or less rounded ; front rounded, or sometimes a little
straightened, or very slightly sinuous at the middle.

“ Dorsal valve with a rather shallow, undefined mesial sinus of moderate
breadth at the front, but becoming rapidly narrower, and less impressed
posteriorly, so as often to die out before reaching the umbo; surface on
cach side of the sinus gently convex eentrally, and sloping gradually to the
lateral margins; beak but slightly prominent and ineurved.

“Ventral valve, with a low mesial ridge, corresponding to the sinus

of the other valve, exeepting that it is generally most prominent near the
middle, and somewhat depressed anteriorly; while on cach side of the

ridge the slopes are distinetly compressed ; beak small, abruptly pointed,
projecting beyond that of the other valve, and rather distinetly arched;
but not so closely ineurved as to conceal the small fissure, which scems
to be closed below by a deltidium, that leaves a minute aperture above,
just under, or extending to, the apex; margin on each side of heak cari-
nated, so as to give the appearance of a kind of false eardinal area.
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« Qurface of each valve ornamented by about 16 to 18 small, simple,
radiating plieations, of which about three to five near the front of the
dorsal valve oceupy the mesial sinus, the middle one being usually a little
the largest; while on the ventral valve about four of the largest occupy
the mesial prominenee, the furrow between the middle two being generally
a little larger and deeper than the others ; marks of growth undefined, or
extremely minute and obseure. Tiength of a mature, moderately large
specimen, 0.26 inch; breadth, 0.30 ineh; eonvexity, 0.15 ineh.”—Meek,
1873.

An abundant Cincinnatian fossil at many localities in the United
States and Canada. Tn Maryland and Pennsylvania the species oceurs
in the upper part (Eden) of the Martinsburg shale and in the succeeding
Fairview formation.

Occurrence—MARTINSBURG SHALE (Eden Division). Rickard Moun-
tain and Fairview Mountain, Washington County, Maryland.

Collections.—Maryland Geologieal Survey, U. S. National Muscum.

Zycosrira ? ERRATICA (Hall)
Plate LVIJ, Figs. 17-23
Orthis ¢ erratica Hall, 1847, Pal. New York, vol. i, p. 288, pl. Ixxix, fig. 5.
Catazygae erratica Hall and Clarke, 1893, Pal. New York, vol. viii, pt. 2,
p. 158, pl. liv, figs. 17-23.

Description.—* Subhemispherical, orbicular; dorsal valve very convex,
with the mesial portion abruptly elevated, flat above ; ventral valve convex
at the sides, depressed in the middle, and eonsiderably clevated in front;
surface marked by fine simple uniform striae.”—Tlall, 1847.

This species is readily distinguished from Zygospira modesta with
which it is associated, by its larger size, greater eonvexity, and especially
by the numerous fine striae. A charaeteristie fossil of the Pulaski shales
of New York and Canada.

Occurrence.—MARTINSBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles southeast of MecConnellsburg, Penn-
gylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.
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VERMES
order TUBICOLA

Genus GORNULITES Schlotheim
CORNULITES FLEXUOSUS (Hall)
Plate LVI, Fig. 18
Tentaculites ¢ flexuosa Hall, 1847, Pal. New York, vol. i, p. 92, pl. xxix,
figs. 6a-d, p. 284, pl. Ixxviii, figs. 2a, b.
Oornulites flexuosus Hall, 1888, Pal. New York, vol. vii, Supp. 1; p. 18,
pl. cxv, figs. 41, 42.

Description.— Tubes single or aggregate, adhering, more or less
eurved at the tip or along the whole length; surface marked by strong
annulations somewhat irregular; interior distinctly septate; septa with
the concave sides upwards.”—Hall, 184%.

Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Kuob,
one and one-half miles northeast of Fort Loudon, Pennsylvania, and Tus-
carora Mountain, two and onc-half miles southeast of McConuellsburg,
Pennsylvania.

Collections.—Maryland Géological Survey, U. S. National Museum.

WORM BURROWS (?)
Genus SCOLITHUS Haldemann
ScoLITHUS LINEARIS (Haldemann)®
Plate XXV, Fig. 9

Pucoides ? linearis Haldemann, 1840, Supp. Monograph Limniades, p. 3.

Scolithus linearis Hall, 1847, Pal. New York, vol. i, p. 2, pl. i, figs. 1a-lc.

Scolithus linearis Walcott, 1890, 10th Ann. Rep. U. S. Geol. Surv., p. 603,
pl. Ixiii, figs. 1, 1a-c.

Description.—The ‘pencil-like fillings of the worm burrows to which
the above name is applicd have a wide distribution in the arenaccous
Cambrian rocks of Eastern North America. The species is determined

in large part by its geological position and by the diameter of the tubes.
Scolithus linearis forms free eylindrical or subeylindrieal, unbranched,
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vermiform tubes with their surface usnally smooth, but sometimes appar-
ently striated. Their form is rigidly straight and they range in length
from several inches to a foot or more. The diameter varies between one-
eighth to one-half an inch.

These tubes preserve their distinctness under almost all conditions
and they often stand out quite elearly in the rock.

Oceurrence.—HARPERS SHALE AND ANTIETAM SANDSTONE. In Mary-
land this species has been identified at Eakles Mills and other loealities,
partieularly in the drift hlocks along the ‘west front of the Blue Ridge.
Widely distributed in the Cambrian of Pennsylvania, New York, Vir-
ginia, Canada, ete.

Collections.—Maryland Geological Survey, U. S. National Museum.

MOLLUSCA
cuss PELECYPODA

order PRIONODESMACEA
Family CTENODONTIDAE
Genus CTENODONTA Salter
CTENODONTA GIBBERULA Salter

Plate XLII, Figs. 18-20

Ctenodonta gibberula Salter, 1857, Canadian Org. Rem. Dec. I, p. 38, pl. viii,
fig. 6.

Tellinomyae ventricosa Meek and Worthen, 1868, Geol. Surv. Iilinois, vol. iii,
p. 307, pl. ii, figs. Ta-c.

Ctenodonta gibberula Ulrich, 1894, Geol. Minnesota, Pal, vol. iii, pt. 2,
p. 587, pl. xlii, fig. 37, text figs. 44f-g, p. 699.

Description.— Shell rhombie subovate, ventricose, the height, length
and thickness, respectively, as seven, ten, and six, with large incurved
beaks, situated a little behind the mid-length ; antero-dorsal and ventral
margins subparallel, the posterior end obliquely truncate above the narrow
and sharply rounded lower part; anterior cnd broadly rounded and con-
tinuing into the basal margin ; the latter is straight or very gently sinuate

and aseends from the prominently rounded anterior part; posterior
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umbonal ridge ineonspieuous in a lateral view, rather sharply defined,
however, in a dorsal view by a narrow furrow whieh outlines a wide
laneeolate flattened area, equally divided by the hinge line, and in the
upper part of whieh (immediately behind the beaks) the ligament is
attached to distinet fulera; anterior dorsal slope abruptly rounded ;
entire anterior half of valves strongly ventrieose, while between this part
and the posterior umbonal ridge a slight suleus erosses from near the
beak to the base. Surface marked by rather distinet, elosely arranged,
subequal eoneentric striae of growth, tending to irregularity in the basal
parts of old shells.

“ Impressions of adduetor museles extremely deep, the anterior pair
larger than the posterior. A small, though distinet, pedal niusele sear is
always present on the upper part of the strong ridge whieli forms the
inner boundary of the anterior adduetor-(in easts it lies at the bottom of
the deep eavity produeed by this ridge), but the eorresponding posterior
sear is rarely distinguishable. Hinge plate very narrow at the beaks, but
widening rapidly on each side, the anterior half somewhat the stronger
and slightly eoneave along its inner margin, both terminating abruptly
at the museular sears; dentieles 12 behind and 10 or 11 in front, those
near the beaks very small, all interloeking deeply, especially those of the
anterior set, whieh are also scmewhat larger than the posterior. The
shell is very thick and the rostral filling so eonsiderable that in easts of
the interior the beaks appear obtuse and widely separated.”—Ulrieh, 1894,

A charaeteristic Blaeck River species of Canada, New York, and the
Ohio and Mississippi valleys..

Occurrence.—CHAMBERSBURG  LIMESTONE  (Tetradium  eellulosum
bed). Fort Loudon, Franklin County, Pennsylvania.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

CTENODONTA oBL1QUA Hall
Plate LIV, Figs. 17-19

Nucula obligua Hall, 1845, Amer. Jour. Sci., vol. xliii, p. 292.

Tellinomya ? obliqgua Meek, 1873, Pal. Ohio, vol. i, p. 139, pl. xi, figs. 11a-c.

Ctenodonta obligue Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 604,
pl. xlii, figs. 83-87.
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Description.—< Shell very small, ecompressed, subeireular, approaching
subquadrangular; height and breadth about equal; anterior margin short
and rounding or less rounded ; beaks elevated, nearer the anterior margin ;
dorsal margin sloping from the beaks, the anterior slope being the more
abrupt, and the margin behind the beaks straighter, more eompressed and
sharper ; surface smooth ; internal easts showing the museular impressions
to be comparatively rather distinet. Iinge unknown. Length, 0.06 ineh;
height slightly less; eonvexity, 0.03 ineh.,”—Meek, 1873.

As indieated above, the hinge of this small peleeypod is unknow, as
no speeimens have ever been found preserving the shell strueture. Like
Cyclora minuta and other dwarfed gastropods and peleeypods, the
speeies oeeurs only as phosphatized easts or as molds in the roek. Such
casts of C. obliqua, however, oeeasionally show a denticulated margin

along the hingo line such as would be left by the dentieles of a species of
Ctenodonta.

This abundant small peleeypod was deseribed from specimens found at

Cineinnati, Ohio, but it ranges in age from the Trenton to and through

the Riehiond and oeeurs in many states.
Occurrence.—MARTINSBURG SHALE (Tden division). Jordans Knob,
one and one-half miles northeast of Fort London, Pennsylvania.
Collections.—Maryland Geologieal Survey, U. S. National Musenm.

CrENODONTA FILISTRIATA Ulrieh
Plate LIV, Figs. 26-29

Ctenodonta filistriata Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 599,

figs. 44a-e.

Description.—This speeies has usually been identified with the Trenton
speeies Otenodonta levata Hall, but it may be distinguished from this and
similar forms by the delicate, erowded, thread-like eoneentrie lines whieh
cover the entire surface. Twelve to twenty of these lines may be eounted
in a spaee 1 mm. wide. This surface ornamentation in eonneetion with
the subovate forms of the shell and the rows of dentieles on the hinge,
causes the speeies to be easily recognized.
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Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of ¥Fort Loudon, Pennsylvania. Iden
shale at Cineinnati, Ohio. '

Collection.—U. S. National Museum.

Family LEDIDAE
Genus CLIDOPHORUS Hall

CripoPHORUS PLANULATUS (Courad)

Plate LIV, Fig. 37

Nuculites planulata Conrad, 1841, 5th Ann. Rept. New York Geol. Surv.,
p. 50.
Cleidophorus planulatus Hall, 1847, Pal. New York, vol. i, p. 300, pl. 1xxxii,

figs. 9a-e.

Description.— Shell transversely elliptical oblong, height about half
the length of the shell, with the beak approximately a third of the length
of the shell from the anterior end. Umbonal ridge low, distinctly defined
along its cardinal border where it makes an angle of 162 .to 165 degrees
with the longitudinal axis of the shell. Above this umbonal ridge, the
posterior cardinal slope of the shell is flattened and subalate. The pos-
terior part of the hinge-line extends from the beak for a distance equalling
about two-fifths the length of the shell, and then makes an angle of about
150 degrees with the posterior margin of the shell. The margin is rather
strongly rounded at both the posterior and anterior ends of the shell, the
maximum eurvature of the anterior margin, however, being nearer the
hinge-line. The basal margin is moderately and evenly convex. The
clavicular adductor support anterior to the beak forms an angle of about

80 degrees with the longitudinal.aiis of the shell; it is comparatively
straight and extends downward to about the middle height of the shell; it
is sharp and narrow, appearing on the east of the interior of the shell as a

sharp ineision not depressing the immediately adjoining part of the shell.
The convexity of the shell is moderate, that of a shell 9 mm. in height
being about 1.6 mm. Speeimens 20 mm. in length oceur.”—Foerste, 1914.
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Occurrence.—~MARTINSBURG SHALE (Eden division). Riekard Moun-
tain, Washington County, Maryland. Eden shale and Maysville group of
New York and Ohio.

Collection.—U. S. National Museum,

Family CYRTODONTIDAE
Genus ISCHYRODONTA Ulrich
TsCHYRODONTA UNIONOIDES (Meek)

Plate LVIII, Figs. 2, 3

Anodontopsis ! unionoides Meek, 1871, Amer. Jour. Sei., vol. ii, p. 299.

Anodontopsis (Modiolopsis ) wunionoides Meek, 1873, Pal. Ohio, vol. i,
p. 141, pl. xii, figs. 2a, b.

Ischyrodonta unionoides Ulrich, 1893, Geol. Surv. Ohio, vol. vii, p. 677,
pl. liv, figs. 1-3.

Ischyrodonta curta Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,
p. 298, pl. iii, fig. 14.

Description.— Shell of medium size, subovate, a little the highest
posteriorly, compressed, eonvex, thiekest slightly above and in advanee of
the middle. Anterior margin regularly but rather narrowly rounded;
base forming a broad semielliptie eurve; posterior margin broadly
rounded, very slightly oblique; dorsal outline more or less strongly
arcuate, passing gradually into the ends. Beaks small, eompressed, pro-
jeeting very little beyond the hinge margin, placed between one-fourth
and one-fifth of the length of the valves behind the anterior extremity;
umbonal ridge scareely distinguishable. Surfaee showing only a few dis-

tinet subimbrieating marks of growth.

“Hinge comparatively weak for the genus, with one oblique eardinal
tooth in the right valve and two (?) in the left. The ridge-like internal
ligament support leaves a linear depression within the dorsal edge extend-

ing posteriorly from the beak for a distance equaling about one-third of
the length of the shell. Anterior adductor and pedal musele attachments
having the characters usual for the genus, exeept that thcy are, with
respeet to the beaks, more anterior in position for the reason that the
anterior end is uneommonly long.”—TUlrich, 1893,
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Occurrence.—MARTINSBURG SHALE. ('Fop of the Fairview Orthor-
hynehula bed) just under the Oswego sandstone on Tuscarora Mountain,
one and one-half miles southeast of MeConnellsburg, Pennsylvania. Top
of the Fairview or base of the MeMillan formation at Cineinnati, Ohio.
Pulaski shales of New York and Canada.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

Family AMBONYCHIIDAE
Genus BYSSONYCHIA Ulrich
Byssonycnia vEra (Ulrieh)

Plate LIV, Figs. 34-36
Byssonychia vera Ulrich, 1893, Geol. Surv. Ohio, vol. vii, p. 629, figs. a-c.
Ambonychia cincinnatiensis Miller and Faber, 1894, Jour. Cincinnati Soc.
Nat. Hist., vol. xvii, p. 24, pl. i, figs. 8-10.

Description.—This speeies is quite similar to Byssonychia radiats
(Hall), the type of the genus, and in fact is frequently identified with it,
but B. vera differs in its smaller size, finer striae (there being about 50 to
from 37 to 40 in the typieal form of that species), shorter hinge line,
more evenly eonvex valves, and shorter byssal opening.

Occurrence.—MARTINSBURG SHALE (Eden division). Southern Penn-
sylvania, and in the sandstone debris of Riekard Mountain, Maryland.
Eden shale of the Ohio Valley.

Collections.—Maryland Geologieal Survey, U. 8. National Muscum.

Byssonvenra rapiara (Hall)

Plate LVII, Fig. 26

Ambonychia radiata Hall, 1847, Pal. New York, vol. i, p. 292, pl. Ixxx,
figs. 4a-1.

Ambonychia radiata Hall and Whitfield, 1875, Geol. Surv. Ohio, Pal., vol. ii,
p. 79, pl. ii, fig. 2.

Byssonychia radiate Ulrich, 1897, Geol. Minnesota, vol. iii, pt. 2, p. 477,
fig. 35VI.

Byssonychia radiata Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,
p. 273, pl. iii, figs. 12a-c.

Description.— Shell small to medium sized, varying in outline from
subquadrangular, with a rounded base, to acutely ovate, according to the
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degree of obliquity of the body of the shell to the direction of the hinge-
line. Surfaee of the shell ventricose, and often subearinate on the
umbones and towards the beaks, gradually and somewhat regularly sloping
to the basal margin, becoming attenuate and compressed toward the
postero-cardinal region, and abruptly truncate and even impressed on the
anterior side. Beaks acutely pointed, strongly incurved, terminal and
projeeting above the line of the hinge ; posterior end at right angles to the
hinge straight or rounded, or sometimes sloping obliquely backwards to
the postero-basal margin ; base sharply rounded. Auterior border of the
valves excavated below the beaks, forming a rather large byssal opening,
whieh is usually about half as wide as long when the valves are united.
“Surface of the valves marked by strong, radiating ribs, which are
simple throughout, strongest on the body of the shell, and becoming finer
on the postero-cardinal region. On the upper portion of the shell the
ribs are flattened on the top, and often grooved in the center, giving them
a strongly duplieate character, but beeoming smooth below, the spaces
between as narrow, or mueh narrower, than the width of the rib. The ribs
are crossed by fine, concentrie, imbrieating lines of growth, which undu-
late as they cross the elevation.”—Hall and Whitficld, 1875.
Occurrence.—MArTINsBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles southeast of MeConnellsburg, Pennsyl-
vania. Maysville group of the Ohio Valley and Canada.
Collections.—Maryland Geologieal Survey, U. S. National Museum.

&

ByssoNYCHIA PRAECURSA Ulrich
Plate I.VII, Figs. 28, 29

Byssonychia praccurse Ulrich, 1893, Geol. Surv. Ohio, vol. vii, p. 633, pl. xlv,
figs. 1, 2.

Description.—In outline and number of costac this species is quite
similar to Byssonychia radiate with whieh it is assoeiated, but it is less
oblique, the hinge is longer, and the central part of the valve is somewhat
narrower. The marked difference between the two, however, lies in the
flattening of the anterior side in B. praecursa.




284 SYSTEMATIC PALEONTOLOGY

Occurrencc.—MARTINSBURG Suark (Fairview division). Tuscarora
Mountain, onc and one-half miles southeast of M cConnellshurg, Pennsyl-
vania. A characteristie fossil of the Pulaski shale of New York aud of
the corresponding horizon (Fairview division of the Maysville group)
in the Ohio Valley.

Collection.—U. S. National Museum.

Genus ALLONYCHIA Ulrich
ArronycHIA ovaTA Ulrich
Plate LVII, Fig. 27
Allonychia ovata Ulrich, 1893, Geol: Surv. Ohio, vol. vii, p. 642, pl. xlviii,
figs. 4-6. - j
Description.—Shell large, 55 mm. in length and 36 mm. wide, subovate
but almost erect, strongly convex. Hinge line short not alated posteriorly
with the beaks large, incurved and not terminal. -Surface marked with
40 to 45 radially arranged costae. Hinge line short, edentulous, with a
high ligamental area.
A fairly well preserved east in sandstone from Tuscarora Mountain,
Pennsylvania, exhibited all the characters of this well-marked species.
Occurrence—MARTINSBURG SHALE (Fairview division). 'I'usearora
Mountain, one and one-half miles southcast of MeConnellsburg, Penn-
sylvania. Upper part of Fairview formation at Covington, Kentueky.
Collection.—U. S. National Museum.

Family AVICULIDAE
Genus PTERINEA Goldfuss

Prerivea (CARITODENS) DEMIsSA (Conrad)
Plate LVII, Fig. 24

Avicula demissa Conrad, 1842, Jour. Acad. Nat. Sci. Philadelphia, vol. viii,
p. 242, pl. xiii, figs. 3.

Avicule demissa Hall, 1847, Pal. New York, vol. i, p. 292, pl. Ixxxix, fig. 2a, b.

Pterinea demissa Hall and Whitfield, 1875, Geol. Surv. Ohio, Pal., vol. ii,
p. 78, pl. ii, fig. 1.

Caritodens demissa Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,
p. 269, pl. i, figs. 10, pl. 3, fig. 11.
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Description.—* Shell subrhomboidal in outline, with the basal margin
rounded ; hinge-line much longer than the body of the shell; anterior
wing extended into a rather long, acute point, when perfect, forming
nearly one-third of the length of the hinge, measured from the point of
the beak ; posterior wing large, rather obtusely pointed, and extending as
far as the body of the shell below ; body of the shell oblique, a line drawn
from the beak to the center of the .base forming an angle with the
posterior hinge-line of about 65 or 70 degrees; posterior margin of the
shell broadly and roundly, but not deeply, excavated between the posterior
‘wing and the postero-basal extremity of the shell; basal margin rather
sharply rounded ; anterior margin obliquely sloping from the hinge-line,
being nearly parallel with the body of the shell; very slightly excavated
below the anterior alation. Left valve strongly eonvex when not com-
pressed, prominent and rounded in the center, but flattened and slightly
concave toward the alations; beak small, extending but little above the
hinge-line; flattened or depressed convex on the umbo. Right valve
concave, the concavity not excceding one-half of the convexity of the
opposite valve, and usually somewhat shorter on the basal portion.

“ Surface of the convex valve marked by regular, concentrie; lamellose
lines, the edges of which are sharply elevated when well pr(;,served, giving
an exceedingly roughened character to the surface. In the degree of this
latter feature, as also in the relative distance of the lines, there is con-
siderable variation in different individuals. Surfaee of the coneave valve
distinetly lamellose, but the precise features have not been very clearly
determined, as no very good speeimens of this valve have been examined.”
—Hall and Whitfield, 1875.

A detailed description of this species, particularly of the shell structure,
was given by Foerste in 1914, but the above-quoted desecription applies
better to the specimens as found in the Cumberland Valley of Maryland
and Pennsylvania.

Occurrence.—MARTINSBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles southeast of MeConnellsburg, Pennsyl-
vania. Not uncommon in the Maysville and Richmond groups of the
Ohio Valley, New York, and Canada.

Collections.—Maryland Geologieal Survey, U. S. National Museum.
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Family LYRODESMIDAE
Genus LYRODESMA Conrad
LiyropESMA cONRADI Ulrieh
Plate LIV, Fig. 30
Lyrodesma conradi Ulrich, 1893, Geol. Surv. Ohié, vol. vii, p. 684, pl. xlvii,
fig. 9.

Description.— Shell a little oblique, transversely subovate, somewhat
the highest aeross the middle of the posterior end ; length 15 to 22 mm.,
height 11.5 to 15 mm., thiekness about half the height; just beneath the
middle of the slightly oblique posterior margin, the outline is a little
produeed and more narrowly rounded than elsewhere. Valves moderately
convex, the posterior umbonal ridge rounded, not a prominent feature,
the beaks small, situated just within the anterior third of the length.
Surfaee marked by very fine, elosely arranged, sharp eoncentrie lines,
erossed on the posterior cardinal slope by about ten radiating striae.
Hinge with seven teeth of the usual type in eaeh valve. Adduetor sears
distinet, the posterior one rather small and situated a very short distance
beneath the submarginal pedal musele impression. Pallial line with a

small though undeniable posterior sinus. A peculiar feature of internal
casts is the broad and shallow furrow shown in the figure just in front
of the umbonal ridge.”—Ulrieh, 1893.

Occurrence—MAarTINsSBURG SHALE (Eden division). Jordans Kunob,

one and one-half miles northeast of Fort Loudon, Pennsylvania. Eden
shale at Cineinnati, Ohio.
Collection.—U. S. National Museum,

Family MODIOLOPSIDAE
Genus MODIOLOPSIS Hall
Mobrororsis MODI0LARIS (Conrad)
Plate LVIII, Fig. 12
Pterinea modiolaris Conrad, 1838, 2d Ann. Rept. Geol. Surv. New York,
p. 118.
Modiolopsis modiolaris Hall, 1847, Pal. New York, vol. i, p. 294, pl. 81,
figs. la-g; pl. Ixxxii, fig. 1.
Modiolopsis modiolaris Foerste, 1914, Bull. Sci. Lab. Denlson Univ., vol. xvii,
p. 281, pl. ili, fig. 1; pl. v, figs. 1, 2.
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Description.——* Shell obliquely oblong. The eardinal margin posterior
to the beak nearly straight, rounding gradually into the oblique posterior
margin. Anterior to the beak, the eardinal margin is defleeted down-
ward, and then rounds into the strongly eurved anterior margin of the
shell. Basal margin straight along that part of the shell which lies
direetly opposite the straight cardinal margin; rising gradually toward
the eurved anterior margin, and more rapidly towards the posterior
margin, whieh is most eurved at the posterior extremity of the umbonal
ridge. Umbonal ridge most strongly defined on the eardinal side and
within about 10 or 15 mm. from the beak, almost disappearing into the
general eonvexity of the shell posteriorly. Mesial sinus praetieally
obsolete, although oceasional specimens show a very faint indication of
the same accompanied by a scarcely perceptible concavity of the basal

outline. General convexity of the shell small. Coneentrie striations best
defined anteriorly, along that part of the shell whieh is anterior to the
oblique umbonal ridge. Anterior adductor depressions large and dis-
tinetly defined, although usually very shallow, owing to the thinness of
the shell. The interior of one of the valves is faintly striated posteriorly,
below the umbonal ridge, in a direetion parallel to a line drawn from the
posterior termination of the umbonal ridge to a point half way between
the beak and the upper anterior margin of the shell.”—Foerste, 1914.

Numerous references have been made to this species in the literature
and it has undoubtedly been misidentified many times. The only serious
study ot this pelecypod is that in 1914 by Foerste whose description is
quoted above. Modiolopsis modiolaris as restricted by Foerste is a guide
fossil of the Pulaski shale in New York and in the corresponding hori-
zons southward in the Appalachians and west to the Ohio Valley.

Occurrence—~MARTINSBURG SHALE (TFairview division). Tusearora
Mountain, one and one-half miles southeast of MeConnellsburg, Penn-
sylvania.

Collections.—Maryland Geologieal Survey, U. S. National Museum.

19
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Genus MODIOLODON Ulrich
MobioropoN TRUNCATUS (Hall)

Plate LVII, Tig. 25
Modiolopsis tmncatus Hall, 1847, Pal. New York, vol. i, p. 296, pl. Ixxxi,
figs. 3a, b.
Modiolopsis truncatus Hall and Whitfield, 1875, Geol. Surv. Ohio, Pal,,
vol. ii, p. 86, pl. ii, fig. 13.
Modiolodon truncatus Ulrich, 1893, Geol. Surv. Ohio, vol. vii, p. 656, pl. 1i,
figs. 9, 10.

Description.—* Shell below the medium size ; shortly ovate in outline,
the widest part being about one-third of the entire length from the
posterior end. Valves compressed, or depressed convex, most prominent
near the center. Beaks small and elosely eompressed, seareely projecting
beyond the line of the hinge. Anterior margin rather shortly rounded,
the extremity extending but little beyond the beaks; basal margin gently
and regularly curving; posterior end more broadly rounded than the
anterior and most abruptly at the postero-basal portion; above, it slopes
more gradually backwards to the extremity of the hinge line, with whiech
it unites without forming any perceptible angle.

“ Surface of the valves marked by irregular, rather strong, concentric
lines of growth.

“The internal casts—the condition in which the speccies is usually
found in the softer parts of the formation—show a large, elongate pos-
terior muscular sear, situated a little within the postero-eardinal margin,
and parallel with it; also a smaller lunate anterior sear, and an entire
pallial line.”’—Hall and Whitfield, 1875.

Occurrence.—MARTINSBURG SHALE (TFairview division). Tuscarora
Mountain, one and one-half miles southeast of McConnellsburg, Pennsyl-
vania. Pulaski shale near Rome, New York.

Collection—U. S. National Museum.
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Genus ORTHODESMA Hall and Whitfield
OxTropesma NasuTuM (Conrad)
Plate LVIII, Fig. 1

Cypricardites nasuta Conrad, 1841, 5th Ann. Rept. New York Geol. Surv.,
Modigio;i.is nasutus Hall, 1847, Pal. New York, vol. i, p. 159, pl. xxxv, fig. 7,

p. 296, pl. 1xxxi, fig. 2.
Orthodesma nasutum Foerste, 1914, Bull. Sci. Lab. Denison Univ., vol. xvii,

p. 286, pl. iii, fig. 5; pl. 5, fig. 3.

Description.—This well-marked species is easily distinguished from all
associated pclecypods by its narrow, subelliptieal form and its anterior
extremity drawn out into a narrow, quite extended nasutc form. The
eardinal margin of the shell is distinctly straight posterior to the beak,
but anterior to it the margin drops so that at its greatest departure it is
at least 3 mm. lower. In its anterior portion the shell is depressed and
this, in connection with the outline, adds to the nasute appearance.
Posterior to the beak the shell is more convex with the areas of greatest
convexity ncar the cardinal margin. The surface is marked by indistinct
concentric striations which are plainest along the basal.margin of the
anterior part.

The type specimens were securcd from the Pulaski shale division of
the Lorraine at Lorrainc, near Rome, ctc., New York.

Occurrence.—MARTINSBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles southeast of McConnellsburg, Penn-
sylvania.

Collection.—U. S. National Museum.

crass GASTROPODA

order ASPIDOBRANCHIA

Family PLEUROTOMARIIDAE
Genus PLEUROTOMARIA Defrance
PLEUROTOMARIA ? CANADENSIS Billings
Plate XXXVI, Figs. 4, 5

Pleurotomaria canadensis Billings, 1865, Pal. Fossils, vol. i, Geol. Surv.
Canada, p. 230, figs. 214, a, b.
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Description.—Shell large, lenticular 35 to 60 mm. in diameter, consist-
ing of six somewhat slender whorls rising into a depressed conical spire.
Inner two-thirds of whorls gently convex; suture distinct. Margin of
whorls sometimes acute and turned upwards, sometimes with a rounded

band. Just within the margin is a wider concave band. Umbilicus wide,

one-half to two-thirds the shell diameter, with margin subangular, and
the inner slope of the whorls generally flat. A slight concave band just
beneath the margin on the under side of the whorls. Aperture trans-
versely ovate or rhomboidal with the outer and inner angles acute. Sur-
face with fine, sharp, unequal striae, usually with shallow undulations
2 to 4 mm. wide conforming to the coarse of the striae; all curving back-
wards to the margin and reaching it at an acute angle.

Occurrence.~BEERMANToWN LiImEsToNE (Ceratopea zone). Near
MecConnellsburg and other localities in southern Pennsylvania and east
of Williamsport and near Halfway, Maryland.

Collection.—U. S. National Museum.

PreuroTOMARIA ? GREGARIA Billings
Plate XXXV, Figs. 1-3
Pleurotomaria gregaria Billings, 1859, Canadian Nat. Geol., vol. iv, pp. 355,
358, figs. 8h-k.

Description.—Shell small, 8 mm. long and 5 mm. wide; spire conical
with an apical angle of about 45° ; three or four whorls. A narrow spiral
band is present. On the body whorl, the band is somewhat above the
middle of the volution, but in the upper whorls it is situated on the lower
outer side at about one-fourth the height. An obscure carina on the body
whorl, just above the spiral band, and another close to the suture is
present on mature examples ; the intervening space is flat or slightly con-
cave. Below the band is a third carina, scarcely visible, and below this
the whorl is rounded ventricose. There is a small umbilicus. Surface
minutely striated.

This is an interesting and well-marked species, but until a complete
revision of Beekmantown gastropods is made, its generic position must
remain very uncertain.
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Occurrence.—BrEsMANTOWN LivmestoNe (Turritoma zone). Stouf-
ferstown, Pennsylvania, and east of Huyett, Maryland.
Collection.—U. S. National Museum.

PLEUROTOMARIA ? FLORIDENSIS Cleland
Plate XXXI, Fig. 6
Pleurotomaria floridensis Cleland, 1900, Bull. Amer. Pal,, vol. iii, p. 125
(253), pl. xv, fig. 12.

. Description.—Shell quite small, 3 mm. wide at the base and 4 mm.
high, eonsisting of five slightly rounded volutions, conical, with an apical
angle of 44° and a minute umbilicus.

Tmperfcet easts and eross-sections in the rock of a small conical shell
found occasionally in the Stonehenge limestone of Maryland scem to be

- representatives of this interesting species which hitherto has been noted
only in the corresponding horizon in New York. The reference of this
species to Pleurotomaria is known to be incorrect, but in the present state
of our knowledge of Canadian gastropods it is useless to attempt more
accurate gencric determination. The specimens found in Maryland are
not well enough preserved for a critical study of their generic characters.

Occurrence.—BEEEMANTOWN ~LIMESTONE  (Stonehenge member).
Vicinity of Hagerstown, Maryland. Tribes Hill limestone of New York.

Collection.—1U. S. National Muscum.

Genus HORMOTOMA Salter
HoryoToMA ARTEMESIA (Billings)
Plate XXXVTI, Figs. 8,9
Murchisonia artemesia Billings, 1865, Pal. Fossils, vol. i, Geol. Surv.
Canada, p. 345, fig. 332.

Description.—Shell elongate, varying from 50 to 75 mm. in length,
slender, consisting of 10 to 12 depressed convex whorls with a strong,
rounded spiral band. In casts the whorls are. depressed ventricose,
flattened in the middle and abruptly rounded in the deep suture. Casts
of the exterior show a strong, rounded band along the median line of the
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whorls about 2 mm. wide on the large whorls. Surface with finc, sharp
striae curving backwards to the band.

The elongate, slender form of this shell and the band along the median
line of the whorls are sufficient characters to discriminate it from other
associated forms of gastropods.

Occurrence.—BEEKMANTOWN LIMESTONE (Ceratopea zome). Appa-
lachian Valley in Pennsylvania, Maryland, and Virginia. Natural sections
and poorly preserved casts of this species occur in the exposures east of
Williamsport and in the vicinity of Halfway, Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Hormoroma eracuts (Hall)

Plate LV, Figs. 7, 8

Murchisonia gracilis Hall, 1847, Pal. New York, vol. i, p. 181, pL xxxix,’
figs. 4a-c; p. 303, pl. Ixxxiii, figs. 1a-b.
Hormotoma gracilis Ulrich and Scofield, 1897, Geol Minnesota, vol. iii,
pt. 2, p. 1015, pl. 1xx, figs. 18-21. .

Description (typical form).—*“ Height 20 to 33 mm., apical angle very
constantly about 18°. Shell small, slender; volutions about 14 in a
length of 80 mm.; rounded generally with a slight angulation, on which
lies the band, a little beneath the middle ; band seldom preserved, when
perfect, rather narrow, smooth, flat or faintly concave and margined on
each side by a delicate raised line; suture simple, deep; lines of growth
fine, bending strongly backward from the suture to the band, and beneath
this curving very strongly forward again, the whole indicating a deeply
notched mouth ; aperture a little higher than widc, rounded exccpt below
where it is somewhat produced; inner lip reflected, forming a slightly
twisted and thickened columella.”—Ulrich and Scofield, 1897.

Widecly distributed in the United States and Canada in rocks ranging
from the Trenton to and through the Richmond.

Occurrence.—MARTINSBURG SHALE (Eden division). Fort Loudon,
Pennsylvania, and the west slope of Rickard Mountain, Washington
County, Maryland. 3

Collections.—Maryland Geological Survey, U. S. National Museum.
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Horyoroma GrRACILENS (Whitfield)
Plate XXXV, Figs. 4, 5
Murchisonia gracilens Whitfield, 1889, Bull. Amer. Mus. Nat. Hist, vol. ii,
p. 53, pl. viii, figs. 14, 15,

Description.—Shell rather small, possibly reaching 25 mm. in length,
and very slender with the apical angle not more than 16 to 18 degrees,
consisting of numerous whorls, six of which occur in the upper part of the
spirc of a small individual in 6 mm. Volutions ventricose, smooth or
with but a very slight angularity near the middle of the exposed portion;
sutures deep and strongly marked. Columella and aperture unknown.

This species is probably the Canadian representative of the abundant
Middle and Upper Ordovician Hormotoma gracilis Hall which it greatly
resembles. The carlier species, however, is a trifle more slender.

Occurrence.—BEEKMANTOWN Limestone (Turritoma zone). Stouf-
ferstown, Pennsylvania, and near Huyett, Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus TURRITOMA Ulrich
TurriToMA ACREA (Billings)

Plate XXXV, Fig. 11
Murchisonia acrce Billings, 1865, Pal. Foss.,, vol. i, Geol. Surv. Canada,
p. 232, text fig. 216.

Description.—Shell rather small and slender, about 25 mm. long and
Y mm. at its widest portion, resembling a Twrritella,; apical angle 15° to
20°; whorls 12 to 15 in number, flat or subconcave, cach with the lower
edge angularly rounded and projecting slightly over the one below;
surface above this projection flat or gently concave; and sloping to the
suture, near which is a slight convexity. Surface characters unknown.

This shell is casily recognized even in poor specimens by its consider-
able resemblance to a small species of Twrritella. Its characters are so
distinctive that Ulrich selected it as the type of his genus Turritoma.
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Occurrence.—BEEKMANTOWN LiMEsTONE (Turritoma zonc). Stouf-
ferstown, Pennsylvania, and east of Huyett, Maryland. Canadian
(Division G of the Quebec group), Port aux Choix, Newfoundland.

Collection.—U. S. National Museum.

Genus LOPHOSPIRA Whitfield
LoprosPIrA BioiNca (Hall)

Plate XXXIX, Figs. 1-5

Murchisonia bicincte Hall, 1847 (not McCoy, 1844), Pal. New York, vol. i,
p. 177, pl. xxxviii, figs. 5a-f (? 5g and 5h).

Lophospira bicincte Ulrich and Scofield, 1897, Geol. Minnesota, Pal., vol. ii,
pt. 2, p. 964, pl. Ixxii, figs. 1-5.

Description.—* Hight 15 to 30 mm. ; apical angle 59° to 63°, usually
about 60°. Volutions five or six, subangular; last one ventricose below,
tricarinate, the upper ones bicarinate, the lower carina being hidden by the
suturc; central or peripheral angle margined on either side by a sharp
elevated line, with a narrow groove between, the angle, therefore, being
composed of three lines of which the central one is a little stronger and
more prominent than the lateral ones; lower carina thin, abruptly raised,
the space between it and the peripheral angle scarcely concave and almost
perpendicular ; upper carina sharp, rather strong, removed a little more
than a third of the biconcave upper slope of the volution from the suture ;
aperture somewhat obliquely subelliptical, higher than wide, narrow
below, subangular at the lower inner corner ; inner lip but little thickened,

slightly twisted, never completely covering the minute umbilicus; outer

lip very slightly sinuate. Surface marked by fine, sharp, subequal striae,
curving backward very gently from the suture to the periphecral band;
beneath the latter they pass in a vertical direction to the lower carina
which scarcely interrupts their course to the umbilicus, near which only a
slight backward curve is noticeable. On the most perfect specimen seen
all the transverse lines present the appearance of being minutely papillose
or toothed, while the central line of the peripheral band is crossed by
straight lines, of which there arc nearly twice as many in a given space as
of those coming from above and below.
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“ The most marked and important feature of this speeies is the exeeed-
ing shallowness of the sinus or notch in the outer lip. The essential
charaeters of L. bicincia, as here identified and restrieted, are (1) the
ventrieose whorls, (2) the sharp and regular lines of growth, and (3) the
exeeedingly shallow sinus in the outer lip and vertieal direetion of the
surface striae from the peripheral band downward.”—Ulrieh and Seo-
field, 1897.

Occurrence—STONEs RiviEr LiMEsToNE. Old quarry at Chambers-
burg, Pennsylvania, and south into Maryland. The original types are
from the Trenton of New York, but the speeies is said to range from the
Stones River to the Richmond.

Collections.—Maryland Geological Survey, U. S. National Museum.

Lorrosrira (RuepEMANNIA) LIRATA (Ulrich)
Plate LV, Figs. 5, 6

Lophospira (f Seelya) lirata Ulrich, 1897, Geol. Minnesota, vol. iii, pt. 2,
p. 998, pl. Ixxii, figs. 56-59.

Ruedemannia lirata Foerste, 1914, Bull, Sci. Lab. Denison Univ., vol. xvii,
p. 312.

Description.—“ Hight 15 to 24 mm., apical angles 65° to 70°, the
angle of the first three whorls usually a little wider. Volutions about
. five and a half, ventrieose, the earinae not greatly interfering with the
general roundness of their outlines. Peripheral band median, appearing
lower on the whorls of the spire, very slightly prominent, trilineate; the
lines of equal strength and elevation or the median one is a little weaker
and not as sharply defined as the margined ones. About midway between
the band and the suture lines a small ridge or earina divides the upper
slope into two flat or slightly eoncave spaces. Nearly the same distance
beneath the lower margin of the band in the typieal form of the species
we meet with the first and strongest of about eight revolving ribs. . . . .
Umbilieus exeeedingly small, sometimes elosed by a slight overlap of the
inner lip. Aperture subovate, rounded below and rather straight at the
inner side. Lines of growth sharp, thread-like, regular, either fine and
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cqual on all parts of a whorl or they may be farther apart with interpola-
tions on the upper slope. The lunulae of the band are fine and regularly
curved.”—Uilrich, 1897.

Occurrence.—MarTINSBURG SHALE (Eden division). Jordans Knob,
onc and one-half miles northeast of Fort Loudon; Tuscarora Mountain,
two and one-half miles southeast of McConnellsburg ; and Cowan Gap, five
miles northeast of McConnellsburg, Pennsylvania. Fragmentary casts
of this species were noted in the sandstone debris of the Upper Martins-
burg on the west slope of Rickard Mountain, Washington County, Mary-
land.

Collection—U. S. National Museum.

Genus LIOSPIRA Ulrich and Scofield
" Lrospira micuna (Hall)

Plate LVIIIL, Figs. 7-9; Plate LV, Figs. 25, 26

Pleurotomaria micula Hall, 1862, Geol. Rept. Wisconsin, p. 55, fig. 1.
Liospira micula Ulrich and Scofield, 1897, Geol. Minnesota, vol. iii, pt. 2,
p. 994, pl. Ixviii, figs. 24-29.

Description.—Shell discoidal and small, rarely exceeding 16 mm. in
diameter and usually 11 or 12 mm., with the umbilicus filled by a reflexed
callosity of the inner lip. Externally this filling is concave, smooth -and
distinet from the finely striated under side of the volutions. The shell
has four volutions with such shallow sutures that the spire forms an
almost even slope from its apex to the periphery. Surface marked with
fine lines of growth and in the best preserved specimens with very delicate
revolving lines. On the under side the lines of growth are broadly curved
with the greatest curvature on the inner half. The band is obliquely
placed on the periphery and most visible on the upper side.

This is one of the long ranging gastropods, specimens apparently the
same as the types, which come from the Richmond (Maquoketa) of Wis-
consin, being found in all the formations from the Trenton to and
through the Richmond.

The usual specimens found are seldom well preserved and it is possible
that with better material diffcrences may be noted in examples from the
various horizons.
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Occurrence.—MARTINSBURG SHALE (Eden and Fairview divisions).
Jordans Knob, one and one-half miles northeast of Fort Loudon, Penn-
sylvania, and the west slope of Rickard Mountain, Washington County,
Maryland, have afforded poorly preserved speeimens.

Collection.—U. S. National Museum.

Family EUOMPHALIDAE Dekoninck
Genus MACLURITES Lesueur
MacLuRrITES AFFINIS (Billings)

Plate XXXIII, Figs. 8, 9

Maclurea affinis Billings, 1865, Pal. Fossils, vol. 1, Geol.. Surv. Canada, p. 238,
text figs. 224a, b.

Maclurce affinis Whitfield, 1897, Bull. Amer. Mus. Nat. Hist., vol. ix, p. 180,
pl. iv, figs. 8, 9.

Description.—Shell 35 to 50 mm. in width and 12 to 16 mm. in height
with a flat spire of four or five slender whorls, uniformly convex on the
upper side, and with deeply impressed sutures. Umbilicus about three-
fifths the width of the shell, with the edge, as shown in a vertieal see-
tion, acute ; the inner sides of the whorls, in the umbilieus, eonvex. Sur-
faee unknown.

Occurrence.—BEEKMANTOWN LIiMESTONE (Cryptozoon steeli zone).
Vieinity of Hagerstown and Williamsport, Maryland. Canadian of
Newfoundland and Vermont.

Collection.—U. S. National Museum,

MACLURITES MAGNUS Lesueur

Plate XXXIX, TFigs. 12-15
Maclurites magna Lesueur, 1818, Jour. Acad. Nat. Sci. Philadelphia, vol. i,
p. 312, pl. xiii, figs. 1-3.

Maclurea magna Hall, 1847, Pal. New York, vol. i, p. 26, pl. v, figs. la-e;
pl. v, (bis), figs. 1a-c.

Maclurites magnus Raymond, 1908, Ann, Carnegie Mus., vol. iv, p. 199, pl. 1,
figs. 1, 2; pl. 1i, figs. 1, 2; pl. 1ii, figs. 1-4.

Description.— Sinistrorsal, diseoidal, depressed turbinate; breadth

more than twiee as great as the height; spire flat, a slightly depressed line
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at the sutures; whorls about six, gradually increasing from the apex,
ventricosc, flattened above, obtusely angular on the outer edge; surface
marked by fine striac, which upon close examination, are found to be
produced by the imbricating edges of lamellae ; striac undulating, bending
backwards from the suturc and forward in passing over the edge of the
shell; aperture obtusely trigonal, depressed above, slightly expanded
beyond the dimensions of the whorl just behind it; axis hollow, umbilicus
broad and deep, extending to the top of the spire.”—Hall.

Associated with the large shell of this Maclurites is an operculum
which undoubtedly belongs to the species. It is large, heavy, and horn-
shaped and has the nucleus twisted to the right. In the inner right-hand
corner of the operculum, as may be noted in fig. 15, of pl. XXXIX, there
is a long process projecting downward into the shell and forming a place
for attachment of muscles.

Occurrence.—SToNEs River LimesToNe (Middle division). Many
localities in southern Pennsylvania; Pinesburg, etc., Maryland. An
abundant and characteristic fossil of the Middle Chazyan from Montreal.
Canada, to east Tennessee, the original types coming from the Lake
Champlain area. In Tennessee the species is so abundant in the Lenoir
limestone that this formation has been termed the Maclurea limestone.

Collections.—Maryland Geological Survey, U. S. National Muscum.

MacruriTEs sorpipus (Hall)
Plate XXXVI, Figs. 1-3

Maclurea sordida Hall, 1847, Nat. Hist. New York, Pal., vol. i, p. 10, pl. iii,
figs. 2, 2a.

Description.—Shell subdiscoidal; consisting of two to two and a half
slightly disconnected whorls rapidly incrcasing in diamcter, strongly
rounded on the upper side with deeply sunken apex, flattened on the
lower side, and the periphcral edge rather sharply rounded. Aperture
semicircular. Shell thick, the surface usually with only faint lines of
growth, but sometimes strong, transverse striae, with more distant
undulations. The transverse lines of growth curve forward on the lower
flattened surface and backward on the rounded upper surface.
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Occurrence.—BEEKMANTOWN LimesToNE (Ceratopea zone). Casts
and section of the shall may be observed at this horizon west of Hagers-
town, and also in several exposures cast of Williamsport, Maryland.
Beekmantown of New York and Vermont.

Collection.—U. S. National Museum.

MacLuriTES ocEANUS (Billings)
Plate XXXV, Figs. 7, 8
Maclurea oceana Billings, 1865, Pal. Fossils, vol. i, Geol. Surv. Canada,
p. 237, text fig. 223a, b.

Description.—Shell varying from 25 mm. to 100 mm. in diameter,
consisting of four or five, rather slender whorls with an umbilicus measur-
ing about half the whole width in the small speeimens. Spire flat; the
outer edge narrowly rounded; the suture deeply impressed in the usual
specimens, casts of the interior, but compressed and thread-like when the
shell is preserved. Outer side of the body-whorl gently eonvex, and
sloping to the edge of the umbilieus at an angle of from 60° to 70° with
the plane of the flat side of the shell. Aperture a little less than half the
whole width of the shell in height. Edge of umbilicus acutely rounded;
inner side of the whorls in the umbilicus gently convex, and somewhat
sloping with the edge exposed to the apex. .Surface unknown, but most
probably finely striated.

Occurrence.—BEEERMANTOWN LiMESTONE (Turritoma zone). Natural
sections of this shell were noted in the exposures along the National High-
way east of Huyett, Maryland. Canadian of Newfoundland.

Collection.—U. S. National Museum.

Genus CERATOPEA Ulrich
CerATOPEA KEITHI Ulrich
Plate XXXVI, Fig. 15

Operculum of # Maclurea Bassler, 1909, Bull. Geol. Surv. Virginia, vol. iia,
pl. xx, fig. 3.
Ceratopea keithi Ulrich, 1911, Bull. Geol. Soe. Amer., vol. xxii, No. 3, p. 665.
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Description.—The above name has been employed for an unusual type
of operculum supposed to belong to some spiral shell like Maclurea. The
particular gastropod possessing such a thick closure to the shell is un-
known. Possibly the shell was of such a nature that it was easily de-
stroyéd, but the opercula occur often in considerable numbers. Several
distinct types of these opercula arc known, but each holds its own par-
ticular form and marks a definite stratigraphic horizon. The one to which
the name Ceratopea keithi has been given, marks a zone in the Middle
Beckmantown throughout the Appalachian Valley, and as specimens are
usually common, this species is regarded as such an exceptionally valuable
guide fossil that the name Ceratopea zone has been applied to the strata
containing it. The various aspects of the species are iilustrated in enough
detail on pl. XXXVTI to make its identification certain.

Occurrcnce—BEERMANTOWN LIMESTONE (Ceratopea zome). Secveral
localities northeast and southwest of Halfway, Maryland, afford silicified
specimens of this fossil. A common and characteristic fossil of the Middle
Beekmantown in the Appalachian Valley from Pennsylvania to Alabama.

Collections.—Maryland Geological Survey, U. S. National Muscum.

Genus HELICOTOMA Salter
HELICOTOMA PLANULATOIDES Ulrich
Plate XLII, Figs. 13-15

Helicotoma planulatoides Ulrich, 1897, Geol. Minnesota, Pal., vol. iii, pt. 2
p. 1034, pl. Ixxiv, figs. 28-30.

Description.—This species is closely related to the widespread Black
River species Helicotoma planulata Salter, but differs in that it has only
about four whorls instead of five and each descends slightly below the
level of the preceding. The umbilicus is somewhat narrower than in
H. planulata and revolving lines are totally absent. Specimens range in
width from 15 to 25 mm.

Occurrence.—~CHAMBERSBURG ~ L1destoNE (Tetradium  cellulosum
bed). Fort Loudon, Franklin County, Pennsylvania. Lowville limestone
of Kentucky and Tennessee.

Collection.—U. S. National Museum.
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Hericoroma vERTICALIS Ulrich
Plate XL1I, Figs. 16, 17

Helicotoma wverticalis Ulrich, 1897, Gec;l. Minnesota, Pal., vol. iii, pt. 2,
p. 1035, pl. Ixii, fig. 69; pl. 1xxiv, figs. 18 and 19.

Description.—This shell, although known only from easts of the in-
terior, is so well characterized by the rectangular form of the outer and
upper surfaeces of the whorls that it should be easily reeognized. The
whorls are not more than four in number, enlarge rapidly, are strongly
convex below and leave a deep and relatively narrow umbilicus. On the
under side the east resembles the shell of Helicotoma planulatoides quite
closely, but otherwise the two speeies are quite different, as the outer side
of the whorls in the latter are coneave and inelined inward above instead
of eonvex or flat and vertical.

Occurrence.—CHAMBERSBURG LimEesTONE (Tetradium eellulosum
bed). Fort Loudon, Franklin County, Pennsylvania. Lowville lime-
stone of Kentucky.

Collection.—U. 8. National Museum.

Genus ECCYLIOPTERUS Remele
XooyriopTERUS DISTUNCTIUS (Billings)

Plate XXXV, Figs. 9, 10
Ophileta ¢ disjuncta Billings, 1865, Pal. Foss, vol. i, Geol. Surv. Canada,
p. 344, text fig. 331a, b.

Description.—Shell about 25 mm. in diameter, eonsisting of two or
three whorls slightly separated from each other and with a strongly
elevated, sharp earina. Spire deeply eoneave; carina located one-third
the width from the outer margin. Within the carina there is first a
shallow eoneave band, and then a eoneave slope into the suture; without
it is a little defined comneavity, below whieh the periphery is uniformly
convex. The whorls on the under side vary from uniformly to depressed
eonvex, sometimes becoming flat near the aperture along the median line.
Depth and width of whorls about equal, greatest amount of separation
of whorls about 4 mm. Surface with rather strong, seale-like striae.
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Occurrence.—BEEKMANTOWN LIMESTONE (Turritoma zone). Stouf-
ferstown, Pennsylvania, and in exposures along the National Highway,
east of Huyett, Maryland. Beekmantown limestone of Canada.

Collection.—U. 8. National Muscum.

EccyrL1oPTERUS TRIANGULUS (Whitfield)

Plate XXXITI, Figs. 6, 7

Ecculiomphalus triangulus Whitfield, 1890, Bull. Amer. Mus. Nat. Hist.,
vol. iii, p. 29, pl. i, figs. 5-9.

Eccyliopterus triangulus Ulrich and Scofield, 1897, Geol. Minnesota, Pal.,
vol. iii, pt. 2, pl. 1xxiv, figs. 5, 6; pl. Ixii, fig. 73.

Description.—Shell less than two inches in diameter and consisting of
from one to one and a half volutions, loosely coiled and not in contact at
any point. Tube increasing rather rapidly in dimensions, triangular in
section, flattened on three-fourths of its upper surface and rapidly
rounded to the inner angle. Peripheral angle acute and the outer surface
sloping rapidly inward to the rounded basal angle. Shell substance very
thin, the surface characters unknown, except indistinet wavy lines cross-
ing the shell and receding toward the acute angle. The apical portion is
usually entirely filled with calcareous matter as the shell gets larger, thus
shortening the inner coil of the casts.

Occurrence—BuERMANTOWN LIMESTONE (Cryptozoon steeli zome).
Three-fourths mile east of Charlton, Maryland, and at the same horizon
in Pennsylvania. The types are from this formation in Vermont.

Collection.—U. S. National Museum.

Genus OPHILETA Vanuxem
OPHILETA COMPLANATA Vanuxem
Plate XXXI, Figs. 2-5

Ophileta complanata Vanuxem, 1842, Nat. Hist. New York, Geol., vol. iii,
p. 36, fig. 2.

Ophileta complanata Cleland, 1903, Bull. Amer. Pal., vol. iv, p. 16 (41).

Pleurotomaria hunterensis Cleland, 1900, Bull. Amer. Pal.,, vol. iii, p. 124
(252), pl. xvii, figs. 1, 2, 7, 8.

Pleurotomaria hunterensis Cleland, 1903, Bull. Amer., Pal, vol. iv, p. 16,
pl. 1v, figs. 1, 2.
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Description.—Shell conieal, varying from 10 mm. to 40 mm. in width,
cousisting of six or more volutions elevated into a spire and with an
umbilicus about one-half as wide as the entire diameter. Upper surface
of shell nearly flat with a faint groove near the edge; under surface
slightly angulate. Aperture irregularly rhomboidal.

Under the name of Ophileta complanata a number of distinet species
of Canadian gastropods has been classed in the past half century and it
has only been by the study of specimens from the type localities in the
Mohawk Valley that the real characters of the species have been identified.
Vanuxem’s very imperfect description is as follows:

“[0. complanata] consists of many convolutions resembling a single
coil of cord formed on a flat surface, the diameter of the coil being usually
about an inch. From analogy of formation it evidently pertains to the
same genus with O. levata. It is more rare than O. levata, but is oecea-
sionally met with in the same localities on the Mohawk.”

The type specimen of O. complanata appears to be lost, but as noted
by Cleland, there is little doubt that the species described by him as
Pleurotomaria hunterensis has usually been identified as 0. complanata
in the Mohawk Valley. Both names undoubtedly refer to the same
species, especially since the occurrence of each is identical. Although
Vanuxem’s description and figure are not sufficient for present-day pur-
poses, it seems best to recognize his name on account of the generic term
Ophileta. If the genotype O. complanata should not be recognized the
widely quoted genus Ophileta too would have to be dropped. The
synonymy is further complicated by the fact that Weller has based his
genus Polygyrata on a species from New Jersey apparently closely related
to Ophileta complanata. With regard to the numerous other references
to supposed O. complanata, this is neither the time nor the place to discuss
them. Only a monographic faunal study of the entire Canadian can
clear up this complicated subjeet.

Occurrence.—BEEKMANTOWN LIMESTONE (Stonehenge member).
Vicinity of Hagerstown and Funkstown, Maryland.

The type localities are in the Mohawk Valley of New York, Little Falls,
Canajoharie, Tribes Hill, Ft. Hunter, etc., where the speeies occurs in the
Tribes Hill division of the Canadian.

Collections.—Maryland Geological Survey, U. S. National Museum.

20
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OPHILETA LEVATA Vanuxem
Plate XXXI, Figs. 18, 19

Ophileta levata Vanuxem, 1842, Nat. Hist. New York, Geol, vol. iii, p. 36,
fig. 1.

Ophileta levata Cleland, 1903, Bull. Amer. Pal., vol. iv, p. 16, "

Ophileta discus Cleland, 1900, Bull. Amer. Pal., vol. iii, p. 124 (252), pl. xv,
figs. 5, 6.

Description.—Shell discoidal, 10 mm. or less in diameter, consisting
of four or more whorls rising into a slightly elevated spire, and concave
on the lower side where the umbilicus is wide and shows all of the whorls.
Margin of whorls sharp and somewhat elevated ; upper side of whorl flat,
lower side rounded.

The identification of the specimens here referred to Ophileta levata

is due to Cleland who by a comparison of type specimens of each has
shown that his Ophileta discus and Vanuxem’s O. levata are based on the
same species. As in the case of Ophileta complanata, Vanuxem’s descrip-

tion and figure of O. levaia are of little value.

Occurrence—BEEKMANTOWN LiMEsTONE (Stonehenge member).
Vicinity of Hagerstown and Funkstown, Maryland.

Abundant in the Tribes Hill limestone of the Canadian at Canajoharic,
Tribes Hill, Fort Hunter and other localities in the Mohawk Valley of
New York.

Collection.—TU. S. National Muscum.

OPHILETA COMPACTA Salter

Plate XXXTITI, Figs. 1-3; Plate XXXIV, Fig. 2
Ophileta compacta Salter, 1859, Quart. Jour. Geol. Soc. London, vol. xv,
p. 378, pl. xiii, fig. 12.
Ophileta complanata Whitfield, 1889, Bull, Amer. Mus. Nat. Hist., vol. ii,
p. 48, pl. vii, figs. 18-25.
Description.—Shells discoidal, coiled in the same plane; flat or slightly
concave below, more concave above. Periphery flattened obliquely, the
lower edge of the volution being the largest, and rounded to the base,

while the upper angle is sharply carinate. Upper surface of each volution
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obliquely sloping to the volution within it, giving the depressed spire.
Aperture trapezoidal. Substances of the shell thick, the surface trans-
versely striated on the top and below, with frequent strongly marked
undulations on the flattened side and back of the volution.

The above description is based upon fairly well preserved examples of
this species from the Beekmantown of the Champlain Valley, deseribed
and illustrated by Whitficld as Ophileta complanata. Typieal Ophileta
complanate is quite a different shell, as ean be noted by a comparison of
the figures on plates XXXT and XXXIII.

Occurrence.—BEEKMANTOWN LimusToNE (Cryptozoon steeli zoue).
Poor casts in the rock or in the form of natural sections. Hagerstown,
ete., Maryland and various localitics in Pennsylvania,

Collection.—U. S. National Museum.

Genus ECCYLIOMPHALUS Portlock
EccyLioMpHALUS MULTISEPTARIUS Cleland
Plate XXX, Figs. 20, 21; Plate XXXIV, Figs. 3, 4
Ecculiomphalus multiseptarius Cleland, 1900, Bull. Amer, Pal.,, vol. iii,
p. 123 (251), pl. xv, figs. 1-4.
Ecculiomphalus multiseptarius Cleland, 1903, Bull. Amer. Pal.,, vol. iv,
p. 17.

Description.—The shell of this species is discoid and consists of two
or more loosely coiled, slender volutions which gradually expand until
the outer portion is 6 mm. in diameter in a specimen of 20 mm. width.
In transverse section the outer coil of the shell is subovate and slightly
earinated on the outer edge.

The specific name refers to the partitions shown in natural section of
the shell whieh give it the aspeet of a eephalopod, but the eurvature and
the irregularity of these partitions will distinguish them from septa.
Sueh partitions are known in other speecies of the genus and indeed form

a generic character. They are especially well developed in the present

species.
Occurrence.—BEERMANTOWN LIMESTONE (Stonehenge member).
Rare in both the lower and upper divisions of the Stonehenge member
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at several localities in the vicinity of Hagerstown, Maryland. Natural
sections of this shell can be seen in the lower Stonehenge quarries and
especially in the fences along the National Highway, one-fourth to one-
half mile south of Funkstown, Maryland.

Not uncommon in the Tribes Hill formation of the Canadian near
Fort Hunter, New York.

Collection.—U. S. National Muscum.

EccyrioMmPEALUS TRENTONENSIS (Conrad)
Plate L, Figs. 19, 20 .
Cyrtolites trentonensis Conrad, 1842, Jour. Acad. Nat. Sci.,, Philadelphia,
vol. viii, p. 270, pl. xvii, fig. 4.

Cyriolites trentonensis Hall, 1847, Pal. New York, vol. i, p. 189, pl. xla,

figs. 3a-d.

Eccyliomphalus trentonensis Weller, 1903, Geol. Surv. New Jersey, Pal,

vol. iii, p. 184, pl. xii, figs. 20, 21.

Description.—Shell consisting of less than one volution, increasing
gradually in size from the apex, coiled in one plane. Cross-section
angularly subovate. Ventral side of the shell convex from the periphery
to the inner margin; the periphery rather sharply rounded; about mid-
way between it and the inner margin, on the dorsal side of the shell, is an
angular, subcarinate ridge, the space between this ridge and the peripheral
angulation being nearly flat; from the dorsal ridge to the inner margin
of the shell the surface is convex. The surface is marked by rather
obscure and irregular lines of growth, which, on the dorsal side, slope
backward to the dorsal ridge, thus indicating the presence of an angular
sinus in the aperture at that point. The most complete specimen observed
has a length of about 35 mm. around the periphery of the shell from apex
to aperturc.”—Weller, 1903.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Carlisle, Cham-
bersburg and two miles south of St. Thomas, Pennsylvania. The Lower
Trenton rocks of New York and New Jersey likewise have furnished
specimens.

Collection.—U. 8. National Museum.
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Family RAPHISTOMIDAE
Genus RAPHISTOMA Hall
Rapmsronma ? oprusuM Cleland

Plate XXXIT, Figs. 15-17
Raphistoma obtusa Cleland, 1900, Bull. Amer. Pal., vol. iii, p. 125 (253),
pl. xv, figs. 7-9.

Description.—Shell averaging 10 mm. in width, convex above, much
compressed and eonsisting of threc volutions, forming an apieal angle
of 130°. TUmbilieus about one-third the shell diameter, with angular
margins. Upper surface of volutions eompressed, outer edge aeute, and
inner edge rounded.

The compressed form, angular margin, and few volutions of this shell
will distinguish it from assoeiated species.

Occurrence.~BEEKMANTOWN LimEesToNE (Stonchenge member).
Several localities around Hagerstown and Funkstown, Maryland. Tribes
Hill limestone of New York.

Collection.—U. S. National Museum.

RarHISTOMA ? COLUMBIANUM Weller

Plate XXXI, Figs. 22, 23
Raphistoma columbiana Weller, 1903, Geol. Surv. New Jersey, Pal,, vol. iii,
p. 128, pl. iv, figs. 3-5.

Description.—Shell nearly smooth, consisting of about three and one-
half volutions, flat above and rounded below, whieh form a slightly
elevated spire and have a small umbilicus below. Outer edge of shell
sharply rounded and slightly elevated above. The outer volution has a
broad, ill-defined suleus just below and paralleling the periphery. The
type speeimen measures 13 mm. in diameter and 6.5 mm. in height.

Occurrence.—BEEKMANTOWN LIMESTONE (Stonehenge member).

Hagerstown, Maryland. The types are from the Kittatinny limestone
of New Jersey.
Collection.—U. S. National Museum.
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Genus RAPHISTOMINA Ulrich and Scofield
RaprisToMiNa LAURENTINA (Billings)
Plate XXXVI, Figs. 6, 7
Pieurotomaria laurenting Billings, 1859, Canadian Nat. Geol., vol. iv, p. 354,
tig. 6.

Description.—Shell 25 to 50 mm. in diameter, lenticular with depressed
spire consisting of five or six whorls slightly convex on their upper sides,
but with a shallow concave band just within their outer margin. Lower
side of body whorl somewhat concave just beneath the margin, then
moderately convex to the umbilicus within which it is rather narrowly
rounded. Umbilicus deep and about one-fourth the diameter of the
shell.  The cast of the interior exhibits an acutely rounded margin,
which, owing to the concave band above, appears to be turned a little
upward, or to have a narrow ridge all around on its upper side. Apertura
subrhomboidal, somewhat indented by the adjacent whorl.

The Appalachian Valley specimens are poorly preserved, but agree in
all essential details with the figures of the Canadian specimens published
by Billings.

" Occurrence.—BEEKMANTOWN LIMESTONE (Ceratopea zone). Stouf-
ferstown, Pennsylvania, and east of Williamsport, Maryland.

Collection.—U. 8. National Museum.

Genus OMOSPIRA Ulrich
OMOSPIRA ALEXANDRA (Billings)
Plate XLIII, Figs. 16, 17

Murchisonia alexandra Billings, 1865, Geol. Surv. Canada, Pal. Fossils,
vol. i, p. 172.

Omospire alezandra Ulrich and Scofield, 1897, Geol. Minnesota, vol. iii, pt. 2,

p. 946, pl. 1xx, figs. 66, 67.
Description.— Shell rather large, turbinate, acutely conical; apical
angle from 45° to 50°; whorls about six, strongly ventricose, with a flat
band in the upper third. The aperture appears to be large and ovate;
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the inner lip is thin and folded over so as to conccal the minute umbilicus.
Surface finely striated. Length about 30 lines; width of body whorl
15 lines.

This species is about the size and somewhat of the shape of M. belli-
cincta. The principal difference is in the form of the upper part of the
whorl. The lower two-thirds or three-fourths of the whorl is nearly
uniformly convex, but the upper third descends abruptly to the deep
suture. The band is quite flat, and being situated on the upper sloping
part, gives to the whorl a truncated appearance. The lower edge of the
band is defined by a small acute carina, seldom visible in specimens which
are worn.”—DBillings, 1865.

Occurrence.—CaAMBERSBURG LmesToNE (Tetradium cellulosum bed).

Fort Loudon, Franklin County, Pennsylvania. Lowville limestonc of
Canada and Kentucky.
Collection.—U. S. National Museum.

Family BUCANIIDAE
Genus BUCANIA Hall
Bucania surLcATINA (Emmons)

Plate XXXIX, Figs. 6-8

Bellerophon sulcatinus Emmons, 1842, Geol. Nat. Hist. New York, vol. i,
p. 312, text fig. 4.

Bucania sulcatina Hall, 1847, Pal. New York, vol. i, p. 32, pl. vi, figs. 10, 10a;
pl. xxxiii, fig. 4d.

Bucania champlainensis Whitfield, 1897, Bull. Amer. Mus. Nat. Hist., vol. ix,
p. 181, pl. iv, figs. 14-16.

Bucania sulcatina Raymond, 1908, Ann. Carnegie Mus., vol. iv, p. 194,
pl. xlix, figs. 15-17; pl |, figs. 3, 4; pl lv, figs. 13, 14.

Description.— Shell large, coiled in one plane, umbilicated on both
surfaces, all the whorls visible. The whorls are broad, somewhat angular
at the sides, the last whorl moderately expanded at the mouth. Shell on
the whorls thin, but on the lip it becomes very thick and sometimes corru-

oated. The surface is ornamented by coarse wavy revolving striae which
are crossed by transverse lines of growth.
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“ These lines turn backward in crossing the middle of the shell and
then forward again on either side. Along the center of the shell runs a
narrow carina or slit band which is open for a short distance on the last
whorl. The lip shows a broad, deep notch on the outer edge, and at the
base of this notch is a further slit. On most specimens this carina is a
flat or depressed band, but on a few, especially on young specimens and
on the outer whorl of adults, the carina is elevated.”—Raymond, 1908.

This well-known Chazyan fossil is easily recognized by the shape of the
shell with a slit band, and especially by its characteristic reticulate surface
markings,

Occurrence.—SToNEs RIvEr LnesToNE (Middle division). Examples
have been collected at the old quarry at Chambersburg, Pennsylvania,
and south along this band of outerop into Maryland. Chazyan of the
Lake Champlain area and Tennessee.

Collections.—Maryland Geological Survey, U. S. National Muscum.

Genus TETRANOTA Ulrich and Scofleld

"TETRANOTA 0BSOLETA Ulrich

Plate LV, Figs. 22-24
Tetranota obsolete Ulrich and Scofield, 1897, Geol. Minnesota, vol. iii, pt. 2,
p. 880, pl. 1xv, figs. 19-23.

Description.—This species differs from other members of the genus,
and espccially from the genotype Tetranota bidorsata, in the fact that the
revolving ridges are much less developed, particularly on the last volution.
The central lateral pair is quite obsolete except on the inner volutions
and even the central pair merely maintains the same strength relatively
that it held in earlier stages. Interior casts of the mature shell exhibit
a broad, comparatively low, and more or less distinctly grooved central
ridge, beyond which the surface is first shallowly excavated and then
gently convex to the lateral boundaries of the volutions which again are
not angular but rounded. The exterior of the shell appears the same
except that the ridges bordering the slit band seem thinner and sharper.
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Another point of difference from 7. bidorsate is that the umbilicus is
smaller and less abrupt and the volutions more rounded on each side and
therefore elongate, reniform in cross-section. In the Eden shales, speci-
mens of this species average 20 mm. in height.

Occurrence.—MARTINSBURG SHALE (Eden division). . Jordans Knob,
one and one-half miles northeast of Fort Loudon; Tuscarora Mountain,
two and one-half miles southeast of McConnellsburg; and Cowan Gap,
five miles northeast of McConnellshurg.

Collection.—U. S. National Muscum.

Family CYRTOLITIDAE
Genus GYRTOLITINA Ulrich
CyrroriTiNa NITIDULA (Ulrich)
Plate L, Figs. 17-18

Cyriolites nitidulus Ulrich, 1879, Jour. Cincinnati Soc. Nat. Hist., vol. il,
p. 12, pl. vli, figs. 7, 7a.

COyrtolitina nitidula Ulrich, 1897, Geol. Minnesota, Pal,, vol. iii, pt. 2, p. 866,
pl. 1xii, figs. 53-55.

Description.— Shell small, 6 to 8 mm. in diamcter; volutions about
two, rapidly increasing in size, the outer embracing quite a half of the
inner ; dorsum blunt, thick, flattened in casts; sides gently convex to the
edge of the umbilicus into which they descend at first rather abruptly,

then gently, the ventral part spreading saddle-like over the inner volu-
tion. Aperture subcordate, notched below ; outer lip rather broadly and

decply ecmarginated. Umbilicus about 3.5 mm. wide in a specimen 8 mm.
in diameter, narrowly rounded at the edge. Surface of casts with distinct,
subregular, retrally curved. transverse striae, averaging about five in
2 mm. on the sides and back. The striac continue over and are quitc
distinct and curved on the flattened dorsum or slit-band. On the latter
some very fine revolving lines, about four in 1 mm., occur on the sides of
the volutions. Greatest diameter of a large specimen 8.3 mm. ; width of
aperturc 5.0 mm. ; height of same 5.0 mm.”—Ulrich, 1897.
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The form of the volutions, the slit-band, and the striate, almost
lamellose, surface markings characterize this interesting shell which has
hitherto been known only from the Trenton roeks of the Ohio Valley.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambershurg,
Pennsylvania. [I'renton at Covington, Kentucky.

Collection—TU. S. National Museum.

Genus MICROGERAS Hall
MicroCERAS INORNATUM (Hall)

Plate L, Figs. 21, 22

Microceras inornatus Hall, 1845, Amer. Jour. Sci. and Arts, vol. xlviii,

CyrtoI;;tzei&(Microceras) inornatus Meek, 1873, Geol. Surv. Ohio, Pal,, vol. i,
p. 147, pl. xiii, figs. 4a, b.

Cyrtolites subcompressus Meek, 1873, Geol. Surv. Ohio, Pal., vol. i, p. 147
(under C. inornatus).

Description.—Shell minute, the largest diameter being 1.25 mm. or
less, eonsisting of two rapidly diminishing volutions which form a spire
equally depressed on cither side and obtuscly carinated or angular upon
the back. The carina is most conspicuous near the aperture and gradu-
ally becomes obsolete. The aperturc is somewhat quadrangular and the
surfacc is smooth.

This shell occurs almost invariably in association with several species
of Cyclora, similar minute or dwarfed gastropods of larger speeies sueb
as Cyclonema or Lophospina. In themselves these shells are of little value
as horizon markers and it is only in assoeiation with other speeies that
they are useful.

Waagen supposed the species of Microceras to represent “embryonie
volutions of bellerophontes,” but they are more likely dwarfed varieties
or embryonie stages of some earinated genus such as Cyrtolites.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Mohawkian and Cineinnatian rocks of the Ohio Valley,
etc.

Collections.—Maryland Geological Survey, U. S. National Muscum.
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Family SINUITIDAE
Genus SINUITES Koken
SINUITES CANCELLATUS (Hall)

Plate LV, Figs. 12-21; Plate L, Figs, 37-39

Bellerophon bilobatus Emmons (not Sowerby), 1842, Geol. New York, vol. ii,
p. 392, fig. 6.

Bellerophon cancellatus Hall, 1847, Pal. New York, vel. i, p. 207, pl. 1xxxiii,
figs. 10a-c.

Protowarthia cancellata Ulrich and Scofield, 1897, Minnesota Geol. Survey,
Pal., vol. iii, pt. 2, p. 872, pl. 1xiii, figs. 1-14. |

Protowarthia cancellata Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 175, pl. xii, figs. 3-5.

Description.— “ Shell of medium size, subglobose, close coiled, with no
umbilicus when the shell is preserved, but with & small one in the casts.
In immature spccimens the dorsum of the outer volution is rather sharply
rounded, but with inereasing age it becomes more broadly rounded, losing
entircly the obscure carination of the younge: shells. Sinus shallow,
rounded ; the lateral niargins of the aperture on eithcr side of the sinus
regularly and rather gently convex. Apecrture wider than high, subsemi-
circular in outline. On the larger internal casts one or morc rather broad
and shallow, rounded, transverse, wrinkle-like depressions are frequently
present near the aperture and parallel with the apertural margin.

“ The dimensions of a large speeimen are : Maximum diameter, 21 mm. ;
width of aperture, 18 mm.”—Weller, 1903.

A wide-spread species of the United States and Canada ranging from
the Trenton to and through the Riehmond. In Pennsylvania and Mary-
land the speeics oeeurs at practieally all the outerops of the fossiliferous
Sinuites bed and Eden divisions of the Martinsburg shale.

Occurrence.—MARTINSBURG SHALE. The slopes of Rickard Mountain
in Maryland have furnished casts of the species.

Collections.—Maryland Geological Survey, U. S. National Museum.
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SINUITES GRANISTRIATUS (Ulrich)
Plate LV, Figs. 9-11; Plate L, Figs. 40, 41
Protowarthia granistriata Ulrich, 1897, Minnesota Geol. Survey, Pal,, vol.
iii, pt. 2, p. 870, pl. 1xiii, figs. 28-30.

Description.— Shell scarccly reaching the medium size, closely coiled,
leaving no umbilicus; center of dorsum raised into a low broad ridge,
defined on each side by an obscure wide furrow; with age the outer
boundaries of the latter increase gradually in distinctness, the back of the
outer half of the last volution in the largest spccimens presenting a
flattened appearance; but the central ridge, though decreasing somewhat
in hight, continues to the aperture. In casts of the interior there is a
small umbilieus, while the central ridge is nearly as on the shell itself.
Aperture transverse, about twice as wide as high, the width generally
equalling the hight of the shell; sinus wide, only moderately deep, the
margin of the lobes bending rather sharply where the apertural margin is
intersected by the faintly raised boundaries of the flattened dorsum.
Except in the umbilical regions the test is thin. Out of nearly 30 speei-
mens, only two preserve anything of the external layer. These show that
it is marked by fine lines of growth and by very delicate revolving lines.
All of the other testiferous examples preserve only the inner and middle
layers, the latter appearing in every ease quite smooth. Most of the
specimens preserve what may be called a fourth layer. This scems to
have been deposited by the inner mantle over the inner volutions, inelud-
ing the smaller half of the outer, while on each side it extends around the
callous filling of the umbilicus. The whole of this layer is finely granu-
lose, except the lateral extensions, and these are covered by wavy revolving
striae. Hight of an average shell, 19 mm.; width of aperture, 19 mm.;
median hight of same, 9.3 mm.; width of inner volution, 6 mm.; depth
of sinus, 5 mm. ; width of same, about 10 mm.”—TUlrieh, 189%.

This shell is related to the preceding Stnuites cancellatus, but the latter
species has a deeper sinus, a rounder back and no dorsal ridge nor obscure
furrows. When well preserved, the difference in surface markings is also
a distinguishing character.
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The types are from the Eden shale of the Ohio Valley. In the Appa-
lachian Valley the speeies is known from the corresponding horizon in
southern Pennsylvania, the upper part (Eden) of the Martinsburg shale,
and also from the Sinuites bed.

Occurrence.—MARTINSBURG SHALE. Jordans Knob, one and one-half
miles northeast of Fort Loudon; Chambersburg; two miles south of
St. Thomas, Pennsylvania ; Rickard Mountain, Maryland.

Collection—U. 8. National Museum.

Family TROCHONEMATIDAE
Genus STROPHOSTYLUS Hall
StroPHOSTYLUS TEXTILIS Ulrich and Scofield
Plate L, Figs. 31-36
Strophostylus textilis Ulrich and Scofield, 1897, Minnesota Geol. Survey, Pal.,
vol. iii, pt. 2, p. 1064, pl. Ixxxii, figs. 49-54.

Description.— Shell rather small, 12 to 25 mm. high, 11 to 20 mm.
wide, obliquely conieal; apieal angle 60° to 70°; whorls, in casts, three
or four, in entire shells, six or seven, increasing quite regularly in size
from the acute apex, almost uniformly rounded, often with several widely
scparated, deep, oblique constrietions; suture deep; aperture subovate,
oblique; inner lip appearing thin in a ventral view, but when a part of
the outer wall is removed it is seen that it forms a moderately thick
coluniella with a spiral fold beginning near the lower angle. In young
examples neither the fold nor a spiral furrow just above it is very distinet,
while in some cases the whole inner lip appears to be simple and thin as
in Holopea. Surfaee beautifully eancellated by subequal, fine, sharp,
revolving and obliquely transverse lines, the network growing strong
enough on the last whorl to be distinetly visible to the naked eye.”—
Ulrich and Scofield, 1897.

The graceful form and beautiful markings of this shell are features
which aid in its ready recognition.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Black River and Trenton of Minnesota, Missouri and
Kentucky.

Collection.—U. S. National Museum.




316 SYSTEMATIC PALEONTOLOGY

Genus GYCLORA Hall
Cycrora MINUTA Hall
Plate L, Figs. 23-26; Plate L1I, Figs. 10-12

Cyclora minute Hall, 1845, Amer. Jour. Sei. and Arts, vol. xlviii, p. 294,

Holopea nana Meek, 1871, Proc. Acad. Nat. Sci. Phila., p. 172.

Cyclora minuta Meek, 1873, Geol. Surv. OChio, Pal., vol. i, p. 162, pl. xiii,

figs. Ta-e.

Description.—Shell small, averaging 1.00 mm. in height, smooth, con-
sisting of about three volutions which rapidly expand toward the mouth
and form a moderately elevated spire. The upper two whorls are quite
small and the shell is formed in large part by the third whorl. The
aperture is round and well defined.

This interesting minute species oceurs literally by the million at certain
Middle and Upper Ordovician horizons where usually all the associated
shells are similar dwarfed or embryonic forms. Cyclora minuta possibly
represents the very young stages of Cyclonema or Strophostylus, althougn
its black corncous shell substance is quite different from either of these
genera. Probably a closer assumption would be to consider them as
embryonic forms of Holopea. The latter genus, however, is sparcely
represented by individuals in the rocks in which Cyclora abounds. .

Common at many horizons and localities of the Mohawkian and Cin-
cinnatian in the United States and Canada. In the Cumberland Valley,
however, it has been found only in the lower portions of the Martinsburg
shale, particularly in the Sinuites zone at the base.
~ Occurrence.—MARTINSBURG SHALE (Sinuites and Corynoides beds).
Chambersburg, Pennsylvania; Williamsport, Maryland and Strasburg,
Virginia. .

Collections.—Maryland Geological Survey, U. S. National Museum.

Cycrora rarvura (Hall)

Plate L, Figs. 28-30

Turbo ? parvulus Hall, 1845, Amer. Jour. Sci. and Arts, vol. xkviii, p. 294.
Cyclora ! parvule Meek, 1893, Geol. Surv. Chio, Pal., vol. i, p. 154.

Description.—* Spire elevated, volutions about four, smooth; first
whorl angulated upon the center towards the aperture; outer cdge of the
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aperture projecting downwards. Height of shell 1/15 of an ineh.”—
Hall, 1845.

Although this speeies has not been figured heretofore and its deserip-
tion was quite meager, there is no difficulty in distinguishing it from
other forms of Cyclora because of the angulation of the first whorl towards
the aperture. The other specics of Cyclora have rounded whorls and may
represent the young of such genera as Cyclonema or Hormotoma. The
angulated whorl of Cyclora parvule would suggest its relationship to
Lophospira or some similar genus.

Comnion in association with Cyclora minuta Hall in the Mohawkian
and Cinecinnatian rocks at Cineinnati, Ohio, and many other localities.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia. :

Collections.—DMaryland Geological Survey, U. S. National Museum.

Cycrnora 1morFMANNI Miller
Plate L, Fig. 27
Cyclora hoffmanni Miller, 1874, Cincinnati Quart. Jour. Sei., vol. i, p. 313,
fig. 33.

Description.—Shell minute, the average length being about 1.50 mm.,
consisting of an elongated spire made up of five or six volutions which
are round and increase gradually in size. Whorls quite convex, with a
deep suture; aperture nearly circular, directed slightly downward; sur-
face smooth.

This neat, elongatc little species is usually found assoeciated with
Cyclora minuta and Microceras inornatum, and like them has little
stratigraphic value. In the Appalachians, however, these species are
known only in the Trenton portion of the Martinsburg shale.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia.

Collections.—Maryland Geological Survey, U. S. National Museum.
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order OPISTHOBRANCHIA

Suborder PTEROPODA

Family HYOLITHIDAE

Genus HYOLITHES Eichwald
Hyoritues comMUuNIs Billings

Plate XXV, Figs. 5-8

Hyolithes communis Billings, 1872, Canadian Nat., n. s., vol. vi, p. 214.

Hyolithes communis Walcott, 1886, Bull. U. S. Geol. Surv., No. 30, p. 136,

pl. xiv, figs. 3, 3a-c.

Hyolithes communis Walcott, 1890, 10th Ann. Rep. U. S. Geol. Surv., p. 620,

fig. 65, pl. 1xxvii, figs. 3, 3a-g.

Description.— This species attains a length of about 18 lines, although
the majority of the specimens are from 10 to 15 lines in length. The
ventral [dorsal] side is flat (or only slightly convex) for about two-thirds
the width, and then rounded up to the sides. The latter are uniformly
convex. The dorsum [ventrum], although depressed convex, is never
distinetly flattened, as is the ventral [dorsal] side. The lower lip projects
forward for a distance equal to about one-fourth or one-third the depth

of the shell. In a specimen whose width is three lines, the depth is two

lines and a half.

“The operculum is nearly circular, gently but irregularly convex
externally and concave within. The ventral [dorsal] limb is seen on the
outside as an obscurely triangular, slightly elevated space; the apex of the
triangle being situated nearly in the center of the operculum. The base of
the triangle forms the ventral [dorsal] margin. This limb occupies about
one-third of the whole superfieies of the external surface. The remainder,
constituting the dorsal [ventral] limb, is nearly flat, slightly elevated
from the margin towards the center. On each side of the apex of the
ventral [dorsal] limb there is a slight depression running from the nucleus
out to the edge. On the inside there is an obscure ridge corresponding to
each one of the external depressions. It is most prominent where it
reaches the edge. These two ridges mecct at the center and divide the
whole of the inner surface of the operculum into two nearly equ:i]
proportions.
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“ The surface of the operculum is concentrically striated. The shell
itself in some of the specimens is covered with fine longitudinal striae,
from five to ten in the width of a line. The shell varies in thickness in
different individuals. In some it is thin and composcd of a single layer,
but in others it is much thickened by concentric laminae, and thus
approaches the strueture of a Salferella. There are also fine engirdling
striae, and sometimes obscure subimbricating rings of growth.”—Billings,
187%2.

The above description with the emendation as to the ventral and dorsal
sides given by Walcott, will serve for the recognition of the poor {rag-
ments found in the Maryland strata.

Occurrence.—ANTIETAM SANDSTONE. Eakles Mills, Maryland, and
the same horizon in Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.

Suborder CONULARIIDA
Family TORELLELLIDAE Holm
Genus SALTERELLA Billings
SALTERELLA sp.

Description.—Certain layers in the lower part of the Tomstown lime-
stone have exhibited molds of small, hollow, slender shells with a striatcd
surfaecc. These show that the shell is composed of several hollow cones
placed one within the other as in the genus Salterella. These remains arce
too imperfect for description or illustration, but they are interesting on
account of their occurrence in the Tomstown limestone where fossils are
exccedingly scarce.

Occurrence.—TomsTowN LimesToNE. Several localities east and:
southeast of Waynesboro, Pennsylvania.

Collection.—U. S. National Museum.

21
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Genus COLEOLUS Hall
CoLEOLUS IoWENSIS James
Plate XLIX, Figs. 22, 23

Coleolus iowensis James, 1890, Amer. Geol., vol. v, p. 355.

Description.—This species has never been illustrated, but it has been
known for many years as a very abundant fossil in the Maquoketa shale
‘of Richmond age in Illinois and Towa. It occurs here in great numbers
associated with Cyclora minuta and similar small gastropod shells, as well
as such minute pelecypods as Ctenodonta obliqua and Clidophorus. The
shell layer is seldom preserved, the species occurring almost invariably as
phosphatized casts of the interior. The surface markings of the outer
shell are oceasionally preserved as molds of the exterior in which it may be
noted that the shell surfaee is smooth or sometimes very minutely annu-
lated. The shell itself is an elongate, gradually tapering, straight or
slightly curved cone, 15 to 20 mm. long and a millimeter in diameter at
its widest portion. The diameter and length of different examples of the
species vary considerably, indeed quite frequently these fossils occur only
as broken fragments,

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania.

Abundant in the Mohawkian and Cineinnatian rocks of Towa, Illinois,

and many other states, the types eoming from the Maquokcta shale division
of the Richmond group of Iowa.

Collections.—Maryland Geological Survey, U. S. National Muscum.

Family CONULARIIDAE
Genus CONULARIA Miller
CONULARIA TRENTONENsIS Hall

Plate L, Fig. 42

Conularia trentonensis Hall, 1847, Nat. Hist. New York, Pal., vol. i, p. 222,
pl. lix, figs. 4a-f. .

Conularia trentonensis Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 188, pl. iii, figs. 7, &.

Description.— Shell of medium size, pyramidal in.form, quadrangular
in eross-section, the sides diverging from the apex at an angle of about
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25°. The sides slightly convex, the angles furrowed. Each side marked
by a series of angular, transverse costae, which are dirccted obliquely
forward toward the aperture from each lateral margin forming a rounded
angle of about 130° at the median line; from two to four of these costac
occupy the space of 1 mm., being closer together and finer near the apex
of the shell and becoming progressively eoarser towards the aperture.
The furrows between the costae are wider than the ridges, rounded in the
bottom, and are crossed at right angles by fine raised bars joining adjacent
costae, which are somewhat closer together than the costae themselves and
not quite as high. -

“The dimensions of a specimen which is somewhat incomplete at the
apex are: Length, 38 mm.; diameter at aperture, 18 mm.”—Weller, 1903.

Occurrence.—MARTINSBURG SHALE (Sinuites bed).  Five miles south-
west of Chambersburg, Pennsylvania, and at Strasburg, Virginia. T'ren-
ton limestone of New York. '

Collection.—U. S. National Museum.

cuss CEPHALOPODA

subclass | ETRABRANCHIATA

order NAUTILOIDEA

Suborder HOLOCHOANITES

Family ENDOCERATIDAE .

Genus CAMEROCERAS Gonrad

CAMEROCERAS sp.
Plate XXXVII, Fig. 10

Description.—The thin slabs of Frederick limestone not infrequently
exhibit subeylindrical bodies now composed of crystalline matter, which
are supposed to represent the endosiphunele of some speeies of Camero-

ceras. With no other evidence it is impossible to identify the species of
this cephalopod.
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Occurrence.—FREDERICK LiMESTONE.  Frederick, Maryland, and
neighboring localities.
Collection.—U. S. National Museum.

Suborder ORTHOCHOANITES

Family ORTHOCERATIDAE
Genus ORTHOGERAS Breynius
ORTHOCERAS PRIMIGENIUM Vanuxem

Plate XXXII, Fig. 5

Orthoceras primigenium Vanuxem, 1842, Geol. New York, 3d Dist., p. 36,
fig. 4. i
Orthoceras primigenium Whitfield, 1889, Bull. Amer. Mus. Nat. Hist., vol. ii,

No. 2, p. 56, pl. x, fig. 1.
Orthoceras primigenium Cleland, 1903, Bull. Amer. Pal., vol. iv, p. 14, pl. iii,

figs. 8, 9.

Descm’ption'.——ln spite of 15 or more references to this cephalopod, the
species cannot yet be said to have been sufficiently described for accurate
determination. Really this name has been employed for any gradually
tapering, straight cephalopod of the Canadian in which the septa are thin,
deeply concave, and closely arranged. In the present case the same
procedure has been followed, for the identification of this species in Mary-
Tand has been based upon longitudinal sections in the rock showing no
.other characters than those just mentioned. However, it is believed that
this identification will be found correct when specimens from the New
York type localities are restudied, since Vanuxem’s type came from the
‘Tribes Hill limestone and the Maryland examples are from the corre-
sponding formation in that state.

Occurrence.—BEERMANTOWN LIMESTONE (Stonehenge member).
Hagerstown, Maryland, and vicinity.

Collections.—Maryland Geological Survey, U. S. National Museum.
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ORTHOCERAS ARCUOLIRATUM IHall

Plate XLVIII, Fig. 22

Orthoceras arcuoliratum Hall, 1847, Pal, New York, vol. i, p. 198, pl. xlii,

tigs, 7a-c.

Description.— Slender, very gradually tapering to an aeute point;
surface marked by strong and extremely arehing or undulating annula-
tions, and obseurely, by fine longitudinal striae; annulations about
cqualling the spaecs between them ; outer ehamber and aperture unknown ;
section eireular ; siphunele eentral.

“The distinguishing features of this speeies are its slender form and
extremely arehed annulations, which, in half the eireumferenece, aseend
twice the width of the space between each annulation. All the other
annulated species have the ridges less arehed upon the back.”—Hall, 1847.

Occurrence.—CrAMBERSBURG LIMESTONE (Greencastle bed). Green-
eastle, Pennsylvania. Trenton limestone of New York.

Collection.—TU. S. National Museum.

ORTHOCERAS JUNCEUM Hall

Plate LI, Figs. 4-7

Orthoceras junceum Hall, 1847, Pal. New York, vol. i, p. 204, pl. xlvii,
figs, 3a-f.

Orthoccras junceum Clarke, 1897, Minnesota Geol. and Nat. Hist. Surv.,, Pal,,
vol. iii, pt. 2, p. 790.

Description.—< Slender, tereta-eylindrieal, tapering very gradually;
septa thin, distant from one-fourth to ome-third the diameter; outer
chamber deep; siphunele small, eentral; section eircular; surfaee finely
striated transversely, but without longitudinal striae.”—Hall, 1847.

This rather frequently quoted species has received no further study
since Hall’s original deseription in 1847 and it is probable that many
misidentifieations of it have been made. However, fragments of an
Orthoceras from the basal Martinsburg shale of southern Pennsylvania
agree so well with typieal specimens of O. junceum from the type locality
that it is believed the present identifieation is eorreet.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Trenton limestone of New York.

Collection.—U. S. National Museum.
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ORTIIOCERAS TRANSVERSUM Miller
Plate LV, Fig. 27

Orthoceras transversum Miller, 1875, Cincinnati Quart. Jour. Sci., vol. ii,
p. 129.

Orthoceras transversum Miller, 1889, North Amer. Geol. Pal., p. 452, text
fig. 755.

Description.—* Shell medium size, rather rapidly enlarging; septa
strongly arched and distant about one-fourth or one-fifth the diameter
of the shell; siphuncle excentric, its form not observed ; outer shell thin
and marked by strong transverse lines, distant from 1-100th to 4-100ths of
an inch in a specimen having a diameter at the large end of three-fourths
of an inch. The distance between these lines seems to increase as the
diameter of the shell increases, but their distance apart is not uniform in_
different specimens of the same size. About four or five of these trans-
verse lines will mark the distance between the scpta, though they do not
seem to have any connection with the arrangement of the latter”—
Miller, 1875.

The well-marked transverse lines of this species cause its recognition
to be quite casy.

Occurrence.—MARTINSBURG SHALE (LBden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania; and
Rickard Mountain, Washington County, Maryland. Eden shale at Cin-
cinnati, Ohio.

« Collection.—TU. 8. National Museum.

ORTHOCERAS LAMELLOsuM Hall
Plate LVIII, Figs. 5, 6

Orthoceras lamellosum Hall, 1847, Pal. New York, vol. 1, p. 312, pl. 1xxxvi,

ﬁgs 2z-e,

Descmptwn.—Shell slender and gradually tapering; septa distant from
cach other one-fifth to one-fourth of an inch and having a convexity about
equal to their distance apart; siphuncle slightly excentric ; surface
apparcntly lamellose or subimbricate.
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This scéms to be a well-defined species since the specimens from
southern Pennsylvania show no apparent deviation from Hall’s figures.
Unfortunately these specimens are no better preserved than the types
and it is impossible to add’ anything to the above dOSOI'lpthIl except to
record the occurrcnee in new localities.

Occurrence.—MARTINSBURG SHALE (Fairview division). Tuscarora
Mountain, one and one-half miles cast of McConnellsburg, Pennsylvania.
Pulaski shale of New York.

Collection.—U. S. National Muscum.

Family CYCLOCERATIDAE
Genus SPYROCERAS Hyatt
SPYROCERAS BILINEATUM (Hall)

Plate LI, Figs. 1-3

Orthoceras bilineatum Hall, 1847, Pal. New York, vol. i, p. 35, pl. vii,

figs. 4, 4a.

Orthoceras bilineatum Clarke, 1897, Geol. Minnesota, vol. iii, pt. 2, p. 786,

pl. xlvii, figs. 20, 21; pl. liv, figs. 6, 7.

Description.—Shell comparatively small, gradually expanding, sub-
circular in cross-section. Surface smooth over the apieal region; con-
centric annulations then develop, very obscure at first, but increasing in
strength, until they become strong, oblique, or undulating ridges which
are broad and most conspicuous near the aperture. Like these annula-
tions the interspaces, which are somewhat wider, also become broader
toward the body-chamber. An average complete shell probably has a
length of about 150 mm. with an apertural diameter of not more than
20 mm.

Surface ornamented by coarse and fine vertical, elevated lines, crossed
by extremely fine horizontal lines. Slight nodes or projections mark the
crossing of the two sets of lines. The smooth portion of the shell near
the apex exhibits the vertical lines in two simple series. With growth
the lines inereasc in number and the alternation in size of the striac
becomes less pronounced. The horizontal striae are quite delicate and
often not visible at all.
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The sipho is small and nearly central. The scpta are rather shallow,
the sutures transverse, averaging 2.50 mm. apart and with no definite
relation to the annulations. The latter sometimes being oblique arc
crossed by the sutures which, however, may occur within a furrow.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Black River and Trenton of New York and Canada.

Collection.—TU. S. National Museum.

Family TROCHOLITIDAE
Genus TROCHOLITES Conrad
TrocHoLITES INTERNISTRIATUS (Whitficld)

Plate XXXV, Fig. 14

Lituites internistriatus Whitﬁeld, 1886, Bull. Amer. Mus. Nat. Hist., vol. i,
p. 332, pl. xxix, figs. 5-8.

Trocholites internistriatus Ruedemann, 1906, Bull. New York State Mus.,
90, p. 479, pl. xxiv, fig. 2, text fig. 38.

Description.—Shell of rather small size, being about 50 mm. in diam-
eter, and consisting of between two and three volutions. Volutions very
slightly compressed laterally, but nearly circular in general outline, with
a rounded dorsal margin. Outer surface of volutions obliquely annulated
with the annulations best developed on the sides and rounded on the
surface; in each case separated by concave interspaces of equal width.
The annulations are directed strongly backward from the suture on the
side of the shell, where they gradually die out and then become obsolete
or nearly so on the dorsum. Shell substance thick, the surface on the
undulations and between marked by strong, almost lamellose ' striae,
following the direction of the undulations on the sides of the shell, forming
a deep retral sinus on the dorsum indicating a dcep sinus in the dorsal
lip of the aperture. Interior of the shell as indicated in exfoliated speci-
mens marked throughout by very fine, transverse, thread-like striae,
directed almost across the tube and numbering about 30 in the space of
2.5 mm. Septa about 2.5 mm. apart near the base of the outer chamber
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and apparently rather deeply eoneave. Siphon near the inner margin
of the tube and eomparatively large.

The few examples of this fine eephalopod diseovered in Maryland do
not preserve all the surface features mentioned above, but they agree in
size and general outline.

Occurrence..~BEEKMANTOWN LIMESTONE (Turritoma zome). Stouf-
ferstown, Pennsylvania, and cast of Huyett, Maryland. TFort Cassin,
Vermont.

Collection.—U. S. National Museum.

TrocIIOLITES AMMONIUS Conrad

Plate L, Fig. 43

Trocholites ammonius Conrad, 1838, 2d Ann. Rept. New York Geol. Surv.,

Trocl‘z)c.;lliig.; ammonius Hall, 1847, Pal. New York, vol. i, p. 192, pl. xIA,

figs. 4a-k.

Description.— Diseoidal ; volutions in the same plane, about four,
rounded, slightly concave on the ventral side, gradually enlarging in size
towards the aperture, which is slightly expanded; surface marked by
lamellose irregular and oblique transverse striae or ridges, between and
upon which are finer lamellose striae, covering the outer surface, and
giving it a peculiar textural or netted appearance; striac meecting in an
arch upon the baek ; septa direet, or slightly undulated on the dorsal side;
outer chamber large; siphunele \;entral.”—Hall, 1847,

Only a small and imperfeet example of this beautiful eoiled eephalopod
has been noted in the Trenton fauna at the base of the Martinsburg shale.
So far as it goes this specimen agrees with the well-known Trocholites
ammonius of the New York Trenton.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambershurg,
Pennsylvania. Trenton limestone of New York and Kentucky.

Collection.—U. S. National Museum.




SYSTEMATIC PALEONTOLOGY

Suborder CYRTOCHOANITES
Family ACTINOCERATIDAE
Genus GONIOCERAS Hall
GONIOCERAS CHAZIENSE Ruedemann

Plate XLI, Fig. 19

Gonioceras chaziense Ruedemann, 1906, New York State Mus. Bull, 90,
D. 494, pl. xxxvi, figs. 3, 4.

Description.—* The natural section exposes the scpta, which are closcly
arranged, there being 10 of them counted within the space of 20 mm.;
each septum rises within the body of the shell to about the height of ﬁvc
cameras, forming broad and low saddles in the lateral flanges, and becom-
ing slightly deflected backward towards the outer margin of the flanges.
Their central portions are much thickened by secondary deposits. The
outer conch, which according to Hall is also in the other species of
Gonioceras cxcessively thin, is not preserved ; the greatest width of the
phragmocone, as indicated by the septa, is a little over 70 mm. The
phragmocone appears to have been at least as rapidly expanding as that
of G. anceps. The siphuncle is very large (its diameter 7 mm. ), strongly
nummuloidal, filled with organic deposits which leave open but a narrow
endosiphotube. From the latter radiate horizontal tubuli as in the other
congeners. We have not been able to ascertain the transverse section of
the conch and the surface is unknown.”—Rucdemann, 1906.

Occurrence—CHAMBERsBURG LinmestoNE (Caryocystites bed). Fort
Loudon, Franklin County, Pennsylvania. Middle Chazyan of New York.

Collection.—U. S. National Museum.

Family OOCERATIDAE
- Genus OOCERAS Hyatt
Ooceras x1rBYI (Whitficld)
Plate XXXTI, Figs. 19, 20

Cyrtoceras kirbyi Whitfield, 1889, Bull. Amer. Mus. Nat. Hist., vol. ii, p. 57,
pl. x, figs. 4-7.

Cyrtoceras kirbyi ? Cleland, 1900, Bull. Amer. Pal., vol. iii, p. 131 (259),
pl. xvii, figs. 3, 4. Q
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Description.—Shell strongly curved and laterally compressed, increas-
ing moderately in dimension with the length. Cross-section ovate, some-
what more than three-fifths as wide as long, with the widest part within
the median line and the narrowest at the dorsum, which is narrowly
rounded. Septa deeply concave, somewhat numerous and elosely spaced,

12 of the chambers near the outer part on the dorsal edge occurring in
25 mm. Siphon small and in contact with the shell at the dorsal margin.
Living chamber comparatively long and apparently not constricted near
the aperture. Surface of the shell without ornamentation and moderately
thick.

Occurrence—BEEEMANTOWN LIMESTONE (Stonehenge member).
South of Funkstown, Maryland. Tribes Hill limestone of New York.

Collection.—U. S. National Museum.

Genus CYRTOCERAS Goldfuss
CyrrocERAS GRACILE Cleland
Plate XXXTI, Figs. 3, 4

Cyrtoccras sp. Cleland, 1900, Bull. Amer. Pal, vol. iii, p. 19, pl. xvii,
figs. 5, 6.

Cyrtoceras gracilis Cleland, 1903, Bull. Amer. Pal, vol. iv, p. 13, pl. iii,
fig. 11,

Cyrtoceras sp. Weller, 1903, Pal. New Jersey, vol. iii, p. 131, pl. v, figs. 7, 8.

Description.—Shell small, 12 mm. long and 8 mm. in diameter, slender,
areuate, oval in transverse section. Siphuncle small and placed near the
ventral edge. Septa smooth, slightly concave, close together, with five
to six occurring in 4 mm.

The shape and small size of this cephalopod and the closely arranged
septa will distinguish it from other Canadian species. )

The species was based upon specimens from the Tribes Hill limestone
at Fort Hunter, Tribes Hill, and Canajoharie, New York. The same or a
very similar species occurs in the Canadian portion of the Kittatinny
limestone at Columbia, New Jerscy.

In Maryland, natural longitudinal and cross-sections of apparently the
same specics have becn noted on the weathered surface of the lower Stone-
henge limestone.
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Occurrence.—BEEKMANTOWN LiMEstoNE (Stonehenge member).
One-half mile south of Funkstown, and near Hagerstown.
Collection.—U. S. National Museum.

CYRTOCERAS BEEKMANENSE Whitfield
Plate XXXITI, Figs. 1, 2
Cyrtoceras beekmanensis Whitfield, 1889, Bull. Amer. Mus. Nat. Hist., vol. ii,
p. 67, pl. x, figs. 2, 3.

Description.—Shell as usually observed, from 75 to 100 mm. in length
and less than 25 mm. wide, little curved, the amount of curvature not
amounting to more than 3 mm. in a length of 75 mm.; laterally eom-
pressed so that the lateral diameter is somewhat less than the dorso-
ventral; slightly oval in cross-section. Septa numerous, 14 chambers
occurring in 25 mm., little curved and of shallow depth. Outer chamber
of shell long. Siphon unknown. Surface of shell apparently smooth.

Occurrence.—BEEKMANTOWN ~LIMESTONE (Stonehenge member).
National Highway, one-half mile south of Funkstown, Maryland.

Collection.—TU. S. National Museum.

CYRTOCERAS cAMURUM Hall

Plate XLVIII, Fig. 21
Crytoceras camurum Hall, 1847, Pal. Néw York, vol. i, p. 196, pl. xlii, fig. 6.
Cyrtoceras camurum Clarke, 1897, Geol. Minnesota, 3, pt. 2, p. 805, pl. 1x,
figs. 5, 6.

Description.—Fragments of a curved ccphalopod occurring in the
strata just above the typical Christiania bed in the vicinity of Green-
castle, Pennsylvania, are so similar to the New York lower Trenton
species described as Cyrioceras camurum by Hall that they are believed
to be the same. In neither area have complete specimens been found, so
that it is still impossible to give a full description of the species.

Occurrence.—CHAMBERSBURG LIMESTONE (Greencastle bed). Green-
castle, Pennsylvania. The type locality is the Trenton limestone at
Middleville, New York, but this species has also been identified in the
Black River rocks of Wisconsin.

Collection.—U. 8. National Museum.
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Genus CYRTOCERINA Billings
CYRTOCERINA MERCURIUS Billings

Plate XXXV, Fig. 13

Cyrtocerina mercurius Billings, 1865, Pal. Foss., vol. 1, Geol. Surv. Canada,
p. 194, text fig. 179.

Description.—Shell short, strongly curved and tapering abruptly;
elliptical in section, the dorso-ventral diameter being one-third or one-
fourth greater than the lateral. Measurcd on the surface of the ventral
side near the living chamber the septa are about 1 mm. apart, but on the
dorsal side near the apex they are probably closer together. Siphuncle
in contact with the shell on its dorsal side.

The dorsal position of the siphuncle, the close arrangement of the scpta,
and the strongly curved, abruptly tapering features are characters to aid
in the recognition of this shell, although the specics cannot be considered
to be fully described as yet.

Occurrence.—BEEKMANTOWN LimestoNe (Turritoma zone). Stouf-

ferstown, Pennsylvania, and east of Huyett, Maryland.
Collection.—TU. S. National Museum.

Family ONCOCERATIDAE
Genus CYCLOSTOMICERAS Hyatt
CYCL.OSTOMICERAS CASSINENSE (Whitfield) ?

Plate XXXII, Figs. 6, ¥

Gomphoceras cassinense Whitfield, 1886, Bull. Amer. Mus, Nat. Hist., vol. 1,
p. 322, pl. xxix, figs. 1-3.
Cyclostomiceras cassinense Ruedemann, 1906, New York State Mus Bull,,
No. 90, p. 50, fig. 56; pl. xxxvii, figs. 1-3; pl. xxxviii, figs. 5, 6.
Description.—This specics has been carcfully deseribed by Ruedemann
to whose work of 1906 the student is referred for details and illustrations.
The entire shell attains a size of about 100 mm. and a greatest width of
40 mm. The rate of growth is quite rapid, the living chamber is large,
forming ncarly half of the shell, the septa are shallow, and the siphuncle
is large. Sections in the rock seen at scveral Maryland outcrops exhibit
a cephalopod with the same rate of growth and other characters just
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mentioned, but better material is necessary before the determination can
be made with certainty.
Occurrence.—BEEKRMANTOWN  LIMESTONE (Stonehenge member).
Near Funkstown, Maryland. Cassin beds at Fort Cassin, Vermont.
Collection.—U. S. National Museum.

ARTHROPODA
crass CRUSTACEA

Subclass TRILO BITA

Order HYPOPARIA
Family HARPEDIDAE
Genus EOHARPES Raymond
Komarrrs orTawAENsts (Billings)

Plate LI, Fig. 11

Harpes ottawaensis Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada,
p. 182, text fig. 165. .

Harpina ottawaensis Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 191, pl. xiv, figs. 1, 2.

Harpina ottawaensis Raymond, 1905, Annals Carnegie Mus., vol. if, p. 331,
plL x, fig. 2.

Eoharpes ottawaensis Ruedemann, 1912, New York State Mus., Bull. No. 162,
p. 116, pl. ix, fig. 1.

Descmptwn —“Head strongly convex, with a wide, punctured border
which extends backward to about the thirteenth segment of the thorax.
If a line be drawn across touching the posterior edge of the neck seg-
ment, the contour in front of that line is nearly a perfect semicircle.
Glabella regularly conical, its length about five-ninths that of the head;
posterior furrows distinct, entering at about one-half the distance from
the ocular ridge to the posterior margin of the neck segment, thence
running obliquely 1nward and backwards at an angle of about 45°,
apparently not quite one-third the width; two anterior furrows on each
side, represented by obscure pits; neck furrow narrow; neck segment

convex, strongly elevated on the fixed cheeks. The eyes (ocelli) are
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small and situated on a line drawn across the glabella at the anterior
fourth; ocular ridge well defined, smooth, prolonged, with a backward
curve outside of the eye. Thorax a little more than half the width of the
head; the axis strongly eonvex and gradually tapering backwards; side
lobes flat; plurae with a wide groove along the middle, a small portion of
their outer extremities turned backward. Surfaee of thorax, glabella and
a subreniform space on each side of the base of the glabella smooth; the
border with eircular punectures about 0.2 mm. in width; the punctures
large and more distant at the inner edge of the border; on the elevated
part of the checks they have a subreticulated arrangement.”—Billings,
1865.

This splendid speeies of which a nearly complete example has been
described as above by Billings, is represented in the Trenton fauna at the
base of the Martinsburg shale by fragments only, which, however, agree
fairly well with the corresponding parts of the specimen figured by
Billings and here reproduced on pl. 11,

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Trenton limestone of Ontario, New York and Minnesota.

Collection.—U. S. National Museum.

Family TRINUCLEIDAE
Genus CRYPTOLITHUS Green
CryrroLrTiius BELLULUS (Ulrich)

Plate LVI, Figs. 5, 6

Trinuclens bellulus Ulrich, 1878, Jour. Cincinnati Soc. Nat. Hist,, vol. i,
p- 99, pl. iv, fig. 15.

Description.—* Body small, nearly flat, and symmetrical. Cephalie
shield about three times as wide as long, subquadrate, with a distinect
thoracic ring at the base, which is straight, with the posterior angles
acutely angular or slightly rounded, and without any long spines; glabella
prominent, pyriform and produced posteriorly, into a long spine, reaching
to the pygidinum ; cheeks not as prominent as the glabella, triangﬁlar, and
finely punetate; marginal fillet wide, marked in front by from three to
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four rows of deep, rounded pores or punetures; the rows increase by im-
plantation as they approach the posterior lateral margins, where they
number from six to seven.

“The thorax consists of six articulations; axial lobe depressed, convex,
narrow, and carrying on each side between the segments two rows of
minute punetures; lateral lobes flat, and three times as wide as the central
lobe ; pleura straight, and furrowed on the outer half,

“ Pygidium small, acutely semi-elliptic, being about four times as wide
as long, and broadly rounded in outline behind, with a raised and thick-
ened margin ; axial lobe very small, and composed of four obscurely defined
scgments ; lateral lobes cach with threc segments.

“ Length of largest known specimen, 6 mm. ; length of cephalic shield,
3.5 mm.; breadth of do., ¥ mm.; length of thorax, 1.25 mm.; breadth of
do., 4.5 mm.; length of pygidium, 75 mm.; breadth of do., 4 mm.”—
Ulrich, 1878.

This interesting species is distinguished from all American and Euro-
pean species of the genus in the straightness or slight concavity of the
posterior edge of the cephalon, and in the relative flatness of the border.
The thorax also is shorter and the neck spine longer. In young specimens
such as the original type, these peculiarities are especially marked. In
old examples the posterior edge of the cephalon turns somcwhat pos-
teriorly at the ends, but it is still much less curved than in all other species.

Occurrence.—MARTINSBURG SHALE (Eden divjsion). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Cowans Gap, five miles
northeast of McConnellshurg, and Tuscarora Mountain, two and one-half
miles southeast of McConnellsburg, Pennsylvania. Eden shale at Cov-
ington, Kentucky.

Collection.—TU. S. National Muscum.

COryproLiTHUS RECURVUS Ulrich n. sp.
Plate LVI, Figs. 14-17
Description.—This new species has been diseriminated by E. O. Ulrich,

* who has had the opportunity of studying a large number of foreign and
American specimens of this genus. Cryptolithus recurvus differs from
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the Trenton form usually identified as Cryptolithus tesselatus Green or

Trinucleus concentricus Iall by the great width and deeided posterior
recurvance of the border and by its steeper slope, the cephalon as a whole
being therefore more couvex. C. concentricus resembles it in the last
respeet, but its border is of less width and has fewer rows of pits. Among
the differences distinguishing the species from all the Ameriean speeies
of the genus is the finely punetate and not reticulate marking of the
glabella and lateral lobes.

The type specimens figured were collected in the Eden shale at Coving-
ton, Kentucky, and in the uppermost Trenton limestone at the same place.

Occurrence.—MartiNsBrre SuAaLe (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania.

Collection.—U. S. National Museum.

CRYPTOLITIIUS TESSELATUS Green

Plate LI, Figs. 19, 20 ; Plate LII, Fig. 17
Cryptolithus tesselatus Green, 1832, Monograph Trilobites North America,
p. 73, cast 38, pl i, fig. 4.
Trinuclcus concentricus Hall, 1847, Pal. New York, vol. i, p. 249, pl. 1xv,
figs. 4a, c.
Trinucleus concentricus Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,
p. 192, pl. xiv, figs. 3, 4.

Description.—* Head semi-circular or suberescent-form in outline, the
genal angles either destitute of spines or produced into long, slender,
straight spines. Glabella smooth, very prominent, ovoid in outline, the
widest portion being in front, with a short, blunt spine posteriorly ; cheeks
smooth, prominent, but depressed considerably below the glabella, from
which they are scparated by a well-defined dorsal furrow; eyes wanting.
The entire anterior and lateral margins of the head are surrounded by a
broad, somewhat flattened or eoncave border, which is marked in front
by from three to five coneentric rows of deep, rounded pits; one or two
additional rows are introduced on the sides, and toward the genal angles
the pits often become irregularly scattered. Length, 10 mm.; width,

15 mm. ; convexity, 6 mm.”—Weller, 1903.
22
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Several distinct species are doubtless included in the many descriptions
that have becn published under the name of Cryptolithus tesselatus and
more particularly Trinucleus concentricus. The specimens from the basc
of the Martinshurg shale, however, are undoubtedly the same specifically
as the Trenton forms upon which Green and Hall based their figures and
descriptions. The New Jersey Trenton specimens described as above
by Weller likewise belong to the same specics.

This species is gemcrally quoted as ranging from the base of the
Trenton to the middle part of the Maysville group, but the species when
restricted will probably be found to be limited to the Trenton rocks. In
Pennsylvania and southward it occurs in the Sinuites zone of the Trenton
at the base of the Martinsburg shale.

Occurrence.—MARTINSBURG SHALE (Sinuites and Corynoides beds).
Williamsport, Maryland, and Chambersburg, Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.

Family RAPHIOPHORIDAE
Genus AMPYX Dalman
Anmpyx (Loxcropomas) NorMALIS (Billings)

Plate XLV, Figs. 13, 14

Ampyz normalis Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada, p. 295,
text fig. 286.

Ampyx (Lonchodomas) normalis Grabau and Shimer, 1910, N. A. Index
Fossils, vol. ii, p. 259.

Description.—* Head, without the movable cheek, triangular, the width
about one-third greater than the length; fixed cheeks, gently convex,
smooth ; neck segment consisting of a flat plate, inclining backwards.
The glabella elongate-ovate, greatest width about the mid-length, one-
fourth narrower at the neck segment, the apex extending a little over the
front margin of the head; the rostrum, apparently, when perfect, equal
to the whole length of the head, not round but fluted ; two or three ovate
or nearly circular scars, one each side of the glabella in the posterior half.

“ Pygidium triangular, width twice the length, the two posterior sides
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gently eonvex, and the margin abruptly bent down or bevelled nearly
vertieally, the upper edge of the bevel angular and with indieations of a
slightly elevated linear rim; axis very depressed eonvex or nearly flat,
its width at the anterior margin about one-fourth of the whole width,
extending the whole length or nearly so, erossed by obseure undulating
furrows. Side lobes gently convex.

“Length of the head without the rostrum, 5 or 6 lines; length of the
pygidium about 4 lines.”—Billings, 1865.

Fragmentary speeimens of an Ampyx from the Eehinospherites bed of
Maryland and Pennsylvania agree so elosely with Billings’ figures and
deseription that they are believed to represent the same speeies in spite
of the differenees in horizons.

Occurrence.—~CHAMBERSBURG LiMesToNE (Echinospherites bed).
Southern Pennsylvania and at Pinesburg Station, Maryland.

Collection.—TU. S. National Museum.

Ampyx (LoNcmopomas) HALLI Billings
Plate XXXIX, Figs. 9-11

Ampyx halli Billings, 1862, Rept. Econ. Geol. Vermont, p. 231, text fig. 365.

Ampyx halli Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada, p. 24, text

tigs. 25a-c.

Longchodomas halli Raymond, 1905, Ann. Carnegie Mus., vol. {ii, No. 2,

p. 332, pl. x, figs. 3-7. .

Description.— Cephalon.—Cranidium triangular, the greatest width
at the neck segment. The glabella extends about half its own length
beyond the anterior angles of the fixed eheeks, and is then prolonged into
a long, fluted spine, which curves gently upward. This spine is pris-
matie, with a deep furrow on each of its four sides. The furrow on the
upper side extends baek to about the region of the fixed cheeks. Glabella

widest at the anterior angies of the fixed cheeks, and eontraeting pos-
teriorly, so that it forms about one-fifth of the whole width at the neek
segment. On the cast there are two small nodes on each side of the
glabella near its posterior end, one pair a little in front of the other. A
distinet earina extends along the top of the glabella to the posterior end
of the dorsal furrow on the rostrum,.
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“T'horax—A speeimén from Valeour Island retains the last two seg-
ments of the thorax. They are narrow, extend horizontally, and on the
pleura are deeply grooved. The fourth segment is 5 mm. wide, .3 mm.
long and the axis is 1.6 mn. wide. The pygidium of the same specimen
15 1.25 mm. long, 4.3 mm. wide, and the axis is 1.3 mm. wide at the
anterior end.

“ Pygidium.—The pygidium is about three times as wide as long,
usually regularly rounded posteriorly, sometimes somewhat triangular.
Axis wide, prominent, extending to the posterior end of the pygidium.
The exfoliated axis shows seven to ten pairs of nodes very similar to those
noticed by Ruedemann on specimens of Lonchodomas hastatus, from
Rysedorph Hill. The pleura show three or four pairs of rather indistinet
ribs. The margin is abruptly defleeted all around.”—Raymond, 1905.

This little trilobite is one of the eommon fossils of the Middle Chazyan
(Crown Point) limestone of the Lake Champlain area, the types coming
from Highgate Springs, Vermont.

Occurrence—SToNES RIVER LimustoNe (Middle division). Penu- ,
sylvania and Maryland. The old quarry at Chambersburg, Pennsylvania,
has afforded a number of cephala with the long spines preserved.

Collections.—Maryland Geologieal Survey, U. S. National Musenm.

order OPISTHOPARIA
Family CORYNEXOCHIDAE Angelin
Genus DOLICHOMETOPUS Angelin
DoLicHOMETOPUS sp.

Plate XX VI, Figs. 1-9

Description.—More or less distorted cranida and pygidia of a probable
new speecies of this genus of trilobites occurs in the basal part of the
Elbrook limestone. Although the studies of this and allied species have
not progressed far enough to warrant deseription, illustrations are intro-
duced on pl. XXVI to show the varying aspeet of such fossils under

pressure.
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Occurrence.—ELBROOK LiMESTONE. Small quarry on the eastern out-
skirts of Wayneshoro, Pennsylvania.
Collection.—U. S. National Museum.

Family MESONACIDAE
Genus OLENELLUS Hall
OrENELLUS THOMPSoNT (ITall)

Plate XXI1V

Olenus thompsoni Hall, 1859, 12th Ann. Rept. New York State Cab. Nat.
Hist., p. 59, fig. 1, p. 60.

Olenellus thompsoni Walcott, 1886, U. S. Geol. Surv. Bull,, No. 30, p. 167,
pl. xvii, figs. 2, 4, 9; pl. xxii, fig. 1; pl. xxiii, fig. 1.

Olenellus thompsoni Walcott, 1890, 10th Ann. Rept. U. S. Geol. Sur‘v
pl. 1xxxii, figs. 1, 1a; pl. 1xxxiii, figs. 1, la.

Olenellus thompsoni Walcott, 1910, Smithsonian Misc. Coll., No. 53, p. 336,
pl. xxxiv, fig. 9; pl. xxxv, figs. 1-7.

Description.— General form ovate, the length and breadth being
nearly as six to five. Head broad lunate, with the postero-lateral angles
much extended ; the width from the center to the outer margin of the cye
almost equal to the width of the cheek. Eyes (which are much crushod
in the specimen) clongate semi-oval, equal in length to the space hetw een
the anterior angles and the frontal margin; glabella distinetly lobed,
narrower in front.

“"horax with the lateral lobes about once and a half as wide as the
middle lobe, consisting of 14 articulations, the third one of which is much
longer than the others, and curving downwards with an extension reach-
ing as far as the line of articulation of the seventh rib. The posterior
articulations are bent abruptly backwards, so that the free extremities are
parallel with the axis. Pygidium small, pointed, without visible rings
and having a narrow ridge running down the center.”—Hall, 1859.

Occurrence.—ANTIETAM SanpsToNt and ToMSTOWN  LIMESTONE.
Near Smithshnrg, and at Eakles Mills in Washington County, Maryland.
The type fossil of the Lower Cambrian in the castern United States and
(anada.

Collections.—Maryland Geological Survey, U. S. National Museum.
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Family SOLENOPLEURIDAE
Genus HYSTRICURUS Raymond
Hystricurus coxtcus (Billings)
Plate XXXITT, Figs. 10-12

Bathyurus conicus Billings, 1859, Canadian Nat. and Geol,, vol. iv, p. 266,
text fig. 12d.

Bathyurus conicus Whitfield, 1889, Bull. Amer. Mus. Nat. Hist., vol. ii, p. 61,
pl. xiii, figs. 15-21.

Hystricurus conicus Raymond, 1913, Bull. Victoria Memorial Mus., 1, p. 60,
pl. vii, fig. 9.

Description.—Glabella conical, rounded at the anterior and almost
straight across the occipital border ; no trace of glabellar furrows ; surface
marked by larger pustules, slightly more than their own diameter apart.

Pygidium semieircular with the anterior margin not as sharply curved
as the posterior, which is bordered by a narrow, flattened rim. Surface
strongly trilobate, with the axial lobe extending to the posterior margin
where it is obtusely pointed. Axial lobe marked by five transverse, short,
sharply elevated rings, each of which is marked by a central spine-like
tubercle, and one or two lateral nodes. Lateral lobes with four rings
having two to four nodes on ecach.

The Maryland specimens referred to this species consist of pygidia

having the same general outline and the sharply elevated Tings orna-

mented with prominent nodes. The species has hitherto been found in
the Beekmantown limestone of Canada, Vermont and New York.
Occurrence—BEERMANTOWN LiMesTont (Cryptozoon steeli zone).
Vieinity of Williamsport and Hagerstown, Maryland.
Collection.—U. S. National Museum.

Family BATHYURIDAE Walcott
Genus GONIURUS Raymond
GoxTURUS caupATUs (Billings)

Plate XXXVI, Fig. 14

Bathyurus caudetus Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada,
p. 261, fig. 245.

Goniurus caudatus Raymond, 1913, Bull. Victoria Memorial Mus., vol. i,
D. 66.
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Description.—Pygidium quite convex, with a strong triangular spine
behind. Axis conical ; oecupying less than one-third of the width, strongly
convex and clearly outlined by the dorsal furrow ; apex of axis rounded
and with four or five rings. Side lobes, with four or five broad and short
ribs, which extend about half way to the margin. A smooth, slightly con-
vex border all around extends backward, and forms the terminal spine.

The well-marked triangular terminal spine of this species causes its
identification to be extremely casy. So far only the pygidium of the
species has been discovered.

Occurrence.—BEEKMANTOWN LiMrsToNE (Ceratopea zone). Vicinity
of Halfway, Maryland. The types are from the Canadian rocks of New-
foundland. '

Collection.—U. S. National Museum.

Family OLENIDAE
Genus TRIARTHRUS Green
TRIARTHRUS FISCHERI Billings
Plate LI, Fig. 16
Triarthrus fischeri Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada,
p. 291, text fig. 280.

Description—A small cephalon of I'riarthrus found in the Sinuites
bed at Chambersburg, Pennsylvania, is so similar to Billings’ illustration
of T. fischeri copied on pl. LI that it is believed to represent the same
species in spite of the supposed difference in their geological horizons.
It is possible that the strata in which the type of T. fischeri occurred are
younger than now believed, and again it would not be surprising if this
species, like many others, is repeated at several horizons in the geologic
column. '

Triarthrus fischeri differs conspicuously from T'. becki in the absence of
tubercles along the median line of the axis. The types are from the
Chazyan of Newfoundland.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania.

Collection.—U. S. National Museum.
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TRIARTHRUS BECKI Green
Plate LI, Figs. 17, 18; Plate LII, Figs. 18-20; Plate LVI, Figs. 7-13
Triarthrus becki Green, 1832, Monograph Trilobites North America, p. 87,
cast 34, pl. i, fig. 6.

Calymene becki Hall, 1847, Pal. New York, vol. i, pp. 237, 250, pl. lxvi,

figs. 2a-k.

Description.— General form an elongated ellipse, with the posterior
extremity narrower, and the sides often straight ; buckler broadly semioval,
the posterior angles rounded ; glabella of equal width from base to front,
rounded before, deeply trilobate on each side, with a prominent thoracie
ring at the l;ase; frontal lobe narrowed longitudinally ; thorax with 13
segments, those of the central lobe with a short spine or tuberele upon the,
back, those of the lateral lobes deeply grooved along the center; ecaudal
shield with six or seven segments in the middle lobe, and five in the lateral
lobes ; posterior extremity obtuse.”—ITall, 1847,

Specimens of I'riarthrus occur at several horizons in the Martinsburg
shale of Maryland, and although their preservation is not always good, all
seem to have the tuberele on the center of each axial segment, character-
istic of the well-known and widely distributed 7'. becki Green.

Occurrence.—MARTINSBURG SHALE. Chambersburg, Pennsylvania
(Sinuites bed). Williamsport, Maryland (Corynoides bed). Fort
Loudon, Pennsylvania, and Rickard Mountain, Maryland (Eden
division).

COollections.—Maryland Geological Survey, U, S. National Muscum.

Family ASAPHIDAE
Genus ISOTELUS DeKay

IsoTELUS sTEGOPS Green

Plate LVI, Figs. 3, 4
Isotelus stegops Green, 1832, Monograph Trilobites North Amer., p. 71,
cast 26, 217,
Description—The species of Isotelus occurring in the Eden shale of the
Ohio Valley hitherto referred to Isotelus gigas DeKay seems to represent
a distinet species for which the name Isotelus stegops Green is here
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adopted. According to the rescarches of E. O. Ulrich as yet unpublished,
Green’s casts of Isofelus stegops, the originals of whieh came from New-
port, Kentucky, show no good differences from the Eden shale species of
that region.

Compared with Isofelus maximus Locke, which I. stegops most elosely
resemblcs, the Eden form has the eye further forward, smaller spines, and
the flattened border, especially of the pygidium, less distinet.

Occurrence.

MARTINSBURG SHALE (KEden division). Jordans Knob,
one and one-half miles northeast of Fort loudon, and other localities iv
, Pennsylvania.

Collection.—U. S. National Museum.

Isorurus mEecisTos Locke
Plate LVIIT, Figs. 10, 11
Isotelus megistos Locke, 1842, Amer. Jour. Sci., vol. xlii, p. 366, pl. iii, fig. 9.
Asaphus (Isotelus) megistos Meek, 1873, Geol. Surv. Ohio, Pal., vol. i,
p. 1569, pl. xiv, fig. 13.

Description.—Under this name and also those of Isotelus maximus
Locke and I. gigas DeKay, a number of distinct species ranging through
the Mohawkian and Cincinnatian have undoubtedly been confused, with
the result that these names have little stratigraphic significance. The
diserimination of these speeies has been undertaken by E. O. Ulrich,
whose work upon them is still in manuseript form. Ie has determined
that the fragments found in the Fairview deposits of Maryland and
Pennsylvania are identical spceifieally with the types of Locke’s Isotelus
megistos and also with the specimen illustrated later by Meek as Asaphus
(Isotelus) megistos.

Formerly the separation of these speecies was based upon the presenece
or absence of the genal spine, but it is now known that each species
contains spinuous and aspinous forms, the difference between the two
being presumably that of sex. The aspinous ( ? female) forms of these
several species are quite difficult to distinguish from each other, but the
spinous examples show good charaecters of differentiation. Thus, in the
case of I. mazimus and I. megistos, long considered synonymous, the free
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checks of each arc different. In I. megistos the base of the spine is much
wider and it tapers much more rapidly. The hypostoma furnishes further
diffcrences, for in I. megistos it shows coarser venations, the inner edges
of the limb are straighter, and the whole hypostoma is relatively longer.
Occurrence.—MARTINSBURG SHALE (Fairview division, Orthorhyn-
chula bed). Pennsylvania to Tennessee.
Collection.—U. 8. National Museum,

IsoTELUS GIGAS DeKay

Plate XLVIII, Figs. 23-25
Isotelus gigas DeKay, 1824, Annals Lyceum Nat. Hist. New York, vol. i,
p. 176, pl. xii, fig. 1.

Isotelus gigas Hall, 1847, Pal. New York, vol. i, p. 231, pl. Ix-Ixiii.

Isotelus gigas Weller, 1903, Pal. New Jersey, vol. iil, p. 192, pl. xiv, figs. 6, 7.

Isotelus gigas Raymond, 1914, Bull. Mus. Comp. Zool., vol. 1viii, p. 248, pl. i,

figs. 1, 2, pl. ii, figs. 2-5; pl. iii, fig. 3.

Description.— Outline of an entire individual subelliptical, with the
anterior and posterior extremities somewhat pointed; the trilobation
nearly obsolete. Head subtriangular to semi-elliptical in outline, convex,
slightly flattened in front; the anterior margin rather sharply rounded ;
facial sutures meeting at an angle, at or just behind the frontal margin,
from this point they describe a broad, subarcuate curve, and after passing
around the eyes, they curve outward and then downward, intersecting
the posterior margin at some distance outside of the eyes; glabella
obscurely defined and more obscurely lobed; occipital furrow and seg-
ment obsolete ; free eheeks marked by an intramarginal furrow, above
which their general surface is elevated into a more or less eonspicuous
node, crowned by the eye. Thorax with a broad axial lobe, occupying
more than one-third the width, consisting of eight segments. Pygidium
subtriangular in outline of nearly the same size and shape as the head,
its lobation very obscure, especially in the larger individuals, the dorsal
furrows being hardly distinguishable ; axis much narrower at its anterior
extremity than the axis of the thorax, tapering rapidly to the obtusely
rounded posterior extremity, which lies at about one-fourth the length of
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the pygidium from the posterior margin; plurae convex, smooth in the
larger individuals, but in younger ones marked by about ten obscure
segments, which also continue across the axis; the entire margin of the
pygidium, except where it joins the thorax, bordered by a rather broad,
slightly depressed, marginal border; the anterior, lateral angles bent
abruptly downward.”—Weller, 1903.

This frequently quoted trilobite has been often deseribed and illustrated
with the result that several species have undoubtedly been eonfused under
the name. The specimens from the Cumberland Valley are fragmentary,
although they agree so far as they go with the above deseription. The
complete examples figured are from the type area of the species in New
York.

Occurrence—CHAMBERSBURG LIMESTONE (Christiania bed). DPenn-
sylvania, Maryland, and Virginia.

Collections.—Maryland Geological Survey, U. S. National Muscum.

IsorrLUS sp.
Plate XXXVII, Fig. 9

Description.—A single imperfeet free cheek of Isotelus has been found
in the Frederick limestone and is figured in the present report. It is of
little value in determining the age of this limestone, as speecies of this
general type have a long geologic range.

Occurrence.—FREDERICK LiMESTONE. Just east of Frederick, Mary-
land.

Collection.—TU. S. National Museum.

Genus ASAPHELLUS Callaway
ASAPHELLUS GYRACANTHUS Raymond

Plate XXXII, Figs. 8-10

Asaphus canalis ¢ Cleland, 1900 (not Conrad), Bull. Amer. Pal, vol. iii,
p. 128, pl. xvi, figs. 7, 8.

Isotelus canalis Weller, 1902, Pal. New Jersey, vol. iii, p. 132, pl. v, figs. 5, 6.

Asaphcllus gyracanthus Raymond, 1910, Ann. Carnegie Mus., vol. vii, No. 1.
p. 39, pl. xiv, figs. 5-7.
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Description.—Entire eephalon unknown. Free cheek broad, flat, tri-
angular in outline, bearing a long spine at the genal angle. Glabella flat
with a narrow depressed border in front and scarecly any traces of dorsal
furrows. Eyes prominent with their longest diameter 5 mm. and between
them a minute pustule. The pygidium is uniformly convex with a
narrow, depressed border, and is semicircular in outline. Its axial lobe is
narrow and improminent, with traces of thrce or four rings at the anterior
end. Size of the pygidium varies from 10 mm. in width and ¥ mm. in
length to 50 mm. by 40 mm. Hypostoma quadrangular.

This species mueh resembles Hemigyraspis collicana Raymond with
fragments of whieh it is assoeiated in Maryland, but its cephalon is longer
and narrower and the axial lobe of the pygidium not so prominent.

Occurrence.—BEEKMANTOWN LiMESTONE (Stonchenge member).
Vieinity of Hagerstown, Maryland. Tribes Hill limestone of New York
and upper part of Kittatinny limestone of New Jersey.

Collection.—U. 8. National Museum.

Genus HEMIGYRASPIS Raymond
HEMIGYRASPIS COLLIEANA Raymond

Plate XXXII, Figs, 11-15
Asaphus marginalis Collie (not Hall), 1903, Bull. Geol. Soc. Amer., 4v01. xiv,
IIemiI)g}'y‘:‘zi;)is collieana Raymond, 1910, Ann. Carnegie Mus., vol. vii, p. 41,
pl. xiv, figs. 9-13.

Description.—* Cephalon short and wide, glabella smooth, not out-
lined, no glabellar furrows. Neck-furrow shallow, hardly.visible. Eyes
nearly halfway to the front of the cephalon, large, very far apart. Between
the eyes is a small median tubercle. Free cheeks short, wide, with long
narrow spines at the genal angles. The anterior limb of the facial suture
meets the frontal margin in front of the eye. There is a narrow depressed
. border on the front of the eranidium.

“Axial lobe of thorax one-third the total width; pleura grooved.
Pygidium short, wide, semieircular in outline. Axial lobe narrow, rather
prominent, showing traees of two or three rings. Pleural lobes eonvex,
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without traces of ribs. Border narrow, eoneave; doublure narrow, con-
vex. IHypostoma quadrangular, widest in front, central portion convex,
with a furrow and narrow border around the sides and posterior end.
Surfaee of all parts, including the hypostoma, covered with imbrieating
striae.

“One pygidium is 9.5 mm. long and 18 mm. wide; a larger one is
14 mm. long and 28 mm. wide.”—Raymond, 1910.

As noted by Raymond this speeies much resembles Asaphus gyracanthus,
but its cephalon is shorter and wider, the cyes are farther apart and the
axial lobe of the pygidium is mueh more prominent.

Occurrence.—BEEKMANTOWN ~ LimustoNe  (Stonehenge nember).
Hagerstown, Maryland and Bellefonte, Pennsylvania.

Collection.—U. S. National Museum.

Genus SYMPHYSURUS Goldfuss
SYMPHYSURUS CONVEXUS (Cleland)
Plate XXXI1I, Figs. 16-18
Asaphus convezus ! Cleland, 1900, Bull. Amer. Pal, vol. iii, p. 128 (256),
pl. xvi, fig. 4.
Bathyurus sp. Cleland, 1900, Idem., pl. xvi, fig. 9.
Illacnurus columbiana Weller, 1903, Pal. New Jersey, vol. iii, p. 133, plL. v,
figs. 1-4.
Bathyurus ? levis Cleland, 1903, Bull. Amer. Pal,, vol. iv, p. 36, pl. ii, figs. 1, 2.
Symphysurus converus Raymond, 1910, Ann. Carnegie Mus,, vol. vii, No. 1,
p. 42, pl. xiv, figs. 14-16.

Description.—Entire eephalon unknown ; glabella oblong, convex, with
the eyes located halfway between the front and back. A small median
tuberele present, below the eyes. Thorax unknown, but its axial lobe is
probably narrow. Pygidium semieircular with a distinet axial lobe.
Several indistinet annulations are present.

The types of both this species and its synonym Bathyurus ? levis
(Cleland were obtained in the Tribes Hill limestone at Fort Hunter, New
York. The species was identified by Weller in the Canadian portion of
the Kittatinny limestone at Columbia, New Jersey, and under the belief
that the species belonged to Illaenurus, the new name Illaenurus colum-
biana was proposed, the name Illacnurus convezus being preoecupied.
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Occurrence.—~BEEKMANTOWN LIMESTONE (Stonehenge member).
Hagerstown and Funkstown, Maryland.
Collection.—TU. S. National Museum.

Genus ONCHOMETOPUS Schmidt
OxcHoMETOPUS s1MPLEX Raymond and Narraway
Plate XLVII, Fig. 18
Onchometopus simplex Raymond and Narraway, 1910, Ann’ Carnegie Mus.,
vol. vii, p. 51, pl. xvi, figs. 6-8.

Description.—* Cranidium moderately convex, slightly inecurved at the
front. Glabella flat, obscurely defined, expanding in front of the eyes
and extending to the anterior margin; glabellar furrows absent, dorsal
furrows present back of the eyes, very shallow. Neck-furrow absent.
Eyes of medium size, situated a trifle more than their own length in front
of the posterior margin. Behind the eyes there is a small median tuberele
on the glabella. Free cheeks rounded at the genal angles.

“ Thorax of eight flat segments. Axial lobe a little more than one-third
the total width. Pleura with shallow grooves.

“Pygidium rounded in outline, three-fifths as long as wide. Axial
lobe obscurely defined, the posterior end usually a little more prominent
than the other portions. There are no annulations. The surfaee is uni-
formly convex, without concave border.

“ This species is similar to Onchometopus obtusus (Hall) of the Chazy,
but the shell lacks the very coarse punctae of that form, and there are
fewer traces of glabellar furrows. It differs from Onchometopus susac
(Whitfield) in having a longer pygidium with a narrower and more
distinct axial lobe.

“ Onchometopus may be readily distinguished from Isotelus by the
presenee of a median tubercle on the glabella, the absence of a concave
border on both cephalon and pygidium, and by the somewhat narrower
axial lobe in the thorax.”—Raymond and Narraway, 1910.

The interesting Maryland trilobite referred to the above species differs
from all other Chambersburg forms in the absenee of the eoncave border
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on both the cephalon and pygidium. Although imperfeet it agrees fairly

well in outline with the types of Onchomctopus simplez.
Occurrencc.—CHAMBERSBURG LIMEsSTONE (Nidulites bed). Wilson,

Maryland. Blaek River limestone of Minnesota and Pennsylvania.
Collection.—U. 8. National Museum.

Family ILLAENIDAE
Genus ILLAENUS Dalman
ILLAENUS AMERICANUS Billings
Plate LI, Figs. 26-29

Illaenus americanus Billings, 18569, Canadian Nat. Geol., vol. iv, p. 871,

INlacnus emericanus Billings, 1865, Pal. Fossils, vol. i, Geol. Surv. Canada,
p. 329, figs. 316a-d, 318.

Illaenus americanys Raymond and Narraway, 1908, Ann. Carnegie Mus.,
vol. iv, Nos. 3, 4, pl. 1x, figs. 1-3,

Description.— Oblong, distinetly tri-lobed ; length two or three inches
width from three-fifths to five-sixths the length.
“ Head large, strongly eonvex, its height usually a little greater than

its length measured on a straight line, sometimes abruptly bent down at
less than half the length from behind, often uniformly arched from the
front to the posterior margin, equal to about one-fourth of a sphere;

length from front to posterior margin about two-thirds the width between
the echeek angles in a straight line. The glabella is moderately eonvex;
the dorsal furrows extend from one-fourth to a little more than one-third
the whole length of the head, measured on the curve, and have an obscure
sigmoid curve, at first outwards and then inwards, their anterior ex-
tremities usually turning a little outwards; they are distant from each
other not quite one-half the whole width of the head. The eyes are of
moderate size, about two lines in length, about half their length from the
posterior margin, and half the width of the glabella from the dorsal
furrows. The cheek angles are rounded, and the posterior margin of the
head makes with the lateral lower margin, as seen in a side view usually a
right angle, but in some specimens an obtuse angle of nearly 100°, owing
to the variable extent to which the front part of the head is produced
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downwards. In some the portion of the posterior margin outside of the
eye curves forwards, and brings the cheek angle to a position in front
of the eye. In others, it is behind the eye. The spaee between the eye
and the dorsal furrows is eonvex, and the eye itself seems to be rather
strongly protuberant or subconical. The movable cheek is subtriangular,
its width at the posterior margin about one and a half the distance of the
eye from the dorsal furrow, its length along the lower margin a little
greater than its posterior width. The anterior margin of the whole head
is uniformly rounded, with the exeeption of a slight eoncave curve just
outside of the suture. In some specimens in which the front part of the
head is most abruptly bent down the middle portion of the front margin
is depressed eonvex or nearly straight.

“Thorax with ten segments. Axis moderately econvex, from a little
more than one-third to nearly one-half the width of the whole animal, a
little wider at the anterior than at the posterior segment ; the sides some-
times straight, and sometimes slightly eurved outwards. On each side
of the axis there is a flat space between the side of the axis and the bend
of the pleurae. The width of this space is between one-third and one-half
the width of the axis. The pleurac are bent at the fulera at an angle
which varies in different individuals, from 25° to 45°, and at nearly
one-lalf their length from the side of the axis.

“Pygidium usually a little shorter than the thorax; vai‘ying from

moderately to rather strongly convex; the posterior margin broadly and
uniformly rounded ; the anterior angles truncated nearly half the whole
length of the pygidium ; the straight sides formed by the truneation form-
ing an angle of from 40° to 60° with the longitudinal axis of the body.
The axis of the pygidium is well defined at the anterior margin by the
dorsal furrows, which die out at about one-third or one-half the length,
converging towards each other, and sometimes obseurely defining the
apex.”—DBillings, 1865.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Trenton limestone of Ottawa, Canada, and many other
localities.

Collection.—U. S. National Museum.
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Genus BUMASTUS Murchison
BuMASTUS TRENTONENSIS Kminons
Plate LI, Tigs. 30-33

Bumastus trentorensis Emmons, 1842, Nat. Hist. New York, Geol., vol. ii,
p. 390, fig. 1.
Bumastus trentonensis (part) Clarke, 1897, Geol. Minnesota, vol. iii, pt. 2,
Bum;).;tli&milleri Raymond and Narraway, 1908, Ann. Carnegie Mus.,
vol. iv, p. 249, pl. Ixi, figs. 9, 10, pl. Ixii, figs. 3-5.
Description.—Emmons’ figure of his type specimen of Bumasius tren-
tonensis represents an example with eight segments to the thorax. Before
this specimen eould be restudied it was lost and the validity of the name
has been questioned. It is unnecessary to enter into a history of the
synonymy of this species, as this was fully discussed in 1908 by Raymond
and Narraway. Iowever, a species of Bumastus with eight segments
oeeurs in the Trenton limestone of New York whieh, according to the
present arrangement of species of the genus, has no name. This speeies
agrees with Emmons’ figure fairly well and it seems reasonable to retain
his name of Bumastus trentonensis.
Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersbhurg,
Pennsylvania. Trenton limestone of New York.
Collection.—U. S. National Museum.

Family DIKELOCEPHALIDAE
Genus SAUKIA Walcott
SAvukia sTosEl Waleott
Plate XXVII, Figs. 6-8

 Saukia stosei Walcott, 1914, Smithsonian Mise. Coll, vol. 1vii, No. 13, p. 384,
pl. Ixix, figs. 3-56; pl. 1xx, figs. 12, 12a,

Description.—* This speeies belongs to the S. pepinensis form of

Saukia, and is most nearly related to Saukia fallax, but it has a propor-
tionately larger palpebral lobe. The assoeiated pygidium differs from the

prgidium found with 8. fallaz in Texas in having a longer axial lobe,
and the surface is strongly granulated instead of being smooth as in
S. fallax.”—Waleott.

oo
¢ 23
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Occurrence.~~CoNOCOCHEAGUE LiMrsToNE. Near Scotland, Franklin
County, Pennsylvania. Near Funkstown, Maryland.
Collections.—Maryland Geological Survey, U. S. National Museum.

Family PROETIDAE
Genus PROETUS Steininger
PROETUS LATIMARGINATUS Weller

Plate LI, Figs. 21.25

Proetus latimarginatus Weller, 1903, Geol. Surv. New Jersey, Pal.,, vol. iii,
p. 195, pl. xiv, figs. 17-24 (?25).

Description.—* Head sublunate in outline, the genal angles produced

into long, sharp spines. Glabella elevated, broadly subconical, rounded in

front; lateral furrows nearly obsolete exteriorly, but sometimes their
position is indicated by dark lines on the surface, which seem to indicate
an internal thickening of the test; the two anterior pairs are short and lie
in front of the eye-lobes ; they are close together, and are directed obliquely
backward from the margin of the glabella; the posterior pairs are more
conspicuous than the others, and are sometimes marked by slight depres-
sions ; they are situated a little in front of the middle of the eye-lobes, and
are directed obliquely backward from the margin of the glabella, becoming
more curved posteriorly, joining the occipital furrow at nearly right
angles. The dorsal furrow well defined throughout. Occipital furrow
sharply impressed, deeper than the dorsal furrow. Occipital segment
with subparallel margins, scarcely as highly elevated as the glabella,
marked by a small, rounded tubercle at its central point. Palpebral lobes
of moderate width, sub-semicircular in outline, depressed below the level
of the glabella. Facial sutures curving into the margin of the glabella,
both in front and behind the palpebral lobes; posteriorly they intersect
the margin of the head close to the axial lobe; in front of the palpebral
lobes they curve outward nearly to the margin of the head, where they
make a rather sharp bend and recurve inwardly, intersccting the anterior
margin at some distance from its median point. Anterior limb of the
cranidium broad, with a convex marginal border, between which and the
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glabella there is a rather broad, shallow, concave furrow. Free cheeks
depressed-convex, with the eyes abruptly elevated, marked by a rather
broad marginal border on both the lateral and posterior margins, on the
inner side of which there is a rather sharply impressed furrow. Pygidium
small, sub-scmicircular in outline; the posterior margin regularly
rounded ; the anterior margin straight nearly to the lateral angles, where
it is curved backward. Axis narrow, not reaching to the posterior margin,
marked by six or seven annulations. Pleurae convex, much depressed
below the axis, marked by five or six grooved segments, only the anterior
two or three of which reach the margin of the pygidium. Thorax un-
known. The entire surface of well-prescrved spccimens is finely granu-
lose.”—Weller, 1903.

The specimens from the basal Martinsburg shale are not as complete as
the types upon which the above description was based, but there scems
little doubt of their specific identity.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Trenton limestone of New Jersey.

Collection.—U. S. National Museum.

Genus CYPHASPIS Burmeister
CYPHASPIS MATUTINA Ruedemann

Plate LI, Figs. 12-14
Cyphaspis matutina Ruedemann, 1901, New York State Mus. Bull., No. 49,
p. 62, pl. iv, figs. 5-7.

Description.—* The glabella is short, roundish, subquadrangular,
moderately and uniformly convex, sloping equally to all sides ; surrounded
by deep dorsal furrows and an equally deep frontal furrow. Three pairs
of glabellar furrows are discernible, the first two faint, short and oblique,
the third semicircular, extending to the occipital furrow, and separating
a pair of less convex lobes, which extend a little beyond the lateral margin
of the first and second lobes; the broad border slopes steeply to a narrow
rim, somewhat upturned at the margin. The glabella and rim are
apparently completely smooth, but show under the glass finc transverse
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striae. Neck ring nearly flat, depressed, with a central tubercle ; oceipital
furrow distinet, nearly straight. Sutures begin at the anterolateral angles
of the margin, extend in the direction of the seeond glabellar lobe to near
the glabella, and then eurve backward.”—Ruedemann, 1901.

This species was based upon two small cranidia, both of whieh are
illustrated in the present report. The material here identified with
C. matuting consists of imperfeet eranidia only, so that nothing further
can be added to the speeifie description.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania. Rysedorph conglomerate at base of Trenton, Rensselaer
County, New York. '

Collection.—U. 8. National Museum.

Family LICHADIDAE
Genus AMPHILICHAS Raymond

AMPHILICHAS TRENTONENSIS (Conrad)
Plate LI, Figs. 8-10

Asaphus ? Trentonensis Conrad, 1842, Jour. Acad. Nat. Sci. Philadelphia,
vol. viii, p. 277, pl. xvi, fig, 16.

Platynotus trentonensis Hall, 1847, Pal. New York, vol. i, p. 235, pl. Ixiv,
figs. la-d. ‘

Platymetopus trentonensis Weller, 1903, Geol. Surv. New Jersey, Pal,

vol. iii, p. 200, pl. xv, figs. 17-19.

Description.—* Head ventricose, the curve along the median line from

the posterior to the anterior margins being very nearly a semieirele,
sub-semicireular in outline, attaining a breadth of 35 or 40 mm. The
glabella very large, occupying nearly the entire breadth of the eranidium,
strongly protuberant in front; with a single pair of glabellar furrows,
which originate at the anterior, lateral margins, and, after eurving
inward, then baekward and then slightly outward again, forming some-
thing more than a semieirele, they join the oceipital furrow, dividing the
glabella into three lobes; the frontal or median lobe is broad in front,

beeoming narrower posteriorly to a point back of the middle of the head,
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and then again broadens out, becoming nearly as wide on the oceipital
furrow as it was on the anterior margin; the two lateral lobes about as
prominent as the median lobe, suberescentiform in outline. Dorsal fur-
rows concave inward, about as deeply impressed as the glabellar furrows.
Fixed checks rather broad along the posterior margin of the head, becom-
ing rapidly narrower to a point just behind the palpebral lobe ; the palpe-
bral lobe rather prominent, the cheek becoming very narrow anteriorly.
Oceipital furrow and occipital segment well defined, extending across the
fixed checks. The entire surface ornamented with small, low, rounded
tubereles, somewhat variable in size. Free checks, thorax and pygidium
unknown.”—Weller, 1903.

The above description by Weller is the most detailed that has so far been
published, and as the specimens now under study show no additional
features both his description and figures are reproduced.

Occurrence—MARTINSBURG SHALE (Sinuites bed). Carlisle and

Chambersburg, Pennsylvania, and Strasburg, Virginia.

Collection.—U. S. National Museum.

Family ODONTOPLEURIDAE
Genus ACIDASPIS Murchison
ACIDASPIS ULRICHI 1. Sp.

Plate XXXVII, Figs. 6-8

Description.—The most interesting speeies in the fauna of the Fred-
erick limestone is a remarkably spinose trilobite represented by rather
numerous fragments of the free cheek with its extended genal spine.
Unlike most American species of Acidaspis and allied genera, the spines
on the free cheek of the present one continue to the end of the genal
spine. These spines are regularly and closely placed and are of consider-
able length along the free cheek. They decrease in length along the genal
spine, but they are still conspicuous at its end. " Another unusual feature
is a great curvature of the free check with its genal spine, apparently
indicating that the latter were directed over the thorax of the trilobite.
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The general aspect of this trilobite is not unlike certain European
species of Acidaspis. This species can be recognized easily from its free
cheeks, but more of the trilobite is necessary before its affinities can be
definitely determined.

The specific name is in honor of Dr. E. 0. Ulrich in appreciation of
his work on the faunas and stratigraphy of the Appalachian Valley.

Occurrence.—FrEDERICK LimesToNE. Frederick, Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

order PROPARIA
Family CALYMENIDAE
Genus CALYMENE Brongniart
CALYMENE GRANULOSA (Foerste)
Plate LVI, Figs. 1, 2
Calymene callicephala granulosa Foerste, 1909, Bull. Sci. Lab. Denison
Univ.,, vol. xiv, p. 294, i

Description.—This species is one of several that have usually been
identified as Calymene callicephala, but the latter name has been dropped
on account of uncertainty as to thepspecies represented. The Eden form
of Calymene differs conspicuously from other Cincinnatian species of the
genus in the presence of numerous granules upon the carapace. Other
differences, such as smaller size and a less strongly elevated anterior border
of the cephalon, may be noted, but the granulose surface is the best marked
feature.

Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Pennsylvania ; Cowans
Gap, five miles northeast of McConnellsburg; and Tuscarora Mountain,
two and one-half miles southeast of McConnellsburg, Pennsylvania ;
Rickard Mountain, Washington County, Maryland. Eden shale at Cin-
cinnati, Ohio. )

Collections.—Maryland Geological Survey, U. S. National Museumn.
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CALYMENE SENARIA Conrad

Plate LI, Fig. 15
Calymene senaria Conrad, 1841, 5th Ann. Rept. Geol. Surv. New York,
pp. 38, 49.
Calymene senarie Hall, 1847, Pal. New York, vol. i, p. 238, pl. 64, figs. 3a-n.
Calymene senaria Weller, 1903, Geol. Surv. New Jersey, Pal,, vol. iii, p. 203,
pl. xv, fig. 23.

Description.—< Head sub-semicireular or sublunate in outline, the
anterior and lateral margins being more or less nearly regularly rounded,
and the posterior broadly sinuous, with the posterior lateral extremities
bluntly subangular or abruptly rounded. Free cheeks irregularly tri-
angular in outline, with thick, rounded, lateral margins, defined by a
distinet, rounded marginal furrow, which is continuous with the furrow
separating the anterior end of the glabella from the prominent, elevated,
anterior margin of the head. Facial sutures originating just in front of
the genal angles, passing obliquely forward and inward for a little more
than half the distance to the eyes, then curving inward to the base of
the eye-lobe, and after passing around the eyes, extending forward and
intersecting the anterior margin at points a little nearer together than the
breadth between the eyes. Eyes small and rather prominent. Glabella more
prominent than the cheeks and scparated from them by decp, dorsal fur-
rows, about as wide behind as its length, including the oceipital segment,
much narrower in front; the frontal and three pairs of lateral glabellar
lobes separated by three pairs of glabellar furrows, of which the anterior
pair is mueh the faintest and shortest; each member of the seeond pair
extends about one-fourth the distance across the glabella, slightly eurved
posteriorly, the posterior pair deeper and wider than either of the others,
each member extending about one-third the distance across the glabella
and directed obliquely backward. Occipital furrow decp and prominent,
connecting with the dorsal furrows and less conspieuously with the mar-
ginal furrows of the posterior margin of the fixed checks, arching slightly
forward at the middle of the glabella. Oecipital segment well defined,
arching a little forward, about as high as the most prominent portion of
the glabella in front. Fixed cheeks eonvex, provided with a deep, broad
furrow along their posterior margin.
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“Pygidium wider than long, more or less subtrigonal in outline, bhut
with the anterior margin broadly rounded. Axis well defined, convex,
extending nearly to the posterior margin, with five or six transverse scg-
meuts, which grow fainter posteriorly. The pleurae eonvex, cach with
about five segments, which are furrowed distally. Whole surface of the
test minutely granular.”—Weller, 1903.

The fragments of this species noted in the basal part of the Martins-
burg shale agree in all characters with the New J. crsey Trenton speeimens
described in detail by Weller as above.

Occurrence.—MARTINSBURG SHALE (Sinuites bed). Chambersburg,
Pennsylvania, and Strasburg, Virginia.

Collections.—Maryland Geological Survey, U. S. National Museum.

Family CHEIRURIDAE
Genus CERAURUS Green
CERAURUS PLEUREXANTHEMUS Groen

Plate XLIII, Figs. 22, 23

Ceraurus pleurexanthemus Green, 1832, Monthly Amer. Jour. Geol.,, vol, i,
p. 560, pl. iv, fig. 10.

Ceraurus pleurexanthemus Green, 1832, Mono. Trilobites North America,
p. 84, text fig. 10, cast 33.

Ceraurus pleurexanthemus Hall, 1847, Pal. New York, vol. i, p. 242, pl. Ixv,
figs. la-c, le-g.

Ceraurus pleurexanthemus Weller, 1903, Geol. Surv. New Jersey, Pal.,
vol. iii, p. 204, pl. xv, fig. 28.

Ceraurus pleurexanthemus Raymond and Benton, 1913, Bull. Mus. Comp.
Zool., vol. liv, p. 528, pl. i, fig. 1; pl. ii, figs. 1,2, 7.

Description.—“ Head crescentiform in outline, with the posterior

lateral angles extended into long, curved, genal spines, which are attached
to the fixed cheeks. Free checks irregularly triangular in outline, the

eyes small.  Faeial suture starting at the lateral margin, and after
extending inward toward the glabella, making a sharp turn forward just
back of the eye, and after passing around the eye, eurving gently for-
ward, cutting the anterior margin of the head in front of the glabella.
Glabella prominent, convex, broadest in front, extending nearly to the
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anterior margin of the head. Glabellar furrows well defined, but not
extending across the glabella. The two anterior pairs straight, each
portion extending over about one-fourth the width of the glabeclla. The
third pair extending inward about as far as the other two, and then
bending abruptly backward and joining the oecipital furrow, leaving the
posterior glabellar lobes more or less detached. Oceipital furrow deep
and well defined, arching a little forward upon the glabella extended
laterally upon the fixed cheeks nearly to the lateral margins, where 1t
joins a marginal furrow just in front of the genal spine, which passes
auteriorly. Occipital segment well defined. Dorsal furrow rather sharply
impressed. Fixed cheeks convex, their posterior lateral angles cxtender]
into prominent, curved, genal spines. Whole surface of the head, except
the dorsal, glabellar, oceipital and marginal furrows, strongly granulose
or papillose, with some seattered tubercles larger than the others.”—
Weller, 1903.

The above deseription by Weller applies in detail to the characters of
the head fragments found in the Chambersburg limestone. Several
gpecies have been confused under the name of Ceraurus pleurexanthemus
and Detter material may show the Chambersburg limestone specimens to
be incorreetly referred here.

Occurrence.~CIAMBERSBURG LIMESTONE (Caryocystites bed). Tort

Loudon, Franklin County, Pennsylvania. Black River of New York,
(‘anada, ete.
Collections.—Maryland Geological Survey, U. S. National Museum.

Genus PLIOMEROPS Raymond
PrroMerops savTeRI (Billings)
Plate XXXVI, Fig. 13
Amphion salteri Biliings, 1861, Canadian Nat. and Geol., p. 322, text fig. 6.

Amphion salteri Billings, 1865, Pal. Foss., vol. i, Geol. Surv. Canada, p. 352,
text fig. 339.

Description.—Pygidium small, about 6 mm. long and 10 mm. wide at
the base. Glabella convex, oblong, one-third the width of the head, with
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straight sides and a narrow margin in front; neck furrow extending
entirely across; three pairs of glabellar furrows directed slightly back-
ward, their inner extremities separated by about onc-third the width of
the glabella. Fixed cheeks covered with small tubercles and separated
from the glabella by a deep groove on each side.

Pygidium 6 mm. long and about the same at its greatest width; front
margin rounded and the posterior somewhat straight. Axis conical and
strongly convex with five or six well-defined segments. Pleurae of the
pygidium five on each side and nearly parallel with the axis in their
posterior half, then curving inward to join the axial segments.

Identified somewhat doubtfully in the Middle Beekmantown (Cera-
topea zone) in the Appalachian Valley of Maryland and southern Penn-
sylvania. Imperfect pygidia with the characteristic pleurae were obscrved
in exposures along the Cumberland Valley Railroad northeast and south-
east of Halfway, Maryland.

Occurrence.—BEEEMANTOWN LiMESTONE (Ceratopea zone). Halfway,
Maryland.

Collection.—TU. S. National Museum.

Family PHACOPIDAE
Genus PTERYGOMETOPUS Schmidt

PTERYGOMETOPUS CALLICEPHALUS (Hall)
Plate XLIII, Figs. 18-21

Phacops callicephalus Hall, 1847, Pal. New York, vol. i, p. 247, pl. Ixv,
figs. 3a-i.

Pterygometopus callicephalus Clarke, 1894, Geol. Minnesota, vol. iii, pt. 2,
p. 731, text figs. 51, 52; p. 732.

Pterygometopus callicephalus Weller, 1903, Geol. Surv. New Jersey, Pal,
vol, iii, p. 206, pl. xv, figs. 29-32.

Description.—“ Head sublunate in outline, obtusely subangular in
front, genal angles broad and rounded, with no indication of spinules.

Glabella large, depressed-convex, broad and rounded in front, becoming
much narrower behind; frontal lobe large, subelliptical in outlinc;
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anterior pair of glabellar furrows starting from opposite the anterior
extremities of the eyes, directed obliquely backward and each one extend-
ing over a little more than one-third the width of the glabella; seeond pair
of glabellar furrows shorter and a little shallower than the first, direeted
obliquely forward; third pair of glabellar furrows direeted toward the
axis of the glabella for a short distance and then bending abruptly back-
ward and joining the oeeipital furrow, leaving the small, basal glabellar
lobes wholly detached. Oeeipital furrow rather deep and broad. Oeceipital
segment rather broad, its elevation about even with the glabella in front,
its posterior margin eonvex. Palpebral lobes prominent, their elevation
being nearly that of the glabella, separated from the glabella by the deep
dorsal furrow, and marked by a conspicuous furrow just within the
border of the eye. Eyes large, lunate, their inner margins elevated nearly
or quite to the height of the glabella, their anterior ends opposite the first
glabellar furrows and their posterior ends reaching nearly to the occipital
furrow. Cheeks, outside the eyes, sloping rather abruptly to the lateral
margins of the head ; marked along the posterior margins to a point about
one-half the distanee from the eye to the margin by the narrow, but rather
sharply impressed, oeeipital furrow, whose distal extremity is rather
abrupt; the lateral borders marked by an ill-defined marginal furrow,
which originates at the outer extremity of oeeipital furrow, and after
passing forward nearly parallel with the margin, joins the dorsal furrow
just in front of the eye.

“ Pygidium subtriangular in outline, rather abruptly rounded or sub-
angular posteriorly. Axis prominent, but rather narrow, its margin
slightly incurved and abruptly rounded behind, marked by from eight to
ten somewhat sinuous annulations; the pleurae slightly flattened adjacent
to the axis, but soon eurving rather abruptly to the lateral margins,
marked by about six grooved segments, with slight traces of others
posteriorly.

“ Surface of the glabella, palpebral lobes, occipital segment and cheeks
inside the marginal furrow distinctly pustulose, the little tubereles being
more or less irregular in size; upon the checks outside the border of the
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eyes the papillae are much less conspicuous than upon the glabella and
the marginal border is perfeetly smooth. Pygidium unornamented,
except by the grooves marking the segments, whieh do not extend entirely
to the border, thus leaving a plain, perfectly smooth, narrow marginal
border.”—Weller, 1903.

Occurrence—CIIAMBERSBURG LiMESTONE (Tetradium cellulosum bed).
Several localities south of Charﬁbersburg, Pennsylvania. This species
has hitherto been supposed to be restrieted to the Trenton rocks of the
United States and Canada.

Collection—T. S, Natim.ml Musecum.

Subclass E UCRUSTACEA

Superorder BRANCHIOPODA
order NOTOSTRACA

Genus RiBEiRiA Sharpe

Risriria ? NUcULITIFORMIS Cleland

Plate XXXI, Figs. 13, 14
Ribeiria ! nuculitiformis Cleland, 1900, Bull. Amer. Pal, vol. iii, p. 133
(261), pl. xvi, figs. 10-14.

Description.—Shell small, varying from 1.5 mm. by 3 mm. to 6 mm.
by 12 mm., compressed laterally, with the dorsal margin eoncave and the
sides convex. In casts, a deep notch about one-fourth the length of the
shell is shown just below the beak and extends obliquely towards the
middle of the ventral side.

The shell of this interesting crustaccan much resembles a speeies of the
pelecypod genus Nuculites, whence the speeific name.

Occurrence—BEEKMANTOWN LIMESTONE (Stonchenge member).
Hagerstown, Maryland. An extremely abundant fossil in the Tribes Hill
limestone at Fort Hunter, New York.

Collection.—U. S. National Museum.
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Superorder OSTRACODA
Family LEPERDITIIDAE
Genus ISOCHILINA Jones
IsocniniNa GrEGARIA (Whitfield)

Plate XXXV, Figs. 10-12

Primitia gregaria Whitfield, 1889, Bull. Amer. Mus. Nat. Hist., vol. ii, p. 58,
pl. xiii, figs. 3-5.

Isochilina gregaria Jones, 1890, Quart. Jour. Geol. Soc. London, vol. xlvi,
p. 22, pl. i, figs. 9, 10.

Isochilina amione Ulrich, 1891, Jour. Cincinnati Soc. Nat. Hist., vol. xiii,
pt. 1, p. 180, pl. xi, figs. 12a-c.

Isochilina ottawa var. intermedia Jones, 1891, Cont. Micro-Pal., Geol. Surv.
Canada, pt. 3, p. 66, pl. x, figs. 10, 11.

Description.—Carapace about 4 mm. long, obliquely oval in form;
hinge line straight, in lengtli about three-fifths that of the valves. Sur-
face of valves convex, most elevated across the narrow end. Sulcus
poorly defined, broadly triangular extending from about the middle of the
valve to the hinge. Surface of valves marked by numerous widely spaced
pits. On each side of the sulcus there is usually a well-defined node or

tubercle and often one is at its lower extremity.

A species of similar size and shape and with the surface markings of
the Vermont type specimens oceurs in poor preservation, but sometimes
in abundanee on the weathered limestone surfaces of the Middle Beck-
mantown of Pennsylvania and Maryland.

Occurrence—BrERMaNTOWN TamestoNe (Ceratopea zone). Several
of the outerops along the National Highway west of Hagerstown and the
turnpike to Williamsport, Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

TsocHILINA SEEYLI (Whitfield)
Plate XXXV, Fig. 12

Primitia seelyi Whitfield, 1889, Bull. Amer. Nat. Hist., vol. ii, p. 60, pl. xiii,
figs. 6, 7.

Isochilina seelyi Jones, 1890, Quart, Jour. Geol. Soc. London, vol. xlvi,
p. 22, pl. i, fig. 7.
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Description.—Valves about 4 mm. in length, and not quite 3 mm. long,
with the straight or dorsal margin a trifie more than three-fifths of the
entire length. Valves convex, and wider at the posterior end ; cardinal
angles distinct. Anterior and posterior ends with flattened margin,
narrowing along the basal border and disappearing along the mid-ventral
edge. Surface covered with moderately large, depressed pits, most of
which have an elevated granule in the center. A nearly circular, smooth
spot, and above it a rapidly widening area also without pits, extending to
the dorsal border, replaces the usual sulcus or tubercles of the surface
of such ostracoda.

The surface punctae and the smooth spot in the anterodorsal part of
the valve easily distinguish this species. The types were found in the
Beekmantown limestone at Shoreham, Vermont.

Occurrence.—BEERMANTOWN LIMESTONE (Turritoma zone). Huyett,
Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus LEPERDITIA Rouault
LererDITIA FABULITES (Conrad)

Plate XXXIX, Fig. 16; Plate XLIII, Figs. 1-5

Oytherina fabulites Conrad, 1843, Proc. Acad. Nat. Sei. Philadelphia, vol. i,
p. 332,

Leperditia fabulites Ulrich, 1891, Jour. Cmcmnatl Soc. Nat. Hist., vol. xiii,
p. 173, pl. xi, figs. 1la-d, 2.

Leperditia fabulites Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 634,
pl. xliij, figs. 1-14.

Leperditia fabulites Weller, 1903, Geol. Surv. New Jersey, Pal., vol. iii,

p. 208, pl. xiii, figs. 11, 12.

Description.—* Carapace of medium size, obliquely subovate, compara-
tively long, widest posteriorly; ventral eurves moderate, strongest just
behind the mid-length; cardinal line straight, comparing with the length
of the valve as two is to threc, the two extremities almost equally angular;
hight of ends about as three is to four, both obliquely truncate above, the
anterior narrowly rounded in the middle; the postcrior outline more
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broadly and evenly curved though having the usual backward swing.
Ventral edge of carapace obtuse, scarcely flattened, with a slight furrow
on each side near the edge of the right valve in which a row of minute
punctac is generally distinguishable; overlap extending all around the
free edges, strongest ventrally ; except in rare instances, neither valve has
a flange or flattened border, and when present it is in all cases very
narrow and undefined ; dorsal edge somewhat thickened, especially upon
the left side. Surface of the valves smooth or very faintly pitted, rather
cvenly convex with the greatest thickness somewhat bencath the center;
a low ridge-like thickening along the posterior half of the dorsal margin
of the left valve is to be noticed. Eye tubercle just distinguishable in
most cases, rarely so distinct as in the specimen figured, often not to be
detected. On the inner surface, however, it is always marked by a dis-
tinet pit. Muscle spot not distinguishable externally exeept when the
specimens are weathered, but on the inner side it is often well marked
and surrounded by finc reticulating radial lines, short dorsally, longest
post-ventrally. On the inner side of the ventral edge of the right valve
there are two rows of small papillae, three to five in each, the number
sceming to increase with age. The purpose of these papillae, one series
of which occurs in the anterior third, the other in the posterior evidently
was to prevent undue overlapping of the valves by presenting an obstacle
to the entering ventral edge of the left valve.”—Ulrich, 1894.

Although this species has been cited as a wide-spread characteristic
fossil of both the Stones River and Black River groups, the typical form
is really restricted to the latter rocks. The original types were described
from the Platteville limestone of Wisconsin, the equivalent of the Low-
ville limestone of more eastern localities.

Occurrence.~CHAMBERSBURG L1MESTONE (Tetradium cellulosum bed).
Fort Loudon and other localities in Franklin County, Pennsylvania.
StoxEs River LinmestonNE. Pinesburg and Wilson, Maryland.

Collections.—Maryland Geological Survey, U. S. National Muscum.
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Genus LEPERDITELLA Ulrich
LeperpireLra tumina (Ulrich)
Plate XLIII, Figs. 10-12
Lepcrditia tumida Ulrich, 1892, Amer. Geol., vol. x, p. 264, pl. ix, figs. 1-3.
Leperditella tumida Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 636.
Description.—Valves ovate, leperditoid, with a straight back, rather
short, with the posterior end widest, tumid, the convexity of the surface,
exeept for a slight flattening and lengthening of the dorsal and anterior
slopes, nearly uniform. Surface obscurcly punctate, otherwise smooth,
there being no external signs of either the eye-tuberele or muscle spot.
Right valve a little smaller than the left and fitting into a groove in it.
Length of a large right valve, 2.6 mm.; height, 1.82 mm.; thiekness,
0.75 mm.
This is one of the eharaeteristic mieroseopic fossils of the Lowville
limestone in the Ohio and Appalachian valleys.
Occurrence.—CHAMBERSBURG LiMeSTONE (Tetradium ccllulosum
bed). Fort Loudon and other localities in Franklin County, Pennsyl-
vania.
Collections.—Maryland Geologieal Survey, U. S. National Museum.

Genus APARCHITES Jones
ApArcHITES MINUTISSIMUS (Hall)

Plate LV, Fig. 33

Leperditia (Isochilina) minutissima Hall, 1872, 24th Rep. New York State
Cab. Nat. Hist., p. 231, pl. viii, fig. 13 (advance sheets, 1871, p. 7).
Leperditia (Isochilina) minutissima Hall and Whitfield, 1875, Geol. Surv.

Ohio, Pal., vol. ii, p. 102, pl. iv, fig. 4.
Aparehites minutissimus Ulrich, 1889, Geol. Surv. Canada, Cont. Micro.-Pal.,
pt. 2, p. 49, pl. ix, fig. 5.

Description.— Carapaee minute, less than two-hundredths of an ineh
in length, the width being about two-thirds the length, greatest at the
anterior third, giving a broadly ovate outline, with a straight cardinal
margin of about two-thirds the length of the valve.
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“ Surface of the valves smooth, rising into an obtusely pointed promi-
nence at the anterior third of the length; basal margins of the valves not
overlapping, 'so far as can be ascertained.”—Hall and Whitficld, 1875.

This minute ostracod may be readily recognized by its Leperditia-like
carapace with non-overlapping valves, the surface of which is smooth
and rises into an obtuse prominence. An abundant fossil in the Cin-
cinnatian rocks of the Ohio Valley, particularly in the Eden shale.

Occurrence.—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Fort Loudon, Penusylvania, and debris
on the west slope of Rickard Mountain, Washington County, Maryland.

Collection—TU. S. National Museum.

Family BEYRICHIIDAE
Genus DREPANELLA Ulrich
DrEPANELLA MACRA Ulrich
Plate XLIII, Figs. 13-15

Drepanclia macer Ulrich, 1894, Jour. Cincinnati Soc. Nat. Hist., vol. xiii,
p. 119, pl. viii, figs. 4a-c.

Drepanclla macre Ulrich and Bassler, 1908, Proc. U. S. Nat. Mus., vol. xxxv,
p. 291, fig. 17, pl. x1i, figs. 12-14.

Description.—* Valves subquadrate, about 2.0 mm. long and 1.25 mm.
high, with the body very thin and shallow, the thickness of the entire
carapace at & point near the middle being only about 0.3 mm. Ventral
margin straight or sinuate; ends subequal, the posterior a little the most
curved ; postero and antero-dorsal regions angular, the angles 10 or 15
degrees greater than a right angle. Ventral edge slightly thickened.
Marginal or sickle-shaped ridge high, projecting beyond the dorsal edge,
running parallel with and very close to the abrupt posterior margin ; then
curving more rapidly than does the outline of the valve into the ventral
margin, it gradually increases its distance from the ventral edge, and in 4
slightly flexnous manner fraverses the valve for almost its entire
length, terminating at a point near the middle of the anterior margin.
Postero-median ridge consisting of three prominently confluent nodes, the

24
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uppermost projecting considerably beyond the dorsal margin. Antero-
median node large, prominent and of triangular form. Antero-dorsal node
projecting prominently beyond the edge, but not as high, and only about
half as large as the antero-median one.”—Ulrich, 1894.

The types of this striking ostracod were found in the topmost division
(Lchanon) of the Stones River limestone of Central Tennessee.

Occurrence.—CHAMBERSBURG LiIMESTONE (Tetradium cellulosum
bed). Fort Loudon, Pennsylvania.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus MACRONOTELLA Ulrich
MACRONOTELLA ULRICHI Ruedemann
Plate XLIII, Figs. 6-9
Macronotella ulrichi Ruedemann, 1901, New York State Mus. Bull,, No. 49,
p. 83, pl. vi, figs. 6-16; pl. vii, fig. 1.

Description.— Valves three-fourths circular to subovate; dorsal out-
line rarely straight, mostly prominent in the central part, speecially in
older specimens; cardinal angles obtusely rounded to shortly truneate;
posterior margin with a little longer truncation, lateral and ventral
margins forming approximately a continuous eircular line; in larger
specimens the anterior and posterior margins more strongly rounded, and
the ventral margin less curved; free cdges in most specimens with a
broad depressed border and beveled edge. Surface strongly convex,
culminating in the dorsocentral region ; in some speeimens almost smooth,
with only faint, widely and irregularly distributed circular impressions;
others with very large deep pits; on the apex always a flat. smooth
circular area. Valve projecting slightly above the straight cardinal line,
and forming a broad, low, triangular, reentrant cardinal arca.

“ Dimensions: Length, 2.7 mm. ; height, 2.1 mm.; thickness, .7 mm.”—
Ruedemann, 1901,

This fine ostracod is easily distinguished by its strongly convex valves
with a flat, smooth area at the apex of the surface which elsewhere is
marked by circular impressions or deep pits.
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Occurrence.—CHAMBERSBURG LIMESTONE (Tetradium cellulosum
bed). Fort Loudon, Franklin County, Pennsylvania. The type specimens
were found in the Rysedorph conglomerate at Rysedorph Hill, Rensselaer
County, New York. :

Colleetion.—U. S. National Museum.

Genus CGERATOPSIS Ulrich
CeraTorsis CHAMBERSI (Miller)

Plate LV, Fig. 34

Beyrichia cheambersi Miller, 1874, Cincinnati Quart. Jour. Sci., vol. i, p. 234,
fig. 27.

Beyrichia chambersi Hall and Whitfield, 1875, Pal. Ohio, vol. ii, p. 104,
pl. iv, figs. 11, 12,

Ceratopsis chambersi Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 676,
pl. x1vii, figs. 19-22.

Description.— Carapace minute, the extreme length not excceding
half a line, and the greatest width not more than two-thirds as much as
the length. TForm of the valves broad ovate, with one side, for a space

equal to about onc-fourth of the width of the figure, cut away, forming
the straight hinge-line, which is equal in length to about six-sevenths of
the entire length of the carapace. Greatest width of the valve a little
more than one-third of the length from the anterior end. Surface of the
valves highly convex, most prominent ncar the middle of the length,
crossed by three curving sulei, none of which reach the ventral border,
the middle of the curve being directed towards the posterior extremity.
The middle suleus is stronger and much deeper than the others, while the
posterior one is faintly marked, and situated at about the posterior third
of the length. The anterior sulcus is short, comparatively deep, nearly
semicircular, and situated within the anterior third of the length, and
about midway between the cardinal and basal borders. From the anterior
margin of this depression, or between it and the anterior border of the
valve, there riscs a strong, thickened, laneeolate, or scythe-shaped, curved
spine, which equals in length two-fifths, or sometimes one-half that of
the entire valve. The anterior and posterior surfaces of the spine are
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convex, the latter most strongly so, while the lateral edges are sharp and
the ventral one generally deeply serrate, although a few specimens have
heen noticed without the serrations, perhaps from wearing. The margin
of the valve is bordered by a thickened rim, within which there is often a
slightly depressed channel. Surface of the crust smooth, or very finely
granulose.”—Hall and Whitfield, 1875. -
Occurrence.—MARTINSBURG SHALE (Eden division). Southern Penn-
sylvania and on the west slope of Rickard Mountain in Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Genus ULRICHIA Jones

UrricHiA BIVERTEX (Ulrich)
Plate LV, Fig. 32
Leperditia bivertex Ulrich, 1879, Jour. Cincinnati Soc. Nat. Hist., vol. ii,
p. 11, pl. vii, figs. 5, 5a.
Ulrichia ? bivertex Ruedemann, 1912, New York State Mus. Bull, No. 162,
p. 120, pl. ix, figs. 11, 12.

Description.— Length, 1.00 mm. ; breadth, .75 mm. Carapace minute,
subreniform ; dorsal margin straight, over two-thirds as long as the entire
length of the valve; anterior and posterior extremities equal in width;
ventral eurve nearly uniform. Valves strongly convex. Tuberele at the
anterior end, near the dorsal margin large, rising abruptly, obtusely
rounded, and slightly directed posteriorly. Posterior tuberele situated
near the dorsal margin, and about half the length of the valve from the
posterior extremity, less obtusely rounded, and more prominent than the
anterior tubercle. Between the tubercles there is a deep sulcus, extending
from the dorsal margin to one-half the distance across the valve. Surface
smooth. On the interior there is a corresponding pit for each tubercle,
and a divisional ridge between them.”—TUlrich, 1879.

Occurrence—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and onc-half miles northeast of Fort Loudon, Pennsylvania.

Collection—U. S. National Museum.
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Family CYPRIDAE
Genus BYTHOCYPRIS Brady
ByrHocyPRIS cYLINDRICA (Hall)

. Plate LV, Figs. 28-31; Plate L1I, Figs. 14-16
Leperditia (Isochilina) cylindrica Hall, 1872, 24th Rep. New York State

Cab. Nat. Hist., p. 231, pl. viii, fig. 12 (Extract 1871, p. 7, pl. iv, fig. 12).
Bythocypris cylindrica Ulrich, 1894, Geol. Minnesota, vol. iii, pt. 2, p. 687,

pl. xliv, figs. 29-35, p. 688.

Description.— Carapace minute, seldom exceeding two-hundredths of
an inch in length, nearly twice as long as wide; valves very convex and
cylindrical, the anterior and posterior ecnds subequal and strongly
rounded ; cardinal line much shorter than the length of the valve; tubercle
ohsolete. Surface smooth.”—Hall, 1872.

An abundant fossil in all divisions of the Trenton and Cincinnatian
rocks of the United States and Canada.

Occurrence—MarTINsBURG S1HALE (Eden division). Southern Penn-
sylvania and in the debris from the samc on Fairview and Rickard
Mountains in Maryland.

Collections.—Maryland Geological Survey, U. 8. National Muscum.

Superorder CIRRIPEDIA
Family LEPIDOCOLEIDAE Clarke
Genus LEPIDOGOLEUS Faber
LermocoLeus Jamest (ITall and Whitfield)
Plate LV, Figs. 1-4; Plate LII, Figs. 24, 25
Plumulites jamesi Hall and Whitfield, 1875, Geol. Surv. Ohio, Pal, vol. ii,
p. 106, pl. iv, figs. 1-3.
Lepidocoleus jamesi Faber, 1886, Cincinnati Soc. Nat. Hist., vol. ix, p. 15,
pl. i, figs. A-F.
Lepidocoleus jomesi Ruedemann, 1901, New York State Museum Bull.,
No. 42, p. 521, pl. ii, figs. 10-12. ]
Description.— General form of the plates triangular, with the apex a
little inclined to one side, the lateral margins gradually and rapidly diverg-
ing from the initial point, one of them considcrably longer than the other.
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Basal margin sigmoidal, the convex portion situated next to the longest
lateral face, the concave portion to the shorter, and the shorter lateral
margin deflected downwards in some cases (probably the marginal row
of plates).

“The surface of the plates is flattened or slightly convex on the sides,
and very faintly depressed along the middle, the whole marked by rather
closely arranged, annulating, and scaliform transverse lines parallel with
the basal or sigmoidal margin, and marking stages of growth. These
transverse lines are usually faintest ncar the apex, and gradually increase
in width with the increased growth of the plate, but in some cases they
are quite irregular in their distances.

“ The length from the apex to the basal margin of the plate is usually a
little greater than the transverse diameter, and seldom exceeds a sixteenth
of an inch, the largest specimens seen not measuring a line in their
greatest diameter.”—Hall and Whitfield, 1875.

Occurrence—MARTINSBURG SHALE (Eden division). Jordans Knob,
one and one-half miles northeast of Ft. Loudon; Tuscarora Mountain,
two and one-half miles southeast of McConnellsburg, Pennsylvania; and
in sandstone debris on the cast slopes of Rickard Mountain, Washington
County, Maryland. Also in the Corynoides bed at Williamsport,
Maryland.

Collections.—Maryland Geological Survey, U. S. National Museum.

Superorder MALACOSTRACA

Division PHYLLOCARIDA
Family CERATIOCARIDAE
Genus CARYOCARIS Salter
CARYOCARIS SILICULA n. sp.

Plate LII, Figs. 21-23

Description.—Pod-shaped bodies which have been identified by Salter
as the carapace of phyllopods under the name of Caryocaris, are known
in the Canadian shales of America, but no more recent species have been




MARYLAND GEOLOGICAL SURVEY 373

described. The diseovery of well-preserved examples of similar phyllo-
pods in considerable numbers in the lower part of the Martinsburg shale
just above the Sinuites zone is of considerable interest. These Middle
Ordovician phyllopods all conform to a single type for which the name
Caryocaris silicula is proposed. The specics differs from the others of the
genus in its narrower or more elongated carapace, and a more nearly
equal anterior and posterior extremity. The latter characteristic is so
marked that it is difficult to diseriminate the two extremitics.

A eomplete carapace is about 11 mm. long and 3.5 mm. high. No other
portions of the organism than the carapace have been noted.

Occurrcnce.—MARTINSBURG SHALE (Corynoides bed). Strasburg,
Virginia, and in the same zone northward to Chambersburg, Pennsyl-
vania.

Collections.—Maryland Geological Survey, U. S. National Museum.
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s PAGE
OLENELLUS THoMPSONI (Hall)........... B0 o, 01o-0 00 0 A0 BTOf o G0 A 339
A large, almost entire individual of this characteristic trilobite with

the third segment unusually prolonged. (After Walcott.)
Fragments of the free checks or of the segments are the portions most

frequently found in the Antietam Sandstone of Maryland.
Cambrian. Georgia slate, Parker’s quarry, Georgia, Vermont.
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LOoWER CAMBRIAN TRILOBITE Olenellus thompsoni Hall,

274/ 7




PLATE XXV

Figs. 1-4. OBOLLELA MINOR Walcott..........oviiiiiniiiiiineiienennns 233
1. Cast of pedicle valve, enlarged.
2. Exterior of pedicle valve.
3. Exterior of brachial valve.
4. Cast of interior of brachial valve and edge view of same.
Cambrian (Waucoban), near Stissingville, Dutchess County,
New York.

Figs. 5-8. HYOLITHES COMMUNIs Billings..........oiiiiiiiiiieineenns, 318
5, 6. Lateral views of two specimens, enlarged.
7, 8. Transverse sections showing irregularities in thickness of shell.
Cambrian (Waucoban), Troy, New York.

Fig. 9. ScoLitiius LINEARIS Haldemann..........coeiveivvennnnnancnnas 276
Fragment of drifted Antietam Sandstone, preser\ing the tubes of
this species.
Pebble, five miles southwest of Washington, D. C.
Figures 1 to 8 are after Walcott.
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LOWER CAMBRIAN. ANTIETAM SANDSTONE FOSSILS..




PLATE XXVI
PAGE
Fig. 1-9. DOLICHOMETOPUS Il SD .t v avvunnunereeeeeseneneaneannns tesseses 338

1. A cranidium slightly elongated by pressure from direction indicated
by arrow. X 3.

2. A similar but less distorted cranidium. X 3.

3. Rock fragment with cranidium of nearly normal shape. X 3.

4. A large cranidium of the same species. Lateral pressure has
narrowed the head. X 1.5.

5. A small pygidium of normal shape. X 1.5. !

6. A large pygidium of apparently the same species, slightly distorted.
X 1.5,

7. Very small undistorted cranidium. X 3.

8. Two cranidia of normal size. The upper head is slightly shortened
while the lower one is laterally compressed by pressure from
the direction of the arrow, making it appear elongate. X 3.

9. Three well preserved cranidia with arrow showing direction of
pressure. The upper left hand specimen is of another species
with broader fixed cheeks. The upper of the two speci-
mens on the right is shortened obliquely, the lower one antero-
posteriorly. X 3.

Cambrian. Elbrook limestone (20 feet above base). Small
quarry on eastern outskirts of Waynesboro, Pennsylvania.
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PLATE XXVII

Figs. 1-5. EOORTIIS DESMOPLEURA (MeeK).............. S R . 237
1. Brachial valve enlarged. |
2. Pedicle valve, with characteristic surface.
3, 4. Cast of pedicle valve and side outline of same.
5. Exterior of pedicle valve showing surface characters.
Ordovician (Ozarkian ?), El Paso County, Colorado.

Figs, 6-8. SAUKIA sTOSEI Walcott............ Too i FYage) Je e o o ks e .11 &
6. Surface of limestone with cranidia, free cheek, and pygldium
weathered out in relief. X 3.
7. Side view of cranidium and free cheek shown in Fig. 6. X 3.
8. Another view of cranidium and free cheek shown in Fig. 6.
Cambrian (Ozarkian), Conococheague ls., near Scotland,
Franklin County, Pennsylvania.

Fig. 9. FOSSIL REEF-FORMINO CALCAREOUS ALGAE........c000uen.. ofs o ofs) sasie o 0 1B0
Photograph of a rock mass forming the edge of a reef of fossil algae

(Cryptozoon) overlapped by stratified layers of the argillaceous
Conococheague limestone. This algal growth developed regular
concentric layers in its lower part (A), but these layers or
laminae became rather loosely interwoven in the upper portion
(B). In the upper righthand corner (C) the overlapping édges
of laminated Conococheague limestone may be noted. One-
eighth natural size.

Cambrian (Ozarkian), Conococheague 1s., one mile south of
Clear Spring, Maryland.

Figures 1 to 8 are after Walcott.
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Pigs. 1, 2. CrYPTOZOON PROLIFERUM Hall...................... oooMboooa
1. Edge view of a fragment showing the varying diameter of the
bodies formed by the undulating layers in this species. At
the top the laminae are less undulating and in fact become
almost horizontal. This upper portion represents the beginning
of a new growth of the organism.

2. Photograph of a fragment illustrating the view which would be
seen in a cross-section taken through the middle line of Fig. 1.
The variable diameter of the concentric masses is characteristic.
Cambrian (Ozarkian), Conococheague. Near crossing of the
Norfolk and Western Railroad and turnpike, one mile south-

west of Antietam Station, Maryland.
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Fig. 1. CrYPTozooN PROLIFERUM Hall.......... R0 0 A0 0000 oD IO TN 189
Photograph of the upper side of a well preserved example of this
characteristic fossil, the original of which is 22 inches wide.
The unequal size of the confluent heads is a characteristic
feature in this species.
Cambrian (Ozarkian), Hoyt 1s. near Saratoga Springs, New
York.

Fig. 2, 3. CryProzooN UNDULATUM Bassler n. LJOE 5 AOBOHH0 0OE C 0 OB NI a0 oh 190

2. Edge view of lower portion of a specimen showing the rather evenly
undulating layers which form a pseudocolumnar structure.

3. Under side of same specimen illustrating the relatively equal pro-
portions of the areas formed by the undulating layers.

Cambrian (Ozarkian), Conococheague 1s., one mile south of

Pleasant Hill School (2% miles southeast of Funkstown),
Maryland.

379




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE XXIX

UPPER CAMBRIAN (OZARKIAN). CONOCOCHEAGUE LIMESTONE FOSSILS.




PLATE XXX

CRYPTOZOON UNDULATUM Bassler M. SD...ovvvrenenneneneenrnnenonnnnenns
Edge view of a specimen, two-thirds natural size. In the lower third

the laminae are undulated strongly, giving the appearance of

vertical columns in cross-section. The undulation is less pro-

nounced in the middle third but the laminae are still quite

distinet.

In the upper third above the black line the distinct

lamination disappears and the layers show the beginning of a
new growth which is again quite undulating.

Cambrian (Ozarkian), Conococheague ls., one mile south of
Pleasant Hill School (2% miles southeast of Funkstown),

Maryland.
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PAGE

Fig. 1. PALAaoPHYCUS TUBULARE Hall...........ccvvvivennnn RO onaLah ot
View of the cylindrical stems of this species, two-thirds natural size.
Ordovician (Canadian), Tribes Hill 1s. of New York.

Figs. 2-5. OPIIILETA COMPLANATA VANUXEIM . ..o veenneneneoosnsncocencans
2,3, Top and side views of the type of Pleurotomaria hunterensis
Cleland, representing a large specimen of Ophileta complanata.
4,5. Lower and upper views of a smaller specimen.
Ordovician (Canadian), Tribes Hill 1ls., Fort Hunter, New
York.

Fig. 6. PLEUROTOMARIA FLORIDENSIS Cleland..........coiviineeieninnnns
Enlarged view of the type example.
Ordovician (Canadian), Tribes Hill 1s., Fort Hunter, New
York.

Figs. 7-12. DALMANELLA WEMPLEI Cleland...........coovieviiinnnnennnnn
7. A large brachial valve. X 2.
8,9. Two pedicle valves with side outline of one. X 2.
Ordovician (Canadian), Kittatinny 1s., Columbia, New Jersey.
10. Brachial valve.
11,12. Two pedicle valves, showing alternation of coarse and fine
costae.
Ordovician (Canadian), Tribes Hill 1ls.,, Fort Hunter, New
York.

Figs. 13, 14. RIBEIRIA NUCULITIFORMIS Cleland...............ocovinvnnns
13. Lateral view of well preserved cast showing the notch.
14. Posterior view of a cast.
Ordovician (Canadian), Tribes Hill 1s.,, Fort Hunter, New
York.

Figs. 15-17. RapHISTOMA ? oBTUSUM Cleland...... oo e A T e
Upper, side, and lower views of the type, enlarged.
Ordovician (Canadian), Tribes Hill ls., Fort Hunter, New
York.

Figs. 18, 19. OPHILETA LEVATA Vanuxem.............. R LR
Top and side views of the type of Ophtleta discus Cleland determined
by that author to be the same as Ophileta levata.

Ordovician (Canadian), Tribes Hill 1s.,, Fort Hunter, New
York.

Figs. 20, 21. ECCLIOMPHALUS MULTISEPTARIUS Cleland........ oo ool s
20. Top view of the type.
21. Natural section showing the partitions.
Ordovician (Canadian), Tribes Hill 1s.,, Fort Hunter, New
York.

Figs. 22, 23. RAPIIISTOMA COLUMBIANUM Weller........ccvveivevnnnnenns
Top view and side outline of the type example.
Ordovician (Canadian), Kittantinny 1s.,, Columbia, New
Jersey.
Fig. 1 after Hall, 2-6, 10-21 after Cleland, and 7-9, 22-23 after
Weller.
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PAGE
Figs. 1, 2. CYRTOCERAS BEEKMANENSE Whitfield ... 330
1. Lateral view of an incomplete sheli, showing septa and living
chambers.
2. Ventral view of same specimen.
Ordovician (Canadian), Beekmantown ls. (Division D. 1),
Beekmantown, N. Y.

Figs. 3, 4. CYRTOCERAS GRACILE Cleland
Ventral and lateral views of the type.
Ordovician (Canadian), Tribes Hiil 1s., Fort Hunter, New
York.

Fig. 5. ORTHOCERAS PRIMIGENIUM Vanuxem
Natural longitudinal section, illustrating tapering of shell and close-
ness of septa.
Ordovician (Canadian), Beekmantown 1s.,, Beekmantown,
New York.

Figs. 6, 7. CYCLOSTOMICERAS CASSINENSE (Whitfield)
Lateral and ventral views of a young specimen preserving only the
living chamber and several septa.
Ordovician (Canadian), Beekmantown ls.,, Cassin beds, Fort
Cassin, Vermont.

Figs. 8-10.. ASAPHELLUS GYRACANTHUS Raymond
8. Pygidium.
9. Free cheek.
10. An imperfect cranidium.
Ordovician (Canadian), Tribes Hill 1s, Fort Hunter, New
York.

Figs. 11-15. HEMIGYRASP1S COLLIEANA Raymond
11. An imperfect cranidium.
12. A free cheek. X 2.
13. Well preserved pygidium.
14. An imperfect pygidium.
15. Hypostoma.
Ordovician (Canadian), Stonehenge ls., Bellefonte, Pennsyl-
vania.

Figs. 16-18. SYMPHYSURUS cONVEXUS (Cleland)
16. The cranidium figured by Weller as Illaenurus columbiana.
Ordovician (Canadian), Kittatinny ls., Columbia, New Jersey.
17, 18. Two small pygidia.
Ordovician, Tribes Hill 1s., Fort Hunter, New York.

Figs. 19, 20. OQockerAs KI1RBYI (Whitfield)
19. Lateral view of the type.
20. View of the outer chamber separated from the sheli to show depth
of the septum.
Ordovician (Canadian), Beekmantown 1s. (Division D. 1),
Beekmantown, New York.
Figs. 1, 2, 5, 19, 20 are after Whitfield; 6, 7 after Ruedemann;
3, 4 after Cleland; and 8, 18 after Raymond.
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PLATE XXXIII

Figs. 1-3. OPHILETA COMPACTA Salter.....oviivineeineenneennnnnnns . 304
1, 2. Lower and upper sides of a specimen.
3. Schematic cross-section of the same.
Ordovician (Canadian), Beekmantown Is., Beekmantown,
New York.

Figs. 4, 5. SYNTROPIITA LATERALIS Whitfield.......ocviurnererennnnnnn. .. 267
4. Pedicle valve. X 2.
5. Sketch of hinge of same.
Ordovician (Canadian), Kittatinny 1s,, Columbia, New
Jersey.

Figs. 6, 7. EccLIOPTERUS TRIANGULUS (Whitfleld) ......veverrvnnnnennn. 302
6, 7. Top and side views of a cast of the interior.
Ordovician (Canadian), Beekmantown ls., Providence Island,
Vermont.

Figs. 8, 9. MACLURITES AFFINIS (Billings)......ovvivrninennnnnennnnn.. 297
8. Top view.
9. Cross-section of the shell.
Ordovician (Canadian), Division F of Quebec group. Keppel
Island, Newfoundland.

Figs. 10-12. HYSTRICURUS CONICUS (Billings)......cvvvrienrrnnnneennnn. 240
10. Glabella. X 2.
11. Pygidium. X 2.
12. Profile of glabella in outline.
Ordovician (Canadian), Beekmantown 1s., Beekmantown,
New York.

Figs. 13-15. TETRADIUM SIMPLEX Bassler m. Sp.......oveevunnnnn. A S 199
13. Weathered fragment of limestone showing edge view of tubes.
14. Top view of corallum.
15. Portion of same. X 4.

Ordovician (Canadian), lower part of the Beekmantown ls.
just above the Stonehenge member, eastern edge of Hagerstown,
Maryland.

Figs. 1-3, 10-12 are after Whitfield; 4, 5, after Weller; 6, 7,
after Ulrich; and 8 and 9 after Billings.
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Fig. 1. CrYPTOZOON STEELISeely...........c..v.... .
A small weathered, rounded specimen.
Ordovlcian (Canadlan), Cryptozoon steeli zone of the Beek-
mantown ls., near Wllliamsport, Maryland.

Fig. 2. OpHILETA coMPAcTA Salter......... 000000 NN e R o e dere) s 3
Casts of two examples embedded In the rock.
Ordovlcian (Canadian), Cryptozoon steeli zone of the Beek-
mantown l1s., Paradise Church, Maryland.

Tig. 3. ECCYLIOMPIHALUS SD. vvuttvevsennnnunneerneennneeeeeeennns N
Specimen of a small narrow species. The rldges runnlng across the
shell are calcite-filled fractures of the rock.
Ordovlcian (Canadian), Beekmantown ls., near Paradise
' Church, Maryland.

Fig. 4. ECCYLIOMPITALUS SP. v ot v vevnteetennnseennnnenennnneeenaeesnnns
Sections of several examples of an undetermined, large, loosely-
coiled gastropod shell.
Ordovlclan (Canadian), Beekmantown ls., lower part, Hagers-
town, Maryland.

Flg. 5. CYRTOCERAS 7 SD.ve.vevunnn... ofe sxopepexe sokexeeleon bR L A
View of a curved cephalopod showing appearance on a weathered sur-
face. In the fresh rock all trace of the structure is generally
gone,

Ordoviclan (Canadian), Lower Stonehenge division of the

Beekmantown ls., near Funkstown, Maryland.
Figures 3, 4 and 5 are introduced to show the usual aspect of
the fosslls found In the Beekmantown limestone of Maryland.
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PLATE XXXV

Figs. 1-3. PLEUROTOMARIA ?? GREGAR1IA Billings.......... .
1, 2. Side vlew of an example enlarged and natural size.
3. Another view of the same.
Ordovician (Canadian), Beekmantown 1s., St. Ann, Canada.

Figs. 4, 5. HorRMOTOMA GRACILENS (Whitfield)........oovvevenrnnnn.. ... 293
Two nearly complete specimens. Enlarged.
Ordoviclan (Canadian), Beekmantown Is. (Division D), Beek-
mantown, New York.

Fig. 6. DALMANELLA ELECTRA (Billings).................. M b 245
Pedicle valve. X 2.
Ordovician (Canadlan), Kittatinny ls., Columbia, New Jersey.

Flgs. 7, 8. MACLURITES OCEANUS (BillINgS) . .t vvvrineineneeennnnnenns 299
Top and side views of the type.
Ordovician, Quebec group, Port aux Choix, Newfoundland.

Flgs. 9, 10. ECCYLIOPTERUS DISJUNCTUS (BillingS)....ovvvvvrnnernnnnnn. 301
9. View of the spire.
10. Lower side of the shell.
Ordovician (Canadian), Beekmantown ls., Leeds and Gren-
ville counties, Canada.

Fig. 11. Tourritoma ackeAa (Billings)......... 1. . . N . 293
Drawing of the type specimen natural size.
Ordovician (Canadian), Division G of Quebec group, Port
aux Choix, Newfoundland.

Fig. 12. IsocinrLiNA SeeLYr Whitfield....................... S 363
View of a right valve with lateral and ventral edge vlews. X 4.
Ordovician (Canadian), Beekmantown Is., Providence Island,
Lake Champlain, Vermont.

Fig. 13. CYRTOCERINA MERCURIUS Billings...........coouuiiiiiunnnennnns 331
Side view of the type specimen.
Ordovician (Canadian), Polnt Levis, Quebec.

Fig. 14. TROCNOLITES INTERNISTRIATUS Whitfield........................ 326
Lateral view of speclmen showing surface sculpture of the various
stages of the shell. )
Ordovician (Canadian), Beekmantown ls., Cassin beds, Fort
Cassin, Vermont.

Fig. 15. CAMEROCERAS and CYRTOCERINA............... N T Xy e o T ke 331
A group of specimens showing occurrence and condltion of preserva-

tion of these cephalopods in Maryland strata. The two left-
hand views represent a species of Cyrtocerina. The remainlng
figures are of an undetermined species of Cameroceras. These
fossils occurred as Imperfectly silicified, Iron-stained pseudo-
morphs on the weathered edges of rifts and caves in the lime-
stone.

Ordovlcian (Canadian), Beekmantown ls., quarries at Legore,
Maryland.

Figs. 1-3, 7-11, and 13 are after Blllings; 4, 5, 12 are after
‘Whitfield; 6 after Weller; and 14 after Ruedemann.

385




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE XXXV

FOSSILS OF TIHHE BEEKMANTOWN LIMESTONE.




PLATE XXXVI

Figs. 1-3. MACLURITEs SORDIDUS (Hall).............. A T P N d
1,2. Lower side of two specimens.
3. Upper side of a partial cast.
Ordovician (Canadian), Beekmantown 1s., Beekmantown,
New York.

Figs. 4, 5. PLEUROTOMARIA ?? CANADENS1S Billings...................... g
4, Side view of a cast.
5. View showing spire of specimen with shell preserved.
Ordovician (Canadian), Beekmantown 1s.,, Leeds and Gren-
ville counties, Canada.

Figs. 6, 7. RAPHM1STOMINA LAURENTINA (Billings).....covvivvennennn e
6. Side view.
7. Top view of a cast.
Ordovician (Canadian), Romaine formation, Mingan Islands,
Canada.

Figs. 8, 9. HorRMOTOMA ARTEMESIA (Billings)............... ... -
8. Cast of the interior of a fragment.
9. A partly restored, well preserved specimen.
Ordovician (Canadian), Beekmantown ls.,, Leeds and Gren-
ville counties, Canada.

Figs. 10-12. IsocniLiNA GREGARIA Whitfield................ 8.0 0p 0 0B P oD 5
10. View of right valve and outline showing elevation. X 4.
11. Left valve of a larger example, with sketch of outline. X 4.
12. Internal cast of right valve and outline. X 4.
Ordovician (Canadian), Beekmantown ls., east shore of Lake
Champlain, Vermont. b

Fig. 13. PLIOMEROPS SALTER1 (Billings) ......cvvvvevvevnrenn SO B o I8
Pygidium. Enlarged.
Ordovician (Canadian), Beekmantown 1s., Phillipsburg,
Quebec.

Fig. 14, GONIURUS CAUDATUS (Billings) ...vvvrir it inierneernonnneeenees
Pygidium, illustrating the large triangular spine.
Ordovician (Canadian), Division G and H of the Quebec
group. Port aux Choix, Newfoundland.

Fig. 15. CerATOPEA KE1TH1 Ulrich............... e 3600080000 0gt
Side and edge views of a group of specimens.
Ordovician (Canadian), Beekmantown, Ceratopea Zzone,
western edge of Bristol. Tennessee and Wytheville, Virginia.
Figs. 1-3, 10-12 are after Whitfield; 4-9, 13, and 14 are after
Billings.
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Figs. 1-4. STROPIIOMENA STOSEI Bassler n. sp..... IHE o opolelollsiiFs e e e g e RRErety
1. A brachial valve and interior of a brachial valve nearby. X 2.5.
2. A pedicle valve of a specimen referred to this species doubtfully on
account of its high hinge area. X 2.5.
3. A crushed pedicle valve. X 2.5.
4. Fragment of a larger shell referred to the species.
Ordovician (Chazyan), Frederick ls., stone fences just east
of Frederick, Maryland.

Fig. 5. RETEOCRINUS ? SD. UNAEL. e v vtvttentnennneenneenneeennennnnnes
A plate-like structure with seven rays. X 6. Other examples exhibit
only six rays. None of the specimens shows a basal portion con-
necting the rays.
Ordovician (Chazyan), Frederick ls., just east of Frederick,
Maryland.

Figs. 6-8. ACIDASPIS ULRICHI Bassler D. SP..vvvvenerenennnnnennnennnnnns
Three specimens illustrating the unusual development of long spines
not only along the free cheeks but even to the tip of the genal
spine, and the extraordinary curvature suggesting that the
spines were directed over the thorax. X 2.
Ordovician (Chazyan), Frederick ls., east of Frederick, Mary-
land.

Fig. 9. ISOTELUS SP. UNdet. .. .. ittt iiieiinennnrnnenneennsnnnss 800
Imperfect free cheek. X 1.5.
Ordovician (Chazyan), Frederick ls., east of Frederick, Mary-
land.

Fig. 10. CAMEROCERAS SP. + vt vvvnnnneunnnneeneeennneeeennsanens W00
Endosiphuncle composed of crystalline matter, embedded in limestone.
Ordovician (Chazyan), Frederick l1s., east of Frederick, Mary-

land.
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