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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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The paper describcs various scctions, one of which extends from Winchester to
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422-423,

1876

HuxT, T. STERRY. Geology of Eastern Pennsylvania.

Proc. Amer. Assoc. Adv. Seci., vol. xxv, 1876, pp. 208-212.
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Proc. Amer, Phil. Soc., vol. xviii, 1880, pp. 277-279. -
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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
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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
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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,
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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,
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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.




104 Ture CAMBRIAN AND ORrDOVICIAN DEPOSITS OF MARYLAND

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



MARYLAND GEOLOGICAL SURVEY 107

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




MARYLAND GEOLOGICAL SURVEY 117

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.

I‘\ Ir‘,)(“)lj)







MARYLAND GEOLOGICAL SURVEY 121

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




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE XIX

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.




146 THE CAMBRIAN AND ORDOVICIAN DEPOSITS 0F MARYLAND

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. '




MARYLAND GEOLOGICAL SURVEY 157

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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Ilindia parva Ulrich ......................

Lingula riciniformis Hall.........

Leptobolus ovalis m. sp...........ooovuees.

Conotreta rusti Walcott...........
Dalmanella testudinaria (Dalman)

var.....

Dalmanella edsoni n.Sp...........o.o.....

Christignia lamellosa n. sp.......,
Strophomena sculpturata n. sp.. ...

Leptaena tenuistriata Sowerby var.

Triplecia (Cliftonia) simulatriz n.
Scenidium ¢ merope (Billings).....
Cyrtolitina nitidula (Ulrich)..... -

Microceras inornatum (Hally.......

Sinuites cancellatus (Hall)........

Sinuites granistriatus (Ulrich).......

Speen

Strophostylus textilis Ulrich and Scoﬁeic.l::

Cyclora minuta Hall..............

Cyclora parvula (Hall)....................

Cyclora hoffmanni Miller. .. ....

Eccyliomphalus trentoncnsis (Conrad)

Colenlus iowensis James...........
Conularia trentoncnsis Hall. ... ...

Orthoceras junccum Hall. ...... .. ..

Spyroeceras bilineatum (Hally......

T'rocholites ammonius-Conrad..............

Eoharpes ottawaensis (Billings) ...
Cryptolithus tesselatus Green.. ... .

Triarthrus fischeri Biilings................

Triarthrus becki Green

Tllaenus americanus Billings...............

Bumastus trentonensis Emmons. ..
Proetus latimarginatus Weller.. .. .

Cyphaspis matnutina Ruedemann. ..
Amphilichas trentonensis (Conrad)

Calymenc senaria Conrad..................
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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




MARYLAND GEOLOGICAL SURVEY CAMBRIAN AND ORDOVICIAN, PLATE XXIII

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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>