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PREFACE

The present volume is the fifth of a series of reports dealing with the
systematic geology and paleentology of Maryland, the Lower Cretaceous,
Eocene, Miocene, and Plio-Pleistocene deposits having already been fully
described.

The present volume is devoted to a consideration of the Lower Devonian
deposits and their contained faunas. The Devonian rocks are represented
in western Maryland by a very thick series of limestones, sandstones, and
shales, often containing abundant remains of the marine life that flour-
ished at the time they were deposited in the varying seas that covered the
present site of the Alleghanies.

The discussion of the Lower Devonian is the combined work of a num-
ber of individuals, most of whom are specialists in their respective fields
of research. It also embodies the results of dissertations submitted to
the Johns Hopkins University by Dr. R. B. Rowe, since deceased, by Dr.
D. W. Ohern, now State Geologist of Oklahoma, and by Dr. T. P.
Maynard, formerly Assistant State Geologist of Georgia.

Dr. Charles Schuchert of Yale University has contributed a chapter on
Devonian Geography and the systematic parts treating of the Lower
Devonian Echinodermata and most of the Brachiopoda.

Dr. Charles S. Prosser of the Ohio State University has prepared the
historical review and bibliography.

Dr. Charles K. Swartz of the Johns Hopkins University has revised the
stratigraphic results of the various contributors both in the field and in
the office. He has edited the work of the different authors and has written
the chapter on correlation, as well as the systematic account of the
Ccelenterata.

The Maryland Geological Survey has had the benefit of the cooperation
of the United States Geological Survey. Mr. George W. Stose of that
organization has cooperated in the field work, and also furnished several
of the photograplis used in the present volume.
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Especial acknowledgment is due to Dr. John M. Clarke, Director of the
New York State Geological Survey, not only for advice and assistance, but
for the use of a large number of drawings first employed in the classic
volumes on the Paleontology of New York.

The authors are also greatly indebted to Dr. Edward O. Ulrich of the
United States Geological Survey for his constant interest in the progress
of the work and his very material assistance in connection with many
disputed points in the discussion. Dr. Ulrich and Dr. R. S. Bassler, of the
United States National Museum, have also prepared the systematic por-
tions relating to the Bryozoa and Ostracoda.
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INTRODUCTION

BY
C. K. SWARTZ, CHARLES SCHUCHERT, AND CHAS. S. PROSSER

GENERAL RELATIONS OF THE DEVONIAN*

Murehison, eminent among the early students of the geology of Great
Britain, recognized a series of strata in western England rich in remains
of marine life, to which he applied the name Silurian System. These
beds are succecded by others, red in color, continental in origin, and
characterized by a fauna comprising many species of fishes and eurypte-
rids, the latter being primitive Arthropoda (Merostomata) that at times
attained great size. The red beds were termed the Old Red Sandstone.
They are overlain in turn by the rocks of the Carboniferous System.

Murehison and Sedgwick later visited Devonshire, England, where
they found a series of intricately folded and faulted rocks penetrated by
numerous igneous injections, and which hence differ greatly from the
less deformed strata of western England. To these roeks they gave the
name Devonian System from the locality in whieh they were found. The
strata contain a meager marine fauna whieh is poorly preserved owing to
the metamorphic character of the rocks. Lonsdale, who studied the corals,
came to the conclusion that the Devonian fauna is intermediate in age
between the Silurian and Carboniferous systems of western England, bas-
ing his deduction upon the fact that the fossils found in it possess a de-
velopment of life intermediate between that of the Silurian and Carbonif-
erous systems. The Devonian strata of southwestern England were thus
shown to be of the same general age as the Old Red Sandstone of the

1 Contributed by C. K. Swartz.
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more northern distriets, a conelusion which has been abundantly verified
by later investigations.

Murchison and Sedgwick subsequently visited the lower valley of the
Rhine in Germany where they found a far better development of Devonian
strata, abounding with the remains of marine life. These beds which they
and their successors have shown to be of the same age as the Devonian of
England, have become in reality, if not in name, the type of the Devonian
System of the world.

The Sandberger brothers later studied the Devonian of the Rhine in
greater detail and showed that it may be divided into three parts which
they termed the Lower, Middle, and Upper Devonian. These divisions
differ both in their lithology and their contained faunas. The Lower and
Upper Devonian consist chiefly of sandstones and shales, while the Middle
Devonian is formed more largely of limestone.

The limits of the Devonian were not clearly defined by the earlier
students. This arose from the conditions in the regions where the sys-
tem was first studied. In western England the marine fossiliferous
Silurian passes by numerous transition beds into the almost unfossil-
iferous red rocks of the Old Red Sandstone, affording no sharp line of
division. In Devonshire also, the base of the Devonian is poorly shown.
Hence the relation of the Silurian and Devonian is not well defined
in the localities where they were first named. In the Rhine Valley the
contact of the Silurian and Devonian is also poorly exposed and the
Silurian is absent over much of that area.

There are extensive series of strata, rich in marine fossils, in the Hartz
Mountains and in Bohemia that were referred by early students to the
Silurian System. The strata of Bohemia are particularly profuse in
organic life and have been made famous by Barrande in his great work,
“ Systeme Silurien du Centre de la Bohéme.” Keyser, following a sugges-
tion of von Beyrieh, established the Devonian age of the upper part of the
supposed Silurian strata of these regions, basing his correlation upon a
detailed comparison of the organic life of the Lower Devonian beds of the
Hartz, Bohemia and the Rhine Valley. His general results have remained
sceure although modified in many details by later workers,
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The Devonian of Europe thus presents two very distinet types of sedi-
mentation. The northern, or continental type of sediment, is best ex-
hibited in northern England and Secotland and consists of red rocks usually
unfossiliferous but containing locally numerous remains of fresh or
brackish water fishes. The fish fauna was early made famous by the
studies of Hugh Miller upon the Old Red Sandstone of Seotland. The
southern type consists of marine limestones, sandstones, and shales, con-
taining an extensive fauna. It outerops in numerous areas between
Devonshire on the west and Russia on the east, extensive exposures oceur-
ring in Belgium, the Ardennes, the Rhine Valley, the Hartz Mountains,
and in Bohemia. It probably extends under eover with little interruption
between the limits named.

Turning to North America the Devonian is found in two widely sepa-
rated areas, an eastern and a western. The western region, situated east
and west of the Rocky Mountains, contains strata which differ so greatly
from those of the east in the charaeter of their contained organisms that
no further diseussion of them is neeessary in this eonneetion.

The Devonian of eastern America was first eritically studied by James
Hall and his assoeiates of the New York Geological Survey. Hall recog-
nized the following Devonian formations referring them to the Devonian
and upper part of the Silurian in his later work.

Catskill
Chemung

Ithaca

Portage

Genesee

Tully

Hamilton
Marcellus

Upper Helderberg
Cauda-Galli Grit
Oriskany

Lower Helderberg

In his earliest work Hall placed the base of the Devonian at the base of
the Catskill whieh elosely resembles the 01d Red Sandstone of England,
and referred the underlying marine fossiliferous strata to the Silurian
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although he subsequently placed it at a lower horizon. In 1845 de
Verneuil visited North America. He examined the sections in New York
in company with James Hall and placed the base of the Devonian at the
base of the Oriskany at which point it long remained in most works on
American geology. Keyser in his study of the Devonian strata of the
Hartz and Bohemia pointed out the Lower Devonian age of the Helder-
berg of North America, a conclusion which has been more fully estab-
lished by the labors of Clarke and Schuchert. The base of the Devonian
is drawn at the base of the Helderberg * in the present volume, in harmony
with the work of the latter investigators.

The Devonian of Maryland is divided into the following formations
and members :

Catskill red sandstone formation

Chemung sandstone member
Jennings sandstone and shale | Parkhead sandstone member
formation Woodmont shale member
Genesee black shale member

Upper

Hamilton shale member
Middle Romney shale formation Mareellus black shale member
Onondaga shale member

Devonian

Ridgely sandstone member

Oriskany sandstone formation Shiive s clerthoTibor

Lower
i Beeraft member

Helderberg limestone forma- | New Scotland member
tion, Coeymans member

| Keyser member
|

The Devonian of Maryland forms a part of the Appalachian Province
which extends from New York southward in the Appalachian Mountains
and Plateau. The resemblance of the formations to those of the north-
ern part of the area is so close as to establish their essential identity both
in lithology and fauna, and hence the similarity of the conditions under

* See the more extended discussion by Schuchert.
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which they were deposited, the chief difference being the development of
the Keyser limestone in Maryland, an earlier phase of the Helderberg than
has hitherto been recognized in New York, and the profusion of life in
the Oriskany. In Tower Devonian time® the Helderberg and Oriskany
seas stretched southward from New York to bevond Maryland. The Middle
Devonian was ushered in by a slight deepening of the seas in Maryland,
clays being deposited near the shore in Onondaga time, while limestone
was formed in the open sea farther west. The shales were long believed to
be of Marcellus age but have since been shown by Kindle to have been
formed in Onondaga time. The Marcellus and Hamilton sediments of
Maryland so closely resemble those of New York in their lithology and
their forms of life as to leave little doubt that they were deposited in the
same basin and under similar conditions.

The Upper Devonian introduces one of the most interesting chapters
of the history of this period. At the beginning of Upper Devonian time
a fauna appears comprising few species, one of which, Hypothyris
cuboides, is found at such widely separated points as New York, north-
western Amecrica, the Rhine Province, Russia, and China. It scems,
therefore, to have encircled the northern hemisphere in its journeys. The
cuboides fauna lasted but a short time. In later Middle Devonian time
the sca had deepened throughout the west in North America. The de-
scendents of the Middle Devonian shore-loving brachiopods of the eastern
area continued to live in the shallower waters where they received
new species from the Atlantic and by their combination formed the
Ithaca fauna. 'The deeper waters off shore were invaded by forms that
differed greatly from all that preceded them in this region. They consist
chicfly of goniatites (cephalopods with angular sutures), and minute
pelecypods. The rarity of brachiopods is conspicuous. This assem-
blage, termed by Clarke the Naples fauna,” is believed by him to have
journeyed from its home in northeastern Arctic Russia via northwestern
America to New York and castward to the Rhine Valley where it is found
in a similar position, its route being indicated by the progressive develop-

* See Schuchert’s discussion of Paleogeography in this volume.

zN. Y. State Mus. Mem. No. 6, 1903. This fauna is also known as the Intu-
mescens fauna from its guide species, Manticoceras intumescens.
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ment of the species. An early colony arrived in New York in Genesee
time while the main body appeared in Portage time. The accompanying
map (fig. 1) shows the conditions in New York as interpreted by Clarke.
The Naples fauna inhabited the Genesee provinee in the west and the Ithaca
fauna dwelt in the Ithaca province in the central part of the state, while

et ], o R,
-

chester

e e

F16. 1.—Sketch map showing the biologic provinces of the Upper Devonian
sea in the New York arca. (After Clarke.) O==Oneonta Province; I — Ithaca
Province; Gn = Genesee Province, Naples subprovince; Ge == Genesee Province,
Chautauqua subprovince.

an embayment, closed in the northeast, existed in the vicinity of Albany
in which lived fresh and brackish water species. The last is termed the
Oneonta province by Clarke. As the level of the sea oscillated, leading to
the interleaving of the two types of containing sediments in central New
York, the Naples and Ithaca faunas migrated back and forth. That these
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faunas ranged southward into Maryland is shown by the oceurrence of the
Naples fauna in abundanee in the Genesee and lower beds of the Woodmont
member of the Jennings formation of the western sections and the replace-
ment of the Naples fauna by the Ithaca fauna in the upper beds of the
Woodmont member in the eastern seetions, while it still eontinued to live
in the west, indicating conditions essentially similar to those that existed
in New York at this time.

It results that three independent faunas eoexisted in this provinee in
early Upper Devonian time, their range being determined by the physieal
conditions under which they dwelt, while they migrated back and forth as

WEST WESTERN MARYLAND EAST
% per i |
ZA0 | am Nt e 2 T S T S sy T
o CHEMUNG MEMBER i ==
= -
= ———
Al I R ey T ™ L T o e
s S ey e S S
S S TEoFI0LERTUS GARINATUR FANA ==
('S __-—-——==_ <-;._:.
8 T - ___PARKHEAD MEMSER TROPIDOLEPTUS CARINATUS FAUNA e
z
'Z‘ —_——— =
2 WOODMONT MEMBER ITHACA FAUNA Tnopmon.sp;r::N:mmnus
w
NAPLES FAUNA ~=—__
GENESEE MEMBER ol §::\‘\ e
ROMNEY FORMATION, HAMILTON MEMBER TROPIDOLEPTUS CARINATUS FAUNA

Fie. 2.—Diagram showing probable relations of the Upper Devonian faunas
and sediments in Western Maryland and adjacent areas.

these conditions varied. These faunas were sueceeded in the Maryland
region by species of purer Hamilton type, eharacterized espeeially by the
presence of Tropidoleptus carinatus, one of the dominant forms of life of
the Hamilton. This assemblage, termed the Parkhead fauna, probably
arrived before the disappearance of the Naples fauna from western New
York. The Naples fauna of western New York and the Parkhead fauna
of Maryland were finally displaced by the arrival of the Chemung fauna
which differed greatly from the Naples fauna and had many points of
resemblance with speeies of Middle Devonian time. That speecies of purer
Hamilton type continued to live somcwhere in the adjoining regions is
shown by the temporary return of the Tropidoleptus carinatus fauna in
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Chemung time, following a shallowing of the sea. This recurrence was,
however, of brief duration and the Chemung species again became domi-
nant, occupying the region until the close of marine conditions. The
shifting and migrating of these faunas with the varying physical condi-
tions constitutes one of the most remarkable aspects of Devonian history.
The relations of thc sediments and faunas in western Maryland and
adjacent areas in Upper Devonian time is shown in the accompanying
text figure.

Toward the close of the Devonian the continent was elevated on the
northeast. Upon the surface of the low western land wecre numerous lakes
and embayments in which thick deposits of red clays and sands were
formed, which progressively encroached southward and westward upon the
waters of the neighboring seas. These sediments arc termed the Catskill
formation in the Appalachian Province because of their extensive develop-
ment in the Catskill Mountains of New York. The formation has variable
significance in different localities and is expressive of sedimentation rather
than of a definite unit of time. It is a significant fact that land conditions
were ushered in at the beginning of Devonian time in extreme north-
western Europe, in Middle Devonian time at Gaspé on the St. Lawrence
Gulf, and in Upper Devonian time in Maryland and eastern New York.
Continental conditions appear later and later in passing westward until
west of the Appalachians mariné conditions prevail entirely. The transi-
tion from marine to non-marine conditions was not abrupt but was at-
tended by numerous oscillations. In this manner the red sediments of the
eastern United States thin towards the west where they are interpenetrated
and replaced by marine deposits. In all these areas the continental deposits
are similar red, and occasional green, beds bearing macerated remains of
plants and fragments of fishes. The Devonian was finally terminated by a
subsidence of the continent and a new invasion of the Mississippi seas in-
troducing Lower Carboniferous time.

The accompanying table shows the correlation of the Devonian deposits
of Maryland with those of Pennsylvania, New Jersey, and New York.

The State of Maryland is divisible into threc main topographic prov-
inces. The eastern division is a flat coastal plain but recently elevated




MARYLAND GEOLOGICAL SURVEY 31

RELATION OF THIE DEVONIAN FORMATIONS OF MARYLAND TO THOSE
OF PENNSYLVANIA, NEW YORK AND NEW JERSEY

Maryland Pennsylvanial New York? New Jersey®
Catskill formation Catskill formation Catskill formation
Chemung . Skunnemunk
= member [—————————  Chemung formation conglomerate
o3 s THSSRIEEE EE  — |
£ 3
4 Px:;]é}r:]egg s Enfield member
& — Chemung formation = &3 - S —
~ | Jennings | B .. [Ithaca p ®=
g format’n| EB fauna | Portage formation ‘g g | Ithaca member
Eu g o=l [ ~5 ST
= S g|Naples < | Sherburne Bellvale shale
= fauna member
G?ﬁﬁfﬁﬁer Genesee formation Genesec formation
s H?nrrégtboer: Hamilton formation = Hamilton formation = Monroe shale
E Marcellus
=] .
Marce
R member 1lus formation e
% format’n Marcellus formation .
= Newfoundland grit
=1 Onondaga Onondaga formation =
- member
& Onondaga limestone
Ridgely ~ 5 B . i
. niember Oriskany formation | g io1any sandstone
O‘}‘;}}i;{,n o Oriskany formation 1% & o
i ingstone shale
Sh&’:&{)er Stormville shale Port Ewen formation af
B‘:rc,‘:,flt)er i ——  Becraft formation Becraft limestone
NewScotl'd New Scotland New Scotland lime-
member formation stone
Kalkberg formationt | Stormville sandstonet
= Coeymans i
o member .
5 Coeymans formation | Coeymans limestone
E - I _
+~ Helder- Hartnagel® Ulrichs !
; berg Lower Helderberg _— | Manlius limestones
Q format’n formation (upper. ‘Manlius® of Transi-
=]
| part) east’n N. Y., tion beds
Rondout Rondout | Rondout cement beds
Keyser e
member
Cobleskill
Decker Decker Ferry lime-
Rosendale | Ferry stone
Wilbur

1 Lesley, 2d Geol. Surv. Pa., Final Report, vol. ii, 1892,

2 Hartnagel, N. Y. State Mus., Handbook No. 19, 1912. The Upper Devonian is compared with the
section near lthaca, N. Y. See discussion elsewhere in this volume.

3 Weller, Pal, N. J., vol. ii, 1908.

4 The equivalence of the Kalkberg and Stormville sandstone is not here affirmed.

5 Hartnagel and Ulrich present divergent views concerning the correlation of the formations lying
below the Coeymans in New York. The reader is referred to the chapter upon the correlation of the
Helderberg for a discussion of this subject.

¢ Hartnagel and Weller consider this formation to be Upper Silurian. Ulrich believes the Decker
Ferry and overlying strata are Lower Devonian.
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from beneath the sea, containing sediments of Mesozoic and Cenozoie
age. The central is the Piedmont Plateau eonsisting largely of ancient,
greatly deformed rocks. The western division is known as the Appa-
lachian Provinee and is formed largely of Paleozoic rocks. It is in this
division that the Devonian strata are found. The Appalachian Provinee
is divisible into the Appalachian Valley and the Appalachian Plateau.
The Appalachian Valley subprovince embraces most of the present Appa-
lachian Mountains, extending froin the eastern foot of the mountains to
the high escarpment of the Alleghany Plateau on the west. The sedi-
ments of this subprovince were elevated above the sea at the close of
Paleozoic time and folded, producing the ancient Alleghany Mountains
which are quite distinct from the present mountains of this region. The
ancient mountains were reduced by erosion nearly to the level of the sea,
the resulting surface being a plain of great extent—the Schooley pene-
plain. This plain was subsequently uplifted by suecessive stages to form
a great dome whose surface was dissected by strcams. In this manner
deep valleys were cut, separated by high divides, forming the present
Alleghany Mountains upon whose level-topped erests are still to be seen
traces of the ancient peneplain. The present mountains are thus the
result of stream erosion.

The Appalachian Plateau oceupies the western portion of the State and
lies at an elevation of nearly 3000 feet above the sea. It is a portion of
the same ancient plain which has undergone less cxtensive dissection
owing to the fact that its strata are but slightly folded and its drainage
descends by gentle declivities toward the west. The Devonian strata form
a large part of the surface of the Appalachian Valley subprovince and
oceupy a lesser portion of the Appalachian Plateau. Their study presents
much diffieulty because the strata are involved in the intricate folding of
the aneient Appalachian Mountains and are extensively eovered by the
forests which elothe the slopes of the present ridges. Many admirable
seetions are, however, exposed in the valleys eut by the existing streams.

The Appalachian Provinee presents scenes of great beauty and dignity.
To one who climbs the mountain summits the ridges with their even sky-

lines, due to the preservation of the aneient peneplain upon their crests,
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frequently appear as great waves fixed upon a sea which stretches as far
as the eye can reach. The less rugged scenery of the Appalachian Plateau
is at times scarcely less attractive.

The thickness of the Devonian of Maryland is about 11,000 fect, com-
pared with 2400 feet for the Silurian and 3200 feet for the Carboniferous.

PALEOGEOGRAPHY OF THE DEVONIAN"

Paleogeography treats of ancient or geologic geography, the word hav-
ing been first used by the English paleontologist Robert Etheridge, in his
presidential address before the Geological Society of London in 1881.
Paleogeographic maps, however, were made long before the word origi-
nated, the first one having been constructed in 1863 by the late Professor
James D. Dana. Since that time upward of 350 such maps have been
published, about half of which relate more or less directly to North
America.

If restricted to base maps of the State, the paleogeography of Mary-
land would teach very little. To understand the various ancient in-
vasions of the seas and oceans into this region, it is neccssary to know
the connections with marine waters that have at different times flooded
the North American Continent. These constitute extensions of the Gulf
of Mexico and the Atlantic, Arctic, and Pacific oceans. In the study of
any fossil fauna, either from the biologic or evolutionary or from the time
or stratigraphic side, its marine source or genetic relationship must be
known; until this is ascertained there can be no certainty regarding
stratigraphic corrclations with “standard sections” To this end, in-
formation has been accumulating for a century, and it is now possible to
make prcliminary paleogeographic maps. Like all pioneer work, how-
ever, those here offered will doubtless undergo considerable change, yet
it is believed that such changes will not be fundamental in character,
but rather those in which the plotted shore-lines will be altered, thus
causing the continental seas to take on other forms than the ones here
illustrated.

! Contributed by Charles Schuchert.
3




34 INTRODUCTION

In a general way the present outline of the North American Continent
has been maintained since the beginning of the Paleozoic era. It is
probable, however, that throughout the Paleozoic the eastern margin was
of wider extent, since almost no rocks of this era are known along the
Atlantic slope of the old land mass Appalachia. To the north of this
ancient land was another known as Acadia (includes Taconia and Nova
Scotia, see Plate IV). This has been subjected to much lateral pressure
and during the Paleozoic it was undoubtedly mountainous, the Atlantic
often invading the region between the ranges. Many times during that
era these lands werc thrust upward and landward by the settling or decp-
ening of the Atlantic Ocean, due to the periodic shrinkage of the earth,
Acadia being more frequently thus acted on than Appalachia. The thrust-
ings again and again renewed the elevation of the lands, enabling the re-
juvenated streams that flowed from the latter to deposit their loads of
muds, sands, and lime, which are now seen as the shales and slates, sand-
stones and quartzites, limestones and marbles, throughout the State of
Maryland. During most of the Paleozoic, castern Maryland figured as
part of Appalachia and what was here worn away by weather and rain was
dumped by the then existing streams into the Appalachian Sea. The
eastern shore of this interior sea was originally some miles east of
Harper’s Ferry, and by the time the Devonian was reached it had
made its way west to North Mountain. From late Ordovician time
to near the close of the Mesozoic era, Maryland was land east of Harper’s
Ferry, to far east of the present shore. The lands within the Paleozoic
continental seas of North America and those bounding them are shown on
Plate IV. It should be understood. however, that this map is a synthetic
one and docs not illustrate any definite period. The areas designated are
those least subject to the invasion of Paleozoic continental seas.

The marine waters that have invaded Maryland arc extensions of the
oceans, in the east as more recent overlaps of the Atlantic and in the west
as the Appalachian Sea of Paleozoic age. The latter body of water at
times connected with the Atlantic but more often with the Gulf of Mexico
and other waters that came from the Pacific and Arctic oceans. These
overlaps and seas were all shallow, and constitute the continental seas of
Dana, so named becaunse they lie on the continent and not in an abyssal
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basin between the continental masses as do the oceans and mediterrancans.
These seas are illustrated on Plate ITI, this map being synthetic like the
previous one. The various continental scas of Paleozoic time which

covered western Maryland, were very shallow, probably never more than

two to five hundred feet deep. Into these basins the streams unloaded
deposits of great thickness, in Pennsylvania amounting to about 30,000
feet during the Paleozoic era. At no time, however, was the Appalachian
Sea a deep sea, certainly not in the sense that the Atlantic Ocean is decp,
and it is now well known that continental seas subside gently under load-
ing, maintaining a fairly constant depth; at times, also, they are com-
pletely filled by detrital matter fromn the land.

These continental seas are not constant like the oceans, but periodically
overflow the land along more or less definite areas. The flood is at
first small, but gradually spreads farther and farther until in most cases
the waters of two or more oceans become united. The invasion then
begins to disappear, accomplishing this far more rapidly than in extending
over the land. These phenomena constitute the submergences or trans-
gressions and the emergences of stratigraphers, there being eleven such
cycles in American Paleozoic formations.

Some of these floods are due to the subsidence of the land flooded, this
being particularly true of the Appalachian Sea, but in most areas there is
no movement of the land. The waters of the oceans rise and flow more
or less widely over the stationary continents. In great part this may be
accounted for by the wearing away of the lands and the distribution of this
eroded material in the water areas. Suess has well said: “ Every grain
of sand which sinks to the bottom of the sea expels, to however trifling a
degree, the ocean from its bed.” If the present continents above sea-level
were unloaded into the ocean, the strand-line would become elevated or
positive to the height of 650 feet. Such a displacement of the sea would
inundate North America in areal extent not unlike the submergence of
the Devonian transgression, illustrated in the paleogeographic map of the
Late Hamilton (Plate IX).

While the seas and oceans are slowly loading through the wearing away
of the rocks of the continents, the internal mass of the earth is also shrink-
ing, and the accumulating stresses thus set up finally reach the breaking
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point. The oceans then begin slowly to subside, drawing away the con-
tinental seas from the lands and establishing new ranges of mountains or
rejuvenating the old ones along the continental borders. Further, as the
earth’s diameter periodically lessens, the planet attains a somewhat quicker
daily revolution, the days are thus progressively shortened, and the occanic
waters flow toward the equatorial zone during the period of shrinking,
being drawn away mainly from the polar regions. It has been computed by
Barrell “ that a general shrinkage of the earth to the extent of one mile
In mean radius will result in an increase of equatorial over polar radius
of about 95 feet ; a shrinkage of ten miles will result in a relative increase
of about 950 feet. . . . . The equatorial bulging for each mile of radial
shrinkage may therefore be spoken of as from 90 to 100 feet. In latitude
35° the water level will suffer no change. At the poles it will sink some
60 feet, and at the equator it will risc about 35 feet.”*

These cycles of land submergence and emergence are world wide and
most of them are thought to be recorded nore or less definitely in most
continents. That there are exceptions is well known from the geology of
Africa. This continent has almost no marine Paleozoic record ; only the
Oriskany equivalent is present in a limited region along the southeast
coast. In all lands where there is a marine record, however, it is thought
that the formations will naturally arrange themsclves into diastrophic
cycles, and that these cycles represent the systems of rocks or the periods of
time of geology.”

It has long been known that the Devonian succession and faunas vary
greatly in different regions of North America. The succession along the
Appalachian Mountains, from New York to central Virginia, is har-
monious, but when these formations and faunas are contrasted with those
of Ohio and Indiana, and especially with those of Missouri and Towa, great
differences are found to exist. The Appalachian region and that of
Missouri-Towa have almost no species in common. These marine differ-

ences are due to isolation and different occanic connections, the western

! Bull. Geol. Soc. America, vol. xx, 1910, pp. 507-508.

*Those wishing to study this subject in greater detail are referred to a
memoir by the writer entitled: Paleogeography of North America, Bull. Geol.
Soc. America, vol. xx, 1910, pp. 427-606, pls. xlvi-ci.
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waters having had their origin in the Aretic and Pacifie oceans, while the
eastern seas were in communication with the Atlantic and Gulf of Mexico.

To diseover these eonnections is the work of paleontologists, as the record

to be deciphered is mainly contained in the fossils entombed in the strata.
The formations of the Appalachian region have faunas and species that are
often quite like those of Europe, yet at other horizons these are very differ-
- ent. The Furopean connections are more frequently from the northern
portion of that continent, but every now and then Mediterranean affinities
are discovered. In the former case the faunas traveled baek and forth
along the North Atlantic shores, while those of the Mediterranean region
migrated via Gondwana, a vast transverse land that in the Paleozoic and
probably throughout the Mesozoic united India, Madagascar-Africa, and
the Brazilian portion of South Ameriea.

An examination of the six paleogeographic maps of Devonian time here
presented shows that the Appalachian Sea had two connections with the
Atlantic Ocean. In the north, throughout the Lower Devonian, the
St. Lawrence Sea opened into the Appalachian trough, and in the former
waterway are seen the distinetive northern European faunas whieh Clarke
has so clearly deseribed.” Many of the speeies are also found in Maryland,
yet the Oriskany faunas of this sea when contrasted with those of the
Mississippi Valley are found to be wholly dissimilar. The latter are of
South American origin, best known in eentral Brazil. In the medial
Atlantie region there was another opening into the Atlantic during the
greater part of the Devonian. On the accompanying maps it is repre-
sented as crossing New Jersey, because these deposits, whieh are of con-
siderable thiekness and are found in most horizons, are here nearest the
ocean. This break into the Atlantic could not have been farther to the
north, though it may have occurred more to the south, even as far south
as the headwaters of the Chesapcake. Present evidence, however, places
it best across New Jersey. Through this opening came many of the
Middle and Upper Devonian species deseribed from Maryland, besides a
eonsiderable number of the Lower Devonian forms. The Tropidoleptus
fauna of the later Devonian for a long time swarmed through New Jersey

! Memoir 9, N. Y. State Mus., 1908.
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Straits. Another most marked oceanic opening was the Gulf of Mexico
embayment of the Mississippi Valley, but until late Middle Devonian
time none of its faunas rcached Maryland. Then and subsequently the
influence of this embayment was slight as far as the composition of the
Appalachian faunas was concerned. The Helderberg life of Oklahoma,
Alabama, Tennessee, and Illinois, however, closely resembled the typical
development in the Appalachian Sea but was very different from that of
the St. Lawrence Sea. In northern Europe the Helderberg faunas are
unknown, but in southern Europe, in Bohemia, they are present in the
Konieprusian limestone. While but few species arc common to the two
sides of the Atlantic, it is certain that all belong to the Atlantic realm and
that the southern migration took place along the northern shore of
Gondwana. The samc general fauna, but much changed, doubtless by
latitude and somewhat cooler waters, occurs in the St. Lawrence Sea.
These forms may have distributed themselves around the shores of the
North Atlantic, this surely being the path of migration during the
Oriskany. Clarke has termed these migrations “the Coblenzian in-
vasion,” its faunas being well known in northern Europe.

The Helderberg Map (Plates V and VI).—The Helderberg series
begins with the Keyser limestone and continues through the New Scot-
land into the Becraft. Underlying these in the Appalachian trough of
Maryland is a thick series of limestones—McKenzie, Wills Creck, and
Tonoloway formations—of late Silurian time. Both series are character-
istic of the southern Appalachian trough, but are unknown over the
greater portion of the North American Continent. The Helderberg
faunas, as such, do not make their appearance before the New Scotland,
yet even in the upper part of the Tonoloway, forms occur, which an-
cestrally are clearly allied to those of the formation first mentioned. As
the New Scotland and Becraft faunas, however, are almost identical with
those of eastern New York, the typical area for the Helderberg, and are
somewhat unlike those of the southern states, the areas evidently had no
direct intercommunication, although both belong to one faunal realm—
the South Atlantic in connection with the Mediterranean. The Maryland
Helderberg faunas came into this region by way of the New Jersey
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Straits, while the southern faunas are distinctly of Gulf of Mexico origin.

The small Appalachian Sea of Lower Devonian time varied considerably
in area. The later Silurian formations extend to Tennessee, but the New
Scotland is not known south of central Virginia. Toward the close of the
latter formation this trough was also much reduced in width, since the
Becraft limestone is known only in the eastern portion, from Virginia to
the Helderbergs. The reduction was continued into the early Oriskany,
as south of Pennsylvania the latter series rests in the western part of the
trough on different horizons of the eroded Helderberg.

The Oriskany Map (Platc VII).—Very early in Oriskany time the re-
stricted sea in the eastern Appalachian trough again spread westward
and attained to southern New York, which had been completely drained
in the Helderberg Mountain area after the Beeraft of Helderberg age.
These early Oriskany faunas are direct developments from the previous
Helderberg elements of southern Atlantic derivation. With the exten-
sion of this increasing sea, evolution of marine lifc became rapid, and
the record is probably more complete in Maryland and the adjoining states
than ‘elsewhere. Toward the end of the Oriskany the sea grew shallow
south of New York, morec North Atlantic forms (Gaspé) appeared, and
finally the waters were withdrawn for a time from the southern
Appalachian trough. North of Pennsylvania the late Oriskany faunas
were continued in those of the true Oriskany sandstone and the Esopus
grit. The New York Basin at last moved westward through New York,
and the close of the eastern Oriskany scries is scen in the Decewville for-
mation of Ontario. These local differences in the strata, their varying
position, and the accumulation of sandstones and black cherts bear wit-
ness to the unrest of Appalachia and to its elevation during the later
portion of the Lower Devonian. The trough south of New York then re-
mained land from the latest Oriskany until the late Onondaga of Middle
Devonian time. While at this time Appalachia was not much elevated,
Acadia began to undergo more and more severe crushing, with considerable
mountain making.

The southern or Gulf embayment presents in the Camden formation
only the latest stage of the Oriskany. This fauna, which continues un-
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broken into the southwestern Onondaga of the Middle Devonian, is wholly
unlike the eastern or Appalachian one. It is clearly linked with the
Brazilian Devonian sea, the faunas of which spread north by way of the
southern Pacific into the Gulf of Mexico, across Central America. Only
a few species are common to this southern and the Appalachian faunas,
these being cosmopolitan brachiopods.

The Middle and Upper Devonian Maps (Plates VIII, IX, and X).—
The extension of the late Oriskany seas was continued into the Onon-
daga, the southern embayment spreading most rapidly over featureless
America, along the western side of the Cincinnati Axis. When these
southern waters reached Ontario and northeastern Ohio, they met those
of the North Atlantic, and the faunas of the two areas arc found mingled
at the base of the Onondaga, in western New York, Ontario, and the
James Bay region. With these warmer waters appearcd a horde of reef-
making corals, their best development occurring at Louisville, Kentucky ;
Columbus, Ohio ; in western New York, and across the Niagara River in
Ontario; north far less abundantly in James Bay, and east in the Con-
necticut trough as far north as Lake Memphremagog.

The Onondaga submergence was conlinued, and in the Marcellus stage
of the Middle Devonian the southern waters spread across the medial
region of the Cincinnati Axis in Kentucky into the southern Appalachian
trough, and thus again united with the New York Basin." In the eastern
area, the sea was turbid, depositing in the main black carbonaceous muds,
with a meager fauna of Atlantic derivation. The mountain ranges of
Acadia had been rejuvenated through elevation, and the rivers flowing
from this land dumped their heavy loads into the northern portion of the
Appalachian Sea. In northeastern Pennsylvania the coarse detrital de-
posits of the Middle and Upper Devonian are about 10,000 feet thick and
1n Maryland the series is not much less in thickness, but farther south in
the Virginias the strata thin out rapidly. To the north in eastern New
York this series also decreases in thickness, most of the Catskill Mountains,

! Since the map of Onondaga time, pl. viii, was made, Kindle has shown that
the later Onondaga sea was present in western Maryland, and that the
Appalachian trough was invaded somewhat earlier than Marcellus time.
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which are about 4000 feet in elevation, serving as the monument that
bears witness to the industry of the rivers of this area and time. The
New Jersey Straits were still open, through which into the Appalachian
trough the slowly changing Tropidoleptus carinatus faunas repeatedly
migrated. In Maryland onc finds but little of the life of the southern or
Mississippian Sca.

In the southern Appalachian trough the greatest abundance and variety
of Middle Devonian life oceur in the Hamilton member of the Romney for-
mation, the equivalent of the Hamilton formation of New York, but this
habitat was an unfavorable one owing to the extraordinarily rapid aeccumu-

lation of sand and muds. Thesc faunas were repeatedly snuffed out by the

great quantity of silt that settled upon them, and it is probable that only
during the periods of smaller stream discharge and clearer seas could
the permanent region of life—the Atlantic Ocean—again and again dis-
tribute its migratory speeies and the free-swimming larve of the abyssal
more or less sessile forms. The muds and sands finally accumulated to sueh
an extent that the Appalachian Sea was no longer a fit habitat for marine
life, and before the close of the Devonian great areas were exposed as
river deltas. Any fresh or brackish water or land forms that were stranded
or died on these flats were oxidized and completely destroyed by the air,
a fact proved by the barren muds and sands, often red in color, indi-
cating the completcness with which the carbonaceous materials of the
organisms had been removed. In places, however, the Atlantic still eon-
tinued to eommunicate with the Appalachian trough, even into the time
of the next higher series, the Bradford of the Mississippian period, its
organie remains being found in northwestern Pennsylvania and eastern
Ohio. Subsequent to the Bradford all Atlantic eonneetions eeased in the
Appalachian trough, and during the rare intervals when marine waters
appeared in Maryland they were derived from the Mississippian Sea with
Gulf of Mexieo eonnections.




INTRODUCTION

HISTORICAL REVIEW AND BIBLIOGRAPHY®

The prominent physiographic features of western Maryland have long
been known, since it was on the route of the early trails and roads from
the Atlantic to Fort Cumberland and thence across the Alleghany Platecau
to the Ohio Valley. In the early years of the nineteenth century the con-
struction of the National Road and later the surveys for the Chesapeake
and Ohio Canal and the Baltimore and Ohio Railroad were instituted, all
of which added to the knowledge of the topography of the country and to
some extent to its geology.

The earliest attempt to classify the formations of western Maryland
and correlate them with the geologic column as then established in
Europe was made by William Maclure in 1809. Maclure accepted the
Wernerian classification and divided the rocks of this country into the
Primitive, Transition, Fleetz or Secondary, and Alluvial. Apparently all
of the Maryland rocks now referred to Devonian were included in Mac-
lure’s Transition. This article was subsequently revised, enlarged and
published in book form in 181%. In this work the highest mountains in

western Pennsylvania, Maryland, and a portion of Virginia werc referred
to the Transition rocks as well as a strip along the banks of the Potomac
in western Maryland. It contains a colored geologic map of the United
States extending from the Atlantie coast to the western line of Louisiana,

Arkansas, and Missouri. The line separating the Secondary and Transi-
tion rocks crosses Maryland to the cast of Cumberland, all west of that
line being referred to the Secondary age, whilc the Transition rocks ex-
tend eastward to or beyond the Blue Ridge. The map published the fol-
lowing year in the Transactions of the American Philosophical Society
covers a larger area and the line of separation between the Transition and
Secondary rocks crosses Maryland considerably west of Cumberland, so
that only the extreme western part of the State is represented as of
Secondary age.

James Shriver in his account of the surveys and examinations for the
Chesapeake and Ohio Canal in 1824, described to some extent the
physiography of Garrett County and made slight reference to its geology.

! Contributed by Charles S. Prosser.
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In 1834 Professor William E. A. Aikin, of Mt. St. Mary’s College,
Emmitsburg, Md., published “ Some notices of the Geology of the Country
between Baltimore and the Ohio River, with a section illustrating the
superposition of the rocks.” The section follows the route of the National
Road from Baltimore through Hancock and Cumberland to Wheeling,
West Virginia. This is one of the earliest attempts to explain the geologic
structure of the mountains and correlate the different formations. It
contains some general account of the limestones and shales to the east and
west of Cumberland termed Transition, which are now referred to the
Devonian.

The “ Report of a Geological Reconnoissance made in 1835 by G. W.
Featherstonhaugh contains considerable information regarding the
geology of the eastern part of the United States. Featherstonhaugh was a
U. S. Geologist and while en route westward evidently crossed the
Paleozoic formations of Washington and Allegany counties by way of the
National Road. He was among the first to note the fossiliferous beds in
these counties and reported them about nine miles west of Clear Spring and
at Flint Stone twelve miles from Cumberiand. He also deseribes Shriver
Ridge.

A number of the eastern states organized official surveys during the
thirtics and one of the first was Maryland which in 1833 appointed J. T.
Ducatel State Geologist. The Geological Survey of Virginia® was or-
ganized in 1835 with Professor William B. Rogers, of William and Mary
College, as State Geologist, that of Pennsylvania in 1836 with his brother,
Henry D. Rogers, as State Geologist, and the same year that of New York.
The latter State was divided into four distriets with William W. Mather,
Ebenezer Emmons, Timothy A. Conrad, and Lardner Vanuxem as
Geologists; but the following year Conrad retired from active field work
on account of ill health becoming State Paleontologist, Vanuzem became
the Geologist of the Third District and James Hall of the Fourth or
western New York District.

*This was prior to the separation of West Virginia from Virginia which
occurred in 1863, consequently the survey covered what is now known as
Virginia and West Virginia.
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In the annual reports of the Rogers brothers a series of numbers were
used to designate their subdivisions of the Paleozoic rocks. The first
annual report of Henry D. Rogers, published in 1836, stated that “ the
detailed examination of the Appalachian region was begun in the southern
part of Bedford County, and prosecuted during the residue of the scason
in this, and the rest of the counties between the Maryland state line and
the Susquehanna River, in one direction; and in the Cumberland Valley
and the ridge of the Alleghany Mountain, in the other.” Professor
Rogers reported that the rocks of this region instead of being in the
Transition class, as generally believed, belonged in the Secondary epoch.
He divided the rocks of the Appalachian region into twelve sets of rocks
to which he gave Arabic numerals in ascending order, applying 1 to the
oldest division, and concluded that “ For the classification, the most con-
venient and natural arrangement that offers itself, is a subdivision of the
entire series into two systems, grouping together the three upper rocks
under the name of the Carboniferous system, and the lower nine under
that of the Appalachian system > (loc. cit, p. 12). The rocks considered
in this volume as Devonian were described under the numbers 6, 7, 8, and
9; and in general No. 6 included those now called the Helderberg, No. 7
the Oriskany, for which Rogers suggested the name “ fossiliferous sand-
stone,” No. 8 the Romney and Jennings formations, which he called the
“olive slate stratum,” and No. 9, the Catskill. In Rogers’ second
annual report, published in 1838, he definitely introduced the name
“ Formation ” for each of these divisions, changed from Arabic to Roman
numerals and described thirteen formations.

This system of classification of the Pennsylvania rocks appears to have
becn closely followed by William B. Rogers in Virginia and in his report
of 1837, published in 1838, he describes the members west of the Blue
Ridge. The rocks which arc now referred to the Devonian are described
under the numbers 6, 7, 8, and 9 and there are frequent references to their
exposures to the south of the Potomac River in the northern counties of
what is now West Virginia. His report for 1839, published in 1840, cor-
rectly referred the arch of Wills Mountain to formation IV and for the

* Rogers, First Annual Rept. of State Geologist [of Pennsylvania], 1836, p. 10.




MARYLAND GEOLOGICAL SURVEY 45

first time identified the succeeding formations from this mountain west-
ward nearly to the summit of Dans Mountain.

Ducatel’s reports of Maryland considered mostly the topography of west-
ern Maryland and its economic rather than stratigraphic geology. The
report for 1840, published in 1841, gives a description of the physical
geography of Allegany (which then included Garrett) and Washington
counties together with some account of their geology. It contains a topo-
graphic map of western Maryland from South Mountain to the western
border, a “ Geological profile of the Cumberland and National Roads ”
and states that between Sideling Hill and Dans Mountain the prevailing
rocks are limestone, red sandstone, and slate.

On the “ Geological map of the Middle and Western States” accom-
panying Professor James Hall’s report of the Fourth District of New
York, published in 1843, the southwestern continuation of certain New
York formations is shown across Pennsylvania, Maryland, and Virginia.
Four different colors are used to represent those formations now referred
to the Devonian, all of which cross western Maryland, and the following
names and grouping are given in the legend: Helderberg limestones in-
cluding grits and sandstones, Hamilton group including Tully limestone
and Genesee slate, Portage and Chemung groups, and Old Red Sandstone.
The outlines of the formations in Maryland are credited to the State
Geologist, Professor J. T. Ducatel.

The Geology of Pennsylvania, or Professor Henry D. Rogers’ final
report, was finished in 1858 and in this work in addition to the Roman
numerals for the formations, appeared what has been called the trans-
cendental nomenclature of Rogers. He stated that “ it became apparent
to the State Geologists of Virginia and Pennsylvania, Professor W. B.
Rogers and myself, that nove of the existing systems of nomenclaturc—
neither the imported British ones, nor the narrowly local geographical ones
of New York—were applicable to our strata.”* The Paleozoic rocks
were divided into fifteen formations or series for which he used terms

significant of their relative age “the words employed suggesting meta-
phorically the different natural periods of the day.”* In this classifica-

* Geology of Pennsylvania, vol. i, Preface, p. vi.
2Ibid., p. vii.
i
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tion No. I became the Primal (Dawn) series; while the series now re-
ferred to the Devonian with their New York equivalents as correlated by
Professor Rogers were the Pre-meridian (Forenoon) or Lower Helder-
berg limestone of New York ; the Meridian (Noon) or Oriskany sandstone ;
the Post-meridian (Afternoon) or the Cauda-Galli and Sehoharie grits
and Upper Helderberg limestone ; the Cadent (Deelining Day) or Mar-
cellus slate, Hamilton group and Genesee slate ; the Vergent (Descending
Day) or the Portage flags and Chemung group and the Ponent (Sunset)
or Catskill group.” The Second Geological Survey of Pennsylvania, how-
ever, under the directorship of Leslcy abandoned this fanciful nomencla-
ture, correlated the majority of the Pennsylvania formations with those
of New York and used the New York names.

Professor Hall visited Cumberland in 1856, examined to some extent
the geology of the region and a large collection of fossils owned by Mr.
Andrevws, which, later, he purchased. The following year he published in
the Tenth Regent’s Report the preliminary description of fifteen species
obtained from the Lower Helderberg limestone, Oriskany sandstone and
Hamilton shales in the vicinity of Cumberland. ‘

In 1859 the text of volume iii of the Paleontology of New York was
published, followed by the plates in 1861. This was the first work in
which a large number of fossils from the Devonian of Maryland were
described and figured and it marked a great advance in the knowledge of
the paleontology of the State. Sixty-two species and one variety are re-
ported from the Lower Helderberg and Oriskany sandstone of Cumber-
land, of which six species and one variety were deseribed and figured for
the first time from the Lower Helderberg and twenty-six speeies from the
Oriskany. Another species confined to Cumberland, Maryland, was de-
seribed and figured from the Lower Helderberg and six additional ones
were reported from that locality. The Oriskany also contained eight
additional deseribed and figured species whieh were eonfined to Cumber-
land and fifteen more were reported from that locality.

Philip T. Tyson, the State Agricultural Chemist of Maryland, in 1860
published his first report, which shows a decided advance over the earlier

! Ibid., pp. vii and 107, 108.
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geological reports of the State. He divided the rocks of the entire State
into 24 divisions, some of which were again divided, and each one was
called a formation. In general the formations extending into Pennsyl-
vania and New York were correlated with the formations of those States,
the Pcennsylvania name being given first, followed by that of the New
York reports. Those now included in the Devonian System are as follows
Formation No. 15a, Pre-meridian limestone of Pennsylvania, Lower
Helderberg of New York ; formation No. 15b, Meridian series of Pennsyl-
vania, Oriskany sandstone of New York; formation No. 16a, Cadent
slates and shales of Pennsylvania, Marcellus slate, Hamilton group and
Genesee slate of New York; formation No. 16b, Vergent series of Penn-
sylvania, Portage flags and Ithaca and Chemung. groups of New York
and formation No. 17, Ponent series of Pennsylvania, Catskill group of
New York. It also contains the first colored geological map of Maryland
on which is shown the distribution of the different formations. There are
three colors for what is now recognized as Devonian, the Pre-meridian and
Meridian being grouped together as No. 15, the Cadent and Vergent as
No. 16 and the Ponent or Catskill as No. 17. There is also a structural
section extending from the western line of the State duc east to Hancock
and thence southeast to Chesapeake Bay.

Hall in volume iv of the Pal®ontology of New York, published in 1867,
reported eleven species of brachiopeds from the Hamilton of Maryland.
Most of the succeeding volumes of this great work have contained de-
seriptions and figures of new species from the Maryland Devonian, figures
of Maryland specimens or reported the occurrence of other speeies in that
State.

In 1876 Mr, Jed Hotchkiss published a work on Virginia containing
a colored geological map of Virginia and West Virginia, which had been
colored by Professor Wm. B. Rogers in 1873. The Devonian rocks are
shown by a single color ; but apparently only formations VIII and IX are
referred to this system.

In 1880 Mr. Howard Grant Jones published a paper on the Cumber-
land or Potomac Coal Basin containing a section from the Lower Barren

Measures down to what he called the Pocono sandstone. This section
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differed so strikingly from the generally accepted correlation and struct-
urc of this region that the following spring Dr. I. C. White reéxamined
the Potomac River section from Piedmont to the summit of Knobly
Mountain on the West Virginia side of the river to the east of Keyser. Dr.
White’s paper is a valuablc addition to the knowledge of the structural
and stratigraphical geology of western Allegany County and shows con-
clusively that the quartzose sandstone capping Wills Mountain, which Mr.
Jones called the Pocono, is the White Medina (Tuscarora), while the red
beds below instead of representing No. IX (Catskill) as Mr. Jones
supposed, are the Red Medina (Juniata). The 440 feet called the Lower
Mountain Limestone by Jones, is identified by White as the Lower Helder-
berg and the lower 2000 feet of red shale on the Potomac which Jones sup-
posed to be a repetition by folding of No. XI (Mauch Chunk) is correctly
referred by White fo the Catskill (Hampshire).

The geology of Bedford and Fulton counties, Pennsylvania, bordering
those of Paleozoic Maryland, was published in 1882 by Prof. John J.
Stevenson who fully adopted the New York classification and whose
accurate correlation has given this work a permanent value.

Professor Wm. B. Rogers prepared the list of geological formations
found in Virginia and West Virginia for the first edition of MacFarlane’s
Railway Guide published in 1879, in which he gave the New York names
first place, while in two parallel columns are given the equivalents in the
Roman numbers of the Pennsylvania and Virginia annual reports and the
names of the Pennsylvania final report. The same scheme of classifica-
tion was used in explaining the colors on “ Hotchkiss’ Geological Map of
Virginia and West Virginia.”” The geology by Prof. W. B. Rogers, pub-
lished in 1884, is a reproduction, with some changes, of the one published
in 1876. The Devonian is given as composed simply of Nos. VIII and 1X
and is represented by a single color.

In the second edition of MacFarlane’s Railway Guide, published in
1890, I. C. White prepared the ““ Table of geological formations in West
Virginia” (p. 337) in which he fully adopted the New York names,
although the Pennsylvania numbers are given in another column, but the

names of Rogers’ final report are not mentioned.
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Professor G. H. Williams in 1891 deseribed briefly the formations in
the vicinity of Haneock and Cumberland, illustrated by figures the geo-
logieal strueture and used the New York names for the formations. The
same number of the Johns Hopkins University circulars contained a pre-
liminary eatalogue of the Paleozoie fossils of Maryland by Charles R.
Keyes, and a large majority of the species are eredited to the Lower
Helderberg, Oriskany, and Hamilton formations.

Mr. Darton published in 1892 “ Notes on the Stratigraphy of a portion
of Central Appalachian Virginia” in which new names are proposed for
many of the Paleozoic formations of the Virginias. This paper contained
the first description of the Monterey sandstone, the Romney shales and the
Jennings and Hampshire forinations.

The geologieal portion of the World’s Fair Book on Maryland written
by Professors G. H. Williams and W. B. Clark and published in 1893,
eontains a deseription of the Devonian geology of the Appalaehians proper
and the Alleghany Plateaun (pp. 46-49) in whieh in general the New York
names are used for the Maryland Paleozoic formations, although in the
legend of the geological map, whieh was edited by Prof. Williams, the

names of the New York formations arc followed in parenthesis by the
equivalent ones proposed by Mr. Darton. Four divisions of the Devonian
are represented on the map. These are the Helderberg (Lewistown)
limestone; Oriskany (Monterey) sandstone; Chemung-Hamilton (Jen-
nings-Romney) slates and shales, and the Catskill (Hampshire) red
sandstone. The map also gives a struetural seetion from east to west
aeross the State.

Mr. Darton stated in his paper of 1892 that the names proposed for the
Paleozoie formations had been selected for the geological maps of Appa-
lachian Virginia to be published by the U. S. Geological Survey. The
Piedmont folio was published in 1896. It eovers the southern part of
Garrett County in whieh the Jennings and Hanipshire formations of that
area are mapped and described, and the southwestern corner of Allegany
County. The following formations, now referred to the Devonian, are
represented on the map and classified as Lewistown limestone and clert-
lentil forming the upper part of the Silurian, Monterey sandstone given

4
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as transitional, and the Devonian composed of the Romney shale, and the
Jennings and Hampshire formations.

In 1897 the first volume of the Maryland Geologieal Survey appearcd
in which Prof. Clark deseribed the Maryland formations and gave first
the name adopted by the U. S. Geological Survey, for its Virginia and
West Virginia folios, followed in parenthesis, by the name of the equiva-
lent New York stage or scries. On the geological map the rocks now re-
ferred to the Devonian are represented by four different colors with the
following explanation: Lewistown (I. Helderberg-Niagara), Monterey
(Oriskany), Jennings-Romney (Chemung-Hamilton), and Hampshire
(Catskill). Later and more complete investigations have shown that in
all essential characters the majority of the Paleozoic formations of Mary-
land agree with those of New York and Pennsylvania.

Prof. Charles Schuchert published a paper in 1900 on the “ Lower
Devonic aspect of the Lower Helderberg and Oriskany formations”
which contains a section of the Helderberg limestone and Oriskany sand-
stone as shown at the “ Devil’s Baekbone” on the Baltimore and Ohio
Railroad to the northwest of Cumberland. In a subsequent paper he
changed to some extent his identification of the subdivisions of the Helder-
berg limestones bringing them more nearly in harmony with the results
obtained by Dr. Rowe and the writer. The former paper gave an extended
review and discussion of the Liower Devonian of Europe and America.

The same year Dr. John M. Clarke again reviewed the evidence regard-
ing “The Devonic age of the Helderbergian fauna and the base of the
Devonic System in New York” and considered the arguments “from
correlation,” “from the intrinsic charaeter of the fauna,” and “from
stratigraphy.” In this review Dr. Clarke stated that ““the strongest
demonstration of its Devonie affinities is intrinsic ” and derived from the
study of the New York Helderberg fauna.

In 1900 “The Geology of Allegany County,” by Dr. C. C. (’Harra,
was published in the Allegany County report. It contains a full de-
scription of the formations of Allegany County together with an aeeount
of their stratigraphy, areal distribution, and of the character and origin
of their sediments. The Devonian is given as eomposed of the Helderberg
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(its first appearance in the Devonian in the Maryland reports), Oriskany,
Romney, Jennings and Hampshire formations, the detailed description
of which is given on pp. 94-109. The nomenclature and classification of
the formations are those adopted by Messrs. Clark, Prosser, and Rowe for
the Maryland formations. The accompanying map gives the arcal distri-
bution of the formations described in the county, while the legend gives
their thickness together with a very condensed account of the geology and
soils of the county.

During the same ycar Bailey Willis published his paper on * Paleo-
zoic Appalachia or the History of Maryland during Paleozoic time” in
which land and water areas are discussed and illustrated by maps. Under
the Devonian its early shallow waters and lowlands and the later high-

lands are described. This includes a description of the wide extent of the
Devonian lowland, the character and thickness of the deposits, the topog-

raphy of the highlands and the character of the Devonian deformation.

In 1901 the writer published an article on  The Palezoic formations of
Allegany County, Maryland.” The different formations of the county,
ranging from the Juniata of the Ordovician to the Dunkard of the Permian
are described and correlated with the formations of New York and
Pennsylvania, as far as they are represented in those states. The Coey-
mans, New Scotland, and Becraft formations of the Helderberg series
of New York are identified and described for the first time in Maryland.
The Romney formation is described as composed of the Marcellus shale
and Hamilton beds of New York, the Jennings formation as composed
of the Portage and Chemung of New York and the Hampshire as rep-
resenting at least part of the Catskill formation of New York. The
Helderberg limestone, Oriskany sandstone, Romney, Jennings, and
Hampshire formations are referred to the Devonian System.

In 1902 Dr. George C. Martin published an account of the geology of
Garrett County in which he fully discussed its stratigraphy, structure and
the interpretation of its scdimentary record, and gave the areal extent,

lithologic description and taxonomy of its various formations. Only two

of the Devonian formations, the Jennings and Catskill, are exposed in
the county, and these arc described on pp. 85-90. The Atlas contains a
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map showing the areal distribution of the ditferent formations and soils,
while the legend gives thie thickness and a very condensed description of
the geology and soils. Schuchert in 1903 published a paper “ On the
Lower Devonic and Ontaric formations of Maryland ” in whieh the de-
posits of the Cumberland Basin are quite fully described. Under the
Devonian the Coeymans, New Scotland, and Becraft limestoncs of the
Helderberg and the Oriskany formation are discussed in considerable
detail and palcontologic evidence given for their corrclation. It contains
a complete composite section from the Juniata formation to the base of
the Marcellus shale, in which the thickness and description of zones,
locality of sections and correlation with New York formations are given.

In 1903 H. S. Williams’ bulletin on The Correlation of Geological
Faunas appeared. This contained a brief discussion of the Romney forma-
tion of western Maryland. Professor Williams found all of the dominant
species of the Tropidoleptus carinalus fauna in the list of Romney species
furnished him by the writer and concluded that “ This is sufficient to es-
tablish the extension of the Tropidoleplus fauna, in its integrity, as far
south in the Appalachian trough as Maryland.”

In 1904 the writer published an articte entitled the ¢ Deseription and
Corrclation of the Romney formation of Maryland ” which gave a con-
densed description of the formation together with some account of the
evidence favoring the correlation of the lower member with the Marcellus
shale and the upper with the Hamilton beds of New York. The European
equivalents and the general distribution was also discusscd.

In 1906 Dr. E. M. Kindle published a paper on the Faunas of the
Devonian scetion near Altoona, Pa., a locality about 65 miles northeast of
Cumberland. This paper recognizes the Oriskany, Marcellus, Hamilton,
Nunda (Portage), and Chemung faunas ncar Altoona and therefore is
important in corroborating the correlation of the Maryland Devonian
formations with those of New York.

The Physical Features of Maryland, by Professors Clark and Mathews,
published in 1906, contains an accurate condensed account of the Devonian
period. The Lower Devonian is divided into the Helderberg formation,
composcd of the Coeymans, New Scotland, and Becraft members, and the
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Oriskany formation; the Middle Devonian is divided into the Romney
formation made up of the Marcellus and Hamilton members; while the
Upper Devonian consists of the Jennings formation composed of the
Genesee, Portage, and Chemung members, and the Hampshire formation.
This report was aecompanied by a new geological and agricultural soil
map of the State bearing date of 1907, on which the distribution of the
Devonian formations, viz., Helderberg, Oriskany, Romney, Jennings,
and Hampshire is shown,

Dr. C. K. Swartz published a preliminary article on “The Ithaca
Fauna in Maryland ” in 1907 which was followed in 1908 by a more ex-
tended one on the succession of faunas in the Portage and Chemung for-
mations of Maryland. These two papers contain the first account of the
Ithaca fauna in Maryland which, together with the subjacent Naples
fauna, oeeurs in the Portage member of the Jennings formation.

In the Mercersburg-Chambersburg Folio of the U. S. Geological Survey,
published in 1910, the area in Pennsylvania just to the north of Wash-
ington County, Maryland, is deseribed by George W. Stose. The Helder-
berg limestone is considered the youngest formation of the Silurian
System which is shown in the southwestern part of the Mercersburg quad-
rangle, the one located directly northeast of the Hancock quadrangle.
From this area certain speeies of fossils are listed which “ are rcferred to
the Coeymans (‘Lower Pentamerus’) horizon of the Helderberg lime-
stone of New York,” while from the upper part of the limestone other
species were obtained which are stated to be “ undoubtedly a New Seot-
land (¢ Delthyris shaly limestone’) fauna.” Furthermore it was stated
that “ A Becraft fauna was also found in this formation in the Haneock
quadrangle by the Maryland Geological Survey, so that correlation of the
formation as a whole with the New York Helderberg is positively es-
tablished.” !

Under the Devonian System it is stated that “ Few outcrops of the
Oriskany formation are present in the Mercersburg quadrangle,” from
which but three Oriskany speeies were reported and from just outside
(west) of the quadrangle eight additional ones, and this is stated to be

* Loc. cit., Field Edition, p. 86.
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“a typical upper Oriskany fauna, and other Oriskany species are found in
adjoining areas, so that correlation with the Oriskany of New York is
established.”* The Romney and Portage shales, which arc apparently
recognized as two formations, «are faulted out at the surface” in the
Mercersburg quadrangle. The northwestern corner of the quadrangle is
covered by higher rocks which are referred to the Chemung formation.
Only “ Spirifer mesistrialis, Clonetes scitula, Schuchertella chemungensts
arctostriatus, and undetermined Bryozoa ” were obtained from these rocks
in this quadrangle; but nine species are listed from the Hancock quad-
rangle. Mr. Stose states that “ These forms are not all diagnostic of the
typical Chemung of New York, as recently restricted by Williams to the
Spirifer disjunctus fauna. Spirifer disjunctus was not found in the
Mercershurg quadrangle and its range was therefore not determined. In
the Hancock quadrangle the lower part of this formation, characterized
by the presence of sandy strata with granular sandstone beds, does not
contain the typical Chemung or Spirifer disjunctus fauna but a recurrent
Hamilton fauna characterized by Spirifer mesistrialis. In New York the
sandy strata that characterize the Chemung at Chemung Narrows, the
type locality, descend below the base of the Spirifer disjunctus fauna
toward the east, and the Chemung formation there includes strata that
contain a Spirifer mesistrialis fauna. The formation in the Mercersburg
quadrangle is therefore mapped as Chemung.”*

Finally, it is stated that “ Red arkosic sand and shale of the Catskill
formation occur just beyond the northwest corner of the Mercersburg
quadrangle. . . . . No fossils except unidentified plant remains have
been found in this formation, but its lithologic character and stratigraphic
position establish its correlation with the Catskill of New York and north-
eastcrn Pennsylvania. It is undoubtedly a land or fresh-water deposit
replacing the upper part of the marine Chemung.”*

In 1910 Dr. C. K. Swartz published a paper on the recurrence of the
Tropidoleptus fauna in the Chemung of Maryland, in which lie shows that
there arc two recurrences of the Tropidoleptus carinatus fauna in the

* Loc. cit., pp. 87, 88.
2 Loc. cit., p. 89.
* Loc. cit., p. 90.
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Upper Devonian of Maryland, one in the upper part of the Portage and
the other about 600 feet above the base of the Chemung.

In 1911 Dr. E. M. Kindle’s paper on “ The southerly extension of the
Onondaga Sea in the Allegheny region ” appeared. It contains a brief
statement of the paleontologic and stratigraphic data which the author
considers as showing the continunation of the Onondaga fauna from the
Delaware River southwesterly to Tennessee.

Kindle’s detailed paper, of which the above was in the nature of an
abstraet, appearcd in 1912 as Bulletin 508 of the U. S. Geological Survey
under the title The Onondaga Fauna of the Allegheny Region.

The Pawpaw-Hancock Folio of the U. S. Geological Survey was pub-
lished in 1912 in which the Lower Devonian was discussed by G. W. Stose
and E. O. Ulrieh, and the Middle and Upper Devonian by C. K. Swartz.

The limits and eorrelation of the various divisions of the Devonian were

substantially the same as those reeognized in the present volume.
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INTRODUCTORY *

The typical development of the Silurian System was first made out in
Wales and in the adjoining counties of England and described by Murchi-
son. Here the prolific marine faunas of the shales and limestones gradu-
ally disappear in the upper serics—the Ludlow. The strata by degrees
take on a red color and seem to pass without break from brackish-water
deposits into fluviatile sandstones and conglomerates. This great scries

of continental sediments is unfossiliferous, except for the eurypterid re-
mains of Plerygotus, the “ seraphim ” of the quarrymen, and the varied
array of fresh-water fishes. This series of coarse fragmentals is the Old
Red Sandstone and is more than 10,000 fect in thickness. In the typical
arca of the Silurian system, therefore, there is no final marine fauna.
Tho original Devonian also lacks a definite marine base. These conditions
are further complicated by the fact that nowhere in western Europe is
there a fairly complete succession of Silurian and Lower Devonian strata
yielding abundant marine faunas. There is, however, a splendid section,
rich in the fossils of these two systems in the Bohemian region, all of
which Barrande referred to the Silurian. The dividing line between these
two systems is there definitely drawn at the base of the Konieprusian, a

*Contributed by Charles Schuchert who states that all the faunal work was
accomplished previous to 1904 while Assistant Curator in the U. S. National
Museum, and all the writing was completed before the appearance of Clarke’s
Early Devonic History of New York and Eastern North America. All the new
forms, however, have been reconsidered in order that no synonyms may appear
in this volume.
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horizon which is the probable equivalent of the American New Scotland
but may also include the Coeymans. Below this zone was said to occur
another member of the series, consisting of black flaggy limestones, with a
strange fauna, in the main unlike those above and below, and character-
ized by the peculiar gastropod Hercynella bohemica. It has now been
determined that, owing to widely dissimilar environmeut, these two
Bohemian zones are different faunal and lithologic facies of one general
horizon. As far as known, there is no transition between the zones of E
representing the Silurian and those of F now placed at the base of the
Devonian. Further, the Bohemian Silurian and Devonian faunas are
derived from the southern or Mediterranean realm, while in northern
Europe the Silurian had its origin in another province and in addition all
was there land during the early stages of the Devonian. It probably is
more accurate to state that the basal Devonian strata of the Rhineland are
almost barren of marine life and that the little that has been discovered
may be as old as the Helderberg, yet no safe data are revealed on which
to base correlations between Europe and America. There is, therefore,
as yet no accepted European standard section that unmistakably indicates
the dividing line between the Silurian and the Devonian. In western
Maryland, however, a long complete section extends through the later
stages of the Silurian into the basal Devonian, but unfortunately all the
members of the former series have not yet yielded a characteristic marine
fauna. These beds, the Tonoloway and Wills Creek formations, do not
represent a normal marine habitat, but are rather derived from very
shallow seas accumulating both natural cement limestones and magnesian
limestones. Above the latter appears the Helderberg formation, which
at first is composed of nodular limestones (the Keyser member) which
are succeeded by shaly limestones and shales and these by heavier bedded
limestones. The lower strata of the Helderberg contain the earliest
normal marine fauna, not a large one, but varied enough when described
from the entire Appalachian region to be the basis for correlation. This
horizon appears to introduce a new diastrophic cycle in that it lays the
foundation for the great Devonian submergence of the North American
Continent.




MARYLAND GEOLOGICAL SURVEY it

Previous to 1839 no Devonian System was known to geologists. In
the Philosophieal Magazine for July, 1835, Murehison had annnouneed
his eonclusion that beneath the Old Red Sandstone, then the oldest known
series of the Paleozoie era, lay a huge eomplex of roeks which he named
Silurian, after an aneient tribe that inhabited Wales at the time of the
Romans. Above was the great barren series of red roeks followed by the
Carboniferous. About the same time, Lonsdale had obtained eorals from
eertain limestones in Devonshire, England, which after eareful study he
announeed to be intermediate in development between those of the Upper
Silurian and the Carboniferous. He thus diseovered the Devonian fauna
and furnished the “most cogent reason” that led Sedgwiek and Murehi-
son to delimit a series of roeks that lay above the Silurian and beneath the
Carboniferous limestone. In the Philosophieal Magazine for April, 1839,
these authors together proposed the Devonian System, in a paper entitled :
On the Classifieation of the Older Rocks of Devonshire and Cornwall.

The diseovery of the Devonian System is an interesting one, and the
history of its establishment as given by Murchison in his elassie work
Siluria (edition 1854, pp. 257-8) is here quoted :

“ Devonian rocks (the equivalents of the Old Red) in Devon and Corn-
wall.—The erystalline and slaty eondition of most of the stratified de-
posits in Devon and Cornwall, and their assoeiation with granitic and
eruptive rocks and mueh metalliferous matter, might well induee the
earlier geologists to elass them as among the very oldest deposits of the

British Isles. In truth, the southwestern extremity of England pre-

sented apparently no regular sedinientary sueeession, by which its grey,
slaty sehists, marble limestones, and silicious sandstones could be con-
neeted with any one of the British deposits the age of which was well
ascertained. The establishment of the Silurian System, and the proofs it
afforded of the entire separation of its fossils from those of the Carbonif-
erous era, was the first step which led to a right understanding of the age
of these deposits. The next was the proof obtained by Professor Sedg-
wiek and myself, that the ¢ culm measures’ of Devon were truly of the
age of the earboniferous limestone, and that they graduated downwards
into some of the slaty roeks of this region. Henee, in the sequel it beeame
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manifest, that the rocks now under consideration, were the imnediate and
natural precursors of the coal era, and stood therefore in the place of the
Old Red Sandstone of other regions. The highly important deduetion,
however, of Mr. Lonsdale, that the fossils of the South Devon limestones,
as colleeted by Mr. Austen and others, really exhibited a eharacter inter-
mediate between those of the Silurian system and of the carboniferous
limestone, was the most eogent reason which induced Professor Sedgwick
and myself (after identifying North and South Devon) to propose the
term Devonian.® The inference that the stratified rocks of Devonshire
and Cornwall, though of such varied composition, are really the equiva-
lents of the Old Red Sandstone in the regions alluded to, has sinee, indeed,
been ammply supported and extended by the researches of Sir Henry De la
Beehe, Professor Phillips, and many other good geologists.”*

Murchison and Sedgwiek further state: The most instruetive of the
sections published by my colleague and myself to illustrate the general
structure of Devonshire, is that of whieh the diagram in page 256 is a com-
piled reduetion. Itis a scetion aeross North Devon from the Foreland on
the British Channel, to the granitie ridge of Dartmoor on the south, and
exhibits a copious succession of the Devonian rocks between Linton and
Ilfracombe on the north, and Barnstaple on the south ; the whole dipping
under strata of the earboniferous age, on the opposite side of a wide
trough of whieh, or on the north flank of Dartmoor, the Upper Devonian
strata again rise to the surface.

“ North Devon has thus been seleeted as affording, on the whole, the
best type of sueeession of the roeks to which the name Devonian was ap-
plied ; because it offers a clear aseending section through several thousand
feet of varied strata, until we reach other overlying rocks, which are
undeniably the bottom beds of the true earboniferous group.”

These great English masters of geology soon realized that to unravel the
North Devon sequenece presented great diffieulties, and they therefore

1 See Reports of Brit. Assoc. for the Advancement of Science, 1836, Bristol
meeting. Sedgwick and Murchison, Trans. Geol. Soc. London, vol. v, p. 633,
and Phil. Mag., vol. xi, p. 311. Lonsdale, Trans. Geol. Soc. London, vol. v, p. 721.

2 See Report on the Geology of Cornwall, Devon, and W. Somerset, by De la
Beche, 1839, and the Pal®ozoic fossils of the same region, by Professor Phillips,
1841.
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Fi16. 1.—VIEW LOOKING UP THE POTOMAC RIVER FROM CACAPON MOUNTAIN SHOWING
DEVONIAN TOPOGRAPHY.

F1G. 2—VIEW FROM PROSPECT ROCK ON CACAPON MOUNTAIN SHOWING GAP IN SIDELING
HILL.






MARYLAND (GEOLOGICAL SURVEY 73

began the study of equivalent formations in Germany, along the lower
Rhine Valley. In the end it was well that they were led to do this, for
“ the Devonian system was founded upon one of the most unfavorable and
ineomplete developments of that series of roeks and faunas known in any
part of the globe; a more precise seope was given to it by the work of its
founders, Murehison and Sedgwick, in the Rhineland, but even there no
determination of its lower limit was made. This admitted hiatus in the
typieal sueeession of Devonian to Silurian, is the parent of the prolifie
discussions are ¢ post-Silurian’ and ¢ Hereynian’ faunas.”’

In regard to the unraveling of the suecession in Rhineland, the leading
student of the German Devonian, Professor Kayser,” of Marburg Uni-
versity, states that Murehison and Sedgwick “first broke ground on the
continent in the Rhenish Schiefergebirge and their westerly extension, the
Ardennes, the largest and best developed Devonian area of western Lurope,
which even up to the present day eontinues to add more to our knowledge
of the Devonian than any other [Luropean] area.

“ The famous essay of the two English observers devoted to the Rhenish
mountains, appeared in 1842, and its value was enhaneed by the paleonto-
logical appendix eontributed by d’Archiae and de Verneuil. In this
classieal work, a part of the Taunus and Hunsriiek was considered as
Cambrian ; the chief mass of the Sehiefergebirge as Silurian; a smaller
part, including the Eifel Limestone formation, as Devonian; . . . . but
the classification of the older beds has needed eonsiderable alteration. The
merit of undertaking this necessary revision is due to the ¢ Rheinizchen
TUebergangsgebirges’ of Ferd. Roemer, appearing in 1844, in which the
author shows that the chief mass of the Schicfergebirge must, aceording to
its fossile, be correlated not with the Enghsh Silurian, but with the
Devonian.

“The extent of the Devonian in the Rhenish Sehiefergebirge, the ae-
curacy of the observations made upon it, the conipleteness and variety of

the series, and its riehness in foseils,” make it the most important area

1Clarke, Amer. Geol, vol. xiv, 1894, p. 122.

2 Text-book of Comparative Geology. Translated by Philip Lake, London,
1893, pp. 89-91.

* Trans. Geol. Soc., 2d ser., vol. vi, p. 222.
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for this system. “This mountain region, which in general has the form
of a plateau, stretches from the Eder and Diemel to beyond the Meuse,”
and consists of “strongly compressed beds,” with a “system of reversed
folds. . . .. All these folds consist of Devonian rocks, altogether prob-
ably at least 20,000 feet thick.

“ Within the Devonian roeks themselves no unconformity has yet been
found, and the whole succession scems to have been deposited without any
important check, and passes up without break into the overlying Culm.”

After seeing the work of Roemer above mentioned, Murchison admitted
the errors made by Sedgwick and himself in the Rhenish area, and in his
famous book Siluria (1854) he writes as follows:

“The clear general views of that Nestor of geologists, D’Omalius
d’Halloy, the remarkable work and map of M. Dumont, as well as the
previous labors of Prussian geologists, ineluding the maps of Leopold von
Buch, Hoffman, von Dechen, and Oynhausen, unquestionably led the way
in the succession of cfforts, through which our present knowledge has been
obtained. After the publication of the above works, Professor Sedgwick
and myself endeavored to show (1839) that, like Devonshire and Corn-
wall, the Rhenish provinees contained a great mass of those strata, inter-
mediate between the Silurian and Carboniferous deposits, which we had
called Devonian ; the equivalent, in our belief, of the Old Red Sandstone
of Seotland and Herefordshire. Our contemnporaries have admitted that,
in our excursion of one long summer in Germany, we succeeded in proving
the cxistence of such an intermediate series both in Prussia and Belgium,
and also in showing how, on the right bank of the Rhine, the uppermost
¢ grauwacke * was divisible into lower Carboniferous and upper Devonian
rocks. Misled, however, by an erroneous interpretation of some of the
fossils (for at that time the Lower Devonian forms had been little de-
veloped), we adopted the belief, that the inferior ¢fossiliferous grau-
wacke,” or that which has since been called the ¢ Spirifer Sandstein’ of
the Rhine, was an equivalent of the Upper Silurian. I have been con-
vinced, through the palzontological labors of Ferdinand Roemer and the
brothers Sandberger, that the types of that lower Rhenish subdivision are
distinet from the Upper Silurian, and in harmony with the lowest De-
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vonian group of other countries. And for some years I have been aware
that, whilst our sections representing the succession of the mineral masses
were correct, the interpretation or synonymy to be attached to the lower
division was erroncous. . . . .

“Tt is, however, satisfactory to have ascertained in a recent visit to my
old ground, that all the knowledge acquired in the fourteen years which
have elapsed since our survey was made, has but led to a much more com-
plete identification of the Rhenish provinces with Devonshire, than that
which was proposed by my colleague and self. In short, it now appears
that not some only, as we thought, but all the palzozoic strata of Devon
have their equivalents on the banks of the Rhine. So, that, starting from
the North Foreland of the British Channel, and ascending into the heart
of the culm-fields, . . . . the geologist has before him the successive rep-
resentatives of the Rhenish deposits.

“Those persons who may refer back to the sixth volume of the Geo-
logical Transactions of London, will, thereforc, understand that all the
Rhenish ground which is described or colored in the map and scetions as
Upper Silurian, is now embodied in the Devonian rocks; whilst to their
admirable description of the fossils MM. d’Archiac and de Verncuil have
but to add the one plate of the few so-called Silurian fossils, to their
thirteen plates of true Devonian types, and all the gencral fcatures of our
labors will be in harmony with subsequent observations ” (pp. 346-366).

As has been seen, a proper understanding of the Devonian faunal suc-
cession requires that its study should begin in the Rhineland and Devon-
shire.” At the same time, if one is to learn the basis on which the Germans
subdivide their Devonian System of formations into Lower Devonian, or
Paleodevonian as it is now often called, familiarity with the results of their
labors must first be acquired.

In regard to the Lower Devonian of the Rhine, Kayser states:

“This eonsists of at least 10,000 feet of sandy and clayey beds, almost
entirely frec from lime. The fossils which oceur in it are almost always
mere stone-casts. . . . . They arc generally rare and are found only in
isolated beds, which arc often separated by many hundred feet of practi-
cally unfossiliferous rock. The fauna consists chiefly of Brachiopoda.
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The only other important forms are Lamellibranehs, Crinoids, and some
Trilobites and Gasteropods, whilst Cephalopods and Corals are few in
number. Some speecies . . . . go through the whole or almost the whole
series of beds, whilst others have a more restrieted range. In general the
constitution of the fauna points to a shallow sea, and the ripple-marks
frequently met with at all horizons also speak in favor of this view.”*

The present writer has seen the German seetions and has studied the
faunas, and it will here be sufficient to state that further eomparison
between this arca and that of Maryland need not be instituted, as the
faunas of the latter do not belong in the northern Furopean Provinee.
The Rhenish Lower Devonian begins with the Taunus and Gedinnian
series having small faunas whieh are wholly unknown in America. Above
follow the Siegen and the Coblenzian serics, with a sueeession of faunas
closely related to those of the outer St. Lawrence Sea at Gaspé, Pereé, and
Dalhousie, Canada. These Ameriean biotas have been reeently deseribed
by Clarke,” and in them are several of the most characteristic Oriskany
species also found in Maryland, indicating that in late Lower Devonian
time the Appalachian trough was in direet conneetion with the St.
Lawrence Sea.

The nearest European analogue of the earliest member of the Lower
Devonian of Maryland is undoubtedly to be found in Bohemia, and is
known as the Konieprusian. Its fossils have been deseribed in great
detail, with the finest of illustration, by Barrande, in various volumes of
his great elassie Systéme silurien du centre de la Bohéme. The strati-
graphie deseription of this Devonian is well set forth by Katzer, in his
Geologie von Bishmen, sccond edition, Prag, 1902.

In 1900, the writer compared the Konieprusian fauna with that of the
Helderberg and found the two to be very similar, in faet parts of one
faunal realm. He also found that both appear to represent the oldest
Devonian life. Close resemblances are seen among the brachiopods and
the most important Helderberg forms have direct equivalents in the

* Text-book of Comparative Geology, 1893, p. 92.
*Clarke, J. M., Early Devonic History of New York and Eastern North
America. Memoir 9, N, Y. State Mus., part i, 1908; part ii, 1909.
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Konieprusian. In his paper on the Lower Devonie Aspect of the Lower
Helderberg and Oriskany Formations, he stated: ¢ Xaeh region has, of
course, its own development, and the common forms of oue region may
be rare in the other. For instanee, in America the great development

. of Dalmanella and Rhipidomella ” has but little variation in the
Konieprusian, “ while here the spire-bearing families Meristellidae and

Athyride have a far greater diversity. The same is also true for the

Rhynelionellidee, although these shells are varied and abundant in the
Lower Helderberg The great diversity of the fenestelloids ™ in the
Konieprusian “is in harmony with a similar development ” in the New
Seotland. ¢ The stromatoporoids are also in harmony with this view. The
trilobites do not oppose this eorrelation, but two eharacteristie species of
the Lower Helderberg-—Dalmanites micrurus and Acidaspis tuberculata
—find their equivalents in the next higher zone, or étage G

writer therefore eoneludes that the Konieprusian (F,) and the Lower
Helderberg are the equivalents of each other and represent the best known
lowest Lower Devonian faunas.”’

The Oriskany equivalents are not present in southern Europe and if,
as is probably true, this time is represented by faunas, they are very unlike
the Ameriean development. Nor is the southern Oriskany life—the Cam-
den of the Mississippian Sea—present in Europe, yet when the typieal
Oriskany and more especially the Gaspé faunas are eompared with those
of the Coblenzian of northern Europe, the faunal conneetions are at onee
eonvineing and indicate that migration between these areas took plaee
by way of the north shore of Poseidon or the North Atlantie.

In reviewing the various efforts of American geologists to elassify the
formations now eomprising the Lower Devonian, it is not necessary to go
baek farther than the year 1842. The cpoch-making work of the New
York State Survey was at that time eompleted, and the geologie seetion of
that State has sinee been regarded as the “standard ” of correlation for
most of the other American and {he Canadian Paleozoie areas. In the west-
ern part of New York State are to be seen the longest Devonian seetions,
yielding an abundance of organie remains. There is, however, almost no

! Schuchert, Bull. Geol. Soc. America, vol. xi, 1900, pp. 264, 265.
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Lower Devonian in this region, which is best developed in the Helderberg
Mountains in the eastern part of the State. This area of the “ Third
Geological District” was studied by Lardner Vanuxem,’ who had at-
tended the School of Mines at Paris, France, he being the only American
then having had this advantage. The “New York System ” embraced
all the Paleozoic strata of the State which are divided into 30 named
groups. The formations that are of particular interest in this connection
are those termed the
Onondaga salt group [ — Salina of modern geologists], Water-
lime group [Rondout and Manlius], Pentamerus limestone
Helderberg [Coeymans], Catskill shaly limestone [Kalkberg, New Scotland,
division. and Becraft], Oriskany sandstone, Caudagalli grit [Esopus],

Schoharie grit, Onondaga limestone, Corniferous limestone
[now included in Onondaga].

All these formations and the higher ones of the Erie divigion up to the
Catskill were included in Murchison’s Silurian System, while the De-
vonian embraced the Catskill at the top of the New York System. The
New York State Geologists thercfore did what Barrande was doing in
Bohemia, that is, included all the Devonian of their respective localities
in the Murchisonian Silurian. The change came a few years later, after
de Verneuil’s visit to America.

In 1843 appeared Hall’s Survey of the Fourth Geological District and
on page 18 is again seen the foregoing arrangement of formations into
the “ Helderberg series.” Here also it is stated that the Silurian System
‘““embraces the rocks and groups from the Utica slate to the Hamilton
group ” and that the Devonian corresponds “ to the Chemung and Portage
groups,” and also includes “ a portion of the Hamilton.”

In 1846, Ed. de Verneuil,’ one of the ablest paleontologists of his time,
visited America to study the Paleozoic rocks. His preparation for making
correlations was far in advance of that of any other scientist, as he had
already studied the Paleozoic rocks of Russia and Sweden and was familiar

1 Geol. N. Y., vol. iii, Surv. Third Geol. Dist., 1842, pp. 11-16.

?Bull. Soc. géol. de France (ii), t. iv, 1847, pp. 646-710. This paper was
translated, condensed, and annotated by James Hall. Amer. Jour. Sci., vol. v,
1848, pp. 176-183, 359-370; vol. vi, 1849, pp. 45-50, 218-231.
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with those of England and France. His purpose in coming to America was
“to ascertain if the stratigraphical distribution of animals is the same
there as in Europe.” He became enthusiastic over the extensive develop-
ment of the Paleozoic formations of this country, particularly of New
York, and stated: “ No country in Europe offers us so complete and un-
interrupted a development of the Silurian and Devonian systems; to
obscrve it, it is necessary to cross the Atlantic.”

Hall recalls that de Verneuil “ suggests a union of the water-lime, the
Pentamerus galeatus limestone, the Delthyris shaly limestone, and upper
Pentamerus limestone, as one group. In this mot only do we readily
acquiesce, but are happy to be sustained in what we have already done in
effect, by so able and impartial an observer as M. de Verneuil ” (p. 180).
This corresponds nearly with the present usage of the serial term Helder-
berg, as defined by Clarke and Schuchert,® and would be identical with
their delimitation if the “ water-lime,” now the Manlius, were excluded.
Again, de Verneuil proposed to unite the Caudagalli grit (=Esopus)
with the Schoharic grit, but in this Hall’s view has proved to be the cor-
rect onc. He states that “ the Caudagalli grit commences with the termi-
nation of the Oriskany sandstone, contains no fossils except the peculiar
‘enigmatical ’ one giving it the name, is coéxtensive in New York with the
Oriskany sandstone ” (p. 181).

In this paper it is found that de Verneuil step by step placed the lower
boundary of the Devonian lower and lower, from Conrad’s limit “ below
the Portage group ” until finally the Oriskany was made the base of the
American Devonian (Hall’s translation, pp. 366-370). This was a great
departure from the delimitation of the Silurian and Devonian systems
then recognized. Hall states: It appears clearly established, judging
from the facts advanced and opinions expressed by M. de Verneuil, that
the horizon recognized in Europe as the base of the Devonian system,
finds its parallel at the base of our upper limestone serics of the Helder-
berg, or at the bottom of the Schoharie grit. The Oriskany sandstonc
must remain for the present dcbatable ground ” (p. 230). In 1849, there-
fore, Helderberg was Silurian, Oriskany remained debatable as to which

! Science, vol. x, 1899, pp. 874-878.
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systemn it should be referred to, and the Devonian began with the Sehoharie
at the base of the Onondaga.

Hall* again maintained this view in 1861, when he published the text
of the third volume of Paleonutology of New York, and this arrangement
was sustained until 1889, when Clarke* questioned Hall’s elassification.
In his paper eutitled The Hereynian Question, he reviews the various
memoirs and diseussions relating to the Lower Devonian faunas of Kurope,
and in the light of the results attained he then analyzes the Helderberg
faunas, stating: “The foregoing data assuredly indieate a striking de-
velopment in the typieal Lower Helderberg fauna, of organie groups,
which in their eulmination are characteristie of the Devonian. This con-
sists not merely in the ineeption here of Devonian types. . . . . In addi-
tion we meet here certain elimaeterie features of eritical value, demon-
strating equivalence with faunas whose age may be considered now as well
established ” (p. 435).

In 1900, the writer® restudied the entire Lower Devonian faunas of
Ameriea, listing 459 Helderberg species. But 16 of these, or about 3}
per cent, are derived from the Silurian. The New York Helderberg fauna
has 397 forms, and of these more than 9 per eent pass into the Oriskany.
These figures have sinee been increased. His final statements were:
“ From the foregoing summary of the Helderbergian fauna it is evident
that most of the characteristic Silurie genera of trilobites, brachiopods, and
crinoids are there absent. . . . . On the other hand, in some of the trilo-
bites, Bryozoa, and peleeypods, many of the gastropods, but more par-
ticularly in the diversified brachiopods, are met organie groups, which
in their eulmination are characteristic of the Devonie. It cannot be
denied that the Helderbergian fauna has a Silurie faeies, yet these types
either have greater differentiation in speecies or the forms attain a larger
size. The fact that nearly 9 [now known to be about 12] per eent of
the Helderbergian fauna pass into a generally aeeepted Devonie lorizon,
the Oriskany, outweighs the evidenee of a Siluric faeies and speeific

i1Nat. Hist. N. Y., Pal., vol. iii, 1859 (text published in 1861), pp. 32-43.
2 Forty-second Ann. Rept. N. Y. State Mus., 1889, pp. 408-437.
* Schuchert, Bull. Geol. Soc. America, vol. xi, 1900, pp. 241-332.
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F16. 1.—VIEW SHOWING THE KEYSFR MEMBER OF THE HELDERBERG FORMATION AT
TOHRSERI v § WAT

p

F16. 2.—VIEW SHOWING THE CONTACT OF THE KEYSER MEMBER OF THE HELDERRERG WITH
THE TONOLOWAY LIMESTONE AT KEYSER, W. VA,
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derivatives. The writer therefore eoneludes that the Helderbergian has
a fauna unlike the Silurie, but one in harmony with the Devonie and its
position near the base of that system ” (pp. 277, 278).

Inm regard to the Oriskany, it was stated: “ As a rule the Oriskany.

formation consists of littoral deposits, often of a very eoarse nature.
When it is remembered that, in addition to this faet, the formation has
very limited, usually linear, exposures, it is remarkable that its fauna
should eonsist of 185 speeies. Chief among these are the braehiopods,
of whieh 97 speeies are known. They are the most abundant fossils, and’
their generally larger growth at onee marks the Oriskany as one of the
easily recognized American Paleozoie faunas.

“In spite of the charaeteristie expression of the Oriskany fauna, it is
remarkable that it should be so intimately connected botli with the Helder-
berg and with the Onondaga Of the 185 species ineluded in the
Oriskany fauna, 31, or 17 per eent, come from the Helderbergian, while
54, or 35 per eent, pass into the Onondaga These figures prove
that the Oriskany is intimately connected with the Helderbergian and
Onondaga. This is still more foreibly brought out when it is stated that
of the Beeraft fauna, the one immediately beneath the Oriskany, not less
than 27 per eent of its species pass into the Oriskany. All these figures
are in strong contrast with the very few speeies whieh pass from the
Niagaran and Cayugan formations into the Helderbergian. Of these
there are 9 persisting forms, or about 2 per eent, in a fauna of 459 de-
seribed speeies ” (p. 291). These figures are now all enlarged by the more
reeent work of Clarke,” thus more intimately binding the Helderberg and
Oriskany, these with the Middle Devonian, and separating both series
more distinetly from the Silurian.

The history of the Ameriean Lower Devonian is shown in the aeeom-
panying table:

! The Oriskany Fauna of Becraft Mountain; and Early Devonic History of
New York and Eastern North America. Memoirs 3 and 9, N. Y. State Mus.,
1900 and 1908.
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The Lower Devonian rocks of western Maryland lic in two areas situated
in Allegany and Washington counties respectively. The area in Allegany
County may be called the Cumnberland area and that in Washington
County the Haneock arca. Of these arcas that of Cumberland is by far
the larger and has long been famous as a collecting ground for fossils,
especially those of Oriskany age.

In the Cumberland area the Lower Devonian formations lie around the
Wills Mountain, Evitts Mountain, and Tusseys Mountain anticlines. The
Potomac River and Wills Creck cut through the Wills Mountain anticline
at Cumberland and render the sections there among the best in this region.
About the Evitts Mountain anticline the exposures are less perfect. Flint-
stone Creek, in cutting through the Tusseys Mountain anticline, also
affords some exposures of importance. Besides the larger outerops in the
Cumberland arca there are three smaller ones. One of these, which ex-
poscs the Oriskany sandstone alone, begins opposite the South Branch of
the Potomae River and extends in a narrow tongue up the Town Creek
Valley. The others are along the Potomac at Fort Hill and Monster Rock
in the southwestern part of the county near Keyser, West Virginia. and
lie on the northern extension of the New Creek Mountain anticline.

The Lower Devonian is also exposed in three areas near Hancock. The
largest of these is west of Hancock and extends in two narrow strips
across the State about the northern end of the Cacapon Mountain anti-
cline. The exposures are good where this anticline is cut by the Potomac,
the finest being at Tonoloway Station, in the cut of the Western Mary-
land Railroad opposite Great Cacapon, West Virginia. A second exposure
is about the southern end of the Cove or Tuscarora Mountain antieline,
which is cut by Licking Creek along the Mason and Dixon line, some of
the best sections of the Lower Devonian rocks in Washington County being
found here. A third area is along the western slopes of Hearthstone and
North mountains where the best exposures are again due to the cutting
of the Potomac River at Cherry Run. The localities best adapted for
study are deseribed in the discussion of the local sections.
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STRATIGRAPHIC AND PALEONTOLOGIC CHARACTERISTICS'

The Lower Devonian of Maryland is divided into the Helderberg and
Oriskany formations, which will be eonsidered in the order of their
deposition,

THE HELDERBERG FORMATION

INTRODUCTORY

The Helderberg is essentially a limestone formation. Its lithological
eharaeter varies not only in its different heds but also in the exposures of
different regions. It ranges in color from dark blue to light gray, and in
texture from a massive limestone to a ealearcous shale. Interbedded with
the limestone are numerous layers of black or white chert which occur at
various horizons. A single bed of white quartzitie sandstone about 10
feet thiek is present in it on Elbow Ridge, northeast of Hancock, while a
gray argillaceous shale, 14 to 20 feet thiek and free from ealcareous matter,
exeept fossils, occurs at its top in the Cumberland region.

The thickness of the Helderberg varies from 290 feet in the vieinity of
Hancock to about 350 feet in the Cumberland area.

SUBDIVISIONS
The Helderberg formation is divisible into four members which are
distinguishable both lithologically and faunally. Their sequence and
diagnostic features may be summarized as follows:

1 Contributed by Charles K. Swartz, T. Poole Maynard, and R. B. Rowe.
The Helderberg was first studied by R. B. Rowe who presented a discussion of
the Lower Devonian of Maryland as a dissertation for the degree of Doctor of
Philosophy in the Johns Hopkins University in 1900. This dissertation was
intended for publication in this volume. The work was revised by Charles
Schuchert in the course of his more extended studies of these strata.

The lower part of the Keyser member of the Helderberg was studied by T.
Poole Maynard who offered a dissertation to the Johns Hopkins University for
the degree of Doctor of Philosophy in 1909 in which he discussed the strati-
graphy and paleontology of these beds. The work of these authors was
revised and much of it rewritten by C. K. Swartz as a result of his later
investigations. The discussion of the Keyser member of the Helderberg is
based chiefly upon the investigations of C. K. Swartz and T. Poole Maynard.
The remainder of the chapter is based upon the studies of Charles Schuchert,
C. K. Swartz and R. B. Rowe.
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Keyser Member—Limestone, massive and very nodular in its lower
part, more shaly and thin-bedded above. Contains numerous reefs of
eorals and stromatoporoids. Thiekness 270-290 feet. Zone of Spirifer
modestus.

Coeymans Member.—Massive erinoidal limestone. A sandstone oeeurs
in the lower part of this division at Elbow Ridge. Thickness 9-13 feet.
Zone of Gypidula coeymanensis.

New Scotland Member.—Consisting of two parts: (a) limestone, eon-
taining mueh white ehert, the latter forming a large part of the whole;
(b) a thiek bed of shale forming the upper part of the member in the
Cumberland area. Thiekness 12-45 feet. Zone of Spirifer macropleurus.

Becraft Member—Gray erystalline limestone eontaining mueh inter-
bedded black ehert. Thickuess 80-125 feet. Zone of Spirifer concinnus.

This member is present oniy in the eastern seetions,

The Keyser Member

CuARACTER AND THICKNESs.—The Keyser member is named from
Keyser, West Virginia, where the strata are admirably exposed in the
quarries of the Standard Lime and Stone Company on the Baltimore and
Ohio Railroad about # mile east of the town.

The Keyser forms the major part of the Helderberg of Maryland. The
lower beds are very nodular, while the upper beds are more shaly. Massive
ledges of corals and stromatoporoids are present at several horizons, being
especially prominent in the upper more shaly beds in the Cumberland
area. A few strata eontain ehert. West of Haneoek the thiekness varies
from 270 to 290 feet. Its preeise thiekness has not been aseertained cast
of that plaee.

Fauvxa.—The Keyser contains a rich eoral and brachiopod fauna, the
eomposition of whieh will be considered more fully in the ehapter on
eorrelation.

Kryser-Tovonoway Bouxpary.—The lower limit of the Keyser mem-
ber is well defined by a marked change in the eharacter of the sediments,
the rather massive and very nodular limestone of the lower beds of this
member eontrasting strongly with the platy, fissile, thin-bedded limestone
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of the underlying Tonoloway. The uppermost strata of the Tonoloway are
commmonly hard and resistant. The beds a little below thie top of that forma-
tion on the eontrary are usually very shaly and are often eoneealed,
weathering to soil. At many places a massive stratum 18 inches to 2 feet
thiek lies immediately below the nodular limestone of the Keyser. This
stratum is not nodular and diagnostie fossils have not been found in it.
It is referred to the Tonoloway.

The Coeymans Member

CraracTer AND TrickNEss.—The Coeymans was originally known to
geologists as the Pentamerus limestone, later as the Lower Pentamerus
limestone, in the lower part of whieh is the Stromatopora limestone. In
1899 Clarke and Schuchert changed this biologic term to the geographie
name Coeymans limestone, after the village of Coeymans in Albany
County, New York, through which the Helderberg escarpment extends,
affording a fine exposure of this formation. .

The Coeymans member of the Helderberg of Maryland eonsists of
massive blue, erystalline limestone, eommonly erinoidal and containing a
small amount of chert. Thin bands of sandstone develop locally near its
base in the Cumberland area, being especially well seen at Dawson, where
they appear as raised brown bands upon the weathered surfaee of the roek.
East of Haneock the Coeymans is at plaees a sandstone, wlich is espe-
cially prominent on Elbow Ridge. The strata of this member are very
resistant to weathering and hence frequently form projecting ledges, a
feature strikingly shown at Corriganville where it forms the “ baekbone
of the eliff termed the Devil’s Backbone.

The Coeymans is quite thin, varying from 8 to 13 feet in thickness. It
may be absent locally although this faet is not well established.

Fauna.—The Coeymans is highly fossiliferous, abounding espeeially in
Gypidula coeymanensis which is its guide fossil. A list of the speeies con-
tained in it is given in the table showing the distribution of the species.

Coeymans-KEYsEr Bounpary.—The Coecymans-Keyser boundary is
sharply defined, both lithologieally and faunally. The upper beds of the
Keyser are thin-bedded and many strata appear banded, consisting of thin
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gray laminz which contain few fossils. The lower beds of the Coeymans
present a marked contrast, being massive, blue, crystalline and highly
fossiliferous. The base of this member often eontains limestone pebbles
while the line of contact with the Keyser member is usually somewhat
sinuous. These features, together with its arenaecous eharaeter in soine
localities, as on Elbow Ridge, suggest the probable existence of an un-
conformity at the top of the Keyser.

The New Scotland Member.

CitarAcTER AND THICKNESS.—In New York the upper portion of the
Cocymans limestone becomes thin-bedded and this eharacter continues
into the next higher zone. These thin-bedded limestones and the inter-
bedded shales are abundantly fossiliferous. One of the common forms is
Spirifer perlamellosus which in the days of the original New York State
Survey was referred to the genus Declthyris; hence the name Delthyris
shaly limestone. Until 1899 this was the recognized name, but it was at
that time changed to New Scotland to conform to modern usage. The
member is named from New Seotland in Albany County, New York.

The New Secotland of Maryland comprises two divisions. The lower
beds consist of eourses of limestone, usually 4 to 8 inches thick, containing
numecrous layers of white chert, which replace the limestone and form in
many cases the larger part of the whole. The chert weathers out into
large, very irregular, ragged picees, which cover the surface of the soil.
Owing to their resistanee to solution the New Scotland and Oriskany
cherts unite to form high ridges upon the summit of which they outcrop.
These ridges are conspieuous features in the topography of Allegany
County and adjoining parts of Pennsylvania and West Virginia.

The upper beds of the New Scotland member eonsist of soft, drab,
fissile shale which contains but little calcareous material. The shale is
scldom exposed, but its position is usually indicated by a slight depression
visible upon the summit of the ridge between the Oriskany and New Scot-
land cherts. This shale is absent in the Hancock area.

Such lithologic characters are quite different from those in New York
where the lower limestones are thin-bedded, with intercalated shales and
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are overlain by a great thickness of the latter. Tt is these physical differ-
ences which render it so easy to obtain the fauna of the New Scotland
member in New York and so difficult to extract the fossils from the solid
cherty limestones of Maryland. The thickness of the New Scotland varies
from 12 feet at Tonoloway, where the shale is absent, to 43 fect at Keyscr,
West Virginia, the limestone beds being 29 feet thick and the shale beds
14 feet thick at the latter place.

Fauxa.—The New Scotland member abounds in fossils which are pre-
served in grecat perfection, especially in the chert. The fauna, as far as
obtained, is a duplicate of that of New York in nearly all respects. Almost
nothing of a local character has been found, but the rcason for the rarity
of bryozoa which are so profusely developed in New York has not yet
been ascertained, although the heavy-bedded cherty nature of the lime-
stone may account for the scarcity of the latter forms.

NEW ScorLanp-CoryMANS BouxparY.—The New Scotland-Coeymans
boundary is not so well defined lithologically as that between the Keyser
and Coeymans. The lower 4 to & feet of the New Scotland contains less
chert and is more or less transitional, both lithologically and faunally.
At a number of localties a thin bed of shale is found at the horizon of
most rapid change in the lithology and fauna. The base of this stratum
has been selected as the base of the New Secotland member where it occurs.

The Becraft Member

C1zARACTER AND TrrckxEss.—In the early days of American geology,
this division was known as the Upper Pentamerous limestone and also the
Encrinal or Scutella limestone. Together these compose the Becraft lime-
stone, so named by Darton” from Becraft Mountain an outlier of the
Helderberg rocks on the east side of the Hudson River, a little south of
Hudson, Columbia County, New York. The Becratt represents the clos-
ing stage of the Helderberg. In Maryland this member is an arenaceous
limestone interbedded with much black chert. It occurs only in Washing-
ton County. Its thickness is about 85 feet.

Favuxa—The Becraft member contains an abundance of organic re-
mains, as yet not exhaustively collected. The guide fossil is Rensseleria

*13th Ann. Rept. N. Y. State Geol., 1894, pp. 245, 246, 304.
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FIG 2.—VIEW SHOWING THE NEARLY VERTICAL STRATA OF THE HELDERBERG FORMATION
AT THE DEVIL'S BACKBONE,
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subglobosa, a specics closely related to B. wquiradiata of New York. The
fauna of the Maryland Becraft is in many respects similar to that of the
New Scotland, but a closer approach to the Oriskany aspect is indicated
by the presencc of Rhipidomella assimilis, Plethorhyncha praspeciosa,
RBensselwria subglobosa, Oyrtina rostrata, and Meristella lata.

BecraFT-NEW ScoTnaxp Bouxpary.—The upper limit of the New
Scotland is shown by the transition from the New Seotland white chert
with a little interbedded limestone, to the Becraft limestonc carrying a
smaller amount of black chert.

COMPOSITE SECTION OF TIIE HIELDERBERG FORMATION

[ Dark blue arenaceous limestone, with Jumps of

E g black chert. The fauna is most abundant in
g A p:::f ::Tln | the upper half, where Rensselaria subglobosa
= § e is the characteristic fossil.
2. [ EP ] About 85 feet.
g 2 é :fé | This member is absent west of Hancock. In
;:'8 B ’ other eastern sections the thickness may at-
J | tain to 125 feet.

Soft, bluish argillaceous shales, with some
harder layers and occasional manganese-

| phosphatic nodules.

lIts faunule includes Dalmanella planiconveza,
Rhipidomclla oblata, Schuchertelle wool-

ﬁ' worthana, Leptwena rhomboidalis, Anoplia

i helderbergie, Ambocerlia umbonata ?, Spirifer

(

West Virginia

macropleurus, Meristella arcuate, and Trema-
tospira multistriata.

Twenty-first Bridge,

20 feet.

r Massive gray limestone, with bands of chert,
becoming thin bedded above, with partings of
shale; characterized by Spirifer macropleu-
rUus.

New Scotland Member
49 feet
—Y

Maryland
A

Devil’s
Backbone,
Cumberland,

29 feet.

-

)

( Massive, regularly bedded, blue-gray limestone.
The upper bed of this unit forms the promi-
nent ridge of the “ Devil’s Backbone,” near
Cumberland. Containing Gypidula cayman-
sensis, Spirifcr cyelopterus, and stems of
Lepoerinites.

8.6 feet
Maryland
A

|

Cumberland,

Coeymans Member
-
Decvil’s Backbone,

8.6 feet.



90 Tue Lowsr DevoNiaN DerosiTs oF MARYLAND

( Thin to medium-bedded gray limestone with fine
brown lines, nearly unfossiliferous, Leper-

ditia altoides ........covueeeeninn ... 17.3 281.0
| Compact gray limestone, thin bedded........... 3.4 263.7
Gray crystalline limestone..................... 0.8 260.8

Heavy-bedded gray limestone with many trans-

verse calcite seams Spirifer vanuremi prog-

RASTCUSIML Lo S8 e B i . o 29.2 2595
Shaly limestone containing fossiliferous crystal-

line layers. Weathers more easily than ad-

joining wunits Tentaculites gyracaenthus,

Schuchertella prolifica, Meristella prenuntia. 7.2 230.3
Thin-bedded gray limestone Tentaculites gyra-

'E GEPHLTE Ao 0o oo S0P BBB o db 5 8 6.0 0 & 50,00 00 6.6.0 0 0.0.8 10.6 223.1
B 'Eo Heavy-bedded, dark blue limestone, bottom foot

'g 4_, = argillaceous Rensseleria mutabilis........... 25.7 2125
é’ § % | Massive bed of dark blue limestone spotted with

B § crinoids and corals preserved in calcite....... 16.6 186.8
2 o - Heavy-bedded, dark blue limestone, gray and

g I | crystalline toward the top................... 26.0 170.2
= Dark blue limestone heavy-bedded below, be-

, M l coming thin bedded toward top............... 9.0 144.2
A so0lid heavy bed of blue limestone Gypidula

‘ coeymanensis var. prognostica (aa).......... 2.0 135.2
Heavy-bedded, dark blue limestone Camarocr-

' D T A T S S SSS i  e 5:65+ 18372

Thin, irregularly bedded, dark blue limestone... 6.6 127.6

Thin, irregularly bedded, dark blue limestone... 13.6 121.6

Heavy-bedded, blue limestone. The cystid zone. 18.0 108.0

Heavy-bedded, dark blue limestone............. 24.0 90.0

Heavy-bedded, dark blue limestone............. 27.0 66.0

[ Very massive, hard, dark nodular limestone. .. .. 20.3  39.0

Dark, thin-bedded very nodular limestone...... 8.1 18

J | Nodular limestone, with some chert............ 156 15.6

ORISKANY FornaTion '
INTRODUCTORY

The name Oriskany sandstone was applied by Hall * to the friable white
sandstone at Oriskany Falls, N. Y., and was generally adopted by geolo-
gists. In 1899, Clarke and Schuchert included all the various exact and
inexact local developments of Oriskany equivalents under the serial term

! Contributed by R. B. Rowe, Charles Schuchert, and Charles K. Swartz.
?3d Ann. Rept. N. Y. Geol. Survey, 1839, pp. 308, 309.
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Oriskanian. This embraces the Camden, Port Ewen, Esopus, Oriskany,
and Decewville formations,

The Oriskany formation of Maryland consists of lower black cherty
shale, overlain by calcareous sandstone or arcnaceous limestone. The
sandstone, because of its resistance to weathering, unites with the New
Scotland cherty limestone to form a series of high ridges or mountains
wherever it 1s exposed.

The thickness of the Oriskany is variable. At 21st Bridge it is 350
feet, and at Tonoloway 417 feet thick, while but 14 miles northeast of the
latter place it is only 50 feet thick. Thesc facts suggest an unconformity
by erosion of its upper surface.

SUBDIVISIONS

The Oriskany formation is subdivided into two members which differ
both lithologically and faunally. They are, in ascending order, the
Shriver Chert and the Ridgely sandstone members.

Shriver Chert Member

CHARACTER AND THICKNESS.—1The name Shriver Chert is proposed for
this member from Shriver Ridge at Cumberland, Maryland, upon which it
is extensively exposed. It was called the Lower Oriskany by Schuchert.!
It consists of a dark siliceous shale containing large quantitics of
black impure chert in the form of nodules or layers of nodules.
Upon weathering both shale and chert become buff or yellowish in
color and break into sandy fragments, the chert in some cases be-
coming spongy. The rock has the property of cementing upon ex-
posurc and is much uséd as a surfacing material for roads for which
purpose it is admirably adapted. Where it outcrops the surface of the
ground becomes covered with a thick mantle of gravel-like fragments, the
resulting soil being well adapted to the cultivation of orchards and berries.
This member occupies cxtensive areas upon the slopes of the mountains
upon which the Oriskany outerops in Allegany County.

*Proc. U. 8. Nat. Mus., vol. xxvi, 1903, p. 422.
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The thickness of the Shriver Chert member is variable. In the more
westerly localities it is about 100 feet thick. It thins eastward and is
absent in Washington County.

Fauna—The fauna of this member is meager. A list of the species
found in it is given in the table of distribution.

Ridgely Sandstone Member

CizarACTER AND TnrckNEss.—The sandstone member of the Oriskany
formation was termed the Monterey sandstone by Darton * in 1892. It was
later called the Upper Oriskany by Sehuchert.” It is named from Ridgely,
West Virginia, at the north end of the Knobly Mountain, opposite Cum-
berland, at which plaee it is admirably exposed.

This member is composed of a caleareous sandstone which passes in
places into an arenaccous limestone because of the great development of
calcareous cement. It also contains conglomeratic beds, onc of which, situ-
ated near the top of the member in the vicinity of Cumberland, contains
pebbles resembling grains of wheat. When unaltered by exposure the roek
is bluish-gray, caleareous, very tough, and admirably adapted for use as
railroad ballast. Upon weathering the calcareous cement is dissolved out
by the surface waters and the roek disintegrates, forming sand and large
boulders of sandstone, which eover the mountain slopes and are often
carried far into the valleys. If the rock was originally very calcarcous it
becomes friable upon weathering and yields a quartz sand whieh is
quarried extensively as a glass sand, particularly in the vieinity of
Berkeley Springs, West Virginia, where it is very free from iron. ILess
pure beds are used as building sand. The character of the rock undergoes
a change castward, becoming more calcareous until in the North Mountain
arca it is a limestone sufficiently pure to be used as a source of lime. It
then contains numerous beds of chert and closely resembles the underlying
Becraft limestone. The thickness of the Ridgcly member varies from
250 feet in the western exposures to 50 feet or less at the North Mountain.

* Amer. Geol,, vol. x, 1892, p. 15; Staunton Folio, U. S. Geol. Survey, 1894.
“Proc. U. S. Nat. Mus., vol. xxvi, 1903, p. 422.



MARYLAND (EOLOGICAL SURVEY 93

Fauxa.—This member has yielded most of the prolific fauna deseribed
from the Oriskany formation of Maryland. The uppermost beds at
Ridgely, West Virginia, have furnished the loeal collectors of Cumberland
with many fine fossils. Mr. Andrews, however, obtained the speeimens
described by Hall mainly from two quarries, now abandoned, in the eity
of Cumberland. One of these is in Green Street, below the Iipiseopal
Chureh, and the other is in the rear of the German Lutheran Church. Both
quarries are in the upper 75 feet of the Oriskany. In the Green Street
quarry the Mareellus shales plainly mark the top of the formation. At
these localities, however, particularly at the one back of the German
Lutheran Church on Shriver’s Hill, the excavation has been carried far
below the surfaee into layers that are not shown in West Virginia. This
serves to explain why eertain forms like Spirifer cumberlandie, S. tribulis,
etc., are now seldom found about Cumberland.

At this locality a peculiar eondition of leaching of the Oriskany has
made it possible to obtain fossils eompletely weathered out of the inelos-
ing rock, as siliceous pseudomorphs. This method of preservation i3
restrieted to Cumberland and the reason for it will be shown presently.
So many of these delicate fossils have been sent out by loeal eolleetors that
it has beeome a general belief that they ean be proecured anywhere in the
Oriskany of Maryland. Regarding this state of preservation Hall * wrote:

“While in the State of New York the aceessible portions of the rock
furnish us for the most part with casts of its fossifs, or, if beyond the rcach
of weathering, with a eompact mass of caleareous sandstone in whieh the
fossil remains are closely imbedded, we find, in Maryland and some parts
of Virginia, that in the friable sandstone the shells are entirely silicified
and quite free from adhering stone, so that the exterior markings and
internal strueture are perfectly preserved ; the interior being quite hollow,
or filled only with loose sand. In these loealities, not only do we find the
eavities of large gasteropods with no more adhering matter than those of
the Tertiary sands, but more unfrequently the delieate internal apparatus
of the Braehiopod is almost entirely preserved.”

! Pal. New York, vol. iii, 1859, pp. 401, 402.
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Rowe was the first to explain the cause for this restricted leaching out
of the Oriskany fossils and their oceurrence in  sand pockets.” He states:
“Most of the fine collecting grounds for Oriskany fossils in this region
are within five or ten minutes walk from the hotels in Cumberland. The
disintegration of the sandstone has been carried on there much more com-
pletely than at any other place, and has been due, no doubt, to the cutting
of the Potomac River and Wills Creck across Knobly Mountain and
Shriver Ridge. The eonstant downward percolation of the water from
the Potomac River and Wills Creek, when both flowed over this part of
Cumberland, has carried away the calcarcous material of the Oriskany
arenaccous limestone and the fossils and has partially replaced the latter
with siliea. As leaching eontinued, all the ealeareous material was finally
removed and more or less large partially empty pockets or caves were
formed. These are filled with loose sand and in them the fossils are at
times found in considerable quantity.”

The Ridgely fauna becomes abundant only in the upper 150 feet of the
member.,

SHRIVER-RIDGELY BouxDaRY.—The line of division between these
members is not sharp. The amount of chert diminishes in the upper part
of the Shriver member and thin beds of sandstone appear, forming beds of
passage to the overlying sandstone.

LIMITS OF THE ORISKANY

Or1sKANY-HELDERBERG BouNDARY.—The lower limit of the Oriskany is
clearly indieated in the Cumberland arca by the lithological difference
between the Shriver Chert and the New Scotland member of the Helder-
berg. The Shriver Chert is black when freshly exposed. Upon weatliering
it yields small buff, or orange colored, sandy fragments which are thickly
strewn over the surface of the outerop. The New Secotland chert on the
contrary is white and upon weathering yields large, irregular ragged
masses. The shale at the top of the New Scotland is usually not exposed
but its position is frequently indicated by a slight depression of the sur-
face between the chert beds. Because of their resistance to erosion the
New Scotland and Oriskany cherts usnally occupy the crests of hills or
mountains of eonsiderable altitude.
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The contact of the Oriskany and Helderberg is more obscure in the
eastern part of the Haneock area where the Shriver member is absent and
both formations are largely limestone. This is especially true where the
Coeymans contains beds of sandstone as it does in the North Mountain
area. The line of division is best distinguished under these circumstanees
by the fact that the Beeraft limestone is comparatively free from sand
grains, while the Oriskany limestone yields sandy or even conglomeratie
fragments upon weathering.

RoMNEY-ORISKANY BoUNDARY.—The Lower Devonian was formerly
thought to be terminated by a marked hiatus. Unconformity by erosion
was repoi‘ted by Darton® between the Oriskany and Romney of Virginia.
This view has been held by most subsequent observers. The belief was
based, in part, upon the supposed absence of the Onondaga fauna in Mary-
land and adjacent areas. It has recently been shown by Kindle,” however,
that the Onondaga fauna is present in the basal beds of the Romuney.
While the magnitude of any hiatus at the close of the Oriskany mnust there-
fore be small, the oceurrence of at least a short erosional uncomformity at
that horizon is indieated by the following facts: the great abruptness of the
transition from the Oriskany to the Romney, the apparent erosion of the
upper surface of the Oriskany at many plaees, its varying thiekness, and
the local development of a basal eonglomerate in the Romney, the latter
being well shown at Warren Point, Fulton County, Pennsylvania, just
north of the Maryland-Pennsylvania line.

COMPOSITE SECTION OF THE ORISKANY FORMATION

—

] Heavy-bedded arenaceous limestone, gradually changing
| downward into a black chert or siliceous shale.

In the lowest beds are found Spirifer cumberlandie,
S. concinnoidcus, and Eatonia sinuata. Fossils, how-
ever, are rare until 100 feet above the base of this
division, where the characteristic Hipparionyx fauna
attains greater individual and specific representation,
culminating in the upper 100 feet, which is the present
source of nearly all the Cumberland Oriskany fossils.
J 258 feet.

258 feet
A
Twenty-first Bridge,
West Virginia

Ridgely Sandstone Member

.

! Amer. Geol,, vol. x, 1892, p. 16.
*Bull. U. S. Geol. Survey No. 508, 1912.
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r ] Bedded and nodular biack chert and siiiceous shale, with
i a sparse fauna distinct from the Hipparionyx fauna
3 above and from the Helderberg beiow.
2 g{, ' In the eastern sections of Washington County, there is
E E s no black chert, the time intervai here being occupied
E 2 o] -a by the typicai more sandy Oriskany. Near the base
538 J ‘é = i_ are found Anoplotheca flabellites, Leptostrophia arcti-
S e z [ muscula, and Ostracoda. Just bejow the middie occur
& = E’ 3 | A. [flabellites, Spirifer tribulis, S. paucicostatus,
> g = dance of ostracods and Chonetes hudsonicus.
UE) = [ Diaphorostoma desmatum. Near the top is an abun-

Pholidops multilamellosa, Tentaculites acula, and
| Beachia suessana var. immatura, Anoplia nuclcata,
About 100 feet.

CORRELATION OF THE LOWER DEVONIAN*
THE HELDERBERG FORMATION

INTRODUCTORY

Earlier students have held widely divergent views as to the limits and
correlation of the Helderberg of Maryland. 1t will be helpful therefore
to present a brief résumé of the eonclusions reached by them before dis-
cussing the problems to be considered.

The Helderberg formation in Pennsylvania and Maryland is part of a
thick series of limestones to which Pratt * gave the name Lewistown forma-
tion in 1881. This term was used in the reports of the Second Geological
Survey of Pennsylvania and also by the authors of several geological folios
of the U. 8. Geological Survey.*

In 1899-1900 Rowe * made a critical study of the Lower Devonian of
Maryland and clearly recognized the complex character of the Lewistown
formation. He separated 1t into three parts to which he gave the names
Niagara, Salina, and Helderberg formations. The Helderberg was made
to comprise not only the Helderberg formation as defined in this volume,

! Contributed by C. K. Swartz.

? Second Geoi. Survey of Pa., vol. T, 1881, pp. 127-135.

* Darton, N. H. Folios U. S. Geol. Survey Nos. 14, 1891, 32, 1894, 61, 1896,
Darton and Taft, Folio U. S. Geol. Survey No. 28, 1896.

* Dissertation presented for the degree of Doctor of Philosophy in the Johns
Hopkins University, 1900.
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POTOMAC NEAR JUNCTION WITH SOUTH BRANCH.

Fic. 2—DETAILED VIEW OF A PORTION OF FIGURE 1.
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but also the Tonoloway formation, the latter being eonsidered equivalent
to the “ Tentaculite ” (Manlius) limestone of New York. Rowe divided
the Helderberg into the equivalents of the Manlius, Cocymans, New Scot-
land, and Becraft formations of New York. O’Harra® who prepared a
report upon the geology of Allegany County about the same time assigned
the same limits to it. Sechuchert® made a eritieal study of the Lower
Devonian of Maryland a little later and published a brief synopsis of his
results in 1903. He divided the strata formerly embraeed in the Lewis-
town formation as follows:

Becraft, 85-125 feet thick. Absent in western
Maryland.
New Scotland, 66 feet thick.
LCoeymans, 110 feet thick.

Devonian Helderberg

Manlius,—llo feet thlék.
Silurian Salina, 1135 feet thick.
Niagara, 300 feet thick.

The Helderberg, as defined by Rowe, is thus equivalent to the Helder-
berg, Manlius, and upper part of the Salina of Schuchert.

In 1908-1909 Maynard ® studied the beds termed the Manlius formation
by Schuchert (eomprising most of the Chonetes jerseyensis zone). He

named them the Corrigan formation and eorrelated them with the Cobles-
kill, Rondout, and Manlius formations of New York and the Decker
Ferry, Rondout, and Manlius formations of New Jersey, believing that
these units are undifferentiated in Maryland.

In 1910 the writer proposed to the Committee on Formational Names
of the U. S. Geologieal Survey a further subdivision of these limestones.
In the following summer Ulrich, Stose and the writer visited western
Maryland together and agreed to divide the equivalents of the Lewistown
limestone into the Helderberg, Tonoloway, and Wills Creek formations
and assigned to them the limits reeognized in this volume, in which eon-
clusion Schuchert later concurred. The lower member of the Helder-

1 Md. Geol. Survey, Allegany County, 1900, p. 94.

? Proc. U. S. Nat. Mus., vol. xxvi, 1903.

3 Dissertation presented for the degree of Doctor of Philosophy in the Johns
Hopkins University, 1909.

7
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berg was also termed the Keyser member, although the Keyser-Coeymans
boundary was defined later. TUlrieh subsequently studied the Helderberg
of Maryland more fully and discussed its eorrclation in the Pawpaw-
Haneoek Folio of the U. S. Geological Survey.! He recognized four divi-
sions of the Helderberg formation, the Beeraft, New Seotland, Coeymans,
and Keyser members. The Keyser member was divided into three faunal
zones, each characterized by a definite assoeiation of speeies” as follows ;
a lower zone eontaining species related to the Decker Ferry fanna of New
Jersey, a seeond zone extending to the top of the Gypidula bed, a third
zone embracing the beds above the Gypidula bed. Minor faunal horizons
were diseriminated in cach zone.

The Tonoloway was correlated, in a general way, with the Cobleskill
and Manlius of New York, while the lower zone of the Keyser was cor-
related with the Decker Ferry of New Jersey, which was considered
younger instead of older than the Manlius of New York. The Coeymans,
New Scotland, and Beeraft were correlated with the formations of the
same naine in New York.

The writer also made an independent investigation of the problem at
the same time and his results are embodied in the following diseussion., .

FAUNAL AND LITILOLOGICAL SUBDIVISIONS

It has been shown in the preceding diseussion that four divisions may be
recognized in the Helderberg formation, the Keyser, Coeymans, New
Scotland and Beeraft members, which differ both in their lithology and
faunas. These members may be further subdivided into a number of

more or less persistent faunal zones and subzones.

Keyser Member
Two rather well-defined lithological units may be recognized in the
Keyser member. The lower of these is a nodular limestone varying from
100 to 130 feet in thickness, while the upper division is rarely nodular and
contains many shaly beds. This member may also be divided into two
faunal zones, although the limits of the lithological divisions do not

eoincide precisely with those of the faunal zones.

* Pawpaw-Hancock Folio, U. 8. Geol. Survey, 1912, Field Edition, pp. 55-56.
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The lower faunal zone is here termed the Chonetes jerseyensis zone.
Tt is about 110 feet thick and is characterized by the presence of Chonetes
jerseyensis and associated speeies. The upper zone is termed the Favosttes
helderbergie var. preeeedens zone from the abundance of that coral in it.
The fossils found in the latter zone differ to a large extent from those of
the Chonetes jerseyensis zone.

A conspicuous feature of the Keyser member is the existence in it of at
least five thick reefs of corals and stromatoporoids. It was loug sup-
posed that but two such reefs were recognizable in Maryland, both of
which are exposed at the Devil’s Backbone. Further study, however, has
shown the presence of similar reefs at other horizons. These reefs are of
wide extent. They are usually very resistant to weathering and stand out
as massive ledges on the hillsides, the weathered stromatoporoids present-
ing a singular curly and knotted appearance.

Both the Choneles jerseyensis and Favosites helderbergie var. praeedens
zones may be further divided into a number of subzones; each of which is
characterized by some diagnostic feature as shown in the following table:

Leperditia subzone.
Corriganville Upper Stromato-.
| pora reef.
Tentaculites gyracanthus sub-
Favosites helderbergiz var. zone,
precedens zone. Corriganville Lower Stromato-
pora reef.
Rensseleria mutabilis sub-
zone,
Keyser coral reef.
Keyser member,

Bryozoan subzone.

Gypidula coeymanensis var.
prognostica subzone.

Spirifer modestus-cystid sub-
zone.

Rawlings Stromatopora reef.

Cladopora rectilineata sub-
zone.

Rhynchospira subzone.

Warrior Mountain coral reef.

Chonetes jerseyensis zone.
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The subzones are characterized as follows :

CHONETES JERSEYENSIS ZONE.—The Warrior Mountain corat reef Sub-
zone occurs at the base of the Helderberg on Warrior Mountain. It is
well exposed on the mountain side north of the triangulation station, at
which plaee it contains a profusion of Favosites pyriformis, F. favosus
wntegritabulatus, and Syringostroma centrotum.

Rhynchospira Subzone.—The beds overlying the Warrior Mountain
coral reef, or in the absence of the latter, the lower beds of the Kcyser,
contain a profusion of Chonetes jerseyensis and associated Decker Ferry
species. This fauna is especially well developed at Tonoloway where it
contains the following speeies: Favosites pyriformis, Atrypa reticutaris,
Camarotechia litchfieldensis, Chonetes jerseyensis, Meristella sp., Rhyn-
chospira  gtobosa, Rhynchospira formosa, Schuchertetly deckerensis,
Spirifer modestus, Spirifer octocostatus, Stropheodonta bipartita, Uncinu-
lus convexora, Cyphotrypa corrugata, Fenestetta cumbertandica, and
Kledenetta ctarker.

Ctadopora rectitineatu Subzone.—Ctadopora rectilineata occurs pro-
fusely at many localities beneath the horizon of the sccond coral reef. It
may be identical with the Ctadopora rectilineata zone of the Decker Ferry
formation of New Jersey. Associated in it are: Favosites pyriformis,
Cyathophyllum inequale, Atrypa reticutaris, Camarotechia litchfield-
ensis, Camarotechia lamellata, Dalmanetta concinna, Rhynchospira glo-
bosa 2, Schuchertella deckerensis, Uncinulus convezorus.

Rawlings Stromatopora reef Subzone.—A second reef, or scries of reefs,
oceurs 50 to 75 feet above the base of the Helderberg at many localities,
as at Hancock, Tonoloway, southwest of Rawlings, Maryland, and Hynd-
man, Pennsylvania. It is not possible to affirm that these reefs, found at
such widely separated points, occupy one horizon, although their strati-
graphic position is approximately the same and they bear similar faunules.
Common speeies are Syringostroma barretti, Favosites pyriformis, Aulo-
pora schoharie, and A. schucherti.

Spirifer modestus-cystid Subzone.—The suceceding subzone contains a
faunule of great interest. Specics of Spirifer are eomnion in it, including
Spirifer modestus, S. ertensis, S. vanuxemi var. prognosticus, and S.
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octocostatus, while Chonetes jerseyensis is found in its upper strata at
many localities. At Keyser, Camarocrinus stellatus is found in profusion
in a thin-bedded shaly limestone just below the Gypidula subzone. A
great number of cystids have been obtained in the lower part of this sub-
zone, constituting one of the most remarkable features of the entire fauna.
These include Jakelocystis hartleyi, J. papillatus, J. avellana, Lepocrinites
mantius, Pseudocrinites gordoni, Spharocystites globularis, S. multi-
fasciatns, and Tetracystis chrysalis.

The Gypdula coeymanensis var. prognostica Subzone.—This zone is the
most persistent faunal subdivision in the Keyser member. It is found in
nearly all the sections exposing its horizon, and is hence of great value for
purposes of corrclation. It is filled with a great profusion of a small
variety of Gypidula, G. coeymanensis var. prognostica, which oceurs but
rarcly at other horizons.

Bryozoan Subzone—The succceding beds are usually shaly, thin-
bedded, and carry a profusion of bryozoa of many species. The Decker
Ferry fauna including Chonetes jerseyensis, and Schuchertella deckerensis
recurs in it. This was called by Ulrich the Petalotrypa subzone from a
characteristic bryozoan since identified as Diplostenopora siluriana by
Bassler.

FAVOSITES HELDERBERGLE VAR. PRACEDENS ZoNE.~—The strata above
the bryozoan subzone contain a fauna which differs in many respeets from
that beneath and manifests distinet relations to the Coeymans. Few
species of brachiopods occur in it and most of these are not found in the
lower beds. This zone may be divided into the following subzones:

Keyser Coral Reef Subzone.—A massive coral recf is found at Keyser,
West Virginia, and at Potomac Station, Maryland, above the bryozoan
subzone which abounds in Cyathophyllum schucherti, Favosites helder-
bergie var. pracedens and contains also Halysites catenulatus. Ulrich
also reports Cyathophyltum inequale from this horizon.

Rensseleria mutabilis Subzone.—Renssel@ria mutabilis is found in pro-
fusion at Keyser, Corriganville, and Tonoloway at apparently the same
horizon above the Keyser coral subzone.
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Corriganville Lower Stromatopora Reef—Two massive Stromatopora '
reefs oceur in the upper part of the Keyser at the Devil’s Backbone and at
many other localities both east and west of Cumberland. They scem to be
the most persistent reefs in the Keyser member and were long considered
the only ones. Both reefs abound in Stromatopora constellata and
Favosites helderbergim var. precedens. They are here termed the Cor-
riganville Lower and Upper coral reefs respectively, bceau'_se of the fine
exposure at the Devil’s Backbone at Corriganville.

Tenlaculiles gyracanthus Subzone—A shaly limestone occurs between
the Stromatopora reefs that abounds in T'eniaculiles gyracanihus. At
Keyser and Dawson this subzone contains also a great profusion of
Schuchertella prolifica and Meristella pranuntia.

Corriganville Upper Siromatopora Reef.—The last-named subzone is
overlain at the Devil’s Backbone and various other places by a reef similar
to the onc below it and containing the same species.

Leperditia Subzone.—The upper beds of the Kevser member are char-
acterized at the Devil’s Backbone and at many other localities by a pro-
fusion of a late form of Leperdiiia alla named L. altoides. The beds of
this subzone arc usually somewhat shaly and are interbedded with thicker,
dark brown strata. The following species also oeeur in it: Schuchertella
prolifica, Meristells pranuniia, Tentaculites gyracanthus, Orthoceras
rigidum.

Coeymans Member
The Coeyinans member is too thin (never more than 13 fect) to render

an analysis of its faunules valuable.

New Scolland Member
The New Scotland is divisible, lithologically, into two very distinet
parts, the lower being a very cherty limestone and the upper a fissile shale.
The lowest beds of limestone contain less chert than the other strata.
Chonoslrophia helderbergie is abundant near the base of this member at
the Devil’s Backbone and at Dawson, at which horizon Spirifer perlamello-
sus also usually makes its first abundant appearance. Meristella arcuata
becomes profuse in certain sections a short distance above the base.
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Spirifer macropleurus is abundant only in the very cherty beds and- is rare
below them, while species of Trematospira are common in the upper lime-
stone strata.

The New Seotland fissile shale is characterized by an abundanee of
Dalmanella planiconveza.

Becraft Member.

The Beeraft member is restrieted to so small an area in Maryland that

a detailed analysis of its faunules has not appeared valuable.

CORRELATION WITIL FORMATIONS OF OTIIER AREAS

Sinee the age of the Helderberg of Maryland involves the problem of the
age of the subjacent beds the eorrelation of the latter will be eonsidered
first in treating the subject under discussion.

The Helderberg is underlain by the Tonoloway-formation whieh con-
sists of thin-bedded, platy limestone and interbedded calcareous shale.
Upon weathering the limestone yields thin, hard fragments whieh eover
the surfaee of the soil. TFossils are rare cave in a few highly fossiliferous
beds. The fauna of the Tonoloway has not been studied eritically up to

the present time. Among the most important speeies in it are the follow-

ing, aceording to the identifieations of Ulrich:*

Partial list of fossils from the lower portion of the Tonoloway limestone.

Stromatopora sp. undet.

Favosites globuliformis.

Fistullporella, thinly lamellose spe-
cies.

Cyphotrypa, new lamellate species.

Orthopora n..sp. (cf. O. regularis).

Schuchertella hydraulica var.

Meristella bella?

‘Whitfieldella nucleolata.

Rhynchospira globosa.

Rhynchonella litchfieldensis.

Rhynchonella hydraulica?

Rhynchonella? lamellata.

Hormotoma sp. undet. (resembles H.
gracilis).

| Tentaculites gyracanthus.
| Calymene camerata.
Leperditla alta.
Leperditia altoides ?.
Beyrichia n. sp. (resembles Entomis
flabellifer and E. oblonga).
Kledenia n. sp.
Bollia (? Halliella) n. sp. (reticulated
surface, loop obsolete).
Kledenella clarkei.
Kledenella halli.
Kleedenella (? Tetradella) cf. hiero-
glyphica (Krause).

* Pawpaw-Hancock Folio, U. S. Geol. Survey, 1912, p. 7.
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Fossils from the upper 50 feet of the Tonoloway limestone.

Stropheodonta bipartita. Primitia humilis ?

Spirifer corallinensis. Kleedenella clarkei.

Spirifer eriensis. Kledenella (? Tetradella) hierogly-
Tentaculites gyracanthus. phica.

Kleedenia cf. nearpassi. { Octonaria n. sp.

Kleedenia sussexensis var. Bythocypris cf. concinna.

Halliella ? cf. seminulum.

One of the most conspicuous members of the fauna is Tentaculites gyra-
canthus which occur so profusely in the Manlius of New York as to have
led the early geologists of that State to call the Manlius the Tentaculite
limestone. The Tonoloway limestone also rescinbles the Tentaculite
limestone lithologically, being hard thin-bedded and somewhat argilla-
ceous. These facts led Rowe® to eorrelate it with the Manlius and to
include it in the Helderberg of Maryland as was done by Hall in the case of
the Manlius of New York. Schuchert,’ on the contrary, correlated it with
the Salina of New York, in part. TUlrich has recently expressed the
opinion that it is equivalent in a broad way to the Cobleskill and typieal
Manlius, “although the fauna indicates that the Tonoloway sedimenta-
tion in Maryland in part preeeded that of the Manlius and Cobleskill of
New York.”® He also states that most of the diagnostic species of the
Tonoloway occur in the Sehoharie Valley between the base of the Cobles-
kill and the top of the Manlius. The fauna of the Tonoloway differs, how-
ever, in many respects from that of the Manlius and partieularly from the
Cobleskill fauna, as shown by the absence or great rarity of many of the
most eharaeteristic species of those formations. This fact renders the
correlation of the Tonoloway with them very uncertain. Indeed, it may be
questioned whether present knowledge permits its correlation with any of
the formations of New York with preecision. It is also possible that the
Tonoloway is not represented by any unit in New York. Definite eorrela-
tion with the New York section is therefore not attempted in this place
pending a fuller investigation of the problem. It is, however, elearly of

1 0p. cit.
2Proc. U. S. Nat. Mus., vol. xxvi, 1903, p. 415.
3 Pawpaw-Hancock Folio, U. S. Geol. Survey, 1912, p. 7.
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Fi16. 1.—VIEW SHOWING ANTICLINE OF ORISKANY SANDSTONE EAST OF 2IST BRIDGE.

Fi6. 2—VIEW SHOWING ORISKANY SANDSTONE OVERLAIN BY THE ROMNEY FORMATION AT
MONSTER ROCK
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late Cayugan age as shown by the general composition of its fauna.
Recent studies of the writer tend to show that the Tonoloway is probably
the same as the Bossardville of Pennsylvania and New Jersey.

Keyser Member

The presence of the Keyser member of the Helderberg in parts of West
Virginia adjacent to Maryland is shown in the deseription of the Mary-
land sections. The relation of the Keyser member to strata of the same
age in Pennsylvania, New Jersey, and New York will now be considered.

CorRELATION WITH PENNSYLVANIA.—The Keyser limestone has been
traced eontinuously from Maryland into southern Pennsylvania and has
been found to possess the same lithology and faunas in both areas.

It is present also in central Pennsylvania where the same features are
clearly recognizable, establishing the essential identity of the beds in both
regions. Its relations will be seen best by the examination of a few typieal
sections in the area. The sections deseribed were examined very briefly
by the writer, but the relations are sufficiently clear to permit conclusions
as to their general similarity.

Claypole * deseribed the following seetion at New Bloomficld, Penn-
sylvania :

Vertical Total

Yellow flint beds (Oriskany chert member).
CLARKS MILY SHALE.

Limestone beds with black chert..................c.cvvun. 8 242.5
Bed with Stromatopora......... ..o, 1 234.5
Bed with Tentaculites and brachiopods..................... 20 233.5
ConallMbedi=0f. .. . L e el s e e e e b 0.5 213.5
T e O P S s S o A AP PR 3 213
Tentaculites and some brachiopods................ccovvun.. 3 210
Not deseribed ......ccoiiiiiiiii ittt iiineeennenrennnns 2 207
CORATERETPPPTIN S, o). - o o enomenonens ofomer-Tohonolure SRS rore il ove o o foxens Horors 1 205
Rhynchonella beds ...........ccivitiiiniiiinnnennennnnnn. 2 204
Coneealed .......ec0uteeienestsionacsiorasessrsossraseess 4 202
Uneven gray shales with limestone beds.................... 1 198
GONCERIGAL . orofre o oo hle e bl o s e e e e e e 8 197
Concealed, Chatetes and Tentaculites.........ccvviveeeennn 1 189
Hard dark limestone full of small Chetetes and brachiopods.. 3 188

* Rept. 2d Geol. Survey Pa., vol. F2, 1885, p. 182.
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Vertical Tot_a}
gl (S
e e A e, | 6 185
LA OGS, ot ot ML SR e L SR S, i 179
Sl T W.d. . 55 Pl P Lo e s S 1 178
Concealed Lept@na bed. .......cvieninn e 8 177
IROuGHNShallehe . - 5. e oo s e o o Tl s s ol cie s o oo b hataiea B 169
ClomEe Al 8 S oa o ool TR oL L AN S e 4 166
Thin, smooth shale.................ccoiiviinnnennn E = 0.5 162
C e oo B0 5 & A T T T ey o 8 161.5
Comll 58 o o do o606 00ANdacle's pbAbcraidio oo meeiil. o e = (G 4 153.5
RUBDIFHMOSEONE" . . 5. ..o ve e i e e oo te e i s 15 147.5
Smooth limestone and shale............................... 2 132.5
O L I S S e R T 8 130.5
Soft shale—Syringopora ? and Spharocystites............... 1 127.5
Rhynchonella bed filled with Rhynchonclla formosa. ........ 5 126.5
e e RS S S 0.5 121.5
Firm blue limestone, Rhynchonella formosa................ 3 121
Thin-bedded, wavy, Murchisonia minuta abundant. .......... 3 118
Shaly limestone forming nodules. Beyrichia and Rhyn-
chonclla globosa, Murehisonia attop..........coovevnn... 12 115
Coarse limestone, Beyrichia abundant...................... 4 103
Thin-bedded yellow limestone. . ........ovuirrrnrrenennnnns 8 99
Thin-bedded blue limestone. .........oovviiiiinnenennn.... 5 96
Thin-bedded limestone. Leperditia abundant............... 1 91
(Comus Tl e ol b A SRR I SR 1 S R ey 40 90
Thin-bedded limestone, dark, Leperditia.................... 50 50

WATERLIME Beps. Thinner at top.

An examination of the seetion by the writer showed that the Clarks
Mill beds embrace the Keyser and Tonoloway formations. The Tonoloway
comprises the lower 103 feet and is overlain by the Keyser. It is probable
that the Keyser is present in its entirety, the top of the Clarks Mill shale
being approximately the Coeymans-Keyser boundary.

The upper strata of the Keyser are thin-bedded to massive but not
nodular limestone, while the lowest beds are nodular and somewhat shaly,
precisely as found in Maryland. The faunal sueeession is also quite
similar to that observed in the latter State, a rapid examination showing
the presence of the following zones of the Maryland section, enumerated
in deseending order:
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Tentaculites gyracanthus and Meristella sp. abundant In the upper part of
the section.

Coral zone (Keyser coral zone 7).
Cystid zone—Spharocystites sp.
Stenochisma formosa zone.
Rhynchospira globosa zone.

The Gypidula ceymanensis var. prognostica zone was not observed. It
1s believed that a more thorough examination would establish still more
closely the essential similarity of the faunas of both arecas. '

The underlying Tonoloway consists of hard, platy, dark blue limestone
breaking with a cleau, flat cleavage and eontrasting strikingly with the
nodular basal beds of the Keyser. A more massive bed 4 feet thiek is
present at the top of the Tonoloway. The transition from the Keyser to
the Tonoloway is abrupt. The fauna of the latter formation consists
chiefly of ostracods. All these features are characteristie of the same
strata in Maryland.

The underlying (Waterlime) of Claypole appears essentially the same
as the Wills Creek formation of Maryland. These faets pernuit little doubt
that the Clarks Mill shale embraces the Keyser and Tonoloway of Mary-
land. The Coeymans is not exposed and is perhaps absent.

An excellent seetion of the Helderberg is seen in the cuts of the North-
ern Central Railroad ou the Susquehanna River at Selinsgrove Junetion,
about 40 miles northeast of the preeeding locality. The Helderberg is
exposed in two anticlines at tlis place both of whieh are described by
White.!

The section is exposed in the antieline north of Selinsgrove Junction.
It begins at a cave-like exeavation north of the 135th mile post of the
Northern Central Railroad and extends’ southward to the end of the

exposure.”

* Rept. 2d Geol. Survey Pa., vol. G7, 1883, pp. 343-348.

2The writer is greatly indebted to Mr. H. K. Schock, formerly of Susque-
hanna University, Selinsgrove, Pennsylvania, who measured this section and
collected fosslls from it.
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Vertical  Total vertical

thickness thickness
ft. in. ft. in.

Concealed. Chiefly shale.
Spring.
Massive, gray, crinoidal limestone...................... 9 il 232 7
Interbedded shale and limestone....................... 4 4 223 6
Massive, fossiliferous limestone containing chert........ ay #19 O8I
Thin-bedded banded limestone......................... 5 10 25N
Shaly limestone .......cooiiviiiinn e, 7 10 209 7
Medium-bedded gray limestone........................ 8 9 193 0
Thin-bedded shaly limestone..........ooovoeenovun... 13 0 184 2
SRS 500 5600 0000 ABITAT00050 A D D ORI e 1 0 157 2
Massive dark limestone, thinner beds near top.......... 21 10 170 2
Calcareous shale with thin beds of impure limestone. . ... 2 0 148 4
Massive dark blue limestone.................c..ouuun.. ey 4 146 4
Shale and shaly limestone interbedded with bands of

PUTSr IMAGBEONE ..o e vvvis Sk o cevvniniesssenennnane 26 10 131 0
Massive gray-blue banded limestone.................... 11 7 1A
Nodular limestone, shaly at bottom.................... 11 5 100 7
Massive nodular limestone............................. 1615 Nk 89 2
Thin-bedded, nodular limestone........................ 3 9 @) 13
Gray nodular limestone, some thinbeds. ................ 13 6 73 6
Stromatopora reef, upper 2 feet consisting of smaller

FPBCIOBI . .o it e e e e e 12 0 60 0
135 mile post.
Thin-bedded, nodular limestone........................ 5 11 48 0
Gray, impure limestone, somewhat crinoidal............ 0 10 42 1
Nodular limestone, somewhat shaly.:.................. 24 6 41
Massive dark blue limestone, upper 18 inches thinner

beddedia . . .. et R oSk S e B 16 0 16 .9
Thin-bedded, argillaceous limestone. lowest stratum ex-

posed, probably base of Keyser limestone........... 0 9 09

Concealed. Fissile, platy limestone is exposed north of
this point, containing numerous ostracods.

The most important feature of the seetion is the marked lithological aud
faunal change at the base of the Keyser. The underlying beds are fissile,
platy limestones with an ostracod fauna, eontrasting greatly with the
lower nodular beds of the Keyser. The Chonetes jerseyensis fauna is
present in the lower beds. Rhynchospira globosa is abundant near the
base of the scetion and is suecceded by a Stromatopora reef. Cladopora
rectilineata and Ialysites catenulatus are also abundant in the lower
strata of the same age at Grovania while Tentaculites gyracanthus occurs
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in abundanee at a higher horizon. The upper beds are but sparingly fossil-
iferous, shaly, and sonie strata are laminated. The transition to the over-
lying very fossiliferous member of the Helderberg is seen at a spring near
the south end of eut and is probably abrupt, allhough this faet has not been
suffieiently investigated. The Selinsgrove Junetion seetion may be con-
sidered typieal of the many exposures of the Keyser limestone of this
region. The features deseribed are similar to those presented by the
Keyser of Maryland, permitting little doubt of the essential identity of
these members in both areas.

An exeellent exposure of the Helderberg is seen in the quarries at
Grovania 19 miles northeast of Selinsgrove Junetion. The lower nodular
beds of the Keyser resemble those at the latter locality and contain a
similar massive Stromatopora reef. A short distanee below this reef is a
bed abounding in Cladopora rectilineata and Halysites catenulatus. This
zolle oeeupies a position similar to that of the Cladopora rectilineata zone
in the lower Keyser of Maryland with which it may be identieal. A
notable feature of the seetion is a sandstone seen at the top of the quarry
whieh oceurs 46 stratigraphie feet above the Stromatopora reef. This
stratum has been interpreted ' as indieating an uneonformity by erosion
at the top of the Keyser, but the exposure of the overlying strata is too im-
perfeet at the present time to fully establish this faet.

Examination of the preeeding sections renders the following conelusions

2

probable:* The Bossardville limestone of eentral Pennsylvania is identi-
cal with the Tonoloway limestone of Maryland, resembling it in lithology,
stratigraphie position and in eontaining an ostracod fauna. The sparse
brachiopod fauna of the Tonoloway has not been observed in eentral Penn-
sylvania, suggesting that the Maryland area was more closely eonneeted
with the open sea.

The Keyser member of the Helderberg is present in Pennsylvania and
closely resembles the eorresponding Maryland beds in lithology and fauna.

The lower strata are nodular while the upper are in part laminated

*Grabau, N. Y. State Mus., Bull. 92, 1906, p. 173.
“The conclusions here advanced are only tentative. Further investigation
is needed before they can be established.
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argillaeeous limestones, as in Maryland. The general sequence of faunal
zones is also similar, the Chonetes jerseyensis fauna being present in the
lower strata, and Tentaculites gyracanthus in the upper beds.

The upper limit of the Keyser is probably limited by an uneonformity
which separates it from the overlying Coeymans or New Secotland. The
basal part of the Oriskany is a cherty shale suggesting the Shriver Chert
member at the base of the Oriskany of Maryland.

The Helderberg and Bossardville limestones are well exposed in eastern
Pennsylvania where they agree in fauna and lithology with the eorrespond-
ing beds of New Jersey with which they are continuous. The diseussion
of the latter area will therefore apply to them.

CorreniTioON WITH NEW JERSEY.—The Lower Devonian and Upper
Silurian limestones of New Jersey were divided by Weller* into the fol-
lowing formations :

Becraft
Devonian {New Scotland
Coeymans
(Manlius

Silurian Rondout
Decker Ferry

‘Bossardville

The Bossardville of New Jersey so elosely resembles the formation of the
sane name in central Pennsylvania that there is little doubt of their
essential identity. The latter ean possibly be traced southward into Mary-
land where it is termed the Tonoloway.

Weller subdivided the Deeker Ferry into three faunal zones eaeh ehar-
acterized by a definite assoelation of speeies which he named as follows
in deseending order:

Rhynchonella lamellata zone.
Ptilodictya frondosa zone
Chonetes jerseyensis zone.

The most diagnostie species of the lower zone is Chonetes jerseyensis
associated with Schuchertella deckerensis, Stenochisma deckerensis, and
Camarotlechia litchfieldensis. All of these and many others eommon in
that zone are abundant also in the Clonetes jerseyensis zone of the Keyser

of Maryland.

tPal. N. J., vol. iii, 1903.
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Weller's second zone, characterized by the bryozoan Ptilodictya
frondosa, is very thin and has not been recognized in Maryland.

His upper zone contains a rich coralline fauna of which the more im-
portant species are Cladopora rectilineata, Favosites pyriforinis, Cyatho-
phyllum inequale, Halysites catenulatus, and stromatoporoids. The
Cladopora rectilineata zone of the Keyser of Maryland occupies a similar
position and contains Cladopora rectilineata in profusion associated with
Favosites pyriformis and Cyathophyllum inequale. Halysites catenulatus
oceurs at a somewhat higher horizon. A zone in a like position in the
lower Keyser of central Pennsylvania abounds in Cladopora rectilineata
and Halysites calenulatus.

An examination of the entire fauna of the Clonetes jerseyensis zone of
the Keyser of Marvland still further emphasizes its close faunatl relation
to the Decker Ferry of New Jersey. Of 40 species, other than ostracods,
deseribed by Weller from the Decker Ferry 60 per eent oceur also in the
Chonetes jerseyensis zome of Maryland, including its most diagnostic
forms. RKighteen, or 38 per cent, of the previously deseribed species found
in the Keyser of Maryland oceur also in the Decker Ferry of New Jersey.
This difference is due in part to the fact that the Keyser of Maryland con-
tains & much larger fauna than the corresponding beds in New Jersey.
The table of distribution exhibits this relation more fully.

The Decker Ferry also resembles the lower Keyser lithologically, some
beds being nodular while all are highly fossiliferous, contrasting strikingly
with the underlying fissile, platy, almost unfossiliferous limestone of the
Bossardville of New Jersey and Tonoloway of Maryland.

The close resemblance of the Chonetes jerseyensis zone of the Keyser
to the Decker Ferry of New Jersey in fauna, lithology, and stratigraphic
sequence, together with the similarity of the corresponding strata in
Pennsylvania is believed to indicate the essential identity of both horizons.
It 1s to be noted, however, that while the lower limit of the Decker Ferry

and Clionetes jerseyensis zone of the Keyser limestone seem to be the same
their upper limits may differ. This is suggested by the fact that the
Cladopora rectilineala zone lies at the top of the Decker Ferry of New

Jersey and much below the upper limit of the Chonetes jerseyensis fauna
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of Maryland. If it occupies like horizons in both areas then the Chonetes
jerseyensis fauna persisted longer in Maryland than in New Jersey, a
feature which may be due to the econtinuance of open-sea conditions for
a longer period in Maryland. Upon this supposition the upper part of
the Chonetes jerseyensis zone of Maryland may be synchronous with a part
of the Manlius of New Jersey. These conclusions, however, are not
assured and the true rclations cannot be adequately detcrmined until the
intervening area in Pennsylvania has been studied more eritically.

Tollowing the deposition of the Decker Ferry and lower Keyser the
sea became more restricted as shown by the more argillaceous composition
of the overlying beds, the presence of numerous ostracods, and the greater
rarity of brachiopods in them. These features, however, are more marked
in New Jersey than in Maryland.

The Rondout of New Jersey is an argillaceous limestone, one stratum
of which is a cement roek. Its fauna is peculiar to sueh sediments, eon-
sisting almost exclusively of a few species of the genus Leperditia, all of
which are found in the Keyser of Maryland, although they arc not re-
stricted to one horizon. The most abundant speeies is Leperditia gigantea
which occurs at the Devil’s Backbone 235-236 fect above the base of the
Keyser.

The Rondout formation seems to have been a local deposit which had its
largest developinent in New York and thinned toward New Jersey. It
has not been recognized in Maryland.

The Manlius of New Jersey, overlying the Rondout, is a nodular lime-
stone characterized by a Stromatopora reef and the abundance of Tentac-
ulites gyracanthus, Spirifer vanuremi, Stropheodonta varistriata, and a
species of Leperditia identified as L. alle. The Favosites helderbergie
var. precedens zone of the Keyser of Maryland contains similar, though
more abundant, Stromatopora reefs at most localities. Tentaculites gyra-
canthus occurs in profusion between the Corriganville Stromatopora beds,
while Spirifer vanuzems is represented by a variety that differs somewhat
from the typical form. The latter species is also found in the underlying
Chonetes jerseyensis zone where it more closely approaches the typical
form. A variety of Leperditia alto, known as L. altoides, is common in
certain of the upper beds of the Keyser member. Three of the four
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diagnostic speeies of the Manlius, are thereforc represented in this Zone,
two of which oecur as varietal forms.

The fauna of Maryland differs from that of the Manlius of New J. ersey
in containing species of a more normal marine habitat including many
corals. The most striking difference, however, is the presence of a number
of speeies of distinet Helderberg affinitics in which respect it resembles
the transition beds at the top of the Manlius of Sehoharie, and elsewhere
in New York. The signifieance of this fact will be considered later.

The preeeding faets indieate that the Favosites helderbergie var.
precedens zone of the Keyscr is, in a general way, of the age of
the Manlius-Rondout intcrval of New Jersey and that both oeeupy a
similar stratigraphie: position, being limited above by the Coeymans and
below by the Chonetes jerseyensis zone. The differenee between them may
be in part geographic, arising from differences in the eonditions under
which they were deposited. It is, however, not improbable that they may
occupy a slightly different stratigraphic position. As has been shown,
the lower beds of the Manlius of New Jersey may be older than the upper
strata of the Chonetes jerseyensis zone and hence older than the base of
the Favosites helderbergim var. pracedens zone, while it is possible that
the upper beds of the latter zone are younger than the upper beds of the
Manlius of New Jersey, since both appear to be bounded above by an
unconformity.

Weller showed that the Coeymans, New Seotland, and Becraft of New
Jersey are equivalent to the formations bearing the same names in New
York. The corresponding formations of Maryland are also correlated
with them as is shown elsewhere in this volume.

If these conelusions are true the Keyser limestone of Maryland lies
between approximately the same limits as the combined Manlius, Rondout,
and Decker Ferry of New Jersey to whieh formations it appears to be
equivalent. Their relations arc indicated in the following diagram :

Maryland Pennsylvania New Jersey
Coeymans Coeymans Coeymans
Manlius
Keyser Keyser { Rondout
Decker Ferry

Tonoloway Bossardville Bossardville
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CORRELATION WITH NEW York.—Different problems are presented in
eonsidering the correlation of the Helderberg of Maryland with the for-
mations east and west of the Helderberg Mountains of New York. These
areas are therefore considered separately.

Correlation with Formations East of the Helderberg Mountains.—The
Lower Devonian and Upper Silurian strata pass, without modification,
from northern New Jersey into southeastern New York. In approaching
Rondout, New York, however, the lower formations undergo a change
accompanied by an increasing development of cement beds leading to the
diserimination of new formations. Clarke and Hartnagel recognize the
following sequence in the vieinity of Rondout."

Devonian Coeymans
Unconformity
Manlius
Rondout
Silurian Cobleskill
| Rosendale

Wilbur
LBinnewater

Unconformity

Ordovician .
Normanskill

The Cocymans, Manlius, and Rondout are elearly the same as the corre-
sponding formations of northern New Jersey so that their correlation
needs no further consideration here. Divergent views have, however, been
held eovering the relation of the Deeker Ferry to the formations of New
York.

Weller * correlated the Decker Ferry of New Jersey with the Cobleskill
of New York, basing his conclusion upon the evident similarity of their
faunas. Hartnagel * who studied the subject somewhat later, restricted
the name Decker Ferry to the two lower zones of Weller’s formation and
eorrelated them with the Rosendale and Wilbur of New York. He named
the coralline zone of Weller’s Decker Ferry the Cobleskill, correlating it
with the formation of that name in New York and considered the 15 feet

I N. Y. State Mus., Handbook No. 19, 1912, Table 2.

2 Pal. N. J,, vol. iii, 1903.

* Rept. N. Y. State Paleontologist for 1903, N. Y. State Mus., 57th Ann. Rept.,
1905, vol. i, pt. i, pp. 348-349.
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of strata immediately bencath it transitional between the Decker Ferry
and the Cobleskill. Both Weller and Hartnagel referred the Manlius,
Rondout, and Cobleskill of southeastern New York and northern New
Jersey to the Silurian System,

These interpretations are exhibited in the following table:

Weller, 1902 Hartnagel, 1903
Manlins Manlius
Rondout Rondout
=
£ | Rhynchonella lamellata zone, Cobleskill, 10 feet
s | 2 25 feet Transitional zone, 15 feet
£ 0
Z | —_— e B
= A 2 ~
7 E ? I
= | Ptilodycta frondosa zone o Rosendale
=
@ el
=< | Chonetes jerseyensis zone 2 Wilbur
2 4
b & m 1%

Bossardville limnestone Bossardville liinestone

The correlation of the Keyser of Maryland, with the Decker Ferry,
Rondout, and Manlius of northern New Jersey, has been considered
already. If Hartnagel’s correlation of the latter formations be accepted,
the Keyser of Maryland represents the interval from the Wilbur to the
Manlius of southeastern New York, inclusive.

Correlation with Formations West of the Helderberg Mountains.—Iart-
nagel who has recently made a critical study of the Upper Silurian of
New York considers the Manlius, Rondout, and Cobleskill of southeastern
New York equivalent to the formations bearing the same names in the
central part of the State’ TUlrich has recently presented a view that
differs widely from that of Hartnagel and Clarke and others.”

*N. Y. State Mus., Bull. No. 69, 1903.

? Pawpaw-Hancock Folio, U. S. Geol. Surv. 1912, Field Edition, pp. 62-65.
The writer is greatly indebted to Dr. Ulrich for revision and correection of the
accompanying statements
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According to Ulrich’s view the beds usually referred to the Manlius
formation at Manlius, in central New York, comprise different units

which may be discriminated as follows, in descending order:

Upper beds—Transition beds.
*Manlius " of | Cement beds—Rondout.
authors. | Fogsiliferous bed—Decker Ferry ?.
Typical Manlius—Manlius fauna.

The beds referred to the Manlius formation at Rondout, by other
students, are believed by Ulrieh to be comparable to the upper beds of the
Manlius seetion, while the Rondout formation is believed to be identical
with the cement beds which lie above the typieal Manlius in the Manlius
section. In other words, the Rondout is held to be younger, and not older,
than the typical Manlius. At Manlius this section shows a fossiliferous
bed between the cement beds and the typical Manlius which is pro-
visionally correlated with the Decker Ferry. The typical Manlius is
believed to have pinched out before reaching Rondout where it is repre-
sented by a hiatus below the Deeker Ferry. Ulrich’s view may be rcpre-

sented as follows:

Section at Manlius Section at Rondout
Central New York Southeastern New York
Onondaga or Oriskany.
l'Hiatus. Coeymans.
L i Transition beds (Keyser). “ Manlius ” of authors.
ower Devonian IRondout. Rondout.
Decker Ferry ? Decker Ferry.
Silhirim Typical Manlius. Hiatus.
Cobleskill. Hiatus.

Ulrich bases his view upon a elose correlation of the lithological and
faunal zones of the sections at Manlius and Rondout by which he believes
he has established the presenee of the Rondout above the typical Manlius in
the Manlius seetion. Sinee the Rondout is underlain by the Decker Ierry
with apparent eonformity in southeastern New York the latter formation
is held to be younger than the typieal Manlius and hence distinet from the
Cobleskill.
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This conclusion is apparently further supported by the presence of
species related to those of the Cobleskill and Manlius of New York below
the base of the Chonetes jerseyensis zone in Maryland, including Tentacu-
lites gyracanthus in abundance, Camarotechia ? lamellata, Camarotechia
litchfieldensis, Stropheodonta bipartita, Leperditia alta, etc. TUlrich ex-
plains the evident similarity of the Decker Ferry and Cobleskill faunas by
the suggestion that the Cobleskill fauna recurs in the younger Decker
Ferry although the formations are distinct.

He henee proposes to draw the Silurian-Devonian boundary at the top
of the typical Manlius and refers the Deeker Ferry, the Rondout, the upper
beds at Manlius, and the Keyser limestone to the Devonian.

A serious difficulty in the aeceptanee of this view, in the opinion of the
writer, is the faet that the Chonefes jerseyensis fauna has never been
observed above the typiecal Manlius of New York, while it is known to be
present in the Cobleskill.” The data upon whieh these views are based
have not been published and it is manifestly premature to discuss them
at this time. The author has not adequately studied the problem here
presented and is unable to offer any opinion as to the validity of these
eonelusions.

If Hartnagel’s correlation of the New York sections is eorrect, the evi-
dence indieates that the Keyser member of the Helderberg formation is
equivalent to the formations between the base of the Wilbur and the top
of the Manlius of New York. If Ulrieh’s interpretation be aecepted, the
Keyser is equivalent to the Deeker Ferry, Rondout, and uppermost beds of
the Manlius as found in New Jersey, all of which lie above the horizon of

*Dr. Ulrlech has kindly furnished the following ecomment upon the above
statement: “ To this objectlon I would answer that the Keyser zones contain-
ing C. jerseyensis are not represented in either the Manlius, the Schoharie or
the Rondout sections with the possible exception of the Deeker Ferry zone
itself, which is doubtfully identified between the cement beds (Rondout) and
the typlcal Manlius at Manlius only. At all three localities the beds between
the Rondout and the base of the Coeymans, or the Oriskany or Onondaga where
the Coeymans is absent (as at Manlius), are correlated by me with the upper
fourth or less of the Keyser in Maryland. C. jerseyensis was not found in the
doubtfully identified Decker Ferry zone at Manlius but the half hour’s search I
gave these beds is insufficient to establish the absence of the fossil at Manlius
above the typlcal Manlius.”
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the typical Manlius of New York. The reader is referred to the diagram
on p. 31 in whieh the correlation of the Keyser with various formations
is summarized.

IzipErBERG FLEMENTS IN THE Fauxa.—Reference has already been

made to the presence of a number of species of Helderberg affinities in the
Keyser limestone. Their range is indicated in the table of distribution.

Certain species of the Helderberg, including Pholidops ovate and
Rhynchospira globosa, appear in the Tonoloway beneath the Keyser. A
larger number make their advent in the lower beds of the Keyser ineluding
Pholidops ovata, Rhynchospira globosa var., Rhynchospira formosa, Ste-
noschisma formosa, and Uncinulus nucleolatus.

At a somewhat higher horizon a variety of Anoplotheca concava appears.
The upper part of the Chonetes jerseyensis zone contains a profusion of
Gypidula ceymanensis var. prognostica, a forcrunner of the diagnostie
speeies of the Coeymans. The base of the Favosites helderbergie pracedens
zone is marked by the advent of Renssel@ria mutabilis while at a higher
horizon Uncinulus nucleoladus is associated with Schuchertella prolifica,
which is very closely related to S. woolworthana of the Coeymans.
Grabau * has noted a similar mingling of Helderberg and Silurian species
in the uppermost beds of the Manlius at Sechoharie and elsewhere in New
York, and has described them as transition beds between the Silurian and
Devonian.

These Helderberg specics entered the Maryland sea in Keyser time,
mingling with the Silurian species whieh continued to eonstitute the
larger part of the faunas. The Keyser limestone is, therefore, elearly
transitional between the Silurian and Devonian. Accepting the principle
that the age of the formation is that of ite youngest fauna, the Keyser is
here referred to the Helderberg although the majority of the speecies in
it are distinctly Silurian. The Helderberg fauna thus appears to have
invaded Maryland before its advent in New York in Coeymans time,

suggesting that its route of immigration may have been by way of Mary-
land.

!N. Y. State Mus., Bull. No. 92, 1906, p. 114.
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The rclation of the speeies of the Keyser member to those of other

horizons is summarized in the subjoined table.

Favosites
v .
Ny RBY j g;zr‘}i:;si 8 hs'L(ll?%‘xF;éin
member .

zone eedens
zone

No. Pet. No. Pet. No. Pct.

Species occurring in other areas................ 73 45 61 49 19 53
Species restricted to Maryland.................. 91 56 63 51 17 47
Toraligo S50 Tob M B AN A e R 164 .. 124 .. 36
Species occurring in Tonoloway................. 14 8 12 .. 2
Species occurring in both zones................. 10 6 10 .. 10

Range of species occurring in other areas (omit-
ting Atrypa reticularis and Leptena rhomboi-

dalis):

Decker Ferry of New Jersey.....o.oovvvnennnn.. 28 38 24 40 5 26
Rondout of New Jersey. ...oveiiieinninnennenns 3 4 8= b 1 b
Manlius of New Jersey.........cciiiiiininnns 5 7 4T 2, o
Wilbur of New YorK....ovvveiueenennnnennennns A A b 2 10
Cobleskill of New York..........covvvuneunennn. . 15 10 17 3 16
Rondout of eastern New York................... 8 11 7 12 2 10
Rondout of central New York................... 6 8 AT 3 16
Manlius of eastern New York................... 4 5 3t 5 2 10
Manlius of central New York.................... 5 7 4 7 2 10
Coeymans, New Scotland and Becraft........... 31 43 19 30 12 63

The preeeding table shows that the fauna of the Chonetes jerseyensis
zone is more elosely related to the Deeker Ferry fauna of New Jersey than
to any other, a relationship rendered more pronounced by the charaeter of
the species found in it, including Chonetes jerseyensis, Sehuchertella
deckerensis, Stenochisma deckerensis, Cladopora rectilineala and various
other important members of that fauna.

The fauna of this zone also shows a marked relation to that of the upper
members of the Helderberg, 30 per cent of the species not restricted to
the Keyser member being found in them. It also bears a less striking,
though closc rescmblance to the fauna of the Cobleskill, 17 per eent of the
speecies not restrieted to the Keyser oeeurring in it.

The fauna of the Favosites helderbergie precedens zone is still more
elosely related to that of the overlying members of the Helderberg, 63 per
eent of its species being found in them. That it is older, however, than the
Coeymans to whieh Seliuchert referred it is shown by the oceurrenec in it
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of so large a number of species known elsewhere only in older strata, and
by the abrupt lithological and faunal break and probable unconformity
which separates the Keyser member from the overlying Cocymans of Mary-
land. Three species of this zone, Spirifer ranuzemi var. prognosticus,
Tentaculites gyracanthus, and Leperditia altoides suggest a relationship
to the Manlius.

The fauna of the Keyser member, considered as a whole, shows pro-
nounced relations to the Helderberg to whieh it is referred.

Coeymans Member
The guide fossil of the Coeymans is Gypidula coeymanensis, which
oecurs everywhere in this member in Maryland as in New York. The
following table clearly shows its Coeymans age:

Number Per cent

Species occurring elsewhere.........ciiiiiiiiiininneneennnns 19 87

Species restricted to Maryland..........ccooiviiineeneennennns 3 13
0] S G PRSP SO S SR S B8 46 0ot o o 0 22

Occurring in the Coeymans of New York and New Jersey....... 18 82

It also resembles the Coeymans of New York in its lithology being a
massive crystalline limestone carrying many crinoid and Lepadoeystis
stems.

New Scotland Member

The New Seotland member is characterized by the presenee of Spirifer
macropleurus whieh is found at all the outerops of the cherty limestone.
Among the other abundant speeies are Spirifer perlamellosus, Schu-
chertella woolworthana, Strophonella leavenworthana, Dalmanella pere-
legans, Meristella arcuata and species of the genera Trematospira and
Eatonia. The similarity of the fauna of this member to that of the New
Seotland of New York is clearly shown in the following table:

Number Per cent

Species occurring elsewhere..........ovviiiiiiinennnnennns 73 91
Species restricted to Maryland..............coiiiiiiiniennns 7 )
IO 0 & e SO O e o o B Ot e o LI DHER 080 86 0 0add 80

Species occurring in the New Scotland of New York and New
JEHITA 80 00k o 6 SRIRER R S S o 5 0 0 B O AT 0D Boaa D BE ot o o 68 85
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Becraft Member

The Becraft of Maryland is characterized by the presence of Spirifer
concinnus and other species diagnostic of the Becraft of New York as
shown by the list of species. 'The relations of the member are shown in the
subjoined table which emphasizes the close resemblance of the fauna to that
of the New Scotland, a condition ohserved also in New York and New
Jersey.

No.
Species previously deseribed. ... ...c.oiviiiiiiiiii it i i i i i 22
INIERVASRECI@B o o . ¥ke o e o o Muieie s v ecnasoue e dodoe e aimeeadbioneaoronesseso 1
L o B P T 7 (I Y ST SN A, (S X 23
Previously described species occurring in the New Scotland of New York
ANAN @ WRTIGHERTre exekeke o+ sss slore ojspe o[o/sWaals & afioks Tolelots o[s o o » ool oie e e olao ote s ole 14
Previously described species occurring in the Becraft of New York and
W J O Y . . . .........coiiiiuntieinneeneenneoceeennsenennnssmennn 6
Previously described species occurring in the Oriskany of New York and
INCIWITETISCIY ™ « e .7 s /s s < o T oo o a oo e e ias oo aia e oiasoleoslonsaliloesssossetdeson 8

The beds closely resemble the Becraft of New York not only faunally,
but also in their lithology and their stratigraphie position.

Oxr1sxaNY FORMATION
As has been shown in the preceding chapter, the Oriskany formation is

divisible into two members the Shriver Chert below and the Ridgely sand-
stone above.

Shriver Chert Member

About Kingston and Rondout, New York, Davis® found a series of
shaly limestones, said to lie above the Becraft, with a thickness of 250 fect.
This he called the Upper Shaly Limestone, because it contained many of
the fossils of the underlying shaly limestone (the New Scotland). Later
Ciarke and Schuchert® named these strata the Kingston beds. The same
name had been used in 1873 by the Canadian geologists, Bailey and
Matthew, hence Clarke,” renamed the New York formation Port Ewen,

* Amer. Jour. Sci., vol. xxvi, 1883, p. 389.
? Science, Dec. 7, 1899.
3 N. Y. State Mus., Bull. No. 49, 1903, p. 666.
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after a station on the West Shore Railway not far from Kingston. Sub-
sequently Grabau* discovered that the greater part of the original Kings-
ton consisted of the Helderberg series repeated by overthrust faulting, and
terminated by an “ impure schistose limestone ” more than 100 feet thick,
having a Lower Oriskany fauna like that of Becraft Mountain, New York.
The fauna of the Lower Oriskany was described by Clarke.”

The following table shows the relations of the fauna of the Shriver Chert
member to the Helderberg and Oriskany of New York and Maryland :

No.

Species previously described........coviiiiii it ittt ittt 12
N EIVASIDECIEF . « ¢ e v oo v aenaensonsonaenseeassnnssaoosansedeiidesaas oo 1573
00 L R B L [ T T I O 0 .o 0 B 00 o 29

The range of the previously described species in other formations is as

follows :

No.
New: Seotlan@iof INEW YorK. . . ..ot etiteeeeeainetonensaafiooo ool 4
Beerafitsof INEW- YOIK. . . 1 i ..ot it ioinenainnsensnoesssedafonsensasebons 7
Lower Oriskany of New YorK......o.iut ittt iiinenneneeerienennnnennn 11
Upper Oriskany of New YorK.......oiitiriteiiiineeeenneneeenenenens b
Ridgely sandstone member of Oriskany of Maryland..................... 10

The Lower Oriskany age of these beds is shown by the above table.
The Shriver Chert resembles the Camden Chert of Tennessee litho-
logically. The faunal resemblance is but slight.*

Ridgely Sandstone Member

The Ridgely sandstone member contains a fauna rich in species and
individuals. The following table shows their range:

No.

Species restricted to Maryland. .........ciiiiiiiiii it i iantarnnenans 54
Species occurring elsewhere. . ... ..ottt iiiii ittt i 66
PROGAIMST . B b e s e e e T e o[ s A 120

!N. Y. State Mus., Bull. No. 49, 1903, p. 1063. See also Van Ingen and Clarke
ibidem, pp. 1193-1197; Shimer, N. Y. State Mus. No. 80, 1905, p. 184.

?N. Y. State Mus., Mem. No. 3, 1900.

* See Schuchert, Amer. Jour. Sci., vol. vii, 1889, p. 184.
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The species not restricted to Maryland have the following range in the
formations of New York:

No.
COGNIIAINIE . 1. o5 o’ o oo s oo o0 o oo oiolo oo oo s siaie osooseesssssssesesosossosssaese 2
INEWRISOOMIRIMAN 1 .o« B vore oo amie oo oo ier¥eloiaions s o sioke s s's ba o srale e ohe s buo o 19
TECETRE o 48 db o/o'0 O TN S OPC T < N (U SRR P RS L SR Aty 6
IZOMVIOTIROGIBERIY™ . . . o v o orm o 0@ o6 % 8105 o om o aFomsio s s o oo s oa o ofelsimmsmems o o S ore oo ole 20,
WUBDER ORISKANY . .0 ol o oo oo d e eio s s soeoeoecesssonsasesesssassssessossns 31

This member closely resembles the typical Oriskany of New York in
its lithdlog