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PREFACE

The present volume, eonstituting the fourth of the general reports
of the Survey, contains, first, an account of the results reached con-
cerning the various changes that have oecurred in Western Maryland
during geologie time; second, additional information regarding the
highways of the Statc and the cfforts whieh have been made to im-
prove their condition; and third, an exhaustive discussion of the ex-
tensive elay deposits of Maryland.

Paleozoic Appalachia or the History of Maryland during Paleozoic
Time, by Bailey Willis, constitutes Part I of the volume, and is a
contribution to the study of the physical changes which have taken
place over a wide area of which Maryland is a part. Mr. Willis,
who was for several years Geological Assistant to the Director of the
U. 8. Geological Survey, and who is now in charge of the geological
mapping in that bureau, has had speeial advantages to fit him to write
sueh a paper as this. His wide experienee in geologic work throngh-
out the Appalachian region and his lneid style make this paper a
valuable summary of the geologieal history of Appalachian Maryland
as reecorded in the mechanieal eharaecteristies of the roeks. The re-
port, after an explanation of the processes whieh have wrought the
changes, gives an account of the growth and wasting of several moun-
tain systems, the expansion of plains of continental extent and their
submergence beneath widening seas, the construetion and migration
of co-extensive coastal plains, the upfolding and dislocation of sedi-
meuntary strata from two to six miles thick in a zone a hundred miles
wide and fifteen hundred miles long, and the withdrawal of the sea
from the provinee over which it had extended during many million
years. Such a history represents broad generalizations whieh eannot
fail to be of interest to every thoughtful citizen of the State.

The Second Report on the Highways of Maryland, by Harry I'ield-
ing Reid and A. N. Johnson, forms Part 1L of the volume. This
treats of the operations of the Highway Division of the Survey during
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1900 and 1901. The first report presented the eonditions of the
highways throughout the State and prepared the way for making the
desired improvements. The present report, after a diseussion of
several ehanges in the testing of road materials devised in the labora-
tory of the Division and the results obtained in several hundred
tests of paving-brick, eement and road materials, deseribes the work
whieh has been earried on under the supervision of the Diwision.
This portion of the report is of unusual interest in showing how mueh
permanent improvement of the highways might be made by a proper
use of the means now available without additional cost to the counties.
This part eloses with the reportof the Baltimore County Roads
Iingineer, which was submitted to the Survey in accordance with the
law. This report gives a detailed statement of the amount spent for
labor and materials on cach road and indieates that Baltimore County
Las taken a great step forward by employing a eapable roads engineer.

T'he Report on the Clays of Maryland, by Heinrich Ries, the lead-
ing elay expert of this eountry, forms Part II[ of the volume. This
report is divided into two parts. The first comprises an elaborate
discussion of the properties of elays and the effects of the different
chemical and physical elements of a clay and shows how their bad
qualities ean be offset by the addition of proper ingredients. Pro-
fessor Ries, as the agent of the U. S. Geological Survey and as a
leading expert on elays, is particularly well qualified to speak of these
properties and of the proper methods for testing the actual value of
clays. The suggestions eontained in this portion of the report and
the systematie statement of the leading facts regarding the technology
of elay-working will doubtless prove of much value to the clay-work-
ers. The second part of the report represents the knowledge gained
from a study of the principal deposits of elay found within the con-
fines of the State and the numerous tests of samples collected by Pro-
fessor Ries and the members of the Survey from the elay banks from
all parts of Maryland. This report, with its maps showing the loca-
tions of the different areas for clay and their relation to transportation
facilities, should attract the attention of business men to the wealth
of the State in valuable clays and should draw to the State large
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operators who will develop extensive industries which should give em-
ployment to many of our eitizens.

The illustrations contained within this-volume have been seenred
from many sources. Many of them have been made by the writers
of the several reports or members of the Snrvéy, while many of the
mannfactnrers of brick-making machinery have aided in generously
putting at the disposal of the Survey original drawings and cuts whieh
lave served as the basis for the illnstrations used in that portion of
Professor Ries’ report dealing with the methods of working elay.
Among those who have rendered snch assistanee are:

The American Clay-working Machinery Co., Bueyrus, Ohio; Bnf-
falo Dental Mfg. Co., Buffalo, N. Y.; Chambers Bros. Co., Philadel-
phia, Pa., Chisholm, Boyd & White Co., Chicago, Ill.; I Haigh,
Catskill, N. Y.; Ienry Martin Brick Machine Mfg. Co. Inc., Lan-
caster, Pa.: Tllinois Supply and Constrnetion Co., St. Lonis, Mo.; John
Jolmson & Co., New York City; Raymond Bros. Impact Pulverizer
Co., Chicago, TIl.; Simpson Mfg. Co., Chicago, Ill.; Steadman
Foundry and Machine Works, Anrora, Ind.; Sturtevant Mill Co.,
Boston, Mass.; and Toplin, Rice & Co., Akron, Ohio. The Survey
is likewise indebted to Dr. F. J. H. Merrill, Director of the New York
State Musenm, for the loan of plates from the reports of the Museum.
The plates illustrating Part T1T represent Maryland works and Mary-
land deposits in every instanee.

The Survey is espeeially indebted to the Director of the U. S.
Geological Survey, ITon. Charles D. Waleott, who has permitted the
nse of several illustrations from the publications of that burean, and
has aetively coiperated with the loeal organization in the gathering
of the statistical information concerning the clay-working industries
of the State since the organization of the present Survey.

There has likewise been active codperation with the U. S. Depart-
ment, of Agricultnre in the perfecting of suitable methods for deter-
mining the valne of road materials, and with the County Commis-
sioners and Road Supervisors of the several connties in the improve-
ment of the roads of their respective distriets.
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PALEOZOIC APPALACHIA OR THE HISTORY OF
MARYLAND DURING PALEOZOIC TIME

BY
BAILEY WILLIS

INTRODUCTION.

Some rocks consist of materials gathered beneath the sea and are
marked by the water whose enrrents form them. They are laid in
even beds; the surfaces of the beds are often rippled; they receive
impressions of seaweeds and trails of crawling creatures; and marine
animals become iinbedded and are preserved in them.

The materials of whieh sueh roeks are formed are chiefly sand and
mud (or meehanieal sediment) and lime, whieh oceurs in the cea in
solution and 1may be preeipitated by organic or chemical means.
Rivers earry these substanees down in great quantities and waves
breaking along the shore sweep baek the pebbles, sand, and stirred-
up mud. When deposited beneath the water and eonsolidated, the
tribute fromn the land delivered to the sea by streams and waves be-
comes eonglomerate (pebble-roek), or sandstone (sand-rock), or shale
(mud-rock), or limestone (lime-rock); and these varietics of sedimen-
tary rocks occur in strata, the several kinds alternating and often
grading one into another.

In Maryland all the roeks west of the Blue Ridge are sedimentary
rocks, as is proved by their bedding, the marks upon their surfaeces,
and the fossils they eontain; and it is known by studies of them that
a sea extended where now are the mountains and valleys of this and
adjoining states. That sea was not the Atlantic Oeean. It was an
interior, or mediterranean sea whieh spread its sediments from Ala-

bama to Canada and from eentral Maryland far west aeross the
1
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Mississippi Valley. At least it grew to be so extended, although it
was not so wide in the earliest time of whieh we have knowledge.
The lands whieh bounded it lay to the east (in part where the Atlantic
now rolls), to the southeast, and to the southwest. There were also
lands on the west and north, but the sea was not completely shut in.
There were probably several outlets from it to the ocean.

The interior sea widened in its earlier development and later nar-
rowed. Tts shore, the line between the sca and the land, migrated
far aeross the land as the sea was extended, and returned across the
sea-bottom as the waters shrank. That migration was not unhesitat-
ing; it paused, and retreated, and advanced again and again. When
the sea expanded sediments were more widely spread; when the sea
retreated, old rivers stretehed after it, new streams developed on the
freshly bared land, and new mountain chains grew up. The geogra-
phie ehanges of land and sea influenced climate, modified the kind of
sediment sent to the sea, ehanged the eonditions of its distribution
over the sea-bottom, and caused variations of living types. The
effects may now be observed in the sedimentary rocks which formed
under sueeessively different eonditions, and from these effects the
nature of the changes mmay be inferred with more or less probability
of correctness according to the distinctness of the record and the sim-
plicity of the conditions. In order to comprehend the signifieanee
of the strata and their varied sequences, it is necessary to understand
the operations and relations of three great geologie processes, whieh
affect the extent of continents and give rise to mountains. They are
the processes of erosion, sedimentation, and deformation. Tully to
discuss them would vequire a treatise on geology, but their natures
may be suggested by illustrations drawn from their present operations;
operations which repeat the conditions and events of the past.

GEOLOGIC PROCESSES.

JLLUSTRATIONS OF KEROSION.

Erosion is that process by which elevations of the land are worn

down toward sea-level. Tt is earried out by the forees of the sun
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acting through the atmospherc and the sea upon the land, and by
gravitation. The process may be illustrated by describing the devel-
opment of a coast and the work of rivers.

DEVELOPMENT OF A COAST.

In migrating backwards or forwards a coast assumes new features
according to the form of the land across which it sweeps. At the
meeting of the land and sea a level line is drawn across a plain, around
a hill, or along the slopes of a valley; all below that line is submerged
and the line becomes the shore.

Shores are of many types. There is the coast of Maine, marked
by long crooked fiords, rocky shores and islands, cliffs and steep peb-
bly beaches; it is like and yet unlike the California coast, which also
is bold and rock-bound, but whieh for hundreds of miles presents an
almost unbroken front to the waves of the Pacific. TFew islands
adorn it, and the bay of San Francisco is the only harbor that leads
deep into the land. Strongly comtrasting with these is the coast of
Virginia, where beaches of gray sand stretch for miles in smooth
curves, a barrier between the waves of the Atlantic and the lagoons
which fringe the low margin of the Coastal Plain; or the marshy shore
of Louisiana, including the great delta of the Mississippi, girt with
muddy spits and bars which scarcely rise above the Gulf.

The character of a shore is worked out by the sea according to the
aspect of the land against which the waves break. The shore is a
line along which the waves attack. In the contest the sea is active,
whereas the land is passive; and the cdge of the land is shaped by the
sea until it becomes even, perhaps, if the work goes on long enough
at one level.

When a coast, migrating, takes up a new position, the shore is
said to be young. TIts shape is then determined by the contour of
the land. When a shore has been so long established along a constant
level that it is adjusted to the waves and currents of the sea, it 1s said
to be aged. The coast of Maine remains young; that of Virginia
has become aged. Youth and age are here distinguished not by the
lapse of time, but by the devclopment which may be more rapid
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along low lands and upon softer rocks than aeross high lands and more
resistant rocks.

The attack of the sea is delivered in a horizontal plane, the plane
of sea-level, and in a zone a few fect above and below. The agents
of attack are waves driven by the winds, sweeping rocky material and
sand with them; they are checked on shallows and breaking strike
blows, which often have great force. If the blow is struck against
a very gentle slope under water, it glanees with relatively little effeet.
If it is delivered against a sand or pebble beach, the sands or pebbles
are redistributed till they attain a slope on which an advancing wave
sweeps up only what in retreating it carries back. This is a slope of
equilibrium for waves of that capacity to move the materials. If the
shore be composed of coherent rock, whether soft or hard, the blows
of the waves cut it away in the zone of their delivery. Any slope is
chiseled away at a definite level. All the rock above that level is
undermined and from time to time falls into the sea. Thus two facets
arc carved npon the land; the one a level bench or terrace marking
the lower limit of the waves’ effect, a few feet below water-level;
the other a steep face or cliff from which the latest fallen rock has
parted. The effectiveness of wave action depends in part upon the
depth of water near shore, in part npon the strength of the waves,
and in part upon the firmness and height of the land. Across low
Jands of slightly coherent rock, a strong sea may rapidly ent its shore
until the shallows on its wave-carved terrace break the force of the
attack. If then simultaneously the relative level of land and sea
changes, so that the water grows constantly deeper on the terrace, the
advance of the sea may progress unchecked over a wide expanse.
The wave-cut terrace then becomes a broad submarine surface, which
is technically deseribed as a plane of marine transgression. It is
known that such a plane was thus wrought across western Maryland,
Pennsylvania, Ohio, and other central states as far as Wisconsin in
“an early geologic period, the Cambrian.

In thus planing down the land, waves receive and deliver to the
sea the loosened roek. Theéir work is twofold; they roll and grind
the coarser, while they sort out and sweep away the finer materials.
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The onrush of the wave is succecded by the outflow of the undertow,
and as the former is constantly repeated the latter is a continuous,
pulsating current. Stirred up in the dash of a breaker, sand and
clay are seized and swept out by the undertow. The mill of the
waves effectively grinds, efficiently sorts, and delivers its grist to the
sea. The grist is assorted sand and mud, which go to make up some
sedimentary rocks.

WORK OF R1VERS.

Under the influence of the weather rocks disintegrate and decay.
Some constituents remain insoluble, forming soil, others pass into
solution. Soil and solutions are both received by streams from
rivilets, and carried down eventually to the sea. Uneeasing as the
dash of the waves on the shore, the work of rivers gradnally moves
mountains. In common parlance this is a figure of speech, but it is
not so in geology. It is a simple fact, apparent when one contem-
plates a brook and considers how constantly it is restored by rains,
while the inert rocks decay and waste away.

The cffect of moving mountains, even though grain by grain, is to
level down the heights to a lowest possible slope. As water will not
flow on a level, so there is a minimum fall which at least is necessary
to canse sediment to flow with water. If the fall becomes less, the
sediment sinks. Below this very gentle slope, which at its outer
margin extends beneath the sea, streams cannot rednce the land.
The process by which heights of land are leveled, called erosion, pro-
gresses slowly as it nears accomplishment. The ideal lowest possible
slope, which is called a base-level, is perhaps rarely reached; but
plains of very low relief have resulted from time to time.

As rivers carry down the waste of land, it becomes tributary to the
sea. Each stream delivers a proportion according to the extent and
character of its drainage area. From heavily-loaded rivers deltas
are built out against weak waves, but relatively strong waves and
currents seize the tribute and sweep it off. A delta also ultimately
ceases to develop and, unless submerged by subsidence, becomes the
spoil of the waves.
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The work of rivers being recognized from the facts of the present,
it is recognized that the same work was done by rivers which long
since disappeared from the face of the earth, and their existence is
sometimes vaguely recorded in sedimentary rocks.

- ILLUSTRATIONS OF SEDIMENTATION.

Sedimentation is that process by which the waste of the land is
distributed and deposited beneath the sea. The work of distribution
is performed by currents of the sea which are caused chiefly by the
winds, and the settling of the waste is due to gravitation. The winds
are driven by the sun’s heat and directed by the revolution of the
earth, and thus like erosion this process of sedimentation is the work
of the sun and gravitation.

SANDS ON THE ATLANTIC SHELF.

Waves roll in from an uninterrupted course of several thousand
miles upon the coast from Long Island to the Carolinas. Over the
stormy North Atlantic casterly winds are frequent and powerful, and
the waves they drive so far strike the coast with great force. Across
broad stretches the shore is low with intervening bluffs of moderate
height. From the bluffs the waves remove gravel, sand and clay,
which they sweep along shore, building barrier-beaches before the
lowlands and across shallow bays.

The rocks opposed to the powerful waves are incoherent. They
are deposits of various sorts, but all have been subjected to influences
of weather and of water so long or so often in the past that they have
become mixtures of clay and sand which but slowly undergo further
decay in the process of erosion. Easily removed, they may be sorted
and distributed, and the assorted deposits consist of the most durable
minerals.

Sorting and distributing begin the moment the materials fall into
the line of breakers. The currents along shore transport them, drop-
ping out the coarser sands when the weight of the particles exceeds
the carrying power of the current; and the waves scize upon these
sands and build beaches. The shore currents sweep on with the finer
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sand and clay until the sediment sinks into the undertow, which flows
seaward down the slope of the ocean’s bottom. That slope is very
gentle for 50 to 100 miles from shore and then grows steeper. Upon
the broad shelf the water dcepens gradually to 100 fathoms; beyond
it becomes gencralty more than 3000 fathoms deep. The undertow
and off-shore currents efficiently carry the fine clay out to the
margin of the shelf, but there the movement is checked by the great
body of deep water and the load of clayey sediment is deposited.
Between the outer zone of clay deposits and the inner limit of beaches,
the shelf is spread with sands, coarser near the shore, finer toward the
ocean. These sands have been beaten on the beaches, worn, tossed,
and washed. They are concentrated till they consist of little clse
than quartz and fragments of hard shells. Near shore they are depos-
ited by currents which cddy and pulsate under the influence of tides
and storms, producing irrcgularities in the coarser beds; further off-
shore they settle out from gentler and steadier enrrents, which lay
them in cven beds. There are strata of white sandstone among the
rocks of Maryland, which are composed of beach-worn sands deposited
off a shore resembling the present Atlantic coast.

LIMY MUDS IN THE GULF OF MEXICO.

The bottom of the Gulf of Mexico is covered with fine-grained,
Hmy mud. The waters of the Gulf move as part of the great South
Atlantic ocean current, which enters through the Strait of Yucatan
and passes out through the Strait of Florida. The current flows from
equatorial regions and is warm; it sweeps by the mouths of the Ama-
zon and Orinoco and is charged with immense quantities of sediment
and of substances in solution which those rivers bring to the sea.
Much is deposited in the Caribbean deeps, but the stream enters the
Gulf still charged with fine silt and there receives the contribution
from the Mississippi. Circulating in eddies the waters lose their
sediment, which is distributed somcwhat evenly over the bottom,
constituting a fine ooze. The warmth of the water is favorable to
the development of manifold forms of floating marine life, which take
carbonate of lime from the water and dying contribute it to the
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volume of sediments. Thus the ooze becomes limy or calcareous
through organic agencies. It may become limestone if the proportion
of lime be sufficient, or calcareons shale where the inorganic sediment
predominates, or limestone and shale in alternation where the warm
life-bearing waters of the ocean current meet the occasional muddy
floods of the Mississippi. Conditions similar to these prevailed widely
throughout the interior sca of America during several distinct epochs
of Appalachian history, and they are recorded in limestones and chales
of the sedimentary rock series.

ILLUSTRATIO-NS OoF DEFORMATION.

Deformation is the name given to that process which results in
changes of form of the earth or of some part of the earth. Although
changes of form which have gone on in the past or which are going
on now have been observed in all lands, the movements which result
in change of form and the causes that cffect them are not yet clearly
understood.

Movements whose effect is apparent in rocks are movements of
the crust of the earth, the word crust being used to signify that
portion of the earth which lies within a depth of a very few miles
below the surface on which men live. Not long since it was gen-
erally believed that therc was a crust which, having solidified, was
distinguished by its solid condition from a molten interior. Many
competent thinkers now incline to the hypothesis that the interior
also is solid, and not distinguished from the exterior except by physical
and chemical differences due primarily to pressure and secondarily to
heat. But observation can apply only to an external shell some 5
to 10 miles deep, and this may conveniently be called the crust with-
out defining its relation to the interior.

Movements of the crust may probably occur in any direction, but
they are imanifested in effects which may be attributed either to
vertical movements, that is those in the direction of a plumb-line, or
to horizontal movements, that is those in the plane of a waterlevel
surface. Some of the effects of these two classes of movement and
the manner in which they are interpreted may be stated.




MARYLAND GEOLOGICAL SURVEY 31

EXAMPLES OF VERTICAL MOVEMENT.

In the vieinity of Washington and Baltimore excavations here
and there expose granite, or an allicd rock, beneath a stratum of
eoarse gravel which was spread by waves breaking along a former
shore. At present the bed of gravel lies high above the sea. In
relation to the sea it has been raised to its present elevation by a
vertical movement of the crust.

The granite beneath the gravel is of a eoarse crystalline texture
produced in rocks once molten and eooled very slowly beneath the
surface. The allied rocks, schists, are divided by many partings into
thin leaves, usually standing on cdge. This peculiar lamination
associated with eertain crystalline eharacteristies is an cffect of me-
chanical and physical alteration under conditions of enormous pres-
sure. It is developed only at great depths. If these eharaeteristics
of the granite and sehist are correetly interpreted the rocks beneath
the gravel bed have risen many thousand feet relatively to sealevel
to reach their present position. This risc is equivalent to the growth
of a very high mountain range, but it may never have resulted in a
great elevation above sea as the atmosphere constantly weathered off
the rising surfaee of the land. The height of any mountain range
is the differcnee between the total uplift above sea-level and the
amount eroded. During long epochs the uplift about Baltimore was
very slow, and may not have resulted in great heights; yet during
other episodes aceelerated development may have produced eonspieu-
ous ranges. The most significant faet is the vertical movement in
the earth’s erust.

Mountain ranges are the expression of relatively rapid uplift,
which may result cither from direct vertical movement or indirectly
as an effect of horizontal movement. The Appalachian mountains
have long been interpreted as eaused by wrinkling of the earth’s crust,
an effeet of horizontal movement, and such an Appalachian range
probably existed formerly. Bnt these mountaius of to-day are a
result of direct vertieal movement, as may be explained briefly here,
although the detailed account belongs to a deseription of the later
events of geologic history in the province.
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Being constantly cxposed to the destructive attack of the atmos-
phere, mountains diminish in mass as soon as they ccase to grow
vigorously, and ultimately they are worn away. Prolonged as the
process of destruction may seem to man, it is a brief geologic event.
All existing mountaing have developed during the later geologic
periods; some are still growing; others are passing into their decad-
ence, becoming hill regions, and will become plains. Mountains rise
from plains and give place to plains.

During a recent geologic period, the Cretaceous, the site of the
Appalachian mountains was an extensive plain from Canada to Geor-
gia, from Maryland to Ohio. Lines of that surface are seen in the
long level crests of North Mountain, Sideling Hill, and the Alleghany
Front. The former plain has been elevated nnequally, most along
the axis of the highest ranges, little or not at all about the Atlantic
and Mississippi margins, forming a very broad dome about 4000 feet
high. In that dome rivers and rivulets have engraved the valleys of
the Appalachians along softer beds of rock, while the harder still
maintain their heights as ridges.

The uplift developed and has been sculptured to its present aspects
since the Cretaceous period. Before that period, as will be shown
later, the wrinkling of the earth’s crust, to which the growth of the
monntains has been attributed, was completed, and whatever ranges
resulted from the wrinkling had been worn away. The present
Appalachians, therefore, are not an expression of that horizontal
movement (wrinkling), but of a vertical uplift, which is of later date.

Subsidence of the earth’s crust is a vertical movement which is the
reverse of mountain growth. The evidences are many that areas of
wide extent as well as more limited ones have subsided with reference
to sea-level from time to time throughout all the known geologic past.
Lands have sunk beneath the sca; causing the shore to migrate far,
and upon the newly established sea-bottom sediments have accumu-
lated many thousand feet thick. TUpon successive strata frequently
oceur the marks of shallow water, proving that the deepening basin
was as rapidly filled. The thickness of strata gives a measure of the
amount of subsidence, and in mountains the occurrence of strata
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formed in a subsiding basin is a demonstration that the downward
movement in sueh a case was sueeeeded by one in an upward direction.

EXAMPLES OF HORIZONTAL MOVEMENT.

Movement of a segment of the carth’s erust in a horizontal dirce-
tion appears to be indieated by the folds which oceur in strata that
were once flat. The familiar illustration of a fan may make this
clearer. 'When the fan is opened wide it is flat, and the outer sticks
ave far apart; when it is partly elosed the paper is thrown into folds,
and the outer sticks have approached. Folds which in some respects
resemnblo those of a fan oceur in beds of limestone, of eoal, and of
other rocks, whieh were originally spread flat. Tt would seem that

the outer edges of the felded zone had approached, as do the outer
sticks of a fan. In the Appalachian mountains there is such a
folded zone, which before it was folded, was approximately 100 miles
or more in width and, being folded, is now 65 miles wide. That is
to say, the outer limits of the zone have come nearer together by 35
miles. Whether, as has been commouly held, this approach be due
to shrinkage of the earth or not is not here disenssed. The fact of
horizontal movement within the zone of folding is established.

The movements that resulted in Appalachian folding oceurred dur-
ing the ages whose events are to be deseribed, and the econditions
leading up to and attending the development of the folds will be set
forth so far as they are understood. The mechanical laws which
govern the location and size of folds in strata are in fact simple,
although the cffects are so stupendous in magnitude that the mind
may at first find them ineomprehensible. A series of strata twenty
thousand feet thick may fold like a pile of paper, if the forces are
adequate.

Revstions or ™iE THREE PROCESSES.

Deformation, crosion, and sedimentation are related in so far at
least as the first provides eonditions essential to the aetivity of the
other two, and the second supplies the materials for the last. That is:
Deformation initiates an aetivity whieh results in erosion and sedi-

mentation sueeessively. Many theories have been advaneed to show




34 PALEOZOIC APPALACHIA

that erosion and sedimentation result in deformation, and that the
eycle of proeesses is eomplete, but the eonelusion has not been demon-
strated. Deformation may be an effeet of an independent cause, or
eauses, which would be the more remote cause of all three proeesses.
As the events of Appalachian history followed from the activity of
the three proeesses, the relations of the processes may advantageously
be more fully explained.

The oceans are countained in broad basins within whieh are pro-
found deeps, and the eontinents are wide elevations above which
mountains rise. The larger inequalities of the surface of the earth
are so distributed that two-fifths of the total area lie between 11,000
and 16,000 feet beneath the ocean, with a mean depression of 14,000
feet below sea-level; and one-fourth of the entire surfaee falls 1000
feet below and 5000 feet above sea-level, with a mean elevation of
1000 feet. The former, that great expanse lying approximately
14,000 feet below sea-level, has been called the oeeanic plateau; the
latter is known as the continental plateau. The faets are graphically
set forth in the following diagram, whieh was first prepared by Gil-
bert, after data assembled by Murray.

The inequalities are the net result of deformation during geologic
ages. As the margin of the eontinental platean is submerged, the
oceanie basins are now more than filled by the sea. If in consequenee
of deformation the basins should deepen, the waters wounld recede
from the continents; or apparently the same result would follow if
the continental plateau should rise. But there would be a distinetion
between the two effects, in that a deepening of the sea basins would
affect the shores of all eontinents alike, whereas the uplift of one
eontinent would probably mot be shared equally if at all by others.
There is evidenee to suggest that the oceanic basins have deepencd
materially during certain episodes of the earth’s history, and there
are facts to prove that econtinental masses have been raised. Mountain
uplifts have oceurred even more frequently and more energetically.

The effeets of deformation which result in the elevation of moun-

! Continental Problems, Bulletin G. S. A., Vol. IV, pp. 179-190, 1893.
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tain masses or continental masses above the sca thercby favor the
process of erosion, whose tendency is to grade down the land. If an
uplift be accomplished, it will be graded down by erosive processes
in time, no matter how great its magnitude. And when the degrada-
tion is completed to a plain at the lowest possible slope, then the
activity of mechanical erosion pauses.

A principal result of erosion is the preparation and delivery to the
sea of land-waste, with which sedimentary deposits are built up. The

.
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Fi16. 1.—Generalized profile, showing relative areas of the earth’s snrface at different
helghts and depths, The width of the diagram from side to side stands for the
entire earth's surface, The eurve shows the relative extents of the continental
and oceanic plateaus and adjacent slopes. These relations are expressed Inde-
pendently of the distribntion of land and sea.

rate of accumulation of sediments depends upon the rate of erosion,
though indirectly in many instances; but in general it is true that
when lands are prevailingly low, sediments accumulate slowly, and
sedimentation may fail when erosion becomes mactive.

The three processes may be thus characterized: Deformation
initiates activity; erosion destroys uplifts; sedimentation reconstructs
rocks and records events of geologie history.
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PALEOZOIC HISTORY OF MARYLAND AND ADJACENT
STATES.

Tae Poimnt oF View.

Geologic history is an account of development; it may be of the
development of continents and oceans, of lands and seas, of mountains
and river systems, that is of the physical history of the earth; or it
may be of the evolution of plants and animals, that is a history of
the organic life of the earth. Organisms obey a general law of
change. The nature of the variation in any case is an effect of
inherited tendencies and of an effort toward adaptation to physical
environment. Environment is modified in epochs which are brief
as the earth’s history is measured, and the changes react on faunas
and floras. Thus in order to understand the life history of the globe
it is necessary first to know the physical history.

This article is a contribution to the study of the physical changes
only. It is an attempt to interpret the mechanical characters of
certain sedimentary rocks, in the order of sequerce as they occur, and
in accordance with the effects of deformation, erosion, and sedimen-
tation now observable on continents and about their shores. Some
of the episodes which are comprised in the review are the growth and
wasting of several mountain systems, the expansion of plainé of con-
tinental extent and their submergence beneath widening seas, the
construction and migration of extensive coastal plains, the upfolding
and dislocation of sedimentary strata from 2 to 6 miles thick in a zone
a hundred miles wide and fifteen hundred miles long, and the with-
drawal of the sea from the province over which it had circulated
during many million years. The magnitude of the phenomena is
co-ordinate with the lapse of time, and both surpass man’s grasp, but
the evidence of the facts is uninistakable in all the broader relations.

Tuz Prace axp TiMe.

The scene of this history is eastern North America, comprising a
region between the present Mississippi Valley on the west and an
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nnknown limit on the east where now the Atlantie rolls. The region
comprised a sea and a land. The sea lay west of the land; the land
stretched eastward beyond the present extent of the continent. The
shore along whieh the western sea met the land migrated during ages

far eastward and again far westward with many minor oscillations
back and forth, and the areas of land and sea shrank and expanded
each in opposition to the other. The land may be ealled the continent
of Appalachia. The sea was the mediterranean of North Ameriea.

The time of this history eovers the P’aleozoic era, the era of aneient
life, which is distinctly recognized as a grand division of geologic
time represented by roeks known in many parts of the world. The
Paleozoic era was many million years, how many caunot safely be
estimated. Since its close other millions of years, probably fewer,
have clapsed. DBefore its earliest episodes, longer time than las
since passed had been occupied by events which are recorded in older
rocks. Thus, the cra of ancient life, the Paleozoie, is an early part of
the later half or of the latest third of geologic history.

Rocks of the Paleozoic era are recognized by the fossils they con-
tain, most of which represent ereatures that lived on the sca-bottom.
Except the vertcbrates, whieh, however, appeared as fishes early in
the era, the several types of organic structnres existed in varied
development at the beginning of the Palcozoie, and their evolution
has sinee involved thousands of species and lhundreds of genera, of
whiell but a very few survive immodified. The development sne-
eessively of different forms and the corresponding disappcarance of
groups of preceding types occurred, perhaps gradually on the whole,
but in limited distriets where eonditions varied rapidly with sharper
distinctions between the older and newer forms. These distinctions
eorrespond to ehanges in the natwre of the rocks, whieh were them-
selves related to changes in the physical eonditions of the sca; and the
variations in the organisms are dne to an extinetion of the forms
whieh were too eonservative in their habits and to the immigration
or development of others that eould adapt themselves. The failure
of any type to perpetuate itself may be due to misdirected develop-
ment under stimulus of too favorable an environment, or in cases of
unfavorable environment to inadaptability or weakness.
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Aeeording to the facts of the three most marked episodes of varia-
tion of speeies the Paleozoie era is divided into four periods, the
Cambrian, Silurian, Devonian, and Carboniferous, named in order
from earliest to latest, and the elose of the Palcozoie era is defined
by the general disappearanee of the ancient forms of life, aud by the
appearanec in sueeeeding strata of types more nearly allied to those
of the present. T'or more detailed information on the faets whieh
determinc the elassifieation of geologie events, the reader is referred
to textbooks on geology.

APPALACHIA BEFORE THE PaLrozoic Era.

THE PRE-CAMBRIAN ERA.

The rocks of pre-Cambrian Appalachia fall into four classes, which
differ in their gemesis and aecordingly signify distinet episodes of
history. These are the schists, the granites and allied igneous roeks,
voleanie roeks, and sediments. The schists are the oldest and their
origin is in many eases obscure. They may have been in part sedi-
mentary, but are known to have been to a large extent of igneous
origin. Their signifieant charaeteristic, however, is the arrangement
of their minerals in such manner that the longer axes of the crystals
are parallel. The minerals whieh have assumed a parallel relation
are not the original minerals of the roek as it first formed, but are
those which have developed during chemical changes under condi-
tions of extreme pressure. This strueture gives to the schists their
tendency to elcave in thin layers along parallel planes, and is one
which is acquired only at great depth in the earth’s crust. There-
fore whatever may have been the origin of the roek from whieh the
schists are derived, it is certain either that it formed at great depth
or after having been eonsolidated near the surfaee was deeply buried.
The granites and the allied rocks exhibit a coarsely crystallinc texture
uniform throughout large masses, whieh is peculiar to roeks whiech
have been molten and eocled slowly. The eonditions for sueh cooling
exists only at some distanee beneath the surface, and thus the granites
also indieate that the rock mass of which they form a part was deeply
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buried when they cooled. Tt will presently be shown that the schists
and granites were nevertheless exposed to the atmosphere at the
surface of the land in carly Paleozoic time and that they had, there-
fore, risen from the depth at which they developed their character-
istic strnctures. Similar phenomena of granitic intrusions took place
late in the Paleozoic era in New England, and at still later dates in
the Rocky Mountains and Sierra Nevada. The uplifts by which the
deeply buried rocks were raised to be bared by erosion constituted
mountains in pre-Cambrian time, probably as they did late in the
Paleozoic and do now. Thns the process of monntain growth is seen
to be one of great antiquity.

. The pre-Cambrian volcanic rocks still retain structures, such as
lines of flowing, peculiar to lavas which have been poured out in a
molten condition and cooled at the surface of the earth, and they
tell of voleanoes whose activity was intense and which were widely
distributed. In their chemical composition as well as in their internal
structures these rocks are closely related to lavas erupted in later
times, and the resemblances serve to strengthen the inference that
the western. portion of Appalachia in pre-Cambrian time was the
scene of events sinee reprodneed in the western regions of North
America.

The existence of high lands was favorable to erosion, and an
accumulation of sedimentary strata in adjacent scas was a necessary
consequence. Those strata werc subsequently deeply buried under
Paleozoic formations, and if now exposed to view appear distorted
as parts of mountain masses. Their relations to later sediments are
obscured and, as the pre-Cambrian rocks very rarely contain fossils
and none have been found in their supposed representatives in the
Appalachian provinee, it has not been possible to identify them posi-
tively. The strata niow considered to be the oldest of the Appalachian
series may be pre-Cambrian or Paleozoic. However, in the Smoky
Mountains of North Carolina is a group of more or less altered
shales, sandstones, and eonglomerates whieh is probably of pre-Cam-
brian age. It was named the Ocoee group by Safford, who eorreetly
perceived its probable great antiquity, and it has been traced into

2
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Georgia by Hayes and into Virginia by Keith. Where the strata of
the Ocoee group occur in contact with the still older schists and
granites it may be seen that the scdiments are composed of the
slightly sorted and rearranged detritus of the more ancient rocks,
as sometimes happens along a shore. The story of that coast may
not be written until the distribution and relations of the Ocoee are
more thoroughly known, but it is probable that the facts bear witness
to the positions of the western shore of Appalachia in its migrations,
during the later epochs of pre-Cambrian time.

At the beginning of Paleozoic time Appalaehia had thus already
acquired a eomplex rock structure, and the surface of the land cor-
responded to the truncated bases of earlier mountain ranges. There
is reason to believe that it was hilly, but not elevated, and that the
rocks were deeply decomposed as their representatives now are
throughout the Piedmont region of the Atlantic border. The interior
sea washing the coast of Appalachia on the west was then a strait,
probably not more than 100 miles in width and 1,500 miles long,
extending from the Gulf of St. Lawrence along the line of the Cham-
plain trough to the great Appalachian Valley of New York, Penn-
sylvania, Maryland, Virginia, and Tennessce, into Alabama. Its
southern or southwestern eonneetion eannot be traced, and its western
shore is not aceurately determinable, but its eastern side lay not far
from the present line of the Blue Ridge through Maryland and Vir-
ginia. The absence of pre-Cambrian and early Cambrian sediments
across the central states shows that there a land area extended, and it
was bounded on the west by a second narrow sea whose sediments
now form part of the mountains of British Columbia, western Mon-
tana, Idaho, and Utah. Thus the continent of North America was in
that early day divided by two straits into three continental arcas; the
eastern continent, Appalachia; a central land extending to the Rocky
Mountain strait; and a western whose farther Paeific limit is not yet
made out.
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SuBMERGENCE DvurRiNG THE CAMBRIAN PERIOD.

THE BASAL UNCONFORMITY.

The pre-Cambrian sehists and other rocks not of sedimentary origin
are in contact with and underlic sedimentary strata from North
Carolina to Canada. At the surface of contact the schists, the gran-
ites intruded into thein, and dikes of formerly molten rock which ent
the granite, all end abruptly. The surface was planed across their
complex mass after they had acquired fixed relations, and it was
probably closely parallel to a general slope developed by erosion on
the Appalachian land. The strata which rest npon the old rocks
are of varied echaracter at the contact. In some places they consist
of the partly decomposed minerals of granite or the less easily recog-
nized partieles of weathered schist; and elsewhere the sediments
were clayey or of quartzose sand. The granitic sands are often
deposited on or ncar a granite mass from which they were derived,
and of the other sediments those whose original character ean be
recognized lie frequently in similarly eclose juxtaposition to their
parent rock. The elayey beds and quartz sands were partially washed
and sorted from the more thoronghly decomposed schists and granites.
Thns the source of these sediments was the weathered surface of
various rocks, the land surface of Appalachia, and the waters which
received and rearranged them played close to the source. These
conditions are assoeiated only along shore, and where this contact of
the sediments npon the older rocks is fonnd, there was once a shore
with bluffs and beaches and bars.

The surface of contact iz an uneonformity which marks a great
interruption in the geologie record—the schists and granites are very
much older than the sediments, as has been indicated in deseribing

! An unconformity marks an hiatus in the geologic record. It is that
relation between a sedimentary stratum and any older group of rocks
which exists when the older rocks have becen involved in uplift and subsid-
ence prior to the deposition of the younger stratum. The movement may
have been effected without disturbance, or the rocks may have been com-
pletely sheared and folded. The rise may have resulted in very slight
effects of erosion or in the dissolution of mountains. The time correspond-
ing to the hiatus may have been a brief episode or a great cra.
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the pre-Cambrian history—but the elose of the hiatus is not every-
where of the same date. This is determined by the age of the strata
deposited on the eroded surface of the older rocks. Throughont
mnch of the Appalachian Mountains, the oldest strata next to the
pre-Cambrian roeks contain fossils whieh belong to very early, gener-
ally low, types of life, and by whieh the strata are identified as of
early Cambrian age. Elsewhere, strata of the Ocoee group lie upon
the pre-Cambrian. They eontain no fossils but, as has already been
explained, they are probably older than the Cambrian.

An explanation of the different dates marked by the close of the
hiatns is not far to seek. Where the Ocoee strata rest on the old
schists and granites, there was the shore of the sea during an episode
of that date; where the early Cambrian sands were deposited in a
similar relation was the shore of a wider sea, whieh at that later date
spread further upon the Appalachian land. In technical phrase the
Cambrian strata overlap the Oeoee strata in the greater part of
the province. Hence we may draw the eonelnsion that Appalachia
had for some time been subsiding with referenee to sea-level when
the forms of life which mark the carly Cambrian appeared in the
waters of the adjaeent strait.

CAMBRIAN STRATA.

The sequenee of strata deposited during the Cambrian period may
briefly be deseribed as eomposed of coarser scdiments at the base of
the series followed by finer sediments above; or as eonsisting of
mechanieal deposits in the lower part mingled with but little material
of organie or chemieal origin, and in the upper part ehiefly of organie
or chemical sediments with only the finest mechanieal products
of rock disintegration. The lower strata are conglomerate, sand-
stone, and sandy shale, the upper are ealeareous shale and limestone.
Generalizing loeal details whieh mark fluetuating eonditions in lim-
ited distriets, the above statement is true of the entire Appalachian
provinee from Alabama to Canada, and from that comprehensive faet
the natnre of the geographie ehanges is broadly to be inferred.

When the early forms of marine life, whieh indicate the beginning
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of the Cambrian period, appeared along the shore of Appalachia,
that continent was subsiding, as has been stated. The coast of a
sinking land is characterized by features which cause peeuliarly local
and varied sediments along a narrow littoral zone. Valleys, being
flooded by the relatively rising sea, become bays or estuaries like the
Chesapeake. If they are extensive they receive and retain all the
sediment brought down by tributary rivers, as is now the case with
the great volumes contributed by the Susquehanna, the Potomac,
and other streams flowing into Chesapeake Bay. It is floored with
“blue mud ” almost to Norfolk, but beyond the Capes the ocean bed
is of sand.

Between the estuaries extend higher lands, as peninsulas, and
against their headlands waves beat, earving sea eliffs, from which
pebbles and sand are distributed over the adjacent sea-bottom. The
powerful waves of the Atlantic abrade, sort, and earry this material
very effieiently, and our coast is bordered with clean, sandy beaches;
bnt the waves whieh broke on the shore of Appalachia were weak.
In many localities they failed to sort the decomposed rock, which
they washed gently to a resting place near its source. Elsewhere
beating more strongly, or aided by local currents, or having the
partly sorted detritus of an older sedimentary rock to handle, the
waves spread clayey sands or sands consisting chiefly of clean quartz.
Thus along the subsiding shore at any time, deposits of river mud
accumulated in estuaries, and wave-wrought, coarser materials of
various kinds were spread along the coast-line. In addition to the
variations along the eoast, there was a more uniform change in the
character of the deposits from the coast secaward. Coarser sands
gathered near shore, and finer sands and clay subsided farther out.

Although the general movement of Appalachia was a sinking one,
there were episodes when the continent stood at a constant level or
even rose with reference to the sea. In the former case the rivers
silted up the estuaries and the waves accomplished more thoroughly
the abrasion and sorting of detritus along shore. In the latter case,
as the estuaries again became valleys, the rivers resumed their .
courses and, scouring out the accumulated mud, swept it to the sea,
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while the waves, withdrawn from their previous advance, washed
over the sediments they had most lately distributed. Such oscilla-
tions of level may account for the alternation of coarse and fine
detritus in the mechanical sediments and for variation in the degree
of concentration of sands, which sometimes consist of minerals casily
decomposed mingled with quartz, and again of concentrated quartz,
onc of the most durable mincrals.

The thickness of the mechanical Cambrian sediments varies in
different parts of the provinee. In Georgia and Tennessee, where
they probably suceeed the Ocoee group, their volume is great. They
are there represented by the strata of Chilhowce Mountain, 2,500
feet thick, and by the Rome sandstone, 3,000 to 4,000 fcet thick.
In Maryland the Loudoun, Weverton, Harpers and Antietain forma-
tions aggregate 3,000 feet. In Massachusetts the Vermont quartzite
is 900 feet, and the Becket gneiss possibly 2,000 fect thick.

The area over which these formations originally extended, but
from which they have in large part been eroded, can never be known;
nor could the land area from which they were derived be estimated,
even if their original volume were calculated. But it is probable
that the arca eroded very considerably excceded the area of deposit
and that the tributary district of Appalachia was worn down but a
few hundred feet at most to provide sediments locally 2,000 to 4,000
feet thick.

The Cambrian sandstones and shales were succeeded throughout
the province by calearcous shale and that by limestone. Fine clay,
the principal component of the shale, represents the waste of a
deeply eroded land, or one remote from the place of deposition.
Lime, the chief constituent of the limestone and an important one
of the shale, was precipitated from the sea-water by organic or chem-
ical means. The source of material of calcareous shale and lime-
stone thus differs from that of sandstonc and sandy shale, and the
occurrence of the former in sequence on the latter implies correspond-
ing changes of conditions. The effective changes were two. The

one was the erosion of surviving land areas to a condition of very low
relief, and the other was the extensive widening of the waters from
the Appalachian strait to a mediterranean sea.
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That Appalachia had become a lowland is an inference justificd
by the faets of prolonged subsidence and erosion indicated by the
mechanical sediments, but it may be pointed out that the sequence of
fine calcareous shale and limestone is evidence which confirms the
inference. Where lands are high and dcelivities are stecp, rocks
are bared of soil and are broken by variations of tempcrature and
by frost. Disintegration proceeds rapidly and chemical decay is
insignificant. Where lands are low and slopes gentle, the reverse is
true. There rocks decompose, forming decp beds of clayey soil.
Thus different topographic aspects yicld diverse sediments, and in the
scquence of Oambrian strata is the record of the passing of the hills
of Appalachia and on their sites the expansion of broad plains. Even
the low relief of plains wastes away, though slowly, and as the surface
sinks to so gentle a slope that rivers remove but little sediment, the
mechanical contribution from the land to the sea fails, This is a
condition to which reference will repeatedly be made to explain the
character of some Paleozoic strata.

The widening of the strait eastward over Appalachia has been
described. Tt can never be known where that migration of the
coast halted, as the sediments which rceorded it have becn croded,
but it is by no means improbable that the sca swept over the castern
districts to or beyond the present Atlantic shore and that land areas
lay still further cast. The expanse of the sea westward is more defi-
nitely traceable. Strata occur along the western side of the great
Appalachian Valley in Tennesscc which are of early Cambrian age,
and are of such relative thickness and coarsencss as to indicate that
they accumulated not far from the western shore of the strait of that
date. Thence westward the rocks now visible at the surfacc are
much younger. They cover the Cambrian deposits and the pre-
Cambrian rocks across the Mississippi Valley to Missouri and Wis-
consin; and there where the pre-Cambrian rocks reappcar at the sur-
face, the strata which rest upon them at the basal unconformity are
of late Cambrian age. The absence of earlier Cambrian strata and
the presence of later deposits of that period, as determined by the
fossils, demonstrates the migration of the shore westward from the
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Appalachian strait to Missouri and Wisconsin, a distance of 300 to
700 miles. The effect was similar to that which would now ensue if
North America should slowly subside until the Gulf of Mexico and
Hudson Bay were joined in one great mediterranean sea.

In this sea, whose strata still cover at least 160,000 square miles
and which was probably much more extensive, the principal sediment
deposited was carbonate of lime. The resulting limestone was ap-
proximately 1,000 feet in Missouri, 3,000 to 4,000 feet in eastern
Tennessce, and 6,000 feet in Pennsylvania. If the average thickness
be assumed to be only one-fourth of a mile, the volume of limestone
covering 160,000 square miles is still 40,000 cubic miles—a mighty
stratum truly. If, further, it be assumed that the percentage of car-
bonate of lime is but one-half, the volume of that constituent is 20,-
000 cubic miles, the other half being fine clay. These estimates are
well within the limits of fact. Whence came, then, this vast volume
of caleareous sediment and how was it deposited, organically or
chemically? ’

The pre-Cambrian erystalline rocks of Appalachia and other land
areas about the mediterranean sca, eroded contemporaneously or
just beforc the limestone formed, first suggest themselves as the
source of the lime, but it can be shown that the source is inadequate
for the supply. Approximately stated, those rocks consist by weight
of about 80 per cent of silica, alumina and iron oxides, which all go
to make up the insoluble mechanical constituents, and of but 5 per
cent of lime. To the latter we may add the same proportion of mag-
nesia, which passes into solution and may be precipitated with it.
If in this rough estimate we pass lightly from measures by weight to
measures by volume, we should have 8 feet in thickness of sand and
clay deposited for each 1 foot of lime over the same area. Or, con-
sidering that sand and mud are deposited chiefly along shore, whereas
the lime is spread widely over the sea-bottom, the former should be
several times thicker in proportion. In Cambrian strata no such
volume of sandstone and shale is known or is likely to have existed;
therefore, the contemporaneous contribution of the lime from Appa-
lachia and other lands to the mediterranean is inconsistent with
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facts. But the difficulty vaniches if the idea of a contemporancous
source on land be abandoned for the assumption that the lime had
been derived from lands eroded dnring pre-Cambrian ages and had
been stored in the waters of the ocean. It must then, however, be
shown in what mauner the character of the mediterrancan specially
favored the precipitation of lime and so caused the unusual deposit of
limestone. This can best be done by reference to appropriate organic
and chemical conditions.

Life flourished in the Cambrian sea. Walcott has deseribed
many species covering a wide range of forms which inhabited warm
shallow waters. The limestone is fossiliferous throughout its oceur-
rence to the extent that some remains of organisms may be found
in any large mass of it, and locally they may be crowded closely in
certain strata. Thus the fossils bear cvidence that the waters were
favorably warm aud shallow and afforded food, and that living organ-
isms produced part of the limestone. There is no doubt that any
part of the lime which forms these fossils was organically deposited,
but there is a large part of the limestone to which that conclusion does
not necessarily apply. The fossils are generally imbedded in a crys-
talline or pulverulent matrix, which shows no organic structure even
under the microscope. An assumption that this caleareous material
was of organic origin is therefore not supported by direct evidence;
the strueture of the rock, on the contrary, resembles that of erystal-
linc limestone now forming as a chemical deposit in the Everglades
of Florida, or of pulverulent caleareous ooze chemically precipitated in
the same waters.” Hence the conditions possibly favorable to chem-
ical precipitation of carbonate of lime should be considered.

Chemical researches into the permanence of bicarbonate of lime
in solution and the solubility of monocarbonate of lme thrown ont
of solution differ widely in results and do not at present afford satis-
factory data. According to some investigators, the monocarbonate
is very easily soluble; others, apparently equally careful, find it to be
but slightly so. At the present time ocean water appears not to
contain more than a part of the lime it might dissolve and hold in

! Conditions of Sedimentary Deposition. Chicago, Journ. of Geol., Vol. I,
p. 512.
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solution as bicarbonate, and monocarbonate of lime is apparently not
chemieally precipitated from it. Nevertheless, delicate and minute
shells of pelagie organisms sink through as many as 12,000 fect of
ocean water from the surface to the bottom, where they aceumulate
undissolved, and this in spite of the faet that they contain the strong
solvent, carbonie acid, whiech is produced by deeay of the organism.
This faet indieates that the solvent power of oeean water for the
carbonate is not great. Of the conditions which may result in the
chemical precipitation of the earbonate, concentration of the solu-
tion is that whieh is most effective, but meehanical agitation and
adration appear to be only less so. Thus tufa, a deposit of earbonate
of lime, forms where there break waves of waters which do not other-
wise precipitate it. And agitation may suffice to separate out the
carbonate from salt water only slightly more coneentrated than
oceanie brine. The FEuropean Mediterranean, being coneentrated
by evaporation in spite of the great rivers flowing into it, is more
alkaline than the Atlantic, and the difference, though slight, appears
loeally to favor the formation of limestone, a crystalline deposit of
which has been dredged at the mouth of the Rhone.

Frankly admitting that the eomposition of ocean water in Cam-
brian time is unknown, and recognizing the futility of comparisons
with the pereentage of lime in solution in the ocean to-day, we may
compare the waters of the Cambrian mediterranean with those of the
oceanic basins of the same time. The Cambrian mediterranean sea
was broad and shallow, of such extent as to devclop currents within
its own area, and probably so related to the greater seas as to reeeive
and discharge oceanic currents. Thus the waters were in cireulation
and influenced by the enclosing lands to eddy round and round. Of
this faet the widespread distribution of the fine clay which forms part
of the limestone is evidence. Evaporation of waters so circulating
probably led to coneentration of the salts held in solution as is now
the ease in the Mediterranean, and considering the great mass of
Cambrian limestone which exhibits erystalline or granular rather than
organic structure, it is not improbable that the effects were sufficient
to cause chemical precipitation of carbonate of lime.
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This great Cambrian limestone is an extraordinarily uniform, mas-
sive, and extensive bed of rock. In course of succeeding ages it was
deeply buried beneath later sediments, and when strains developed
in that part of the erust of which it was part it profoundly influenced
the folding which ensued. Paleozoic strata of the Appalachian
province are folded with remarkable parallelism and simplicity. This
and other features, which have made that structure a type with which
other regions the world over are compared, result from the character
of the great limestone.

No cataclysm, nor even any marked change in physical conditions,
closed the Cambrian period. The sea widened its boundaries to an
extreme limit. Its warm and shallow waters gave the life of the
time a rich opportunity for development, and there ensued material
variation of species and genera. A new fauna was devcloped which
lias been called lower Silurian or Ordovician, and the period of which
it characterizes the first part is known as the Silurian period.

THE SUBMERGENCE CONTINUED INTO THE SILURIAN.

The separation of certain strata, called Silurian, from those which
preceded, and which are ealled Cambrian, depends upon the occur-
rence of fossils recognized as Silurian species. In the Appalachian
province the plane of separation lics in the great limestone, in a posi-
tion which has not yet been aceurately worked out, but it is known
that the lower part, perhaps two-thirds of the thickness, contains
Cambrian species, and the upper part carries Silurian species. Thus
the conditions favorable for the accumulation of limestone, the ex-
panse of shallow sea and lowlands, continued for a long time after
the beginning of the Silurian period.

This fact of the long-continued prevalence of the sea over interior
North America in Cambrian and Silurian time is worthy of a pause
in the recital of events, as it bears upon two questions of great in-
terest—the permanence of continents and the activity of the forces
of deformation. It has been pointed out that the greater inequalities
of level in the carth’s surface define a continental plateau and an
occanie plateau, the former lying 15,000 feet higher than the latter.
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The subsidence which permitted the Appalachian strait to expand
to the width of the mediterrancan sea amounted to but a small part
of this difference, as the land was low before submergence and the
sea never became very deep. A sinking of 1,000 feet might suffice
to account for the geographic changes. The degree of subsidence
can hardly be considered to interrupt the permanence of the conti-
nental plateau.

The antiquity of the earth readily suggests the idea that she is
growing old, that is, inactive; the forces which produced continents
and mountains in the long past ages are dying out, it is said. But
North America is to-day more mountainous than it was in early
Silurian time. Where, in consequence of a long cessation of deforma-
tion, broad plains then extended just above and just below sca-level
there are now mountains of recent growth. In tracing the Paleozoic
history of Appalachia we shall find little proof that the earth has
grown old, but much evidence that there have been epochs of activity
in alternation with epochs of inactivity of the deforming forces.

Exercexce Durixg THE LowEer Sizuriay Periop.

THE RETREAT OF THE SEA.

Throughout the Appalachian province the great limestone is suc-
ceeded by a deposit of shale. The constituents of the shale are clay
and fine quartz sand. In many sections it is fine and caleareous
toward the base, but sandy and coarser toward the top. In some
localities it is dark brown or black with carbonaceous matter especi-
ally in the lower strata. The contact between the underlying lime-
stone and the succeeding shale is usually a transition by interbedding
of alternately more earthy and more calcareous layers, cach par-
allel or conformable to the preceding one. At isolated points, how-
ever, and especially along the castern margin of the Great Appa-
lachian Valley, there is an unconformity between the shale and the
limestone; it is marked by a conglomerate composed of pebbles of
limestone and chert in a matrix of sand, and by overlap of thin sue-
cessive strata of shale and sandstone upon the limestone. The thick-
ness of the shale is very variable. In a line of lenses which ex-
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tends from the upper Hudson Valley through the corresponding
valleys of Pennsylvania, Maryland, Virginia and Tennessee, it
attains a maximum of 3,000 to 4,000 fect. The Massanutten
Mountain of Virginia and the Bays Mountains of Tennessee are ecom-
posed largely of these great thicknesses of shale. A few miles west
of this line the shale is but 1,000 feet thiek or less.

These several facts of the charaeter, relations and distribution of
the shale yield a consistent interpretation of the changes from whieh
they resulted. The constituents are those enduring minerals whose
worn particles may be derived from the flood-plains of streams flow-
ing on a lowland, or from erosion of sedimentary rocks. The transi-
tion from limey to clayey deposits with alternation of charaeter is
what shounld oecur on a shallow sea-bottom off the mouths of muddy
rivers, which were engaged in removing their flood-plains. These
effects should follow from a general but moderate clevation of laud,
ineluding a strip of adjacent sea-bottom. The loeal oceurrences of
conglomerate derived from the limestone indieate that islands or
peninsulas developed in consequenee of higher, though limited, up-
lifts of the sea-bottom. And the aeeumulation of the shale in lenses
of maximum thiekness shows that through subsidence along a definite
zone there developed a trough which directed currents and gave
speeial conditions of distribution of sediment. Recovering from the
subsidence of Cambrian time, whieh, though prolonged and extensive,
had been of moderate depth, Appalachia now rose slowly as a broad
lowland mass whieh was ultimately bounded on the west by a down-
ward beud of the sea-bottom eorresponding to the present line of the
Great Appalachian Valley. That flexure deseended gently be-
neath deeper water to a trough, from whieh the sea-bottom rose more
gradually westward to a shallow sea or, possibly, a land area, that
developed at the close of this epoeh or soon thereafter in Western
Ohio and Kentueky. This western island is known as the Cineinnati
-areh.

Thus the broad Cambrian sea retreated from its eastward exeur-
sion and beeame a gulf, occupying Eastern Tennessee, Southern
Kentucky, Eastern Ohio, West Virginia, the Valley of Virginia and
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Maryland, Pennsylvania and New York, and communicating by a
narrow strait or straits with the St. Lawrence Valley. Its waters
did not again spread over Appalachia.

THE CHANGE OF LIFE CONDITIONS.

The broad shallows of the Cambrian-Silurian sea had afforded a
roomy habitat for a large marine population. As the sea narrowed
to a gulf the host was crowded into limited space and competitive
conditions became severe.” Clear seas became muddy through addi-
tion of sedimments and the food supply was modified. A great change
in living forms followed. Evolntion proceeded rapidly, resulting in
large faunas with diversified members, and the later or Upper Silurian
is accordingly separated from the Lower Silurian or Ordovician by de-
cided differences in the forms of life.

DEVELOPMENT OF COASTAL PLAIN FORMATIONS.

A coastal plain is a stretch of gently sloping land adjacent to a
coast. Its slight elevation and insignificant inequalities of surface cause
the sea to advance widely upon it or to retreat broadly from its tem-
porary margin in consequence of comparatively slight oscillations of
sea-level. The effect of repcated submergence and emergence is to
subject sediments which accumulate on a coastal plain alternately
to the waves and to the atmosphere. They undergo weathering and
washing, and the coarser particles of the harder, less soluble materials
survive longest. Thus the coastal plain becomes the storchouse of
pebbles and coarse sands of durable rocks. Quartz is very ‘much
more durable than most minerals and is far more abundant than any
other coarse product of rock-decay, and it is stored from age to age
in coastal plains.

Emerging from the retreating Silurian sea, Appalachia presented
the gentle slope of a broad coastal plain. While emergence was
progressing, rills and rivers, extending their courses to the receding
shore, contributed the waste of the plain, which waves worked over

! This effect of marine recession is broadly discussed by Chamberlin:
see “ A Systematic Source of Evolution of Provincial Faunas,” Journal of
Geology, Vol. II1, No. 6, pp. 602-605.
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into new deposits. Iluetuations of level, which may have been
strongly marked in the sandy and clayey strata of the eoastal plain,
are faintly recorded in the mass of shale whieh accumulated where
the waters decpened more abruptly, but the coarser detritus was
redistributed during suceceding epochs and the detailed record is lost.
Nevertheless, the fact of the former existence of a coastal plain
is indicated in the quartzose character of some later formations, and
recognition of their earlier history serves to explain their concentrated
composition.

A REMNANT OF THE SILURIAN COASTAL PLAIN.
Succeeding the great shale formation, which is taken as the last
deposit of the Lower Silurian, follow coarser deposits of varied char-

acter. In general, they are red sandy shale or red sandstone, or
locally, even conglomerates, npon which rests a white sandstone of
large grain, sometimes pebbly. The red strata are composed of lime,
clay and quartz sands, the particles being coated with red oxide of
iron; the overlying white sandstone consists almost wholly of quartz.
The contact between the red and white strata 1s sharp. This sequence
is considered to contain some of the materials of the Silurian Coastal
Plain and sediment from uplands deposited under varying conditions.

The presence of iron oxide as an important eonstituent of the red
rocks 1s significant of the chemical dissolution of roecks eontaining
iron minerals, from which iron was carried by streams either in solu-
tion or as a fine silt consisting of ferric oxide to the loeality where it
was deposited as a coating on grains of clay and sand. Students are
not agreed as to the conditions essential to this process, but the fol-
lowing explanation may here be offered with special applieation, fol-
lowing closely the hypotheses suggested by Chamberlin.!

The rocks of Appalachia containing available ferriferous minerals
were the pre-Cambrian roeks, which had been to a great extent, if
not wholly, buried by sedimeuts of the Silurian sea during its east-
ward migration. But now in consequence of erosion corresponding

! Several articles in the Journal of Geology, Chicago, summed up in An
Hypothesis of Cause of Glacial Periods, Journal of Geology, Vol. VII, No. 6,
Pp- 563-568. Sept.-Oct., 1899,
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to the aceumulation of the lower Silurian shale formations, areas of
the pre-Cambrian rocks were laid bare in the higher lands of Ap-
palachia east of the coastal plain. Several conditions eombined
effectively to decompose and oxidize them. They had already in
Cambrian time been superficially disintegrated and probably not
eroded down to perfectly fresh rock during the transgression of the
shore. 'While buried under sedimentary beds, the rocks beneath the
plane of unconformity were subject to the action of waters which
fonnd along that plane an easy course of percolation. Thus, when
uncovered, the ferriferous minerals were prepared for dissolution.
But more effective conditions followed from uplift and consequent
erosion. Valleys being cut in the elevated mass, the level of stand-
ing ground-water was lowered and a corresponding volume of rock
was affeeted by atmospheric waters percolating downward. Sueh
waters carry carbonic aeid whieh dissolves, and oxygen which oxidizes
many mineral constituents, and among them iron. The process of
weathering procceded more rapidly than that of denudation, and so
long as that relation of activities continued the land was deeply
mantled with soil and deeayed rock, furnishing abundant iron oxide
to the sediments removed by streams.

As a supplement to the preceding explanation, a further hypothesis
may be stated. It is believed that the deposition of a stratum of
limestone is accompanied by the liberation of carbonic acid, whieh,
having been eombined with lime as bicarbonate in solution, is set
free in the ocean and passes into the atmosphere, while the lime
takes the relatively unsoluble form of monoearbonate. When the
limestone deposit is extensive and thick, as the Cambrian-Silurian
limestone was, the small proportion of carbonie acid in the atmos-
pliere may be notably inereased, as has been pointed out by Cham-
berlin.' By this aetion the atmosphere in mid-Silurian time was
probably enriched in carbonic acid, and the rains which fell contained
an important proportion of that aetive solvent. Thus the decompo-
sition of ferriferous minerals proeceeded with peculiar energy.

! Chamberlin, “ The Influence of Great Epochs of Limestone Formation
upon the Constitution of the Atmosphere,” Journal of Geology, Vol. VI,
No. 6, pp. 609-621.
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Two aetivities appear to have shared in depositing the iron thus
provided by rapid disintegration of ferriferous rocks. That part of
the iron whieh was oxidized in the roeks before denudation exposed
it, when eroded, beeame a fine sediment intimately assoeiated with
elay, and as sueh was readily swept to the sea in muddy rivers. Its
finencss sufficed to promote a separation from the coarser sands of
quartz and undeeomposed minerals. Another part of the iron, whieh
was dissolved by earbonie acid and not oxidized in the mass of decom-
posing roek, entered the underground water eirculation and through
springs and streams flowed to the sea. It may have been oxidized in
part en roufe or in part in the sea, whose surfaee in play barters
with air.

The waters of the gulf on the west had beeome shallow near the
shore as the trough was filled with shale, and perhaps as the general
relative uplift of Appalachia spread westward. The deposits were
not stirred or sorted by the slight wave aetion of the shallow water,
and the coarser particles remained coated with the fine ferrnginous
mud.

The white sandstone (in these reports ealled the Tusearora) whieh
follows sharply upon the clayey red shale and sandstonc differs from
them in being thoroughly washed and frced from fine sediment. It
is a eharaeteristie deposit of a wave-beaten beaeli, eleancd and spread
by transient currents, frequently with cross-bedding. The ripples
whieh distributed the red muds of the preceding strata were the spent
vanguard of waves which broke on the distant margin of the shal-
lows. Slight deepening of the water along that margin, or gentle tilt-
ing of the bottom westward, may have sufficed to permit the zone
of breakers to advanee eastward. In advaneing they stirred the sur-
face of the red deposits and redistributed the materials; they built
barrier beaches and scoured the sands upon them; and the undertow
swept even quite coarse detritus down the slope toward deeper water.
As this activity progressed beyond the area of red muds and attacked
possibly carlier coastal plain strata and the coarse detritus remaining
from the residual mantle, it reached a large volume of quartzose ma-

terial. The thickness of the white sandstone, 600 to 800 fect, indi-
3
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cates that the source of supply was large, and its coarseness even as
far west as Wills Mountain near Cumberland shows that the waves
repeatedly swept back and forth over the submarine coastal terrace.
The slope of that terrace may be compared with that of the present
Atlantic shelf of North America, which descends from the shore
seaward at the rate of about G feet per mile for 100 miles, and then
sinks at the rate of 300 to 700 feet per mile 10,000 fcet into the
oceanic abyss. The slope on which the white Silurian sands were
washed was probably more than 6 feet per mile, but much neaver to
that figure than to 300 fect. The massive white sandstone thus
formed, which gives to the Narrows in Wills Mountain their pie-
turesque cliffs, is a remnant of the aneient Silurian coastal plain.
After millions of years of burial, the sands are again entering the
circulation by river and wave to become part of some beach and to
record the passing aspect of the Atlantic shore.

THE APPALACHIAN GULF CLOSED AT THE NORTH.

The coastal plain strata which have been described constitute in
New York the Oneida and Medina formations, which extend west
of the Hudson and south of the Mohawk rivers in such manner as
to define approximately the northeastern limit of the Appalachian
Gulf at that time. Communication with the St. Lawrence depres-
sion was apparently barred by a rising land area and the gulf became
a long water body open only at the southern end.

The uplift which thus closed the northeastern outlet of the sca

has been described” as a mountain-making disturbance, which pro-

duced the Taconic mountain range. The elevation which now con-
stitutes that range is of later date than the Palcozoic era itself, as has
been shown by studics of the physiography of New England,” and
the mountain-making of Silurian time can only be judged by the
disturbances of the rocks and the volume of resulting sediments.
The disturbances of which the Silurian rocks now exhibit the effects
were intensc and were probably not accomplished in a single cpisodc.

* Manual of Geology, J. D. Dana, 4th Edition, p. 527.
* The Physical Geography of New England, Wm. M. Davis, p. 269 et seq.
in Physiography of the United States, Am. Book Co., 1896.
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The date or dates of their occurrence are Silurian or later. The

more effective movements may have been Carboniferous. In cer-
tain localities there is, however, a discordance between the attitude
of earlicr Silurian strata and those of the coastal plain cpisode which
has just been deseribed, and the earlier sediments had evidently been
disturbed. A distinet elevation of New England and adjacent areas
is indicated in the deposits of the Oneida, Medina and Clinton epochs,
but it would appear that the uplift was not of conspicuous moun-
tainous height as the volume of sediments contributed to the Appa-
lachian Gulf from erosion of the area was moderate.

Smarrow Warers axp Lowranps; Urrer Siwurian axp Earny
Devoniax.
OSCILLATIONS OF RELIEF OF LAND AND DEPTH OF WATER.

Conditions of climate and rock-exposurc continued to be favorable
to the erosion of clayey and ferruginous sediments, as they had been
before the white sandstone was spread. The waters of which it had
become the bottom were shallow and swept by tidal currents, which
may probably have been strong in the restricted gulf. The bottom
was slowly subsiding, while strata were rapidly accumulating, and
the depth of water changed from time to time. Gray and red and olive-
green shales and sandstones, which vary greatly in color and texture
from layer to layer and place to place, record the conditions. They
attain a maximum thickness of 2,600 feet in Pennsylvania, and else-
where are 1,000 feet or more thick. Occasional calecareous beds,
especially rich in iron and known as the Clinton iron-ores, mark
episodes of peculiar conditions whose character, widespread oeccur-
rence and reeurrence at intervals have not been explained. Although
oxidized at the present outerop the iron in unweathered beds occurs
as carbonate. The deposits are therefore of a chemieal nature.

The very moderate oscillations of relative level of land and sea,
which sufficed to contribute and distribute the sediments of Silurian
time, had not involved any conspicuous mountain growth. What-
ever hills may have diversified the Silurian landscape of Appalachia
were carved by rain and streams from broad low uplifts. The plains
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that now streteh from the Mississippi to the Rocky Mountain Front
may present a similar relicf, especially where vegetation is absent,
as in the Bad Lands. In contributing the waste which forms the
Clinton sequenee, Appalachia had again sunk to a low featureless
plain. Consequently when the gulf deepened over Ohio and west-
ern New York, little or no sediment clouded its waters, in whose
clearness corals flourished and, with other invertebrate organisms,
built up the Niagara limestone.

During the suceeeding episode the waters of the gulf along its
northeastern and northern shores again became shallow, so that cal-
careous muds accumulated. The corresponding tide-flats repeatedly
afforded conditions for evaporation of sea-water from extensive pools,
in which salt ecrystallized in beds of considerable thickness. Again
deepening, the waters permitted the aecumulation of the calcareous
sediments which form the Helderberg limestone.

As the Appalachian Valley from New York southward and the
zone extending a hundred miles to the west, was the belt over which
the sliore of the gulf fluctuated during the upper Silurian, the record of
that time was there made in detail, and the broader aspeets may be lost
in following the minor episodes. But the white mark which the
waves built at the beginning of the upper Silurian, the Tuscarora
sandstone, was in a measure duplieated by them in the transition to
the next succeeding period, the Devonian. The seeond mark is the
Oriskany sandstone.

The Oriskany is eomposed of clean quartz grains and pebbles in a
caleareous cement; locally it is limestone, and elsewhere it is quite
purely quartzose. Like the Tuscarora sands, those of the Oriskany
had been wave-beaten and sorted on the eoast during preceding
epochs, where they were stored in the zone of beach development
so long as the seaward slope was nearly level. When that slope
grew steepcr, as their distribution demonstrates, they were swept
out into the area where calcarcons deposits were still accumulating.

The Tusearora sands were spread beneath a sea whiell was push-
ing its shore eastward across broad tide-flats. The Oriskany sands,
on the contrary, were deposited west of a shore which was proceeding
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westward. The waves which delivered them to the sea passed west-
ward over the resulting stratum, which was added to the land. Tt
was exposed at a very low level and gentle slope, but it is generally
more or less eroded on its upper surface.

The continent of Appalachia has thus far been discussed as a whole
without division into northern and southern provinces, but the strata
are not strictly uniform along the entire coast from New York to
Alabama, and the detailed interpretation would vary if written for
Georgia from that which would be logical for Maryland. The epi-
sodes of oscillation of sea-level, which permitted the spreading of
upper Silurian sediments succeeding those of the Clinton formatiou,
did not extend to eastcrn Tennessce and Georgia. After the earlier
events of the upper Silurian, which developed the ferruginous Rock-
wood formation of the South, the shore stretched through central
Tennessee and thence westward. The region to the east and south
was a lowland. During the Oriskany epoch, brownish sandstones
were washed over its margin as far east as northern Georgia, but
the subsequent gentle elevation of Appalachia sufficed to expose
the stratum to erosion, and mnch of it was removed.

The student of physical changes finds no important episode of
mountain growth or continental development to define the close of
the Silurian period and the beginning of the Devonian. The record
describes Appalachia as a monotonous lowland now rising a little
higher, now not so high, above the fluctuating coast of marsh and
beach and tide-flat. But the evolution of organisms ran its course
and extinction and inigration repeatedly changed the population of
tlie Appalachian sea. Before the Oriskany epoch it had assumed
those aspects which are considered to characterize the Devonian

period.

THE WIDE EXTENT OF THE DEVONIAN LOWLAND.

During the episode of erosion of the low-lying surface of the
Oriskauy sandstone, the adjacent gulf on the west and northwest
supported a rich fauna of corals which built up a limestone known as
the Corniferous. In significance as to physical conditions it is sim-
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ilar to the Niagara limestone, the waters having been clear and
warm, a congenial habitat for coralline growths. The absence of
mechanical sediment bears testimony to the fact that the waste of the
low plains of Appalachia was being stored in broad marshes along
shore, where aquatic vegetation may have aided to filter the currents
flowing seaward.

Succeeding the Corniferous limestone and overlapping upon the
eroded surface of the Oriskany eastward as far as the central line
of the great Appalachian Valley is the black shale, in thesc reports
called the Romney formation, and generally kuown as the Ham-
ilton group. It is a fine-grained, calcarecous or sandy mud-rock,
black or dark brown with organic matter, and often bituminous. In
Alabama it is but a few feet thick and thins out to a feather edge to
the south and east; in Maryland it attains a thickness of 1,400-
1,500 fect, and thence grows thinner toward its northern outerops in
New York, where the thickness is about 1,200 feet.

Only the great Cambrian-Silurian limestone exceeds this bed -of
black shale in uniformity and extent of occurrence. Its distribution
corresponds to an eastward and southeastward migration of the coast
from the shore of the Corniferous gulf over the low marshes of
Appalachia. The submergence brought within range of the waves
quantities of vegetation and the sediment of estuaries, while the
warm shallows afforded a habitat for algze and a fauna that found the
muddy waters congenial. The duration of the epoch is not to be
measured by the thickness of its sediments; not only do they vary
from 15 feet or less to 1,500 feet, but the thin layer of black shale
in Alabama and Georgia appears to be all that accumulated in that
region until after succeeding Devonian strata in Pennsylvania had
attained a total thickness of 10,000 fect. There is perhaps nowhere
a more striking illustration of the intimate relation betwecen the rate
of sedimentary accumnlation and the topographic phase of the adja-
cent land. The thin stratum of black mud which, during a long
epoch gathered in shallow waters, without material addition of other
sediments or removal of its own insignificant layer, demonstrates the
stability of a sea-level plain. Time passed unrecorded there. Ten
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thousand feet of sediment, during the same epoch accumulating in
the ncighboring sea, represent a transient height of land and rivers
flowing from it. Thereby events were voluminously recorded.

The general distribution of the black muds of the Hamilton was
the last episode of the series of gentle oscillations of sea-level which
liad varied the sequence of cvents during all later Silurian and earlier
Devonian time. The monotony of the movement was then inter-
rupted.

Tue Devoniany HicuLanps.

CHARACTER ‘AND VOLUME OF SEDIMENTS.

Succeceding the black Hamilton shales from New York to southern
Virginia occurs a great volume of sandy shale and argillaceous sand-
stone comprising the Jennings and IHampshire formations of Maryland
or the Chemung and Catskill of New York. It is divisible into several
formations according to the composition, color, texture and included
fauna of successive beds, but it is a unit in so far as it represents
physical conditions of land and sea which were favorable to rapid
erosion and deposition. The strata are thin, rapidly alternating in
character, current-bedded, and ripple-marked. They vary in color
from buff or gray through shades of green and olive to dark purple
or deep red tints. Their constituents are clay, fine and coarse sand,
oceasional quartz pebbles, and in some strata abundant seales of mica.
Oxide of iron is an important constituent, especially of the higher
beds to which it gives their preponderantly red color.

The thickness of the mass varies in such manner that the deposit
has somewhat the form of the internal cast of a great mussel shell.
The thin edge of the cast extends from Lake Erie southward through
Ohio and eastcrn Kentucky to eastern Tenncssee, where one end of
the mass is. Thence the hingeline of the mussel-shaped form runs
northeast to New York, whence the thin edge rounds westward.
The upper surface of this cast may be considered to be flat and the
under surface curved to the hollow of the shell, which is deepest
along the hinge-line. The dimensions of this form are: Width from
Washington county, Maryland, to northwestern Ohio, 300 miles;
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length from northeastern Tennessee to Albany, New York, 700
miles; the greatest thickness in Schuylkill county, Pennsylvania,
over 10,000 feet. The area covered by it exceeds 100,000 square
miles. If this mass, with approximately the dimensions with which
it was deposited in the sea, could be restored upon a sea-level plain
of Appalachia, it would constitute a mountain range closely resem-
bling in height, extent and mass the Sierra Nevada of California.
Its position, with reference to the ancient coast, would also be similar
to that of the modern mountain range with reference to the Pacific.
These sediments are the waste of a Devounian highland which grew
and suffered erosion during that period.

TOPOGRAPHY OF THE HIGHLANDS.

The preceding comparison may serve to give a crude estimate
of the magnitude of the Devonian mountains, but it does not follow
that the ancient range resembled the Sicrra in topographic char-
acter. If the former rose more slowly than the latter it may always
have been of gentler aspcct and never so elevated. Their nearest
genetic likeness lies in the fact that both ranges developed where pre-
viously a plain extended.

The topography of the Devonian highlands can be conjectured
only from the character of the sediments. Their constituents are
all the product of thorough chemical decomposition of siliceous crys-

talline rocks; they are coarse of grain and unassorted. Particles,

light and heavy, coarse and fine, are intimately mingled. The gen-
eral disintegration of the original rocks to the texture of sand and
clay indicates deep accumulation of soil, as in the Appalachian
Mountains of the present day where weathering of the crystalline
rocks very generally proceeds faster than the removal of the products
of rock-decay. The dark red color of many strata is due to oxidation
of iron from deeply decayed ferriferous rocks. The Devonian high-
lands probably cxhibited rounded forms of hill and valley, and thus
may be contrasted with those ranges which present savage precipitous
profiles. The presence of mica and of heavy minerals not easily
decomposed indicates that the sediment was derived directly from
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the decaying rocks; it had not been stored in flood-plains, coastal
plains, or estuaries during previous ages. Its immense volume sug-
gests large streams whose turbid floods eoursed swiftly to the sea.

The unassorted mingling of sandy and eclayey particles is a result
of rapid deposition at the mouths of muddy streams in opposition
to waves which are too weak to sort and distribute the volume of
sediment. This is a condition of delta-building. In the Devonian
sediments as they are now exposed to view the typical contour or
profile of any delta may not be observable, but the stratification is
not less significant. The frequent and irregular interbedding of
coarsc sands, sandy clays and elays; the cross-stratified beds, the
ripple-marked and sun-eracked mud surfaces, the channels scoured
by transient streams, all prove the abundance of the sediments, the
shifting conditions of deposition, the irregularity of currents, the
wide expanses of tide-flats and shallow waters, and the weakness of
the waves.

THE CHARACTER OF DEVONIAN DEFORMATION.

Shallow waters prevailed over an area several hundred miles in
extent along the coast and one hundred to one hundred and fifty
miles wide from the shore westward; and during the aceumulation
of from 6,000 to 10,000 feet of strata the upper surface of the de-
posit was repeatedly just at sea-level. These facts are inconsistent
with stability of the sea-hottom. The water was now deeper, then
shallower; it withdrew, and as often returned over many square
miles of flats. The floods and low waters of tributary rivers and the
ebb and flood of tides, together with the gathering sediment, may
be considered adequate to explain many minor variations, but the
range of these oscillations across a hundred miles or more is evidence
of those erustal movements which cause changes of the sea-level.
These movements were very slight in vertieal amount, but very fre-
quent; and the sum of downward movements was greatly in excess
of those upward, so that the total result was a deep subsidence. Since
the surface of the sediments accumulated in the depression was
repeatedly near sea-level, the deposits obviously filled the basin as it
developed, but the completeness of filling was intermittent, the
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water being now deeper, now shallower, as the rates of sedimentation
and vertieal oscillation of the shore zone varied relatively.

Before the deposition of these later Devonian sediments, the sca-
bottom on whieh the black muds were spread presented a gentle, even
slope westward, and the adjacent plain of Appalachia extended that
slope eastward. During the deposition of the sueeeeding Devonian
sediments, the submarine plain was tilted down eastward, so that it
descended from Ohio to Maryland 10,000 feet in 300 miles. The ter-
restrial plain, on the other hand, at a long distance from the sea, was
elevated several thousand feet and given a westward inelination.
Thus a depression and an uplift were simultaneously developed in
opposition one to the other, probably with a wide coastal plain be-
tween, and the hollow was filled by the highland, the material being
transferred by that aetivity of erosion and sedimentation whieli fol-
lowed the movements. The original eause of those movements and
the eonditions eontrolling them form interesting subjeets for specu-
lation.

CLOSE OF THE DEVONIAN PERIOD.

Again the student of Appalachian physical changes finds the end
of the great period paleontologieally marked at an epoeh whieh is
part of an apparently eontinuous sequence of events. There is no
evidence of an interruption in the sedimentary reeord whieh might
correspond to an hiatus, nor of any eontinental or provincial eatas-
trophe to close the Devonian or open the Carboniferous chapter.
But in all probability the change in organisms marks a lapse of time
which was long in proportion to the thickness of strata deposited
toward the elose of the Devonian.

Tt has been stated that in Georgia and Alabama Devonian strata
are very thin, and the faet has been explained as a consequence of
the very slight elevation of the adjacent land. When the north-
eastern Devonian uplift had eulminated and the rate of erosion ex-
ceeded that of elevation, the highland entered upon the later stages

of mature topography marked by minutely branehing valleys and

ridges, and progressed toward the aspect of an aged landscape, a
lowland. The episode of maximum waste is that of maturity, and
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during the succeeding stages of topographic devclopment the detritus
removed grows constantly less and less until it almost fails. The
rate of accumulation of sediments decrcases correspondingly. Thus
the latest Devonian strata may probably represent much longer tinte
than those deposited during the maximum development of the high-
lands. The result of the activity of erosion was the expansion of a
generally low but not featurcless landscape on the site of the
Devonian highlands.

Arparacuia During THE EArRLY CARBONIFEROUS.
SOURCE OF THE POCONO SANDS.

The shallowness of the Devonian sea has been emphasized in the
preeeding paragraphs, because it is one of the most striking and
significant facts of the corresponding episodes. But from time to
time waters prevailed of such depths that waves played energetically
along the shore of Appalachia, and accomplished the sorting of a
large vohime of material. The muds sorted out were added to the
greater mass of river sediments; the clean sands and pebbles were
left on the broad coastal plain of Appalachia over which the waves
migrated. In general, during the transgressions of the sea, the place
of deposit of the sands was inland, beyond the mouths of estuaries
and the belt of tideflats which were bared during recessions, but
the slope of the offshore plain was too low for the distribution of
coarser detritus. Here and there through the Devonian muds occur
limited lenses of peculiarly coarse sandstone or conglomerate, the
fringes of the extensive coastal plain formations spread far to the cast.

When, after the close of Devonian time, the continental landscape
had taken on the monotony of an undulating plain, there ocenrred a
slight submergence accompanied by tilting of the plain toward the
west.  Rolling across the slowly deepening waters, waves broke on
the coastal plain, stirred the incoherent sands, and delivered to the
undertow all that was not too coarse. Swept out and mingled with
shore drift of plants and with more or less mud from the inactive
rivers, the sands and pebbles formed a bed of sandstone and con-
glomerate generally known as the Pocono sandstone.
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Along the eastern outerop in Maryland, Pennsylvania and New
York, the Poeono sandstone varies from 400 to 2,100 fect in thick-
ness. Westward it thins rapidly, and, by interbedding with red
and gray muddy deposits, passes into shales in Ohio. Southwestward
it underlies and thins out beneath the limestone, which represents

the early Carboniferous deposits of the widely extended interior sea
of the West.

THE EARLY CARBONIFEROUS LOWLANDS.

The Carboniferous limestone, like the great Cambrian-Silurian
limestone, is a formation whieh was related to a general eondition
prevailing over the surrounding lands. Of great thiekness and mas-
siveness in the Roeky Mountains, the Central States, and the south-
ern district of the Appalachian province, it records the general de-
velopment of low-lying plains. But northeastern Appalaehia,
though low along the shore during the Pocono episode, eontinued to
eontribute much sediment from the hills of the interior, and rising
gradnally for a time, renewed in a moderate degree the conditions
which existed during the uplift of the Devonian highlands.

THE EARLY CARBONIFEROUS HIGHLANDS.

Where not covered by the limestone, the Pocono sandstone is sue-
ceeded by red and greenish sandy shales known as the Mauch Chunk
formation. The beds are ripple-marked and current-bedded through-
out. Their thickness is greatest along the eastern side of the
Southern Anthracite field, where it exceeds 2,000 feet. The red
shales thin westward and sounthwestward and grade into correspond-
ing beds of limestone. Thus it appears that the Manch Chunk, like
the great red formation of the Devonian, is a deposit limited to the
northeastern portion of the Appalachian gulf, and that it represents
a height of land which was elevated, eroded, and distributed in the
Carboniferous sea. Elsewhere the bordering lands about that sea
were low, and mechanical sediment failed, while caleareous sediment,
largely and perhaps wholly of organic origin, accumulated.

The strata eorresponding to this highland are not as voluminous as
those whieh represent the Devonian mountains, and it may be in-
ferred that the uplift was correspondingly smaller. The movement
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was, however, identical in character; the trough which contained
the Devonian scdiments gradually deepened more than 2,000 feet
and was continuously filled by the Mauch Chunk strata. The cast-
ern land was clevated sufliciently to rejuvenate the rivers which
reassumed the character of vigorous turbid streams.

DeverormexT oF 1HE CArBONIFEROUS Coastar Praix.

4 NATURE OF THE SEDIMENTS.

The later cpisodes of the Carboniferous period, during which the
coal deposits accumulated and the Appalachian gnlf was filled, com-
prised a very complex sequence of events. The effects were not
uniform throughout the province. The strata arc irregular and the
succession varies greatly from place to place. It is not possible in
this brief account to discuss any section in detail, but only to give an
explanation of general conditions, which may correspond fairly well
with the facts.

Quartz is the predominant constituent of the strata. As pcbbles
and in coarsc or fine grains it constitutes nearly the whole of many
conglomerate and sandstonc beds, and it often forms the greater part
of strata, whosc fine texture causes them to be classed as shale or
clay-rock. In so far as they are not quartzose, the strata arc of clay.
Iron occurs as an incidental constituent in small proportion through-
out the series and as carbonate in thin beds, but the red color so con-
spicuous in the preceding Devonian and Mauch Chunk strata is want-
ing. Decomposed granitic minerals, such as feldspar, occur in small
proportion in sandstones. The coal beds are fossil vegetation. They
consist chicfly of carbon derived by the agency of plants from car-
bonic acid of the atmosphere, and stored as carbon and as hydro-
carbons. The plants grew luxuriantly in extcnsive marshes.

In the proportion of quartz they contain many of the conglom-
erates and sandstones rescmble the Tuscarora, the Oriskany, and the
Pocono Coastal Plain formations, but in coarscness the conglomerates,
especially the lowest or Pottsville conglomerates, greatly excced any
previous deposit.

The beds are generally crossstratified, irregularly bedded as by
swift and transient currents, interbedded with marsh deposits, locally
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eroded, or overlapped, an earlicr by a later group of strata. Theso
are cvidences of repeated variations in depth of water and of the
activity of waves and strong currents along shifting shores.

The thickness of strata above the Mauch Chunk shale varies from
2,000 to 4,000 feet along the castern outerop, and the equivalent
series above the limestone toward the west and south thins to 1,000
feet or less. In the Appalachian gulf east of the Cincinnati uplift,
the strata cover approximately 30,000 square miles. The volume of
sand and clay is not equivalent to a high mountain mass over the
same arca of Appalachia. But although the volume of sediments
as it was deposited is not large as compared with a mountain range,
the mass of rock from which it was derived was of great magnitude.
Quartz, the predominant constituent of these Carboniferous strata,
is a comparatively small componcut part in a free state of the pre-
(Cambrian schists and granites, yet it was no doubt produced by their
decomposition and by the disintegration of the quartz veins by which
they are cut. The proportion of free quartz in the old rocks is not
definitely known, but if it be assumed to be as much as one-third,
a highland which should supply the Carboniferous sandstones from
a base of 80,000 square miles, should rise to a crest of 6,000 to
12,000 feet. Had such a highland existed in Carboniferous time,
the deposits resulting dircetly from its destruction should include
not only the quartzose, but also the more voluminous elayey forma-
tions. That the quartz only is rvepresented may be explained by
prolonged storage and concentration of that durable mineral in a
coastal plain as was stated on page 532. In that event the clayey de-
posits corresponding to this volume of quartz should be looked for in
earlier formations of the Carboniferous or even of the Devonian
period. The clay was then widely distributed, perhaps far from the
shore where the quartz sands and pebbles were being washed and re-
washed, until they, too, were buried iu strata.

WESTWARD TRANSFER OF THE COASTAL PLAIN.
The Pottsville conglomerate, which succeeds the Mauch Chunk
shale, is a remarkably coarse deposit.  Quartz pebbles 1 to 3 inches




MARYLAND GEOLOGICAL SURVEY 69

in diameter constitute thick strata along the southcastern outerops
in Pennsylvania and much larger pebbles occur. Fifty to one hun-
dred miles farther west the formation is represented by pebble beds,
in which the pebbles may attain a diameter of an inch, and by coarse
sands. These coarse, clean quartzose deposits lie immediately upon
the muds of the Mauch Chunk formation, and thin layers of the
mud are sharply interstratified with the lower conglomerate and
sandstone beds. The marked contrast in the sediments is significant
of a change in depth and slope of the sea-bottomn. Tide-flats of the
Maueh Chunk epoch were submerged, and their practically level
surface was in part replaced by one having a decided seaward in-
clination,

These conditions of deposition of the coarse Pottsville sediments
may reasonably be stated as follows: Gentle subsidence of the sea-
bottom sufficed to establish a moderate depth of water over a wide
area previously shallow. As the conditions became favorable for
them, strong currents circulated. They washed the surfaee of the
Mauch Chunk deposits, scouring off the unconsolidated mud and
filling depressions. They checked the development of deltas by
sweeping the river mud away to greater depths. Rising relatively
to the coastal plain, the sea flooded low valleys, producing estnaries.
Between these stretched low peninsulas eomposed in part, at least,
of coarse and fine quartzose coastal plain deposits. Waves, favored
by the depth of water, attacked the headlands, and ecutting across
their ends, built out spits of gravel and sand, which they extended
across the mouths of estuaries. Here waves aud littoral currents,
both most effeetive during great storms, contended against the rivers,
which carried most sediment during oceasional floods, and here
aceordingly the quartzose coarse deposits of the former alternated
nregularly with the muddy strata spread by the latter. The wave-
built features along the coast assumed the profile of shore terraces,
sloping from the beach gently or steeply, according to the grain of
the material and the strength of the action, as far out as the waves
could agitate and roll the detritus, and thenece more steeply into the
deeper water.
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The width of terraces which may be built by waves at a constant
relation to sea-level is narrowly limited by the character of the
material and the strength of the waves; but along a shore washed by
strong currents there is a reaction between the embankment and the
eunrrent as a result of which the deposit is extended. As the ter-
race is built out it encroaches upon the course of the current which
becomes accelerated by being confined. The encroachment may
continue until the acceleration is sufficient to enable the current te
scour the face and so prevent further widening. Whatever material,
within the transporting power of the current, the waves thereafter
deliver across the terraco is carried along shore and deposited as the
emrrent slackens in decper water. This process is continuous so
long as the supply of sand holds out, and the activity of a current
may thus result in depositing abreast of any section of the coast a
great volume of shore drift derived from an adjacent section. Thus
result material differences in thickness of deposits along a coast.

During progressive subsidence of the sca-bottom the supply of
detritus from the coastal plain of Appalachia was eontinued. The
downward movement may have been to a certain extent shared by
the coastal plain; then the shore and its attendant terracc advanced
eastward and the shore currents scoured the surface of each pre-
viously wave-built structure, redistributing the sands and gravels .
of which these were composed. During the greater part of the sub-
sidence, however, the movement was probably not shared by the
coastal plain of Appalachia. The maximum thickness of the Potts-
ville formation in eastern Pennsylvania is 1,200 féet, and the sur-
face of the Mauch Chunk subsided to that extent during the Potts-
ville epoeh. Had the ecoastal plain been equally depressed the sea
would have transgressed far to the eastward and the accumulation
of eoarse detritus would not have been concentrated to so great a
thickness in a narrow zone. The Appalachian plain was probably
raised and tilted westward, delivering the eoarse and fine land-waste
to a shore which did not migrate far east of a certain lmit.

The gathering of a great thiekness of gravel and sand in a narrow
zone in the presenee of waves and eurrents was aceompanied by a
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eorresponding widening of the deposit on the sea-hottom. To esti-
mate the width whieh the deposit might attain during a simple epi-
sode of submergenee, reference may again be made to the submarine
slopes on the Atlantic shelf. Off the south shore of Long Island
the sandy bottom deseends 45 to 60 feet in the first mile from the
beaeh, and for 5 miles out at the rate of only 15 to 20 feet per mile.
Off Cape Hatteras, east of the outer Diamond Shoal, the bank
wlieh lies 15 to 20 fathoms below the water has a greatest slope of
30 feet in one-quarter of a mile, or 120 feet to the mile. The ma-
terials of this bank are pebbles and broken shell. If the slope of
the Pottsville formation was eonstrueted under similar conditions,
the width of the base on a level west of the zone of maximum thiek-
ness would not have exeeeded twenty miles. In faet, the extent of
the coarse pebbly strata west of the maximum thiekness eonsiderably
exeeeds a hundred miles. Unless improbable assumptions as to the
strength of eurrents be made, it is apparent from the above com-
parison that a simple episode of submergenee is not adequate to
afford the eonditions essential to spreading so widely this eongloin-
eritie formation.

The Pottsville formation affords mueh other evidenee of the eom-
plexity of eonditions attending its development. For example,
among the variable strata of whieh its mass is eomposed, are eoal
beds. Some of these are of driftwood buried in current-bedded
sand, but others are evenly laid marsh or lagoon aceumulations, and
though thin, they reeord an episode when some portion of the sands
had temporarily emerged from the sea. The growth of vegetation
whieh formed the eoal took plaee after the surface had passed from
submarine to land eondition, that is, after the line of breaking waves
had retreated across it. During such retreat the shore lay along the
generally uniform slope of the latest stratum of sand and gravel,
whieh was thus subjeeted to wave erosion. The effieieney of the
waves depended upon the depth near shore and that of the transport-
ing eurrents upon the relative steepness of the slope. The deeper
the water inshore, the steeper the immediate slope away from the
shore; and, aeeordingly, the more efficient the waves in eroding the

4
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beach, the more favorable the conditions of transportation. By this
activity coarse sediments may probably have been swept over a
wider expanse than that on which they might accumulate during a
simple submergence. The movements did not mecessarily include
an episode favorable to accumulation of coaly material, but may have
occurred with searcely perceptible evidence of rising and sinking,
yet it is by repetitions of submergence and emergence, probably,
that the gravel and sand delivered from the coastal plain of Appa-
lachia formed the very extensive Pottsville deposits.

The above described process of distribution of coarse detritus over
a wide area involves the migration of a relatively steep facet in the
slope of the coastal plain and submarine shelf. This facet must
migrate in a plane constantly necar sea-level, and be limited above
by the widening or narrowing gentler slope of the coastal plain, and
bounded below by the even more gradual incline of the rclatively
narrowing or widening submarine shelf. These limiting conditions
are suggested on the one hand by the inactivity of atmospheric
erosion, which remains relatively unimportant during the migrations,
and, on the other hand, by the efficiency of scouring currents which,
on passing into deeper water, would fail to move coarse material.
The amount of vertical movement during any single episode of sub-
mergence or emergence is very slight. The maximum depth of
water indicated by the effectiveness of currents is probably less than
100 feet, and the elevation of the coastal plain, which is consistent
with ineffective erosion and the acenmulation of marsh mud, is prac-
tically nil.

LAGOON AND MARSH DEFPOSITS.

The Pottsville formation consists in large part of coarse deposits,
but by no means exclusively. Throughout the New River district of
West Virginia and further to the west and south, it contains much
fine sandstone and shale with several important coal beds, and thus
resembles the productive coal mecasures which, in the central Appa-
lachian coal ficlds, formed during succeeding epochs. In strong
contrast to the sandstones and conglomerates—deposits of swift-
moving waves or cnrrents—are coal beds which accumulated in the
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quiet of marshes and lagoons. And scarcely less anomalous appears
the intimate interbedding of fine shale, containing numerous remains
of land plants and apparently deposited in fresh water, with the
coarser sediments.  Still another charaeteristic of the Pottsville,
and of succeeding Carboniferous formations in general, is the len-
ticular form of many deposits, in consequence of whieh any one bed
of sandstone, shale, or coal thins out and is replaced in its own horizon
by a deposit of different texture. The significance of these pcenliar
relations is that the bottom of the open waters and the surface of the
land were very ncar the same level, the waters being shallow and
the lands being very low, as has already been stated. And, further,
the barriers dividing the sea from the lagoons and swamps of the low-
lands were sinuous and shifting. They were barrier-beaches built
by shore currents and waves aeross shallows, or mudbanks accumu-
lated at the mouths of streams, or even nothing more than marginal
thickets of rank tropieal plants, differing in flora but similar in
density to those which now fringe the coasts of Central and South
Ameriea along the Caribbean. The interior sea shallowed till it
became in great part a tropieal swamp, eomposed of irregular
morasses, lakes and estuaries. These features were modified at inter-
vals by river floods. Again the surface was more decply subierged
in consequence of slight subsidence, and swift currents of estuaries
or marine waters swept in coarse quartzose sediments.

LATER CARBONIFEROUS CONDITIONS.

The deposition of the Pottsville formation was succeeded by many
varied sediments which gathered in the Gulf of Appalachia during
the later epochs of the Carboniferous era. Some of the strata are
sandstones resembling the Pottsville and record an abundant source
of quartzose sands and the appropriate conditions of distribution.
Other strata arc of shale or coal. They are generally of lagoon and
marsh origin in the eastern and southern part of the basin, but
toward the west and northwest extensive and regular deposits of
shale and numerous layers of impure limestone indicate that marine
conditions returned frequently in alternation with those of the low
coastal flats.
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In the marine area the movements were gentle vertical oscillations,
according to which the sea-bottom now emerged to just above sea-
level and again subsided to depths of 100 feet or more. As sedi-
ments accumulated to thicknesses of several thousand feet upon the
Mauch Chunk shale, the sum of subsidences was, on the whole, that
much greater than the sum of emergences. According to the thick-
ness of sediments, the gross subsidence was also much greater in
the eastern part of the sea, along the coast of Appalachia, than it
was in the region corresponding to the Mississippi Valley.

During these oscillations of the sca-bottom, the Appalachian land
rose slowly and probably intermittently, and not to any great height.
The Carboniferous strata record no sueh mountain range as that
which grew in Devonian time, yet the total Carboniferous rise of
Appalachia was probably equivalent to a highland of 1,000 to 3,000
feet, and would have resulted in sediments significant of decided
elevation had the uplift procceded more energetically.

In general the gentle movements of land and sea-bottom deter-
mined ecorresponding activities of crosion and sedimentation, suech
that the broad coastal plain of Appalachia migrated from the zone
it had occupied during Devonian time far to the west. Where the
shore stood during any partieular episode is a question of detailed
evidence which may sometimes fail to be conclusive, but there is no
doubt that it passed from a position in eastern Pennsylvania and cen-
tral Maryland and Virginia westward to the Mississippi Valley.

At the end of the activity the Gulf of Appalachia was filled. No
further general subsidence of its basin oeccurred, and the aceumula-
tion of marine sediments ‘in that region eeased. Therewith the
record of Paleozoie sedimentary history came to a elose.

PHASES OF APPALACHIAN DEFORMATION.

How Rocks May Frow.
THE NATURE OF SOLID ROCKS.

Rocks consist of erystals or of grains bound together, usually in a
matrix of finer texture which may itself be crystalline or amorphous.
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The crystals, grains, and matrix are thought to be composed of in-
finitesimally small bodies, called molecules, the smallest into which
they might be divided. The molecules are drawn together by
mutual attractions and resist up to a certain strain any stress which
tends to change their relations. This resistance to change of form
exists in liquids and gases to a certain extent, but it is most marked
in solids, which it characterizes. Thus solid rock may be defined as
any rock which strongly resists change of form.

The resistance which solid rock offers to change of form may be
called wiscosity. In this sense a viscous substance is the opposite
of a mobile substance. Steel is more viscous than lead, and lead is
more viscous than wax. Of the three, the viscosity of steel is high-
est, the substances being considered in the usual cold solid state.

MAXWELL'S THEORY OF VISCOSITY.

Viscosity, or the resistance to change of form® in any solid or vis-
cous fluid, is conccived to be due to the effort made by molecules or
groups of molecules to maintain definite relations in a certain con-
figuration. When a solid is subjected to a stress the forces deter-
mining the relations of the molecules are affected and those relations
may be so modified that all the configurations become unstable, that
is, they undergo repeated rearrangement. The solid then passes
into the condition of a viscous fluid and this condition may be main-
tained by an adequate force so long as the solid mass continues whole.

The essential condition of viscous movement is that the molecules
or groups of molecules in passing from one unstable configuration
to another shall not scparate from onc another so far as to pass be-
yond the range of their mutual attractions. When they do the
solid breaks or crushes.

If this theory of viscosity and its application to solids under
stress be correct, it follows that a solid may change form either by
flowing or by crushing. The distinction between the two modes of
change depends upon the spaces by which the molecules or particles

! Maxwell, Encyclop. Brit., 9th Ed., 1876, Vol. 6, p. 311. Theory of viscos-
ity, Quoted in Bull. 73, U. S. G. S,, p. 77. Barus, The Viscosity of solids.




76 PALEOZOIC APPALACHIA

of the body may become separated during the movement. If these
spaces cxceed the distances within which molecular attractions oper-
ate, the solid crushes. If the spaces remain always such that
molecular attractions are constantly maintained, the solid flows.
Rocks at the smface of the earth are crushed by a sufficient force,
because they are frec to expand by developing spaces so wide that the
separated fragments fall apart. If any rock were confined by a
sufficient pressure from all directions and then subjected to a crush-
ing force, it would flow. These conditions have been realized ex-
perimentally by Professor Frank D. Adams of Montreal, by whom
marble has been forced to flow; and in the earth’s erust the pressures
which result from the weight of rocks establish at a moderate depth
the confinement necessary for flowing. The following considerations
may make this plainer.

As the weight of any building rests upon its foundation, so the
weight of any rock-mass of the earth’s ernst rests upon subjacent
rock. At a depth of a mile a horizontal section a foot square sup-
ports a column of rock a foot square and a mile high, and so also for

any other depth. As this statement is trne for each layer of the

earth’s erust, at the surface and below it, it follows that the pressure
due solely to weight increases from the surface downward; and as
the attraction of gravity also increases in the same direction to a
certain depth, the growth of this pressure is more than proportional
to the depth below the surface. It is not necessary here to enter
into the mathematical discussion of the relations of gravity, density
and pressure, but the following table gives the figures according to
the Laplacian hypothesis, as calculated by Mr. R. S. Woodward.

Van Hise® has shown by carcful estimates that the pressure due
to weight is sufficient to cause all rocks to flow at a depth of 10,000
meters or about 6 miles below the surface, and that above that zone
of flow the crust may be considered to consist of the outermost zonc
in which all rocks break or ernsh, and an intermediate zoné in which
weaker rocks flow and stronger rocks break.

! Principles of Pre-Cambrian Geology, 16th Ann. Rept., U. S. G. 8., pp.
580-603.
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VARIATION OF TERRESTRIAL DENSITY, GRAVITY, AND PRESSURE,
ACCORDING TO THE LAPLACIAN LAW.

By R. S. WoopwarDp. 1890.

, Acceleration Pressure in Pressure in
D(r“rgiti]és.m Density. ‘(;:f gravity. | atmosphgres. o sI(;?xlzlllxl'gsin S

0 2.75 1.0000g 1 15
1 ey 2 400 8,000
o [ T 1,210 15150

3 RN 21 81!
4 PRRE | v 1,620 24,300
5 2,76 1.0006g 2,020 30,300
10 | 2.73 1.0012g 4,200 63,000
15 2.79 1.0018g 6,390 i 95,850
20 l 2,81 1.0024g 8,600 129,000
50 2.89 1.0060g 22,000 | 330,000
100 | 3.08 1.0116g 45,300 679,500
500 4.18 1.0379¢ 236,000 | 3,540,000
560 4.36 1.0389g 318,000 4,770,000
610 4.50 1.0892g! 854,000 ! 5,310,000
660 4.65 1.0889g 391,000 5.865,000
1,000 5.63 1.0295g 72,000 10,080,000
2,000 8.28 0.8312¢ 1,700,000 25,500,000
3,000 10.12 0.4567g 2,640,000 39,600,000
3,059 10,74 0.0000g 3,000,000 45,000,000

The phenomena of viseous flow of rocks involve physical and
chemical changes which have becn referred to in deseribing the pre-
Cambrian rocks, but which eannot be further eonsidered here. They
have been most fully discussed in the works of Van Hise.!

VERTICAL MOVEMENTS.

Movements of the earth’s crust which were expressed in varia-
tions of the land surface with reference to sea-level were an important
coudition of the sedimentary phenomena which have been discussed
in the previous chapter. As determining results of erosion and sedi-
mentation, uplift and subsidence have repeatedly been referred to.
The geographic distribution of these movements and their scquence
during the Paleozoic may now be stated apart from the facts from
which they are inferred.

! This is the maximum value, and the corresponding depth, 610 miles, is
the depth at which a given mass would have the greatest weight.

2 Op. cit,, and Metamorphism and Rock Flowage, Geol. Soc. Am. Bull,
Vol. IX, pp. 269-328.
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UPLIFT.
Uplift with reference to sea-level affected Appalachia and the
bottom of the mediterranean sea repeatedly. That is to say, from
time to time the land rose higher above sea-level and the sea-bottom
was lifted. These effects on land and beneath the sea were not neces-
sarily contemporaneous nor even related; they may either have
occurred independently or both together. Uplift, in opposition to
subsidence, tended to determine the position and extent of dry lands.
Appalachia, the Paleozoic continent, existed, therefore, and pre-
vailed over transgressions of the sea where upward movements with
reference to sea-level were greatest. Appalachia constituted an
eastern portion of the area under discussion, and it is accordingly
inferred that nplift prevailed correspondingly in an eastern district.

SUBS1IDENCE.

Subsidence with reference to sea-level was, no less than uplift, a
frequent and widespread effect during the Paleozoic. The move-
ments lowered the land-surface and the sea-bottom. Their tendency
was to establish and extend marine basins, and, so far as the episodes

of sinking were not overcome by opposed uplifts, they did determine
the area of the mediterranean sea. As this sea occupied the western
portion of the provinee, it follows reasonably that downward move-

ment prevailed in a western district.

VERTICAL MOVEMENTS IN THE SHORE ZONE.

Between the castern distriet, where uplifts prevailed greatly over
subsidences, and the western district, where subsidences greatly
_exceeded uplifts, there stretched a zone in which the opposed move-
ments were more nearly balanced. This was the zone across which
the shore frequently migrated. Its width, except during the greatest
transgressions or retreats of the sea, was probably less than a hundred
miles. The shore zone itself gradually moved westward, however,
from its extrcme eastern position of Silurian time to the Mississippi
embayment of the Carboniferous period. Thus the area of prevail-
ing uplift gradually expanded at the expense of the area of subsi-
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dence. The shore zone from the beginning of the upper Silurian to
the close of the Devonian extended from New York to Alabama
along the present site of the great Appalachian Valley.

During any episode the shore zone was divided into two strips by
the line of the shore itself. To the southeast was the coastal plain,
wider or narrower as the case may have becn; to the northwest was
the belt along which sediment gathered to greater thickness than
further off-shore. During certain episodes the variation of thickness
was gradual and the belt of maximum deposition was broad and in-
definite; during others it was narrow and sharply defined by decided
differences in thickness of a lens of sediment.

TROUGHS OR DOWNFOLDS,

In the belt of maximum deposition, approximately parallel to the
shore, therc developed troughs or areas that sank dceper than the
adjacent parts of the shore zone. The decpest was that in which the
Devonian sediments gathered to a thickness of more than 10,000 feet
(Plate VII). These troughs were of the nature of downfolds or
synclines. They will hereafter be referred to as original downfolds.
They resulted from a local combination of three activities, namely,
vertical subsidence, concentrated deposition, and horizontal compres-
sion. What share each activity had in producing any particular
original downfold may not easily be determined, and the local effeet
of compression may better be stated in a subsequent paragraph, but
the concentration of deposition upon an area of locally greater sub-
sidence may be explained here.

Subsidence was a movement which is rccognized as a nceessary
antecedent condition of the process of sedimentation. Its cause is
not known. Local incqualities of subsidence are assumed to have
developed. The immediate effect of greater subsidence was to decpen
the water over the corresponding area, and currents passing across it
were accordingly checked. Tlowing less rapidly than before, they
were obliged to drop a larger proportion of the sediment they had
transported. Thus a locus of greater subsidence became a locus of
greater deposition.
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The writer does not hold the view that an aecumulation of sedi-
ment oeeasions subsidenee where that movement has not been initi-
ated by other eauses; but it does scem probable that rapid sedimenta-
tion may influenee the rate of sinking when that movement is already
established. Thus where inequalities of subsidenee existed the effeet
of copious deposition may probably have been to inerease them.

INITIAL WARPING OF STRATA.

Any thin stratum, when first deposited, may be deseribed as a
sheet of sediment, spread on the sea-bottom in an approximately
plane attitude. In the ease of the Paleozoie strata of the interior
sea, the lowest plane was that which was developed by the Cambrian
marine transgression, and during the aceumulation of sediments, the
upper surfaee at any time usually presented a flat expanse over large
areas. These plane surfaces were sueeessively buried as they sub-
sided and later deposits gathered over them, and any one plane was
buried under aceumulations greater in eertain distriets than in others.
This is illustrated by the contour lines in Plate VII, which de-
lineate approximately the form of the Devonian deposits that buried
the black shale. That mass which has been compared to the internal
cast of one valve of a mussel shell, was more than 10,000 feet thick
in castern Pennsylvania, and less than 1,000 feet thiek in western
Ohio. The stratum of black shale conformed to the eurved bottom
of the mass and was, therefore, warped in general from its original
plane attitude.

In the development of original downfolds, described in preceding
paragraphs, the strata underlying the arca of the downfold were de-
pressed by the local subsidenee, and where any such trough devel-
oped adjacent to an carlier one the still older strata reeeived a gently

undulating form.

Tt follows from these considerations that the older strata of the
Paleozoic system were not parallel to the younger strata, and that the
older ones began at a comparatively early epoeh to adopt a warped
attitude. The warping was increased by eaeh irregularity of subsi-
dence, and the deeply buried strata became accordingly less favorably
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situated to resist any force of compression which might affect them
horizontally.

Horizoxtar MovEMENT.

ILLUSTRATIONS.

Some of the more obvious cffects of deformation by horizontal
movement are illustrated in Plates III, IV, VIII and IX accom-
panying this article. They are from photographs taken in western
Maryland and are striking illustrations of the folds, large and small,
which have been produced by compression of the strata in a hori-
zontal direction.

The prineipal feature of Plates IIT and IV is an unsymmetrieal
areh, technically ealled an antieline, which is ecut by the North Branch
of the Potomac just above its junetion with the South Branch. The
titles accompanying the plates fully deseribe the details which they
exhibit. The strata which are seen in the view belong to the
Oriskany sandstone at the base of the Devonian. As may be secu,
they dip steeply to the southeast (at the left of the picture) and dis-
appcar beneath the present surface. Thirteen miles away to the
southeast similar strata rise to the surface and are identifiable by
fossils as the Oriskany sandstone. Between these oceurrences of the
Oriskany, in the summit of Sideling Hill, is a strip of the Pocono
sandstone, which lies 7,000 feet or more above the Oriskany. T'rom
these facts and many others relating to the distribution of the asso-
ciated strata, it is known that Sideling Hill is situated in the middle
of a deep trough, or syncline. The Oriskany strata bend according
to the cross-section of the trough and pass under Sideling Hill at a
depth of about a mile and a half. On the right of the picture,
Plate ITI, the strata are seen to dip gently under the surface. They
there conform to a narrow and shallow syncline, and presently at
Patterson Creek reappear in an arch similar to that here illustrated.

The Oriskany sandstone was deposited practically in a flat position
as a sheet of beach sand in the manner already deseribed (page 58).
It has since assumed the attitude of these folds, large and small; that
is, it has been compressed in a horizontal direction. All other
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Paleozoic strata of the Appalachian province exhibit similar effcets
of deformation. The facts were first accurately observed and de-
seribed by H. D. and W. B. Rogers,’ and later” students have fully
confirmed the observations of those great gecologists.

GENETIC CONDITIONS OF FOLDING.

In accordance with theories of their day, however, the Rogerses
believed that the great mass of the earth was molten beneath a thin,
hard erust, which might be thrown into waves or mountain folds by
violent agitation of the fluid interior. Although the scientists hold
various theories of the condition of the earth’s interior, some believing
that it may be molten and others that it is a rigid or viscons solid,
none now believe the extreme hypothesis entertained by the Rogerses.
It is thought that Appalaehian folding developed not by a stu-
pendous catastrophe, but by slow and periodic growth, which fol-
lowed from and was materially influenced by the conditions of pre-
vious and concurrent sedimentation. Some of the essential eondi-
tions and governing principles of that folding may be briefly stated,
so far as they are now understood.

Three sets of conditions existed when folding began in the Appa-
lachian zone, and they may be taken to be the genetic conditions
without which the movements would not have occurred when, where,
and as they did: (1) there existed a compressive stress or stresses
throughout an area of the earth’s crust; (2) there was a great thick-
ness of strata of broad extent; (3) in a narrow zone the strata were
warped, forming shallow troughs, parallel to which the general trend
of the shore was established.

The compressive stresses produced results which sufficiently dem-
onstrate the effectiveness of the forces to move and deform great
masses of strata, but the effects do not appear beyond question to
show when and in what manner the pressure produced motion, nor
how long it continned. Theoretically there are three conceivable

! Reports of the Ass. of Am. Geol. and Nat., 1840, 41, 42, p. 508.
20n the Physical Structure of the Appalachian Chain, H. D., and W. B.
Rogers.
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modes of action whiech might result in the observed folds and the
associated phenomena: (a) the effective stress may have originated
in the distriet of uplift, Appalachia, and may have been propagated
in a northwesterly direction to the zone where meehanical couditions
of the crust made folding possible; or (b) the source of activity may
have been situated in the area of subsidence beneath the mediter-
ranean sca, and in that case the movement was direeted southeastward;
or (c) the stresses may have developed throughout a wide region
and have been directed from the periphery in all horizontal direc-
tions inward. Opposed stresses may have balanced, and thus may
have tended to raise a dome-shaped uplift or to depress a bowl-
shaped one. Then the resulting forms would be conditioned by the
resistanees of the strata. If those resistances were less iu one direc-
tion than in any other, greater folds would develop at right angles
to that direction, and lesser ones parallel to it. If the least resist-
ance had been ncarly equal to the greater resistances, two sets of
nearly equal folds should have developed; but if the least resistance
had been very much less than resistance in any other direction, one
system of folds should greatly predominate. In the Appalachian
zonc the northeast-southwest system is developed in Paleozoic strata
almost to the exclusion of any minor system at right angles to it.
Henee if the stresses were toward a common center we should cou-
clude that the resistance from northwest to sontheast was very much
less than in any other direction. This coneclnsion accords with de-
ductions from the initial attitudes of the strata due to vertieal
warping.

The fact that the source of compression is indeterminate is here
dwelt on because of the widely accepted inference that the motion
was propagated from the southeast. It is not possible here to dis-
cuss the mechanies of the problem, but the struetures appear to be
consistent with either of the several interpretations offered.

Stratification, the second genetic condition of folding, is an essen-
tial characteristic of a rock-mass that may fold, and the accumnla-
tion of a mass of strata like the Paleozoie system introduces into the
carth’s erust a weak element of structure. The former proposition
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follows from the case with which a nwmber of thin sheets of any
material may be bent as compared with the difficulty of bending a
continuous 1ass of equal total thickness. Each thin sheet offers
relatively slight resistance to curvature, and the planes which divide
the sheets afford opportunity for slipping, which is a means of
accommodation. The second proposition follows from the first, if it
may be assumed that the floor of the Cambrian sea, which subsided
beneath the Paleozoie sediments, was of massive rock. For in sub-
siding the massive rocks added nothing to the strength of the erust,
whereas the strata which replaced them were decidedly weaker when
subjected to horizontal compression.

Warping by vertical movement, the third genetic eondition of
folding, has been discussed with referenece to its development by
local subsidence and econcentrated deposition on page 79. Tn the
map, Plate VII, the contours which define the form of the buried
black shale in eastern Pennsylvania are drawn according to the
hypothesis that the strata beneath the later Devonian sediments were
depressed in gentle flexures corresponding to the deep synclines of
the Anthracite regions. This hypothesis rests upon the fact that
Devonian strata are somewhat thicker in those basins than on the
intervening anticlines, and is part of the broader hypothesis, which
will be stated later, that folding was in progress during Devonian
time.

Upon strata alrcady warped from a plane attitude the effect of

horizontal compression is to exaggerate the established flexnres, as
if one leans on a bent cane the stick tends to yield at the bend. The
influence of very slight deflections from a plane have been demon-
strated by experiments of which an illustration is given in Plate X.

The weakness of a warped stratum as opposed to thrust is in
accordance with simple mechanical principles, from which it also
follows that the resistance which any stratum may offer to horizontal
compression lessens as the stratum is warped further from a plane.
Thus it might be conceived that a definite compressive stress existed

! Mechanics of Appalachian Structure, 13th Ann. Rept. U. S. G. S., pp. 211-
281, Plates LXXV-XCVI.
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in flat strata and was ineffective to produce folding, but that the
same stress became effective when the strata had been warped by
unequal subsidenee and deposition. Earlier reference was wade
to the effcet of horizontal compression in producing original down-
folds. In the development of downward or upward folds any force
transmitted by the strata is resolved into two components at any
point of eurvature. The one component is tangential to the curve
of the stratum, the other is radial to it. The radial component tends
to increase the curvature. Thus in the development of original
downfolds, from that moment when the deflection of the strata made
cffective an existing horizontal stress, the initial depression due to
vertical movement may have been increased by a component of
horizontal pressure.

DATES OF APPALACIIIAN YOLDING.

The geologie dates at which folding occurred in the Appalachian
province are not yet known; indeed, it has not been determined
definitely whether folding was a feature of one episode only, or of
several episodes, separated perhaps by long intervals. For half a
century it was stated without contradiction that the making of the
Appalachian Mountains went forward after the close of the Car-
boniferous period,’ and the catastrophe is frequently referred to as
the “ Appalachian Revolution.” This view rests upon positive and
negative evidence. The argument might be thus summed up. Car-
boniferous strata are folded, and therefore folding occurred during
or after the close of the Carboniferous period. And all strata from
Cambrian to Carboniferous inclusive exhibit an apparent parallelism
of bedding. They are what is teehnieally called conformable, in so
much of their relations as are preserved and visible to us. This is
negative evidence against that unconformity which has been thought
to be a necessary result of folding, and it is this negative part of the
conclusion which may be questioned.

In Plate XII are shown three stages of development of relations
between strata. Tigure a exhibits the result of a first episode of

! Manual of Geology, J. D. Dana, 4th edition, 1895, p. 357.
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folding as an anticline might appear if it werc not croded during
its growth. I'igure b shows the effects of erosion, by which the erest
of the antieline has been planed down, and of sedimentation by
which the croded detritus is spread in younger strata upon those
which were older than the cpisode of folding. The younger strata
are conformable to the older in that section where the latter had not
been disturbed, but the youngest are represented as overlapping on
and unconformable to the oldest in the anticline. Tignre ¢ exhibits
the effects of a sccond episode of folding, by which the two earlier
series of strata are bent conformably, and suggests the possible rela-
tions of strata formed by erosion of the sccond uplift. The figures
are based on a model which was developed experimentally in the
press figured on Plate XI, and which is discussed in Mechanies of
Appalachian Strueture.’ Reference to the sections published by
H. D. Rogers,” or from recent surveys,” will serve to suggest that
erosion may have worn so deeply as to have removed from anticlinal
areas evidences of unconformity which might serve to define distinet
episodes of devclopment. The negative of this suggestion cannot
be considered demonstrated until eareful investigation shall have
failed to diseover cvidence of uneonformity or of effects of sedi-
mentation attributable to the rise of antielinal shallows or lands.
That investigation has not yet been made and to the hypothesis of a
great single revolution by folding in post-Carboniferous time an
alternative may be stated with a claim to proof or disproof.
Assuming that a eomprehensive stress existed in the Appalachian
area, during any epoch of Paleozoic time, it became cffective to
cause horizontal movement with folding either through its own in-
erease, or through decrease in the resistance offered by the strata, or
through changes of both values. Of the strata whieh were folded,
the great Cambrian-Silurian limestone was much the most resistant.
It was so thiek and yet so massive that it dominated and controlled
the development of folds to a remarkable degrce, and eonditioned the
growth of the long parallel struetures whieh eharacterize the Appa-

! Op. cit., Plate XCIT. * Geology of Penn.
* Geol. Atlas of the U, S, Folio 32, Franklin, Va., N. H. Darton.
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Fra. 1.—Folds developed experimentally in layers composed of mixtnres of wax
with other substances, See Plates N and X1.

Fie. 2.-—Tlicoretical section, showing the resnlt of erosion and sedimentation
during and after the development of such a fold as that shown in Fig, 1,
The tater strata are comtormable to the older in the syneline,
and uncontormable across the anticline.

©

Fie. 8. — Theoretic section exhibiting the resnlts of further compression and
crosion of the strata shown in Fig. 2. There is no evidence ol
unconlormity remaining.

THEORETICAL SECTIONS BASED ON EXPERIMENTAL RESULTS OF FOLDING.
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lachians. The resistance of this controlling stratum was first effected
by the sinking of the original downfolds, such as Bays and Massa-
nutten mountains, which contain the great thicknesses of Martins-
burg shale, and the correlated synclines elsewhere. The second
epoch of development of very deep original troughs occurred during
the later Devonian, succeeding the deposition of the black shale.
The resistance offered by the great limestone when first eonsolidated
in a flat attitude was probably many times greater than that which
it possessed after it had been buried unequally under Silurian and
" Devonian deposits and had been correspondingly warped. In illus-
tration it may be stated that in compressing a flat model in the ap-
paratus (Plate XI) the combined efforts of two men were required
to turn the screw, which;-after the folds had developed, could be
moved easily with one hand. Hence in the presence of the lessen-
ing resistance of the great controlling limestone, a constant hori-
zontal stress, or a growing one, may have become effective toward
the close of that deposition which accompanied the warping.
These considerations lead to the suggestion that slight folding
may have resulted during the later part of the Lower Silurian and
again during the Devonian, and possibly at other dates. It does not
follow that the anticlines which developed rose as islands or penin-
sulas above the sea. Their relation to sea-level was determined by
the rate of subsidence of the general area and by their own rate of
development in opposition. Turthermore, the surface expression of
flexure was probably broad and gentle. If, however, arches did
Tise above the sea, their growth was probably very low during these
initial movements and erosion planed them to sca-level, while sedi-
mentation filled the ever-deepening but shallow intervening syn-
clines. Thus the activity may have been cntirely consistent with the
facts of the sedimentary record discussed in the preceding pages.
During the later episodes of the Carboniferous, from the close
of the Pottsville epoch on, vertical movements were very slight
throughout large areas and the surface cffects of folding, if folding
then occurred, probably found expression in low but rising anti-

elinal peninsulas and islands, and in shallow but subsiding syn-
5
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clinal bays, lagoons and marshes. The latter were favorable to the
accumulation of eoal, and upon that assumption their rate of depres-
sion may be estimated. Sueh development implies that strata, but
slightly older than those in process of aecumulation, were eroded
and redeposited.

Toward the elose of the Carboniferous period, the deeply buried
eontrolling strata, being gently bent, should have yielded far more
readily than when flatter, and thus the aecelerated movement
resulted in that development of folds which has been ealled the
¢ Appalachian Revolution.” That revolution stands out as an iso-
lated and unaecountable fact, if it be eonsidered as the effect of
peeuliarly energetie forees which had no antecedents; but it becomes
intelligible when it is regarded as a culmination of a stress whieh
beeame specially effeetive as eonditions became specially favorable.

POST-PALEOZOIC HISTORY OF MARYLAND AND
ADJACENT STATES.

Tuar Mzrsozoic Era.

AN HIATUS.

In a geologie classification of time, the Paleozoic era is succeeded
by the Mesozoie era, the era of life intermediate between the ancient
and the reeent. Although not so long as the Paleozoie, the Mesozoic
was an important division of the earth’s later history. In Europe
and some other parts of the world it is represented by extensive de-
posits of sediment, but in the Appalachian province that reeord is
meagre and interrupted.

After the Carboniferous land had spread far westward, rising
from the shallow waters of the interior sea, the only record made

within the province was that whieh existed in transient forms of hills
and plains. They are gone, and there is an hiatus corresponding to
an indeterminate lapse of the time which covered the closing episodes
of Carboniferous history and the carly events of the Jura-trias, the

first period of the Mesozoic era.
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JURA-TRIAS SEDIMENTS.

Along the Atlantic eoast from North Carolina to Conneeticut
oceur several isolated remnants of a voluminous formation, whieh
consists of eonglomerate, sandstone and shale, prevailingly of a deep
red eolor. The strata, whieh are known as the Newark formation,
are shallow water deposits, formed probably in tide-swept estuaries.

The arcas of the Newark formation oeeur west of the present
Atlantie eoast, forming an interrupted belt parallel to the eastern
side of the eontinent. 'The formation thus appears to be related to
estuaries of the Atlantie basin as a seene of deposition and not to
the interior sea, in whieh the known Paleozoie sediments accumu-
lated. In the elosing episodes of the Carboniferous and the opening
ones of the Jura-trias, there was involved a material ehange of eon-
tinental outline. Rising from the western sea, Appalachia had
gained in extent in that direetion. Sinking beneath the castern sea,
Appalachia lost areas whieh had not been under water sinee Silurian
time. There is no evidenee that the western emergence was related
in date or eause to the eastern submergenee; indeed, it is probable that
the latter sueeeeded the former only after a prolonged interval, of
whieh the reeord is wanting. '

The Paleozoic extent of Appalachia castward into the Atlantie
is a mooted question among geologists. The argument takes note
ehiefly of two sets of faets, the volume of Paleozoie sediments and
the depth of the Atlantie basin. The mass of sediments deposited
in the interior sea was eroded from Appalachia and eorresponds in
volume to the extent of the continent multiplied by the relative
elevation above sea-level which it experieneed during the Palcozoie
era. Theoretieally, the factors, extent and elevation, may be recip-
roeally varied at will and the total produet or volume may remain
unehanged. That is to say, Appalachia may be assumed as an ex-
tensive or limited land, provided it may be assumed also that eleva-
tion was eorrespondingly moderate or great. In the opinion of the
writer, the sediments themselves define the aspeet of the land from
which they were derived, and, in general, they indieate but moderate
relief. Their direet testimony, however, is more definite. The
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Silurian (Martinsburg) shale, the Mauch Chunk shales, and the
later Devonian formations, are peculiarly thick at certain points.
These masses of sediment are analogous in character and occurrence
to deposits at the mouths of large rivers, which drained correspond-
ingly extensive lands. They thus seecm to represent features of a
broad watershed, which extended several hundred miles eastward
from the rivers’ mouths and beyond the present continental margin.

Against such a former expanse of Appalachia eastward, it is
argued that the depth of the Atlantic basin is evidence of the an-
tiquity of the relations of oceanic decp and continental platform,
and it is held that their bounds have not materially changed in later
geologic time. Where there is so little evidence a conclusion can-
not safely be stated; but in the judgment of the writer, the concep-
tion of antiquity of an oceanic basin does not involve fixity of its
bounds. Tt is quite possible, as it is indeed probable, that the
Atlantic is one of the primeval features of the earth’s surface, and
yet it may have encroached upon North America by the profound
submergence of a zone of the continental platform several hundred
miles in width.

An encroachment of the Atlantic basin upon the continental
plateau of North America appears to have oceurred thus early in the
Mesozoic era. '

The red sandstones and shales of the Newark formation consisted
of detritus of the ecrystalline pre-Cambrian rocks of Appalachia,
eroded and transported eastward to the invading Atlantic. They
therefore represent an uplift, which was the last in that complex
series of vertical movements of Appalachia which began in the Silur-
ian and continued from time to time prevailingly in the northeastern

- distriet of the province during the Devonian and Carboniferous
periods. An earlier series of uplifts, the pre-Cambrian and Cam-
brian movements, had closed with the long interval of almost con-
stant attitude of sea-level which preceded the transgression of the
Silurian era upon Appalachia. This later series, closing with the
Newark episode, was followed by a second interval of constant rela-
tive level of land and sea. It endured throughout the Cretaceous
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period and resulted in complete erosion of all previous mountain
forms, except in North Carolina and New England.

THE CRETACEOUS PLAIN.

Along the Coastal Plain of New Jersey, Maryland, and other
Atlantic States, therc is to be seen the edge of sediments of Mesozoie
age resting upon pre-Cambrian erystalline rocks. Some of the strata
belong to an episode of the Jura-trias period later than the Newark
epocl, but the greater part are of the next succeeding period, the
Cretaceous. It is the surfaec of the erystallinc rock beneath thesc
sediments which is next to be considered. That surfaee is a plain,
sloping beueath the sediments toward the Atlantic, rising from under
the sediments westward toward the Appalachian Mountains. In
many loealities one may drive up the gentle ascent upon the surface
of the plain, and in so driving one rises higher and higher above the
streams whose valleys are adjacent. Looking north or south across
a valley, the height beyond it is seen to present a long gentle slope
like that ascended. Imagining the valley filled with the material
which the stream has earried off, one diseovers the formerly continu-
ous plain. By extending the process of filling to other valleys in
such manner as to econneet all ridges whose erests fall into the general
slope, there is restored the plain, which was eroded nearly to sea-
level during the Cretaceous period.

That old plain, now elevated and dissected, has been traced over
New England, over the Middle States, and over the south Atlantic
States. It coincides with the summits of the highest ridges, whieh
in Maryland are represented by the Catoetin, the Blue Ridge, the
Alleghany ridges, and the Cumberland plateau. Only in North
Carolina and the interior of New England are surviving mountain
summits of that date, which now rise above their near fellows, as
they maintained themselves as hills above the lowland plain in Cre-
taceous time.

Tue Cerozorc Era.
THE NATURE OF THE RECORD.

The Cenozoic era is the last. It completes the trio of life eras
of which the Paleozoic and Mesozoic arc the two earlier. As com-
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pared with them, it comprises a relatively short lapse of geologic
time, but it is characterized by the development of mammals down
to and including the evolution of man,

During the Cenozoic era the Appalachian province has been ele-
vated above sea-level. Such record as the sea has made of physical
changes is spread about the margins of the provinec along the
Coastal Plain and in the Mississippi Valley. It is a scant record
and onc which is not extensively accessible to cxamination. But it
is supplemented by features of the land, whose eloquent statement of
their experiences was never appreeiated until within the last score of
years.

Recognition of the old Cretaccous plain, surviving in the ridge-
suminits of the present time, is the first step in rveading the
Cenozoic history of Appalachia. Developed necar sea-level, that
plain is now 4,000 fcet above sca in certain districts and it slopes
thence to the eoast and to the Mississippi. Thus the dome-like uplift
of the Appalachian Mountains and the post-Cretaceous date of the
movement may be realized.

A further step toward understanding the expressive landscape is
in an appreciation of the efficiency of streams to cut canyons, which
are widened to valleys by rains and rivulets. In this process weak
rocks yield more readily than resistant ones and valleys develop,
therefore, on masses of shale and limestone, whereas heights are long
maintained by sandstone beds and other hard masses. Thus streams
and divides become generally adjusted to the arrangement of weaker
and harder rock masses.

The efficiency of streams to cut canyons depends upon the fall
of the stream, among other things, and the down-cutting by streams
ccases when they no longer flow so swiftly as to carry away the sedi-
ment received from their headwaters and tributaries. Then valleys
widen and bottom-lands are built up. As the valleys encroach upon
intervening ridges and the latter lessen in volume and height, the
aspect of the region tends toward a hilly lowland and ultimately
toward a plain. The topography passes from youth through ma-
turity to old age.
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At any stage of this process, the region may experience renewed
uplift, by which the streams gain fall and deepen their channels.
A young canyon is thus developed within the older valley, and the
two stages of topographic evolution are distinguishable. In such
features as these, and in the many complex relations of streams,
plains, slopes and ridges, the later history of Appalachia is recorded.
It is a record of intermittent uplift by which the present mountain
region has grown as a whole.'

The detail of mountain and valley sculptured on the upraised mass
is determined by the arrangement of the strata laid down in the van-
ished Paleozoic sea. The geography, the atmosphere, and the life
of that distant time determined initially the plan of the present land-
scape. They conditioned human existenece. Broad farm-lands or
craggy crests, fertility or sterility, mineral leanness or wealth, the
courses of highways and the sites of citics, all the conditions of man’s
physical environment, are related in the Appalachians to the long
Past, even to the remote Past of the era of ancient life.

! Discussions of the development of the Appalachian mountains may be
found in the following publieations:

Maryland Weather Serviee, Vol. I, 1899, pp. 41-216.

Rivers and Valleys of Pennsylvania, Wm. M. Davis, Nat. Geog. Mag.,
Vol. I, pp. 183-253, 1889. :

Rivers of Northern New Jersey, with notes on the general classifieation
of rivers, Wm. M. Davis, Nat. Geog. Mag., Vol. II, pp. 81-110, 1890.

Geomorphology of the Southern Appalaehians, C. W. Hayes & M. R. Camp-
hell, Nat. Geog. Mag., Vol. VI, pp. 63-126, 1894,

The Physieal Geography of Southern New England, Wm. M. Davis, Phy-
siography of the U. 8., pp. 269-304. Am. Book Co.

The Southern Appalaehians, C. W. Hayes, Physiography of the U. S., pp.
305-336. Am. Boolk Co.

The Northern Appalachians, Bailey Willis, Physiography of the U. S,
pp. 169-202. Am. Book Co.

Physiography of the Chattanooga District, C. W. Hayes, U. S. Geol. Survey,
19th Ann. Rept., Pt. II.
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BY
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INTRODUCTION.

With the exceptions hereafter noted the road-systems and the gen-
eral condition of the roads throughout the State remain much the
same as in 1899, the date of the publication of the “ Report on the
Highways of Maryland ” by the State Geologieal Survey. The same
methods in general prevail. A large portion of the money levied
for road-work is distributed at so much per mile irrespective of the
urgent need of certain roads or parts of roads. Supervisors feel
called upon to leave a traee of their work at every point along the
roads allotted to them, with the old result of no practical improve-
ment, each season removing all traees of the previous season’s work.
In this connection the coneclusion drawn in the first report ean well
be repeated. It was there stated that ‘“the present method leaves
very muech to be desired, as the thin veneering of improvement upon
the roads is soon lost and the roads return to their former condition.
With the application of the money for speeifiec improvements the
result is far different, since in a few years there is a marked advance
in the average condition of the highway. The few eases in which
this method has been employed emphasize most strongly the general
lack of benefit received from the larger portion of the money spent

annually on the roads.”' While the greater part of the road-work
throughout the State is still done under the old and disadvantageous

methods, there are instanees in several counties, whieh will be de-

* Highways of Maryland, p. 190.
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seribed further on, where the money at the disposal of supervisors
has been concentratcd on the permanent improvement of the worst
portions of the roads with much better results. It is not necessary
that the amount of money be large in order that it may be econom-

ically expended, for the same principle underlies the expenditure of
- $50 or $5,000, namely, to do only so much as can be done well. The
generally bad condition of the roads will never be materially im-
proved until this simple cconomic principle is followed.

In Baltimore, Prince George's, Harford, Iloward, and Anne Arun-
del counties particularly gratifying progress has been made by the
adoption of economic methods in the repair and improvement of some
roads.

OreraTions purixe 1900 axp 1901,

During the last two years the Highway Division has been occupied
in giving advice and directions for the improvement of certain roads,
and in making tests of macadam materials, of paving-brick and of
cements,

The opportunities offered by the Highway Division were brought
before the people by several means. The “Report on the Highways
of Maryland ” was distributed very largely throughout the State.
Copies wore sent to all County Commissioners, State officials, promi-
nent farmers and other citizens who might be interested in the im-
provement of the roads. Illustrated lectures on the Roads of Mary-
land and Modern Methods of Road-Making were given at Hyatts-
ville, Aberdeen, Darlingtor, Cumberland, Pocomoke City, Princess
Anne, Baltimore (threc times), and Govanstown. A number of these
lectures were in counntection with the Farmers’ Institutes. Visits
were also made to the various Boards of County Commissioners and
Road Commissioners in the State, and the aid of the ITighway Division
frecly offercd.

CORRESPONDENCE OF THE HIGIWAY DIVISION.
The follewing circular and cnclosurcs, which were sent to all
Boards of County Commissioners in the spring of 1900, describe the
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methods of procedure which it was thought advisable to adopt in
aiding in the improvement of the roads:

MARYLAND GEOLOGICAL SURVEY, JoHNS HoOPKINS UNIVERSITY.
BALTIMORE, March 30, 1900,

Chapter 454, Laws of Maryland, 1898, gives to the Maryland Geological
Survey, among other powers, that of making plans of roads. As it would
be of little valuc to survey roads upon which no improvemnent is contemn- .
plated in the near future, the following plan has been adopted in order to
insure the most useful results:

When a county intends making any eonsiderable improvement to a por-
tion of a road, the Highway Division is ready to give sueh information as
may be desired by the Board ot County Commissioners, both eoneerning the
approximate eost and the best methods of construetion. In this way esti-
mates of the eost of properly grading. draining, and surfaeing a particular
piece of road ean be had, whieh will be of value to the county.

To avoid confusion, and also make clearer the method of proeedure, blank
forms are inclosed, which are to be filled in as indieated.

The first form is for a request for a preliminary cxamination. 'This consists
of a superficial examination of the road with some study of the available
road materials. When this is done a rough estimate of the cost of the
proposed improvement to the road ean be made. If the County Commis-
sioners decide that the improvement shall be uudertaken, they ean fill up
the seccond form, which is a request for a detailed survey and estimate of cost.
This includes making a plan and profile of the road, showing proposed
changes in the location and in the grades, and tests of the inaterial sub-
mitted for use. [Further, if work is carried on under plans aud specifi-
cations furnished by the Highway Division, a genecral supecrvision of the
eonstruetion eould be undertaken by the Division, should it be so desired.

At the laboratory of the Survey there are faeilities for making tests upon
different materials for surfaecing and paving roads and streets. Mueh
information is alrecady at hand coneerniug the qualities of the different
rocks in various localities, whieh will be found in the reeent report on the
Highways of Maryland, togcther with a description of the tests on mmaeadam
materials. Since the publieation of this report a machine for testing paving
bricks has been added to the equipment, so that tests ean be made of the
various samples of brick submitted to eities or towns of the State for street
pavemncents. On applieation, blanks will be furnished with printed dirce-
tions for sending samples to be tested.

It is the aim of the Highway Division to eneourage the adoption of such
methods as will result in the most econcimnical form of road construetion,
and thus gradually to better the condition of the highways of the State.

The Highway Division is supported by the State, and no eharge is made
for its services. The money at hand for making snrveys and estimates is
limited, and there may be a greater demand for such work than can be
met; every cffort will be made, however, to eomply with all reasonable
requests, either from County Commissioners or from other persons wishing
to improve the publie roads.
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MARYLAND GEOLOGICAL SURVEY, HieiwAY DIVISION,

Request for Preliminary Examination of...................... ....road in
.05 00000000000000000 00000000 ¢eeeeell.county,

The County Commissioners of .......c.vvuevnrnnnn.n.. county contemplate
improving a portion of the road known as............. 900,0000090000000
Beginmnin gt At Ra OIS oL e e oieiele = ATl Sl T ot e st srotete s o s sle e s 0008 56 0b 00000
and extending ................ miles toward..... 5500000 008000k 00000000P0 o g bo

Before beginning this work the Board of County Commissioners consider
it desirable to have an approximate estimate of the cost of improving the
section of road above mentioned and for that purpose request that a pre-
liminary examination be made by the Highway Division of the Maryland
Geological Survey. ’

Clerk to Board of County Commissioners.

MARYLAND GEOLOGICAL SURVEY, HicuwAY DIVISION.

Request for a Dctailed Survey of....... 9600000000600 0600A66.000 000 road in
5% 0006000000000000a0000a 00800880 «e....county.

The Board of County Commissioners of.............. 3o b 0P o000 ....county
consider that action should be taken towards the improvement of a portion
of the public highway KNOWIL @S. .. .outevttenrenrrenerenennes venenennrnensas
road and have decided to improve the portion of this public highway begin-
ning at a point near...................... 500000000006 600dHdOG0d0 06
and extending......... miles more or less towards.........ccivieiininnniann,

as far as may be practicable.

The Board requests the Highway Division of the State Geological Survey
to make such surveys and plans as may be necessary to obtain a dctailed
estimate of the cost of this improvement and to draw up suitable specifica-
tions for the work.

Signed,
Date;......cccvvun. 6000000000060 0I0.6006 0 06000BKEBC0EH000 0050
Clerk to Board of County Commissioners.

The following circular was sent to all Farmers’ Clubs and Granges,
accompanied by the circular and blanks mentioned above:

MARYLAND GEOLOGICAL SURVEY, JOHNS HOPKINS UNIVERSITY.
BALTIMORE, July, 1900.

SECHCUARY OF . oo s oot o os s sdieseeseeeeatonsososoceans

DeAr Sir:—The inclosed circulars will explain in part the work the High-
way Division of the Maryland Geological Survey is apxious to carry on. It
is believed that much money is now spent on the roads to little advantage
because no definite knowledge of the cost of a contemplated improvement
is at hand before the werk is begun. Thus it is often the case that an
improvement has been begun which the money at hand was insufficient to
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finish properly, resulting in a very inefficient use of the funds; whereas,
the same sum coneentrated on a smaller length of roadway might have
made a substantial permanent improvement.

The Highway Division, with the many practieal illustrations of this kind
in mind, considers that no more useful picce of work ean be found than
supplying beforehand the data for estimating as closely as possible the
cost of proposed road-improvements. No interference with the powers of
the road-officials in the different counties is at all contemplated or possible.
Tt is merely desired that they shall know of the opportunity which exists
for them to obtain estimates for road-work with little or no expense to

the county.
Past expcrience has shown, in addition to helping the county officials,

that much can be done by offering the same aid to the farmers of differcnt
neighborhoods whé propose to improve the roads in their vicinity at their
own expense. The same aid which would be given to the county officials
will be given to any organized effort on the part of the people themselves.

Requests for examination of roads can be made on the same blanks as
those prepared for the County Commissioners by merely striking out the
unnecessary lines. Another way would be for those directly interested in
a proposed improvement to petition the County Commissioners or other
officials, as the case may be, to request that a report on the cost be 1nade
by the Highway Division before beginning the work.

The permanent improvement of the roads of the State can be secured
only by the efforts of many influential persons, and it is hoped that yonr
elub will do all in its power towards the enconragement of an efficient and
ceonomical system of road construction; the first step in this direction is
to have at hand a full knowledge of the eost of the different ways in which
it may be possible to improve a given piece of road, together with the rela-
tive values of the various road-making matecrials that ean be obtained.

It is further asked that your club make known to the County Commis-
sioners that you have received this communication and, should it seecm
advisable, to request them to give this matter their serious attention. They
would do this the more readily if they recognized it was considered a matter
of vital interest by such organizations as the Farmers’ Clubs.

Very respectfully,

The following letter, together with the eircular and the blanks, was
sent to the editors of all the papers in the State, many of whom pub-
lished more or less extensive notiees:

MARYLAND GEOLOGICAL SURVEY, JouNS MHoPKINS UNIVERSITY.

BALTIMORE, July, 1900.
To ‘the BaMor of - -« g s . L
Deanr Sir:—Will you kindly give such notice of the inclosed papers as you
may think will be of public interest. It is our object to let the people know
of the opportunity there exists for obtaining the aid of the Mighway
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Division in all matters reiating to public roads. A notice in your paper will
have the effect of calling gencral attention to this matter and so bring it in
the end more emphatically before the County Commissioners.

Very truly yours,

FIELD WORK.

As a result the Highway Division has been called upon to examine
and report upon the following roads:

Anne Arundel county.—Baltimore and Annapolis road, South
River road.

Baltimore county.—Green Spring Valley road, Garrison road,
Gleneoc road, Govanstown sidewalk.

Carroll county.—Eldersburg-Sykesville road.

Frederick county.—Brunswick-Petersville road, Knoxville-Peters-
ville road.

Harford county—Archer’s Hill road, Belair-Churehville road,
Main street, Belair. :

Howard county—Old Frederick road from Davis lane to Mar-
riottsville road and at Hollofield station, projected road along Rock-
burn Braneh, Woodbine-Lisbon road.

Prince George’s county.—DBaltimore-Washington road, T B road,
Central avenue, Sheriff road, Oxon Hill road, Riges road, Suitland
road, Qucen Anne road.

Talbot county.—Claiborne road.

On all of these roads, with the exception of the Claiborne road, the
Eldersburg-Sykesville road, the Knoxville-Petersville road, the
Wooedbine-Lishon road and the projected road along Rockburn
Brauch, and Main street, Belair, surveys were made and plans and
estimates submitted. The following roads have been improved ac-
cording to the plans, and in some cases under the supervision, of the
Highway Division: South River road, Green Spring Valley road,
Garrison road, Glencoe road, Govanstown sidewalk,” Belair-Church-
ville road, Old Frederick road, Baltimore-Washington road, T B
road, Oxon Hill road, Riggs road, Suitland road and Central avenue.

The detailed account of these roads will be given further on.

*The work on this sidewalk is to be done in thc spring.
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SURVEYS.

The surveys of roads made by our engincer and his assistant have
been made as cheaply as possible, consistent with the requirements in
each case. No attempt has been made to measure closer than one
part in 5,000, while in most of the work an accuracy of only one in
2,000 has been allowed. Measurements to tie-stakes and other check-
marks have been taken to the nearest tenth of a foot. In running
a traverse along a road the angles have always been measured to the
right, thus avoiding any possibility of deflecting the course the wrong
way when plotting. Thez angles have been read to the nearest minute
simply because the instrument used reads to minutes, not that the
work as a rule requires such close reading. The angles have heen
checked by magnetic bearings taken on each course. Stakes have
been left along the side of the road at intervals of one hun