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PREFACE

Tre Third Edition of the Geology of the City of New York
is much enlarged over the Second : first, through the necessary
additions of further geological studies of Manhattan Island
by various investigators, and second, through the desirable ex-
tension of the geology of Brooklyn Borough, which is made
the justification of epitomizing the geology of Long Island.

The mineralogical detail has been more fully given, and, in
a few expository sections, brief outlines of the Second Edition
have undergone apposite elaboration.

The author acknowledges the courteous assistance of the
United. States Geological Survey, by valuable loans of orig-
inal drawings; that of the State Geologist of New York,
through his permission to copy an outline map of a hypotheti-
cal glacial condition on Long Island, presented by Professor
J. B. Woodworth; and that of Dr. Wallace G. Levison, in
the use of plates to illustrate his unique find of Chrysoberyl
on Manhattan Island.

Recent contributions to the geology of the crystalline rocks
of southeastern New York by Professor Chas. P. Berkey has
brought into prominence views of the ordinal position of the
Manhattan rocks, substantially in agreement with those held
previously in the Second Edition of this work, and here re-
iterated. These rocks, instead of representing an ordovician
and silurian placement, are referred, by that distinguished in-
vestigator, to pre-Cambrian sediments, which, in a chronology
not easily anywhere made certain, allies them to archzan or
azoic formations. Another moot question settled by Profes-
sor Berkey is that of the interlamination of the limestones
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iv PREFACE

with the schists, which also corroborates a provisional claim
previously made in these pages.

With the disappearance of the topography or, at least, the
removal of shallow superficial features of Manhattan Island,
through building and construction, the opportunities for geo-
logical study, and especially for mineralogical examination,
grow sensibly less. A record, then, of the known investiga-
tions in these subjects has a timely relevancy, at the moment
when such investigations must be summarily curtailed. At
the same time hitherto inaccessible areas have been reached,
by reason of the excavations, tunnelings, caisson sinkings,
soundings, etc., which accompany the new engineering enter-
prises on the Island of Manhattan, and elsewhere, within the
limits of the greater city. The conclusions drawn from the
additional knowledge gathered from such undertakings de-
mand, too, a popular interpretation and currency, and, from
its retreat or sepulture in technical treatises and proceedings
of societies, the information, carefully collected by scientific
observers, consciously craves, we might say, greater popular-
ization.

The facts presented and the statements made have been
brought together from many sources and are carfully classi-
fied, and the book will, it is hoped, helpfully develop and com-
plete a correct geological conception of Greater New York.
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INTRODUCTION
NORTH AMERICAN GEOLOGY

WHEREAS the geological growth of Europe presents the
record of an archipelago of forming points, with conti-
nental or semi-continental areas to which they were refer-
able, slowly consolidating into a continuous surface, the cor-
responding geological development of North America presents
contrastedly a picture of consecutive additions to a nucleal
and primary framework. Its geological history in outline is
more simple. The preponderating initial land surfaces were,
at the north, with longitudinal alignments along the eastern
and western edges of the continental uplift, with a few interior
centers of elevation (Missouri, Minnesota, Wisconsin, Texas,
Dakota) ; and the sequence of the appearance of land surfaces
was from the north southward, and laterally east and west on
the borders of the two long descending ridges defining the
sides of the continent, as against the submerged and cavern-
ous troughs of the Atlantic and Pacific oceans.

In the geological history of Europe we are confronted with
a series of slowly filled-up basins converted into land surfaces.
In America an early architectonic outline of a primordial
continent appears with two limbs stretching southward. These
enclose a broad and shallow basin more open on the west,
whose floor underwent secular changes of elevation and de-
pression. Generally these changes enlarged the land surfaces,
progressively through geological time, from north to south,
and inwardly on the edges of the two limbs, while on the
extreme east and west the continent also grew outward, in
an encroachment on the. Atlantic and Pacific oceans. The
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2 GEOLOGY OF NEW YORK CITY

sedimentation which built up these areas was originally derived
from the primary rocks and from the débris of the calcareous
parts of sea-animals. Much re-sedimentation from previously
lithified (made-into-stone) sediments contributed towards the
extension of the continent at interior points and along its
oceanic margins, and with this were occasional injections of
igneous rock. This earliest or archean continent was thrown
somewhat to the east, as can be seen in the reproduction from
Dana’s Geology (Fig. 1), with the outlying southern exten-
sions existing as linear strips or lenticular islands arranged on

Fig. 1. Map of North America at the close of Archzan time, showing
approximately the areas of dry land.

the east in axial lines that run northeast and southwest, and
on the west, northwest and southeast. But these elevations,
in their structural relations, define themselves as parts of a
lithic block of comparative shallow submergence which stood
between the two oceans—which were abyssal creases on, either
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INTRODUCTION 3

side of it—and from which rose these archetypal outlines of
the North American continent.

The extent and parts of the archaan area on the Atlantic
border are thus outlined by Professor James D. Dana: “ On
the Atlantic border there is the long Appalachian protaxis,
extending interruptedly from Canada south of the St. Law-
rence, along the higher land of Vermont; eastern Berkshire
in Massachusetts; Putnam, Orange, and Rockland counties in
New York, and Sussex in New Jersey, making the Highland
Range, which crosses the Hudson between Fishkill and Peeks-
kill; constituting some ridges in southeastern Pennsylvania;
thence continuing southwestward along the Piedmont Belt,
and through Virginia and North Carolina, constituting in the
latter State the Black Mountains; thence into South Caro-
lina and Georgia (4 on the map, Fig. 1).

“To the northeastward, over New England to Newfound-
land, there are other parallel ranges, bounding broad valleys
or basins, as follows: (1) To the east of the Connecticut
valley, at intervals, from Canada to Connecticut. (2) Farther
east, from near Chaleur Bay, on the Gulf of St. Lawrence,
through New Brunswick, southwest to the coast of Maine
(including the Mount Desert rocks) and into eastern Massa-
chusetts. (3) The Acadian Range, along western Newfound-
land and central Nova Scotia; then submerged off the coast
of Maine and Massachusetts; then over southeastern Massa-
chusetts, and probably along Long Island. (4) A central New-
foundland range, which may have had a submarine extension
along Sable Island and the shoals about it, east of Nova Scotia.
(5, 6) Two other ranges farther east.

“‘The Acadian is the longest of these Archzan ranges; it
is the chief eastern belt of the Archzan on the Atlantic border,
and is strictly the Acadian protaxis. Its partial submergence
is not in doubt; for, besides indications of this along the sea-
bottom south of Nova Scotia, there is proof of subsidence of
several hundred feet in the fiords of Maine and the coast, in
the Bay of Fundy, in Massachusetts, and Narragansett Bays,
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and in Long Island Sound. The combination of the Acadian
and Appalachian protaxes determined the existence of the
great ‘ Middle Bay ’ of the Atlantic Coast (the ¢ Southern Bay’
of Dana extended from Florida to Cape Hatteras, the ¢ Eastern
Bay’ from Nantucket Island northward), and in the region of
their junction lies the Bay of New York with the mouth of
the Hudson. Thus, the foundations were laid in Archzan
time.”

Spurs from the Archaanterran® reached southward in West-
chester County, New York, and western Connecticut, and one
of these formed the nucleal member of the Geology of New
York, a peninsulated tract built outward by additions of sedi-
ments. This tract, elevated, by reason of very extraordinary
superficial contraction of the earth’s crust, became variously
modified by metamorphism, invaded by dike rocks, and min-
eralized by chemical readjustment of its elements. It re-
mained apparently unmodified, except as acted upon by atmos-
pheric agencies and by the ice of the Ice Age, and it also re-
mained permanently above the ancient seas throughout the
long periods of geologic time from the close of the Lower
Silurian to modern and recent days. But on Staten Island
and on Long Island later deposits, younger than the Paleo-
" zoic, appear.

Geologic Time has been separated by American geologists
into a number of subordinate time groups, each one of which,
in the main, exhibits a more or less homogeneous, or at least,
typical fauna, consistent with and defined by its own limits;
while within a larger unit of time '(Cambrian, Lower Silu-
rian, Upper Silurian, Devonian, Carbonic, etc.), the assem-
blage of these more specific horizons still express a faunal
stadium or stage. The chart of geologic time, prepared and
recognized by American geologists, follows:
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ARCHZEAN TIME.
The Laurentian Era.
The Huronian (Algonkian) Era

.PALZQOZOIC TIME,
A Early.
The Cambrion Era.
The Lower Silurian Era.
Late.
The Upper Silurian Era.
‘The Devonian Era.
The Carbowic Era,

MESOZOIC TIME.
The Triassic Period.
. The Jurassic Period.
The Cretaceous Period.

‘(The first two become frequently continuous, and form
the Jura-Trias.),
CENOZOIC TIME.
The Tertiary Era.
The Quatenary Era.

The broader subdivisions (within which again sections may
become quite local, and, relatively, as regards thickness, mi-
nute), under the above larger groups, have been fixed in no-
menclatur@ in the succeeding order; it is understood that here,
too, in these minor divisions, and more prescriptively, a faunal
uniformity obtains:

Georgian, Olenellus zone.
Cambrian. { Acadian, Paradoxides zone.
Potsdam, Ptychoparia zone.

Nore.—The 20ne names above refer to characteristic trilobitic
forms found at the successive horizons.
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Rocks; predominatingly slates and sandstones:

Calciferous, Ophileta beds.
Lower Chazy, Maclurea beds.
Silurian. . Trenton, Asaphus beds.
(Ordovician.) | Utica, Graptolite beds.
Hudson (Hudson River), Modiolopsis beds.

Note.—The Trenton epoch has been separated into three for-
mal strata, vis., Black River, Bird’s-eye, and Trenton limestones.
Ophileta is a fossil gasteropod or coiled univalve shell ; Maclurea,
a fossil gasteropod, flat surface, with an operculum; Asaphus,
a trilobite ; Graptolites, fossil hydrozoans occurring as black glis-
tening notched threads; Modiolopsis, a fossil bivalve, mussel-
like.

Rocks ; predominatingly limestones, with slates and shales in
the Utica and Hudson River:

r Medina;
Clinton; }:Niagara Period.
Niagara;
g‘l’gg‘;n 1 Salina;=Onondaga Period.

Shaly Limestone; =Helderberg
. Upper Pentamerus; Period.

Note.—This era is quite sharply divided by the Salina beds.
The upper division, the Lower Helderberg, has a great thickness
in the east, and disappears westward; the zoological character
of the Niagara and Lower Helderberg periods is contrasted.

Lower Pentamerus; } Lower

Rocks ; sandstone, conglomerate, shales, slate, limestone, the
latter especially in the Niagara:

Lower  Oriskany.
Devoni < Schoharie and Cauda-galli.
OMAN. | Corniferous.

Note.—The Oriskany has a distinct type, where characteris-
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tic—the fossil brachiopod Rensselaeria, and large bivalves and
univalves distinguish it, with an absence of corals and crustaceans.
The Schoharie is local or nearly so.
Rocks, sandstones, grits and heavy limestone in the Cor-
niferous.
Marcellus; black shales, etc.
ilton; areous.
Upper g:;nesite n; hi}]l:,y and calcareous,
Devonian, ’
. Portage; sandstone.
Chemung ; sandstone.

Note.—The Caiskill rocks are considered as contemporaneous
with the Chemung, * parallel in their deposition with that of the
off-shore and deeper waters of the Chemung period.”—DANA,

Lower Carboniferous.
Carbonic. { Carboniferous.

Permian.

or olina; these are long, narrow troughs parallel to
Newark. \ the Appalachian Ridge.
Rocks ; sandstones, shales, conglomerates, and intrusive dol-
erite (trap) dikes: '

Triassic { Occurs in areas, from Nova Scotia to- North Car-

tively represented: found west in Colorado, Wy-

United in the east with the triassic: not distinc-
Jurassic,
oming, Montana, Dakota, etc.

Occurring on the Atlantic border, on the Gulf
| of Mexico, in Texas and Mexico, and over a
Cretaceous. < wide territory which embraced the top of the
Rocky Mountain axis, reaching south through
New Mexico; and on the Pacific.
Rocks; clays, sands, marls, limestone.

Eocene. ) Marine and
Tertiary.{Miocene. fresh water

Pliocene. J deposits.
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Norte.—Fossils approximate living species—formations largely
local beds, loosely consolidated: in the west immense volcanic
deposits.

Glacial (Ice Age).
Quaternary. < Champlain (Pluvial Age).
Recent.

Norte.—The Ice Age has been divided by some geologists
(Chamberlin, Saulsbury, Leverett) into two epochs—an early and
later Ice Age—between which a reforestation of areas, made bare
and desolate by the ice, took place; by other geologists (Wright,
Fairchilds) the Ice Age is regarded as a continuous period, with
retreat and advance of the ice cap over long intervals.

GEOLOGICAL POSITION OF THE ROCKS OF NEW
YORK CITY
MANHATTAN ISLAND
(GREATER NEW YORK)

‘As determined by the State geologists, the rocks of Man-
hattan Island represent the Archzan, Cambrian, Calciferous-
Trenton (Ordovician), Hudson River, with injected igneous
masses, dikes, etc., and a superficial covering of drift, river
muds, and sands. This assumption is controverted in the text.

LONG ISLAND
(BOROUGH OF KINGS AND QUEENS)

Basal foundation Archzan on this overlying schists (Hud-
son River) ; possible underlying Cretaceous beds, not exposed
within city limits; superficial drift, shore sands.

BOROUGH OF THE BRONX

Archzan, Hudson River, Calciferous-Trénton (Ordovi-
cian) igneous intrusions, drift.

STATEN ISLAND °
(BOROUGH OF RICHMOND)

Central hills made up of Serpentine (eruptive and meta-
morphic), basal crystalline rocks similar to Manhattan (now
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covéred), Triassic shales or slates with Dolerite (trap), Cre-
taceous clays, drift and shore sands. For the discussion,
description and distributionr of these formations see following

pages.

Crass DrrectioNs.—The teacher should give a clear and sim-
ple account of the formations making the geological column, and
explain the process of sedimentation by which they are formed.
He should begin with the oldest rocks—the Archzan—the azoic.
He will find immediately north of us in the Highlands an illus-
tration of these rocks. Upon them, following south, are a series of
crystalline rocks, and slates with intrusive eruptive rocks (the
Cortland series), terminating in the schists of Manhattan Island
and its neighborhood. The Archzan rocks following the geologi-
cal scale are overlaid by the Cambrian beds, typically represented
in the Potsdam sandstones of northern New York, and supposed
to have some sort of equivalent in the Lowerre (Poughquag)
quartzite or quartzose gneiss at Yonkers. Over the Cambrian
are laid the Ordovician beds, represented in New York State by
the Calciferous Sandrock, Chazy, Bird’s-eye, Blackriver and
Trenton limestones, formerly known as Lower Silurian. Of
these the Inwood (Stockbridge) limestone is supposed to be the
equivalent of the Calciferous Trenton groups. Above these again
come the Hudson River beds, shales, clay limestones (Cincin-
nati), etc., which it is assumed are represented on our island by
the Manhattan schists and gneisses, their much metamorphosed
representatives.

THE CRYSTALLINE ROCKS

The most significant and interesting formations in the New
York City series are the crystalline rocks. These are bodies
of mineral aggregates in which the component parts are sep-
arable minerals, and they are almost exclusively gneisses,
schists, granites, and limestones. The same rocks and, it
may be conceded, the same formations extend over western
and northern Connecticut, where the formations, as given by
Prof. H. E. Gregory, are the Becket gneiss, considered as a
pre-Cambrian complex equivalent to the Fordham gneiss of
the New York quadrangle; the Poughquag quartzite (found
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in the Borough of the Bronx), of Cambrian age; the Stock-
bridge limestone, of Cambro-Ordovician age, made referable
to the Kingsbridge limestones on New York island; the Berk-
shire schist of Upper Ordovician age (Hudson River), and
represented in the prevalent Manhattan schists and gneisses.

The mineral composition of these rocks embraces quartz,
mica, feldspar, hornblende, dolomite, with a numerous as-
semblage of accessory minerals, and displays contrasted or
varied aspects of texture, solidity, or position. They are re-
lated to the extended development of the crystalline rocks in
New England, which, if regarded as original sediments, shore
deposits, or unconsolidated mineral accumulations, have put
on a lithological phase of construction in which their first or
earlier state and stratification have completely disappeared or
been radically modified. This change has supervened through
the agency of metamorphism. As Prof. H. E. Gregory has
said: “An explanation of sedimentary rocks requires a
knowledge of the forces operating at the present time on the
surface of the earth; it is necessary to understand the action
of rivers, wind, ice, etc.; a complete understanding of the crys-
tallines involves a knowledge of the forces which are at work
. within the interior of the earth, as well as an understanding
of the chemical and mineralogical composition of the rocks as
they exist.”

The development of such crystalline masses means a long
history. If the original sediments were muds or granular
mineral aggregates, or if the original rocks were lavas, they
underwent initial changes into crystalline complexes, which
again under strain, pressure, and heat, assumed new mineral
constitutions. The mineral feldspar can become changed
into quartz and muscovite mica, or, with added magnesium
and iron elements, into quartz and biotite mica, or into quartz
and chlorite, the free quartz in such cases being supplied by
the large percentage of silica in the feldspar (65 per cent.),
exceeding by almost 20 per cent. the amount of silica neces-
sary for the chemical composition of muscovite.. Hornblende
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is changed to biotite and chlorite, and again, secondarily, to
zoisite and epidote. The mineral augite changes to horn-
blende, and it is thought that by addition of needed elements
a dolomite (the carbonate of calcium and magnesium) can be-
come hornblende, a variable silicate of aluminum, iron, cal-
cium, magnesium, and the alkalies. Throughout these meta-
morphoses the mica minerals retain permanency or are an ulti-
mate term in the transitions.

The pressure, almost inevitable as an agent in these changes,
gives flatness and parallelism to the resultant minerals, and
the schists and gneisses which contain them are banded, fissile,
laminated, splitting into rudely smooth leaves or cakes or ex-
hibiting schistosity, which in the very compact slates becomes
fissility, whereby the slate rock cleaves into thin and useful
plates.

The minerals that play the most conspicuous part in the
structure of the crystalline rocks are the feldspars (silicates of
aluminum, calcium, potassium, and sodium), quartz (oxide of
silicon, silica), the micas (silicates of aluminum, magnesium,
potassium), and amphibole (hornblende), with pyroxene, the
last two related minerals having composite compositions (for
the most part silicates of aluminum, calcium, magnesium, and
iron).

Among the crystalline rocks granite takes a prominent place.
It is quite noticeably contrasted with the gneisses and layered
rocks from its massive and heterogeneous texture. Its com-
ponent minerals are not arranged in sheets, but are irregularly
intercrystallized and interlocked, though, under pressure
again, granites become granite-gneisses and assume schistosity.
Granites are contrasted with the gneisses as massive rocks,
made up of feldspar, quartz, and mica, which are mixed to-
gether and intercrystallized with accessory minerals. They
are regarded as eruptive, the cooled and crystallized magmas
which have been forced upward from underlying sources into
the areas above heated, pasty reservoirs, or pushed out and in-
jected as dikes, apophyses or arms into cracks or openings of



12 GEOLOGY OF NEW YORK CITY

the invaded beds. Granites appear in the rocks of Manhattan
Island, and are referred to igneous protrusions, though it is
not inconceivable that minor veins and tracks of so-called peg-
matized gneiss have resulted from a refuson of the metamor-
phic gneiss in the development of heat from frictional move-
ment, under stress and plication, upheaval, distortion or com-
pression, and through the action of included water. In this
way the gneiss became saturated with granitic lenses, fillings
and streaks drawn out in parallelism with the enclosing
gneissoid envelopes, upon the folding or elevation, under pres-
sure, of the entire complex. Some granite veins suggest seg-
regation or water-filling.

The crystalline rocks of Greater New York have been deeply
compressed, and their original horizontal extension may have
undergone a contraction of more than a mile, which was the
result of crustal shortenings over the whole of the earth’s
sphere. Of course the effect of such a contraction would be
to throw up the more or less horizontal beds into hills or
mountains of inclined strata, bringing about at the same time
internal mineral changes and structural changes connected
with the metamorphism of the beds. '(See section on Meta-
morphism.) Such horizontal contractions have been con-
siderable in the geological history of the earth. De la Beche
has shown that contorted and inclined beds would require, if
reduced to a level surface, much more room, and that if
stretched out into flat sheets they would invade adjoining areas.
Professor Heim, of Zurich, computed that the Alps, toward the
north, have been thus compressed, and the horizontal shrink-
age of the superficies of the earth at this point has been some-
thing like seventy-four miles, or “one-half of the original
horizontal extent of the component strata, which have been
corrugated and thrown back upon each other in huge folds,
reaching from base to summit of lofty mountains ” (Geikie).

Such a contraction in the New York area has resulted in the
upward projection of high hills, or monticules, which may
have attained altitudes of over four thousand feet, and which
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have disappeared through prolonged weathering, leaving the
present inconspicuous relief of the surface. This merely me-
chanical or local elevation has been accomplished slowly,
theugh even that slowness of ascension probably was associated
with periodic movements, and it has been exaggerated or re-
duced by continental uplifts and depressions. In these hills
the stratified beds or their metamorphic equivalents have been
thrust up on end, or at steep angles; shearing forces have been
exerted upon them, and included igneous intrusions have par-
ticipated, along with their enclosing schists, in the folding and
plication, and there has not been wanting readjustments by
faults and dislocations.

Fossils within the limits of Greater New York are found, in
place, only in the Cretaceous beds of Staten Island (Richmond
borough), though the drift areas, in which occur transported
boulders from fossiliferous horizons in New York State, have
furnished an interesting and extended series.

METAMORPHISM

The teachers in the schools may have some real or fancied
difficulties in understanding metamorphism. Perhaps in all
its phases and in the minutest intimacy of its mineralogical
process, few or any of the lithologists may be said to exactly
understand it. It is a process of conversion. By it mixtures
of sediments containing alumina, magnesia, lime, iron, potash,
soda, boron, fluorine, phosphorus, silica in various proportions,
and generally assembled in place under the form of clay or
calcareous or arenaceous muds and sands, are changed to hard,
stony rocks with the development therein of many minerals,
those so familiar to the teachers in crystalline rocks as garnets,
tourmaline, andalusite, fibrolite, staurolites, quartz, cyanite,
amphibole and pyroxene, and many more, enclosed in mica
schists, gneisses, slates, quartzites, etc., while by it also lime
muds become crystalline limestones. It must be recalled, how-
ever, that such muds, clays, etc., may have had in them much
crystallized material.
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A rude and yet helpful conception can be gained of it by
considering how the soft dough, under heat, the expansion of
included gas, and prolonged standing in these conditions, be-
comes the more or less hard and brittle bread. The soft clay
put in the furnace, shaped into the form of various utensils, is
similarly metamorphosed into the ringing, dense, stone-like
ware. Such illustrations fall very far short of accuracy, and
yet they impose upon the mind at least this idea of a physical
hardening, in which new densities and new chemical combina-
tions, or assortments of combinations, take place in the hard-
ening body. In fact, in nature it is most likely that in all in-
stances of metamorphism there has been a mineralizing
process going on, in which heated waters have penetrated the
hardening, crystallizing menstruum at the beginning, at the
middle, or even at the end of the metamorphic action, and have
not only assisted the mobility of the mass of sediments, but
have brought to it new elements,

Such metamorphic action can be greatly varied. It can be,
as regards time, slow or more rapid; as regards agencies, it
can arise from earth movements or from the proximity and
intrusion of lavas rising from deep-seated sources; as regards
phase, it may be complete or incomplete, the former indicating

" a condition of more mineral complexity or alteration.

All sedimentary deposits are more or less filled, in the inter-
stices, with water, which as a universal solvent is never free
from dissolved substances. This water heated becomes active
in its solvent powers, and, as the beds are compressed, lifted
and hardened this water begins a mineralizing influence
throughout. Pressure and heating continue, and while not
probably at high temperatures, at least, at first, a rapid min-
eralization goes on. The elements sort out into compounds,
as silicates, of which those most readily formed are the most
numerous. A semi-fusion succeeds and, the pressure con-
tinuing, a schistose structure is developed, the longer axes of
the flakes and crystals lying together along the planes of the
rock cleavage, Such beds exhibit plication and folding, and
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there must have been a sensible plasticity permitting the in-
numerable major and minor flexures. Should the beds be-
come rigid, the folding process results in faults and fractures.
Shearing or long strains and movement along certain planes
aid mineral changes, developing heat, and thereby causing
secondary solution and redeposition. The mica schists result
from clay beds infused with potash or iron waters, with mag-
nesia salts, such as might readily remain in beds laid down in
sea-water. Silica, so universally distributed in gneissoid rocks,
has been brought up in heated waters or separated out from
the original mass of sediment, where it may have been a sand,
as a crystalline unit. .

There is both local, or contact, and regional metamorphism,
the former occurring around intrusive dikes and bosses, as in
Norway, in the Harz, in Scotland, in New England, and the
latter, extendedly developed over a whole area, subjected to
secular crustal motions and shortenings, as on our island. As
a true metamorphic instance the conversion of a soft coal seam
into natural coke by an intruded rock may be alluded to. The
metamorphism of calcareous muds, making of them marbles,
is practically a baking, a change of structure, of density, etc.,
with a probable accompaniment of developing silicates, as
tremolite, tourmaline, phlogopite, diopside, etc.

Progressive metamorphism denotes a consecutive increase
of crystalline structure and contents, as when clays baked into
slates develop, under further metamorphic stress, chiastolite,
quartz, mica.

Besides the metamorphism of sediments, there are so-called
metamorphic changes in igneous lava-like bodies which come
up through crevices in the earth’s surface, and are essentially
natural slags or glasses. Their metamorphism consists—after
their consolidation and crystallization—in mineral changes,
whereby also under pressure, shearing, etc., and by mineraliz-
ing agents as water and fluorine, new minerals develop or old
ones enlarge, and the unstratified magma becomes foliated,
zoned and schistose, It is an inverted metamorphism.
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A superb example of all gradations and sorts of metamor-
phism is found in the Chester amphibolites and serpentines of
Massachusetts. The series (Emerson) consists of amphibole
rocks, pyroxene rocks, enstatite rock, serpentine, dolomites,
and steatites, and can be traced from the Hoosac Tunnel across
the State. It is filled with granitic intrusions, and both
regional and local (contact) metamorphism are displayed.
Professor Emerson isays, where the granites are present, “ the
intenser metamorphism of the schists is indicated by their
coarser crystallization, the lack of sericite, and the great
abundance of cyanite, which, of all the purely aluminous sil-
icates, indicates the strongest metamorphic agencies.”

A capital example in these Chester series of the effect of
heated water solutions (which makes up a stage in the meta-
morphism) are the enstatite beds (silicate of magnesia with
iron), which Emerson concludes were formed from a some-
what ferruginous dolomite “permeated by heated siliceous
solutions set in motion by the large granite batholites upon
their intrusion into their present positions.” This resulted
in the formation of a ferruginous silicate of magnesia, or en-
statite,

Take one other example from the same classic region, the
" famous Chester Emery Bed. It seems to Prof. Emerson that
the emery magnetite vein was “originally a deposit of lim-
onite, which was formed by the replacement of limestone,”
and into which alumina was carried. Metamorphism then
formed magnetite and corundum (emery), and with silica the
corundophyllite (a greenish mica-like mineral composed of
silica, magnesia, alumina, iron). That was the first genera-
tion of minerals. The corundophyllite continued to be formed
in the abundant fissures “ produced by the continued intestinal
movements of the mass,” along with tourmaline, epidote and
pyrite. That was the second generation of minerals.

The corundophyllite continued to form in larger plates with
rutile, brookite, menaccanite, calcite, diaspore, margarite, and
epidote. That was the third generation. The fourth
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“stadium ” consisted in the formation of specular iron, arago-
nite, calcite, which “ indicate the presence of steam or heated
waters and gradually cooling waters in a new set of fissures.”
(Geology of Old Hampshire County, Massachusetts, Ben-
jamin Kendall Emerson, Monographs, U. S. Geol. Survey,
Vol. xxix.)

In the metamorphism of the Manhattan beds there was, first,
consolidation of sediments, formation of minerals; second, dis-
turbance, slight pressure, and development of more minerals,
and the granitic veinlets, lenses, or the so-called pegmatized
gneisses; third, mountain-making movements, uplifts, crush-
ing folds, etc.,, and slow protusion of granite dikes and, of
course, more heat and more minerals.

This topic may be instructively dwelt upon a little longer.
Metamorphism involves (1) a change in physical condition,
as from soft to harder rocks, as from shales to flinty horn-
stone, uncrystallized to crystallized rocks, as from limestone
to marble; and (2) a change in mineralogical aggregates, as
when andalusite is developed in slate, garnet, tremolite, tour-
maline, in limestone, tourmaline and quartz in schists.

The eruptive rocks which have invaded limestones in the
Tyrol (Monzoni, Predazzo) have developed a series of ad-
ventitious minerals, as garnet, idocrase, spinel, anorthite, mica,
apatite, magnetite, etc. Some of these occur, however, only
in the eruptive masses. There has been here a reaction be-
tween the invaded and invading rock masses, and a, so to
speak, dry precipitation of new mineral bodies, sometimes
meaning a rearrangement of the chemical elements, or a re-
arrangement with additions of new chemical elements. In
the fossiliferous zones of the Christiania district of S. Nor-
way the eruptive granitic rocks have produced horny, flinty
rocks from the limestones and shales; cement stone is changed
to garnet ; sandy layers have become quartzites ; non-calcareous
clay slates are altered into chiastolitic schists ; biotite mica has
been developed in the limestone—and yet the fossils are not
completely obliterated.
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An excellent example of progressive metamorphism from
the Lake District in the north of England is thus delineated
by Geikie: “ The slate where unaltered is a bluish-gray cleaved
rock, weathering into small flakes and pencil-like fragments.
Traced toward the granite, it first shows faint spots, which
increase in number and size until they assume.the form of
chiastolite crystals, with which the slate is now abundantly
crowded. The zone of this andalusite-schist seldom exceeds
a quarter of a mile in breadth. Still closer to the granite a
second stage of metamorphism is marked by the development
of a general schistose character, the rock becoming more mas-
sive and less cleaved, the cleavage planes being replaced by an
incipient foliation due to the development of abundant dark
little rectangular or oblong spots, probably imperfectly crystal-
lized chiastolite, this mineral, as well as andalusite, occurring
also in large crystals, together with minute flakes of mica
(spotted schist, knotenschiefer). A third and final stage is
reached when, by the increase of the mica and quartz-grains,
the rock passes into mica-schist—a light or bluish-gray rock,
with wonderfully contorted foliation, which is developed close
to the granite, there being always a sharp line of demarcation
between the mica-schist and the granite.”

In the French Pyrenees and in the Eastern Vosges similar
progressive changes in the clay-slates are traced towards the
granite, being at first colored and fissile with quartz stringers,
then growing spotted, lighter in color, and harder, with
swarming mica plates, then graduating into a ringing stone,
highly crystalline and made up of andalusite quartz and mica.
(Andalusite, as a silicate of aluminum, naturally is an end
product in these changes from an original clay bed.)

As accentuating the metamorphic character of the Manhattan
Island beds, it has been insisted that as we pass northward the
crystalline schists are gradually replaced by slates. These
slates are Hudson River beds, and their correlation with the
Manhattan schists makes the latter of the same age. This is
called “ Progressive Metamorphism,” and has been illustrated
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in the Dalradian sediments of Loch ‘Arne in Scotland and the
archaan nucleus of Saxony.

The justification of assigning the Manhattan Island schists
to metamorphosed Hudson River slates is doubted.

Again, Albert Heim has indicated the extreme physical
changes brought about in sediments by mountain uplifts and
compression: “ Enormous zones, for instance, in the interior
of the Finsteraa massif, that were formerly held to be true
crystalline schists, prove to be originally plastic rocks of the
carboniferous period that have been squeezed into schists and
pervaded by secondary mica. Conglomeratic rocks of the
Verrucano group and clay-slates nipped into the ceniral
massif have become crystalline schistose, and even gneissose.
They can scarcely be distinguished, in the field and in the hand
specimens, from crushed gneisses pervaded by sericites.
Granites can be proved locally, and perhaps also regionally,
to have been compressed into gneisses. Gneisses, having a
different position relatively to the pressure, have locally be-
come granitoid. Massive eruptive felsite-porphyries have be-
come felsite-schists, Mica-schists have been dragged out,
their quartz grains ground down, and the whole converted
into a rock that one would be inclined to describe as a sandy
clay-slate. Even Liassic slates, with fossils, have been con-
verted into garnetiferous mica-schists, staurolite-schists, etc.
The boundary between the old crystalline schists and real sedi-
ments in the Alps has, by such processes of dynamic meta-
morphism, been obliterated.”

Metamorphism must not be associated exclusively, or even
predominantly, with the alteration of soft or unconsolidated
beds of sediments, Its effects are quite as evident in rocks
which have become completely solidified and which have al-
ready advanced to a crystallized or semi-crystallized stage, as
in slates, limestones, and schists, sandstones, even granites,
diorites, and dolerites.

A. C. Spencer has described the metamorphism of a con-
glomerate in the Encampment District of Wyoming, which
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is noted as almost unchanged from its original condition
in some places and frequently metamorphosed in others.
This action ‘(here described as chemical and mechanical) has
been carried so far that included pebbles, and even boulders,
have been mashed into disk-like plates, and the rocks, by re-
crystallization, converted into a gneiss. The origin of the
gneiss would be indeterminable except by a study of the
gradual passage of the conglomerate to the gneiss.

Metamorphism is a chemico-physical process. Stress of
mass against mass strains, the tearing apart through torsion
or shearing will bring about molecular alterations in identical
chemical compounds; it might change a pyroxene into an
amphibole. It (metamforphism) means, also, introduction of
new chemical elements or additions of chemical elements al-
ready present. It means developments of crystals, growth of
crystals or crystalline fragments; it generally means recemen-
tation and densification. Metamorphic rocks are crystallized
rocks, rocks also usually laminated, rocks compressed and hav-
ing parting planes, cleavage, or fissile, in thin sheets; sand-
stones can thus become quartzitic schists, dividing up into
parallel slabs, and igneous massive rocks banded schists or
gneisses. In metamorphic rocks there is a prevalent parallel-
- ism of crystals, which, of course, helps division into parallel
planes; apparently a granite may be smashed and remade,
through plasticity, into a granite-gneiss. Compression or
pressure seems indispensable in metamorphism, its most crit-
ical agency; the irruption of igneous rock bringing heat, min-
eralizing vapors and fluids, must also, most sensibly, develop
pressure,

The geologist Chamberlin has defined an anamorphic and a
katamorphic metamorphism, the former a constructive, the
latter a destructive metamorphism. By anamorphic metamor-
phism fragmental sediments are made into crystalline rocks;
by katamorphic metamorphism massive rocks, like granite or
basalt, are crushed down into foliated forms.

The common minerals of metamorphic rocks are feldspars,
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micas, quartz, chlorite, hornblende, staurolite, andalusite
(chiastolite), cyanite, garnet, epidote, titanite, fibrolite, calcite,
dolomite, tremolite, tourmaline, serpentine, talc, pyroxene,
hematite, magnetite, pyrite, while in notable instances coarse
granites (pegmatites) intruded among them supply less usual
minerals. On Manhattan Island Mr. W, Niven found Mon-
azite and Xenotime (see List of N. Y. Is. Minerals, p. 139) in
a granite matrix, and the granite areas have contributed the
larger number of well-developed minerals.

Metamorphic schists are universally folded, crumpled, in
wavy plications like undulating paper sheets, evidence of those
squeezings and thrusts which have played an extreme part in
their formation. Such titanic force has been engaged, that
fracture and flowage of parts has taken place, crystals have
been pulverized, and nodular stones in conglomerates stretched
or elongated. In this connexion it may be recalled that ex-
periments in the geo-physical laboratory of the Carnegie In-
stitute have shown that crystallization can be made to proceed
in silicate glasses at a temperature much below the melting
point of the individual minerals, but while viscous. Thus
crystallized under stress, a parallel arrangement of the crystals
ensued along planes, as shown in gneisses and schists.

MINERALS AND ROCKS

A brief reference to these topics, which is not in any sense to
be regarded as a substitute for a study of the larger geological
manuals, is here inserted as helpful to teacher and student.

A mineral is the ultimate geological unit. All the rocks of
the earth, its entire crust, are mineral aggregates, and such
aggregates of minerals forn{ in three ways: by sedimentation,
deposition from water (including organic accumulations) ; by
igneous effusions, the outpouring of liquid or pasty lavas, the
blowing out of volcanic ash, lapilli, dust, from volcanic vents;
by metamorphism, recrystallizations through heat and pressure
of sedimentary and igneous rocks. Sedimentary rocks are
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sandstones, shales, and limestones, the first mainly bedded
siliceous sands, the second compacted and cryptocrystalline
(partially crystallized) clay beds, the third massive calcite or
dolomite. Igneous rocks are acid or basic (salic, femic) com-
binations of silicates, the acid (salic) are granites, gneisses,
trachytes, felsites and (merging into the basic) andesite, dio-
rite, etc., vi2., silica as an acid in excess. The basic (femic)
are gabbros, diabase, peridotites, etc., viz., iron, aluminum,
magnesia, lime, as bases, are in excess.

Metamorphic rocks are foliated or bedded crystalline masses
and complexes. They may be pure quartzites or hornblende,
mica, chloritic, staurolitic, andalusitic, cyanitic, etc., schists,
and gneisses, marbles and slates.

The minerals of rocks naturally may be said to be all the
minerals known to science, but practically 36 species include
the inorganic material that makes up ninety-five per cent. of
all known rocks. They are:

Amphibole (=actinolite, hornblende, tremolite) Andalu-
site, Apatite, Calcite, Carbon, Dolomite, Enstatite, Epidote,
Feldspar (=orthoclase, oligoclase, albite, anorthite, labrado-
rite) ; Fluorite, Garnet, Glaucophane, Gypsum, Hematite (iron
ore), Hypersthene, Leucite, Limonite (iron ore), Magnetite
(iron ore), Mica (=biotite, muscovite, lepidolite, phlogo-
pite), Nephelite, Olivine (=chrysolite), Scapolite (wernerite,
meionite, mizzonite), Sodalite, Staurolite, Zoisite.

Nore.—The teacher who uses the above section should expand
it, referring to the formation of rocks; their disintegration, the
formation of soils, the origin of veins, the extent of the mineral
kingdom, especially emphasizing the chemical elements and the
nature of a salt as a chemical term, and mineral combinations as
salts. The section is very condensed. It should be filled out with
illustration, examples, pictures and diagrams. Consult G. P.
Merrill’s “ Rocks, Rock-Weathering and Soils.”
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ZONES OF ROCK STRAIN

In the contraction, or assumed contraction, of the earth’s
crust, the stupendous strains developed will affect different
rocks in a different way as they are brittle or tough, thickly
bedded or in thin layers, and it will also affect them differently
as they are removed at comparatively great distances from the
surface, Van Hise, who has developed this principle, assumes
that at a depth of 30,000 feet below the earth’s surface the
overlying pressure is so great that the rocks cannot break or
crack under compression, but that they flow, that their particles
adjust themselves to new positions of stability under the strain,
by movement, that indeed they behave like soft or mobile
bodies, like wax, for instance. Such movements must be in-
finitesimal, but as every component molecule of the rock shifts
its position to accommodate the stress, the whole mass of rock
has been welded and moulded like a plastic body. This is
called the Zone of Flowage.

Above this zone the pressure is relieved or diminished, and
the stronger rock layers will break or crack when the thrusts
of compression take place; they will not then flow, while the
weaker, less resistant rocks will flow, and the resultant mix-
ture of effects, where some rocks yield without losing continu-
ity, and other rocks break, represents the so-called Zone of
Fracture and Flowage.

Above this zone again, and now in closer proximity to the
surface, all the rocks break, and faults, joints, crevices, are
formed, shatterings occur, crushings and the familiar results
of smashing and even pulverization. This is the Zone of
Fracture.

The rocks of New York Island suggest a complementary
hypothesis. They have not been in the zone of flowage, per-
haps very near it; they have participated in the strains of the
zone of fracture, but they have been bent and folded, crumpled,
and thrown into rippling undulations, which may be seen on
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their schistose surfaces like the pleats of a gown. Plication
may not imply flowage. Schistose micaceous scaly structure,
with myriads of small scales imbricating and dove-tailed to-
gether in a sensibly flexible texture, creates an accommodating
lithic material which might not inaptly be compared to mi-
nute mail armor. Compression would here induce a slipping
over each other of the component scales, and it is further con-
ceivable that if the compression occurred at the time when
the scales were forming, it would enormously facilitate the
process of almost indefinite mobility, so that, without fracture
and without flowage, the rock would become pliable. Even a
quartzite might in this way, along innumerable microscopic
slip planes, assume complete curvature. In such a process of
accommodation the steps would be very gradual, and the time
consumed in folding a low and broad area of sediments
would be very considerable. The evidence of this slowness
is furnished in the small linearly extended wavelets of plica-
tion that can be seen in the mica-schist of Manhattan Island.
These were probably deeply seated. There were doubtless
also axes of maximum plication, where the strata were
squeezed into steeper and longer folds; such axes would assert
. themselves along the less resistant beds, or even where there
was the deepest accumulation of deposits, and so more pressure
and more material for unlift and compression. The minor
folds evolved over surfaces a few square feet in width must be
distinguished from the anticlinals which carry the series of
beds up in almost vertical sheets (well seen in the excavation
of the Pennsylvania Railroad, Fig. 2). The examination of
the folded and contorted strata of Manhattan Island is well
calculated to impress and instruct the observer.

By way of a supplement to the foregoing pages, the reader
may be interested in a quite contrasted theory proposed by
Dr. T. Sterry Hunt (a very distinguished investigator in the
physics and chemistry of our earth) on crystalline schists,®
which he called crenitic, and by which he intended, and ex-

*Nature, Vol xxxvii, p. 519; also Dr. Hunt's book, “ The Schists.”
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pressly said so, to obliterate the “ metamorphic and metasoma-
tic schools.” By it he assumed a mineral “ protoplasmic
mass >’ which, as the result of crystallization and cooling, “ had
already become porous.” Then followed an outflow of hot
waters which dissolved and removed from the protoplasmic
material silica, alumina, and potash, adding lime, magnesia,
and soda, which “must have necessarily altered by degrees
the composition of the porous mass, heated from below, pene-
trated by aqueous solutions, and rendered more or less plastic
in parts. In the changing mass, moreover, took place processes
of crystallization, followed by partial separations determined
by differences in specific gravity between the species thus
formed. In this way were produced various types of plutonic
rocks which may be justly called * Primary.” T. Sterry
Hunt would refer the crystalline Manhattan schists to these
Primary rocks. As to the gentle folds (plice) so characteris-
tic of these rocks, he said “ decrease of volume beneath the
crenitic covering (the area of the schists) must have resulted
in movements giving rise to the more or less marked corruga-
tions everywhere met with in the earlier layers of the crenitic
envelope.” Probably this view to-day would receive little more
than an antiquarian attention.
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TaE City of New York now embraces four separate, though
from a geological view not distinct, areas, wiz.,, The
Borough of Manhattan (Manhattan Island), the Borough of
the Bronx, the Borough of Richmond (Staten Island) and the
Boroughs of Brooklyn and Queens (Brooklyn, Jamaica, Flat-
bush and Long Island City). Of these, the Borough of Man-
hattan and the Borough of the Bronx have a common geo-
logical expression; the Boroughs of Brooklyn and Queens
are identical in geological character, and carry to its most
typical limit the drift area so largely reduced on Manhattan
Island by municipal changes, while the Borough of Richmond
bears an individual geological structure involving peculiar
features not observed in the others.

In geological affinities, if the term may be used, Manhattan
and the Bronx are allied to northern or primordial, even ar-
chazan structures; Richmond, Kings, and Queens to southern
" and recent, though, indeed, in Richmond there is a problemat-
ical nucleus similar to those of Manhattan Island.

In view of this diversity of feature, the discussion of the
topographical conditions and the geological nature of the City
of New York will naturally fall into three sections; first, that
of Manhattan Island, with an appendix embracing briefly the
similar construction of the Borough of the Bronx; second,
that of Brooklyn and Queens, and, third, that of Richmond.

TOPOGRAPHY

Manhattan Island, the original nucleus of the present en-
larged city, is an irregular rectangle, bounded on the north-
west by the Hudson River, on the north by Spuyten Duyvil
Creek and the Harlem River, on the east by the Harlem and

26
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East Rivers, on the south by the basin of New York Harbor,
or the interjunction of the Hudson River and the East River
channels. It preserves a fairly uniform width of two miles
northward to 125th Street, and there tapers into an elongated
neck-like extension, having an average width of three-quarters
of a mile at Spuyten Duyvil Creek, its northern extremity. It
is terminated at Spuyten Duyvil Creek by the wooded cliffs,
defined to the beholder in spheroidal outlines by their cover-
ing of trees, as seen so. attractively from the north side of the
Harlem ship canal. Its lower end, on the other hand, is a
flat, tongue-shaped projection, formerly, before occupation,
covered with low hills or slopes of stony débris, and rounding
quite symmetrically on either side into the channel of the East
River and the Hudson on the west. The west margin of the
island, through almost its entire extent, after the easterly in-
clination to the southern point is passed, is a straight line
(formerly less regular), interrupted by slight irregularities,
and a noticeable deflection westward at 153d Street. The
eastern side of the island is less regular, and besides the lateral
bulge at Grand Street, from Hell Gate at g2d Street to
Randall’s Island at 125th Street and thence to 155th Street,
has variously curved and re-entering borders,

This long strip, about thirteen miles in length through its.
longest axis, presented, before the occupation that has now
covered it with houses, and which has extended its original
shore lines, many contrasts along its margins to its present
shape. Swamps and low ground inundated by tide water,
and bearing a growth of salt marsh grass, extended along the
eastern margin of the city at the foot of the present Broad
Street and Maiden Lane (old “ Fly Market”), while broad
emarginations formed bay-like cavities, as at the region of
“the Swamp,” where Pearl, Water, Front, Gold and Ferry
Streets form now the emporium of the leather trade.

Again, the western end of Canal Street expanded into a
water-covered area contiguous to the Lispenard meadows,
whose alluvial deposits were connected by a stream or creek
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‘(Lispenard’s creek) with the famous Collect (Kolck) pond,
a depressed and bog-like pond on the present site of the Tombs
in Centre Street. The Tombs, fifty years ago known as “ The
Hall of Justice,” stands about at the center of this old pond,
or lake, a celebrated resort for winter pastimes, and referred
to by its contemporaries as “ a beautiful sheet of water.”

Further north, at the foot of Rivington,* Grand, Hcuston,
sth, 7th, 10oth and 3oth Streets, the edges of the island were
eroded and frayed by a variable fringe of marshes. The is-
land area has been almost everywhere below 14th Street added
to by artificial enlargements, and these extensions of filled
land have been, all along its southern limits, quite consid-
erable.

The present Battery Park is made land. Greenwich Street,
on the west side, was the former boundary of Manhattan Is-
land, and the line of Water Street the limit on the east. The
rapid currents of both the Hudson and East Rivers probably
existed to even a greater degree in the past than they do to-
day, and to their wearing and tearing down the unconsolidated
strata on either side, and their convergence at the south, is
due the triangular extremity of the island and its contracted
area. Below Barclay Street, on the North River, the rock is
‘met sloping toward the river, but in other places the mud,
tenacious and rigid, forms an almost impenetrable layer over
the bottom..

The present borders of the Harlem River illustrate the
growth upward of mud flats, and it was over such surfaces
that the filled-in areas about New York were made. They are
lifted gradually toward the water level by slow accumulations
of sediment. They are invaded by grass (Spartina patess,
Ait), which, growing thicker and thicker, entraps more and
more silt, and gradually creates a land surface below the
water, to become a widely extended swamp-bed. Such

*Here were Marinus Willet’s and Stuyvesant’s Meadows, where, by
common repute, at Burnt Hill Point, Manhattan Island, or Dry Dock, Kidd
::ed flackbear buried their treasure. The meadows were a mile along

shore.
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changes are in operation along the bulkheads of the Harlem
River, as seen from High Bridge or Washington Bridge, and
more noticeably at Morris Docks, Kingsbridge Village, and
the environs of the ship canal at Marble Hill.

Besides such contrasted conditions affecting the marginal
topography of Manhattan Island, and prevalent eighty years
ago along its shores, the surface of the island presented a
widely different aspect from what we see to-day, and it would
be difficult to re-invest the slightly undulating grades of the
present streets and avenues with the hilly and abruptly slop-
ing or softly rounded elevations that rose above the tide-
water of the bay one hundred or one hundred and thirty feet
in the, at present, lower portion of the city. It was, indeed,
a manifold mound of drifted material, a surface formation of
gravel, stones, sand and earth, sculptured by streams and in-
terrupted by natural subsidences or dips in the underlying
rocks, which the engineering requirements of the city en-
countered as the population steadily moved northward in its
peaceful conquest of this wild and beautiful region.

Before reviewing some of these ancient conditions, the
knowledge of which is necessarily serviceable in any study of
the geology of Manhattan Island, it conveys a pleasant sur-
prise to read this characterization by Mrs. Lamb of the pic-
turesque natural features of its surface,

“Manhattan’s twenty-two thousand acres of rock, lake,
and rolling table-land, rising in places to an altitude of one
hundred and thirty-eight feet, were covered with sombre for-
ests, grassy knolls, and dismal swamps. The trees were lofty,
and old, decayed and withered limbs contrasted with the
younger growth of branches, and wild flowers wasted their
sweetness among the dead leaves and scant herbage at their
roots. The wanton grapevine swung careless from the top-
most boughs of the oak and the sycamore, and blackberry and
raspberry bushes, like a picket guard, presented a bold front
in all the possible avenues of approach.”

As early as 1621 there is definite information that fruits,
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such as plums, wild cherries, and pears, grew wild in the
woods; birds also were plentiful, particularly pigeons, which
were chased by the foxes like fowls.

New York streets in 1748 were pleasantly shaded by water,
beech and locust trees, lime trees, and elms, which were pop-
uloud with birds, and, amusingly enough, were criticised by
strangers as affording homes for tree toads, whose “ clamor-
ous voices ”’ aroused protest.

The elevations of rock at Fort George (196th Street), Fort

Washington (176th Street), the Inwood Ridge (207th
Street), and the Kingsbridge hills (222nd Street) are familiar
and yet undisturbed. Their enduring nature precludes any
serious alteration. But the hills which covered the present
business section of the city were made of loose material and
have generally disappeared. Near 8th Street and Broadway
(Sandy Hill Lane) was a hill of sand, a yellow variety, very
generally found on the surface and probably representing
stream agencies; this merged into a neighboring mound west
of Broadway at 1oth Street. At Provost and Varick Streets
was a ridge, formerly surmounted by a fort, standing in 1797,
which witnessed the retreat of Washington to White Plains.
. A lateral ridge, probably kame-like in character, iz, a
heaped, elongated mound formed under or within glaciers, ex-
tended from Warren Street to near Canal Street, where the
Lispenard farm lay. Richmond Hill, called by the youngsters
of half a century ago “ The General’s Woods,” and where
“Tivoli Garden” stood, a place of romantic loveliness, with
huge oaks and chestnuts, was north of Canal Street, a genial
retreat for “those on pleasure bent.”

A hill, whose substratum forms the down grade to Broad-
way toward Canal Street, rose at Franklin Street and de-
clined towards the still obvious hollow of Centre Street, com-
manding the Collect Pond and the inconspicuous city to the
south. Bunker’s Hill stood at the junction of Grand, Orange
and Elm Streets, a steep accumulation of earth, boulder and
sand, one hundred feet higher than the level of Grand Street.
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This hill possessed considerable elevation, and from its dome,
Cozzens, reviewing his boyhood recollections, says, “ was seen
the bay, with the hills of Staten Island still further to the
south ; then turning to the west the “ noble Hudson,” with the
Newark mountains in the distance, the farmhouses and coun-
try seats of the island, and that stupendous work of mature,
the Palisades, on the north, and on the east the high ridge of
that fertile plain, Long Island.”*

West of Broadway to 4th Street a range of hills extended,
apparently similar in character to the cobble-stone heaps that
prevail in and around Brooklyn to-day. These hills were re- .
markable for the abundance of quail and woodcock found in
their shelters. The section about Corlears Hook, the triangu-
lar point which covers the eastern terminus of Grand Street to
Front and west to Division, was broken by undulating sur-
faces, and some of the hills were of marked altitude, as high
as eighty feet, and were remarkable from the presence of large
boulders, which were more numerous here than over the rest
of the island.

Murray Hill, a flexure of gneiss, to-day is a noticeable
protuberance, swelling with a gradual rise from 34th Street,
sinking towards 42d Street, and reaching from Lexington
Avenue to Broadway, with an imperceptible prolongation
northward, melting into the surfaces of Central Park. Here,
at 42d Street and 5th Avenue, at Reservoir Park, a hill of the
rudest and most heterogeneous mixture of stones and gravel
and boulders, cemented together into a matrix of almost im-
penetrable density, existed, crowning the underlying schist.
Between such hills, now removed, small water holes, or ponds,
existed at favorable junctures, and occasionally a stream or
rivulet crept from the higher levels and wore a sinuous course

*An interesting observation was made at this spot. A fort had been
built at its summit, and in the center of its enclosure a well was formed,
which no doubt served its garrison, and indeed supplied water as late
as 1800. But as the surrounding hills were lowered, and the immediate
vicinity of the well itself on Bunker’s Hill was reduced in elevation, the
well became quite dry, a significant proof of the surface origin of its
supply.



32 GEOLOGY OF NEW YORK CITY

to the east or west, emptying into Hudson River or the East .
River channel. Such was the * Minetta water,”” running
into Bollus Pond at Dowling Street, also the ditch that con-
nected a little pond in Manhattan Square with the present large
lake in Central Park and escaped thence to the East River,
also the stream that fed Harlem Lane, about 130th Street on
the west side, and the larger creek and streamlets at its heads,
running into Hell Gate at 92th Street.

Reverting now from this somewhat reminiscent and histor-
ical survey of these surface characters, which reveal the original
topography of the more altered areas of the island, and are
more naturally pertinent to its lower sections, we will look
northward and decipher the constructional lines north of sgth
Street, without regard to its geology, only aiming at a gen-
eral sketch of its relief. The process of grading and level-
ing and creating the orderly adjustments of a city has reduced
the exceptional elevations, and only in the yet northern por-
tions, or in the natural contours of Central Park, are the un-
even surfaces preserved, while in Central Park they are greatly
masked.

The bosses of rock west of the park (Fig. 3), north of 5g9th
Street, have been largely removed, but sections showing their
former height are here and there preserved, and the rock faces
within the Central Park wall, along 8th Avenue, exhibit their
nature. Besides a succession of barren folds of rock, holding
pockets of débris, there were deep basins and valley-like pits
between them, as late as 1880, holding the hovels and huts
of a Bohemian domiciliary and of gardeners and squatters.

The east side of the city was more thoroughly reduced to
order before the west side, and showed only in isolated squares
the bluffs of rock standing vertically over the streets cut
through them, as between 3d and 5th Avenues above goth
Street. A base leveling, as it were, has been instituted, and
except for the unavoidable undulations of the surface, its
superficial characters, of course, have disappeared. On the
west side, in the region of Claremont, now 116th Street to



Fig. 2. Pennsylvania Railroad Excavation, 31st Street between Seventh
and Eighth Avenues, looking South.

Fig. 3. Manhattan Schist, between 79th Street and 8oth Street, Colum-
bus Avenue.



Fig. 4. Looking Southwest from 42d Street and Park Avenue Rapid
Transit Excavation.

Fig. 5. Poughquag Quartzite (?) at Morris Docks.



MANHATTAN ISLAND 33

125th Street, the land rises into a ridge of commanding
height, forming Cathedral Plateau, breaking down in terraces
to the Hudson River, and declining more abruptly into the
Harlem Flats at Morningside Park. A bird’s-eye view of this
region from 59th Street to 125th Street on the west would
have presented not many years ago a blistered and contorted
surface of rock carved out with creases and sinuous depres-
sions, with also a general gradient upward to the north and
somewhat coarsely traversed by east and west folds. In many
portions of this area there were quite deep valleys, as in and
about 76th Street, since raised by material removed from the
hills to the general street grade.

From Morningside Park the eye surveys an alluvial or drift
plain towards the east, terminating in the blue thread of water
of the Harlem River and broken by the pinnacle-like promi-
nence of Mt. Morris Park, itself the terminal peak of an inter-
rupted ridge, stretching southward between 5th and 3d Ave-
nues. Northward the transverse gorge or clove at 125th
Street bending northwestwardly to 129th Street is encoun-
tered, and beyond it from Convent Avenue another upheaval
carries the rocky prolongation, still rising to Washington
Heights at 155th Street to 176th Street. Transferring our
aerial seat of vision to above this point, we see a spur striking
northward to Fort George, and a divergent axis of elevation
somewhat parallel, also running northward into the backbone
of Inwood, overlooking the Kingsbridge road, while at our
feet, peacefully embosomed between precipitous or receding
banks, the Harlem River flows, leading the gaze northward to
Fordham Heights and to a broad back of elevation which
forms the eastern embankments of the Hudson River. Still
continuing our imaginative flight, we find our station in In-
wood at the northern limit of the steep ridge overlooking the
Lafayette (or French) Boulevard. Immediately below us is
a depression leading to the river, and on the north side and to
the east of it rise the beds of the Kingsbridge limestone or
marble, which, again to the northwest and west, at the ex-
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treme end of the island, succumb to the picturesque ledges of
gneiss at Spuyten Duyvil Creek.

If now we suddenly transport ourselves to the east side of
the island and continue a survey southward, we find in Harlem,
in the latitude of Randall’s Island, traces of such hummocks
and hills of drift as characterized the region south of 23d
Street ; while beginning at 8gth Street, opposite the slim tip of
Blackwell’s Island, we encounter a rim or ledge of rock, some-
times precipitous and again retreating, continued south toward
soth Street the basement of a meridional ridge, or one running
north and south, like those we have encountered, somewhat
en échelon, on the west.

Gathering together the results of such a topographical
sketch, and eliminating simply varietal features, we find Man-
hattan Island to be a ridge, generally rising in elevation to-
wards the north, sinking towards the south, where its rocky
floor has disappeared below the mantle of superficial detritus,
drift and sediments piled up over it and broken up into north
and south alignments of hills, intersected and diversified by’
flats, valleys, passes and ravines, and again revealing broad
undulations which cross them transversely, somewhat irregu-
larly related to the north and south lines, but still unques-
tionably present at Murray Hill, the fold at 59th and 93d
Streets, Cathedral Plateau and Hamilton Grange. There is
also quite discernible a shifting westward of the highland
towards the channel of the Hudson, leaving a bay and semi-
estuarine level on the east at the junction of the Harlem and
East River channels and the Sound, with, however, rocky
prominences on the west, immediately or almost in contact
with the East River below g8th Street.

Two water channels deeply excavated in rocky basins bound
it on the east and west, and two notable depressions, those
of Manhattanville and Inwood, cross it obliquely, while a gash,
or fault, at Spuyten Duyvil, subsequently eroded into a water-
way, separates it from identical formations to the north. Its
present features are doubtless due to comparatively modern
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agencies (quaternary), but its origin lies far back in geolog-
ical time, and is coincident with those crustal movements which
have formed the Appalachian chain.

Crass Direcrions.—Let the teacher draw on the blackboard
an approximate outline of Greater New York, and separate the
different boroughs, and with colored chalk indicate the water
courses and the longer masses of rocks, as the serpentine of
Staten Island, the gneiss ridges north of 110th Street, exposures
along the East River, show the drift areas on Manhattan Island,
in Brooklyn and Staten Island. (See pp. 172, 202.) If the map
is given some permanence, by being drawn on paper and hung in
the class-room, observations of rock outcrops can be marked
down from week to week, as found by the pupils or the teacher,
until the sketch gradually matures and exhibits existing localities
for outcrops.

This map can be roughly drawn, certain conspicuous centers
being indicated for reference, as City Hall, Union and Madison
and Washington Squares, Central Park, the Harlem Bridge, and

" the Avenues.

The topography of Manhattan Island displays features di-
rectly correlated with its geological structure, They are natu-
rally its expression. The island presents three marked topo-
graphical divisions: first, that south generally of 23d Street;
second, that south generally of 12oth Street; third, the re-
mainder of the island. '

The first embraces a region rudely defined by a V-shaped
northern limit running from about 21st Street on the East
River to near 13th Street on Broadway, and there meeting
a line passing to the Hudson at about 31st Street. The area
to the south of this line presents almost no exposures of rock,
but has had a diversified surface of hills of gravel, sand and
earth intermingled and confusedly dotted over with large
boulders.

The excavations made for the large buildings have pene-
trated through the present levels and revealed the mixed com-
position of the loose strata still incumbent over the deeply,
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seated rocky basement which forms the substantial support
of these lofty tenements. The origin and nature of this de-
posit is connected with the glacial vicissitudes which have car-
ried from the north and the higher portions of the island
itself this mantle of débris. It has progessively disappeared
above the grade level of the streets as the city has advanced
its populated limits. A few areas yet reveal its nature; ele-
vated sections of drift hills, such as that at 3d Avenue and
66th Street—now reduced for the occupancy of the Elevated
Railroad engines—but, except for the revelation of its char-
acter, made by excavations, it would have no witness now in
the lower portions of New York.

The recurrent opportunity of putting up great buildings,
and the necessity of placing their first tiers upon solid rock,
have led to a reasonably complete exposure of these loose
beds. The succession of beds is variable, but a general re-
semblance, apart from the differing thicknesses of similar
strata, is preserved. Along the river a channel margin, and
in all places where made land is found, the first surfaces are
composed of such artificially introduced material, below this
usually marsh mud, and in descending succession sands,
gravel, clay and rock.

There are variations of such sections, and the clay beds,
sands, gravel and mud silts may be combined in changed re-
lations with two or more separated beds of each. A clear
conception of the actual order is given by the following list
of sections which is here in part quoted from Professor J.
F. Kemp’s “ Geology of Manhattan Island ”; in part derived
from “ Mather’s Report, 4th District, N. Y.”; “ Cozzen’s
Geographical History of Manhattan Island ”; in part from re-
sults published in the Scientific Amencan, and in part from in-
quiry or observation:

Broad Street—Made ground, 4 feet; yellow clay, 6 feet ; gravel
and sand, 19 feet; gray clay, 10 feet; 39 feet to rock.

Trinity Church—Gravel and sand, 26 feet to rock.

Washington Market—Made earth, 10 feet; river mud, vege-
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table matter, sands, clays, alternating 50 feet; sand and gravel,
10 feet; to rock, 70 feet.

College Place—Surface, 20 feet ; stratified sand and gravel, 60;
in all 8o feet.

Fulton Market—Made ground, 15 feet; stratified sands, blue
clay, river mud, 115 feet; in all 130 feet.

Hall’s Hotel, north of Fulton Market—Made ground, clay, mud
and gravel; to rock, 126 feet.

City Hall—go feet to rock.

New Church Street—86 feet; quick-sand.

A very deep bank of sand covers the region along Park Row;
the former Herald building, Western Union building, the office
of the Times and Tribune were all erected on this sand. The
dry, pure sand affords a useful foundation, but when mingled
with clay it becomes one of the most treacherous; pressure de-
veloping slipping surfaces in all directions.

The Welles Building, lower Broadway, rests upon a hard pan
or clay (?) in which were found the bottoms of old wells. Ex-
cavations were here made through quick-sand, and the same stra-
tum was encountered in the Western Union Building in Broad
Street, Builders identify an irregular water-course flowing as
far north as 18th Street; again at 15th Street and 5th Avenue;
again at the Jefferson Market Court House, 8th Street and 6th
Avenue, and again at Spring Street. This continuity may be
questioned, but the quick-sand is a very disagreeable fact, a head
of water keeping it mobile and fluid.

St. Francis Hospital, 5th Street—100 feet to rock.

Rivington and Columbia Streets—Old well, 20 feet; quick-
sand, 10 feet; marsh mud and clay, 20 feet; gray clay, 10 feet;
to rock, 60 feet.

Foot of Jefferson Street—Mud, 10 feet; sands, gravel and clay,
40 feet; total, 50 feet.

Allen and Hester Streets—Old well, 40 feet; quick-sand and
gravel, 20 feet; clay, 2 feet; coarse gravel and sand, 5 feet; to
rock, 67 feet.

Centre and Reade Streets—Coarse gravel, 30 feet.

Tombs—Made ground, 40 feet; black mud, 30 feet; blue clay,
§ to 10 feet; gravel to rock, 8o feet; in all, 155 feet.

Grand and Wooster Streets—Made ground, 40 feet; mud, clay,
sand and vegetable matter, 20 feet; blue clay, 6 feet; coarse sand
and gravel, 6 feet; to rock, 72 feet.

Bleecker Street and Broadway—Stratified sand and gravel ; 42
feet to rock.



38 GEOLOGY OF NEW YORK CITY

Perry and West 11th Streets—Sand, 40 feet; red clay, 23 feet;
to rock, 63 feet.

Ninety-ninth Street and 2d Avenue—Made ground, 8 feet;
dock mud, 18 feet; sand, 21 feet; total, 38 feet.

Avenue D and 1oth Street—Made earth, 6 feet; marsh mud,
10 feet; quick-sand, 12 feet; shore sand and gravel, 53 feet; hard
pan, 6 feet; coarse gravel, 3 feet; total, go feet to rock.

I am indebted to Messrs. Kimball and Thompson for the
subjoined valuable information as to recent borings in the soils
above the rock-beds in lower New York.

The borings for the foundation of the Manhattan Life Insur-
ance Building, 66 Broadway, showed: Sand, 34 feet; conglom-
erate (coarse gravel) (?), 6 feet; boulders, 2 feet 8 inches; to
rock, 42 feet 11 1-2 inches; excavation in gneiss, 24 feet.

Standard Oil Building, hard pan, 44 feet below Broadway curb.

American Surety Building, hard pan, 71 feet below Broadway
curb.

Empire Building, hard pan, 54 feet below Broadway curb.

Washington Life Building, hard pan, 75 feet below Broad- -
way curb.

Mr, Chas. H. Deans remarks on the above that * in all the
" work the material over the hard pan was practically the same,
being a very fine sand, with a great deal of fine mica and some
loam in it. In some spots it was an actual quick-sand.”

The “hard-pan” is a compact clay, packed with small
stones.

I owe to Engineer Chas. J. Bates the following details of
borings in the lower part of Broadway, and adjoining streets :

Broadway and Vesey Street—Top earth and medium sand, 12
feet; fine sand, 54 feet; running sand, 15 feet.

Broadway and Fulton Street—Top earth, 10 feet; medium
sang, 6 feet; fine sand, 28 feet; quick-sand, 4 feet; running sand,
35 feet.

Broadway and Dey Street—Top earth, 10 feet; medium sand,
? feet; fine sand, 17 feet; running sand, 38 feet; quick-sand, §

eet.
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Broadway and Cortlandt Street—Top earth, 8 feet; medium
sand, g feet; fine sand, 34 feet; running sand, 19 feet.

Broadway and Liberty Street—Top earth, 10 feet; coarse sand,
4 feet; medium sand, 6 feet; fine sand, 25 feet; running sand,
25 feet.

Broadway and Cedar Street—Top earth, 8 feet; sand, 7 feet;
fine sand, 37 feet; running sand, 18 feet.

Broadway and Pme Street—-Top earth, 8 feet; mcdmm sand,
12 feet; fine sand, 26 feet; running sand, 24 feet.

Broadway and Wall Street—Top earth, 6 feet; medium sand,
g feet; fine sand, 25 feet; running sand, 10 feet.

Broadway and Rector Street—Top earth, g feet; medium sand,
19 feet; fine sand, 11 feet; running sand, 14 feet.

Broadway and Exchange Place—Top earth, 10 feet; medium
sand, 5 feet; fine sand, 10 feet; running sand, 26 feet.

Broadway and Morris Street—Top earth, 7 feet ; medium sand,
4 feet; fine sand, 14 feet; running sand, 10 feet.

The above borings were made in 1891.
Along State Street the subjoined results, also given to me
by Engineer Bates, have been obtained:

No. 1—22 feet 2 inches to rock through top soil, filling and river
: mud,

No. 2—15 feet to rock through top soil, filling and river mud.

No. 3—15 feet to rock through top soil and filling.

No. 4—12 feet 5 inches to rock through filling.

No. 5—32 feet to rock through top soil, filling, sand and gravel.

No.6—16 feet 5 inches to rock through top soil and filling.

No. 7—20 feet to rock through top soil, filling and hard pan.

No.8—22 feet 4 inches to rock through top earth, filling, sand,
clay, gravel, and hard pan.

No. g—12 feet 6 inches to rock through top earth and sand.

No. 10—14 feet 2 inches to rock through top earth and micaceous
sand.

Dr. Wallace G. Levison exhibited on October 2oth, 1902,
a specimen of gneiss from bed-rock taken at a depth of 50
feet at the corner of Broad and Exchange Streets, a second
from 45 feet below the surface at 40 Exchange Place, and
two others also taken at that depth at about the same spot.
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He also showed specimens of serpentine from boulders found
in the excavations for the Stock Exchange building on Broad
Street between 40 and 60 feet below the surface.

In the discussion of this group of formations we find that
it consists of two geological members, a series of laid beds
which have been deposited by running water, or laid down un-
der water in some way, and a subsequent superficial and hete-
rogeneous aggregate of drift material which has been accumu-
lated by ice action. The sand and clay beds represent the
results of water action, re-assorting drift material from some
higher level; or, indeed, they may be a deposit formed from
the products of decomposition of the island rocks before the

Ice Age was initiated, while the top river mud found along the
' margin sinuations, pond bottoms and estuarine levels is a dis-
tinctly modern or alluvial deposit.

This alluvial deposit has a further extension in the mud
now forming the bottom of the Hudson River, a deposit
which has increased since cultivation of the drainage basins
in the northern part of the State began. The opening up and
tilling of the ground and the loosening of the formerly forest-
covered soil has greatly increased the amount of earth car-
_ ried away in rains and freshets and deposited in the Hudson.

The beds of clay and sand vary in extent and thickness, as
might be expected from any sediment deposited under water,
and fluctuating in the rate of its deposition at different points,
or unequally accumulating at different times. In some sec-
tions the clay appears absent ; never the sand or gravel. There
thus seems to be deposited over the eroded and hollowed-out
edges and inequalities of the underlying rock in lower New
York, from forty to one hundred feet beneath the surface, a
blanket of clay and sand which has a very considerable thick-
ness. The sand beds are of importance where they reach an
extraordinary depth. The foundations of the St. Veronica
Church in Christopher Street, between Greenwich and Wash-
ington Streets, were laid in sand, and the quality was of sharp
sand, viz., such as has been deposited before being subjected
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to much disturbance or a Jong transportation by water. The
quantity was so considerable as to defray by sale the actual
expense of the contractor. Again, on Broadway, at the comer.
of Ann Street, the beds of sand excavated for the foundations,
first, of the Herald building (1870), and later of the St.
Paul (1896), were of remarkable depth,

Accumulations of sand in heavy and extended beds were
encountered in Elm Street during the construction of the
Rapid Transit Subway, beds which were continued northward
through Lafayette Place, at Astor Place, through lower 4th
Avenue, and up to Union Square. Rock ledges were pene-
trated beyond this point, revealing on the line, as at 23d Street,
subsidences filled with sand, clay, and surficial fillings.

Again, on the track of the Subway beyond or north of 134th
Street very deep hills of sand were entered, themselves par-
tially separable by a color line.

Seldom in excavations of the size of that made for the new
Wanamaker store has the nature of the soil proved so advan-
tageous to the contractors. In the plot excavated, extending
along the entire front on 4th Avenue and back on 8th and gth
Streets about 200 feet, not one stone has been encountered
which was large enough to require a drill to dislodge it.

That the soil generally was of clay and sand was known
before actual operations were begun, borings to a depth of 25
feet having been made over almost the whole area. Another
feature, which has greatly facilitated the work, is the fact
that at a depth of about 35 feet below the street level there is
an almost solid layer of rock. As the depth of the foundation
is to be 25 feet, it has been an easy matter to sink the 161
caissons necessary to support the fourteen-story building the
remaining 10 feet to this solid rock.

It has been usual to regard this assortment of beds of sand,
clay and gravel as entirely quaternary, or derived from drift.
The actual confusion of material originating in the sub-aerial
erosion and weathering of the rocks of the island, with the
glacial material pushed down over these rocks, and partially
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made up of their topmost films, would, in any case, be inevi-
table. But that the deep deposits of sand and clay might rep-
resent shore sands and clay beds formed in the weathering of
the gneiss ridges of Manhattan Island ages before the Ice
Age or its succeeding quaternary epochs, is a violent assump-
tion. The results of the decomposition of the rocks of Man-
hattan Island, formerly far more elevated than they are to-day,
were doubtless removed to the south, and may, indeed, have
formed cretaceous and tertiary beds beneath the surface of
Long Island. :

The geological conditions are readily understood, as indi-
cated by these deposits. This lower section of the island is
underlaid by the same kind of rock as forms the hills, promi-
nences and ridges northward, and over this floor a burden of
loose strata has been accumulating, rising in a succession of
beds, each individually homogeneous, or relatively so, as clay,
sand and gravel. These beds originated by water action upon
drift material heaped up possibly north and south of them, at
any rate near their present position, an action which washed
out the clay particles and permitted their settling in clay beds.
This action, also, parted the sand and gravel, and under the
. impulse of torrents or slow shore-washing completed the
separation of each. During the long periods required for this
gradual re-assortment, the island underwent changes of ele-
vation, alternating, probably, over one hundred feet, since on
the one hand gravel beds formed in swift and shallow streams
are found fifty feet below water level, and must have been
much nearer the surface when made, and, on the other hand,
sand hills, also indicating water action, are recorded eighty
feet above tide. In many places such modified beds were
capped by mingled aggregates brought hither by ice which, in
rolling hills of stones, pebbles, and boulders; formed the orig-
inal surface of the island over much of its extent, the higher
hills and more remarkable boulders seeming to have been con-
centrated eastward about Corlears Hook. As present condi-
tions supervened, river mud and other débris accumulated and

»
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such swamps as Collect Pond developed. This pond had ap-
parently itself undergone oscillations in its level, as Cozzens
speaks of the soft mud from its bottom being charged with
salt, as if the channel waters had entered it. The depression
of land allowed the rapid currents of the two encircling rivers
to attack the drift débris, loading the inland portions of the
island, and in conjunction with its own drainage form these
beds of sand, gravel and clay which, again upon re-elevation,
were again disturbed and submerged, to be covered by later
beds, until the island assumed its present status. What strik-
ing changes may have been produced by still greater elevations
will be described in the résumé of this article. The nature of
the boulders found in this portion of the “drift” is men-
tioned in the accompanying paper on the “ Evidences of Gla-
cial Action,” etc.

The increasing number of very high buildings (*sky-
scrapers ") in the lower districts of Manhattan Island has re-
sulted in enlarged and more detailed acquaintance with the
surface conditions above the floor rock, though the general
expression and succession is identical, or but slightly varied
throughout, at all the new basements. Some of these extend
downward to considerable depths. In the Commercial Cable
building (Broad and New Streets) the cellar floor is sixteen
feet below the water-level, in the Mutual Life extension (Cedar
Street) the cellar is thirty-two feet below the water-level.
Messrs. Weiskopf & Stern, engineers of the City Investing
building, furnished the following interesting statement:

“The soil under this building is a very fine sand mixed
with very soft loam, and is almost of a uniform character from
the top to hard pan. We encountered hard pan at a depth of
about 65 feet below what we term ‘curb A, which is the curb
level on Church Street, at the south side of the lot, and which
curb is about g feet lower than the Broadway curb in front of
this building. The mean low-water level is about —17 feet
with reference to curb A, and the level of the boiler-room floor
is 21 to 21 1-2 feet below curb A. The building is founded
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on hard pan, which varies in thickness from o to 18 to 20 feet.
In such cases where the hard pan was very thick we put the
concrete bed on this hard pan after removing about 4 feet of
it. Of course, where we encountered rock without an over-
lying layer of hard pan we founded it on this rock.” (Hard
pan is here understood as a very consolidated mixture of clay
and boulder rock.)

The foundations of the Hudson Terminal Building rest on
the Manhattan schists or gneiss 85 to 110 feet below the street
curb (J. V. Davies, C. E.), passing through, above the gneiss,
10 to 15 feet of “hard pan,” above which were sand beds,
mud, and filling, Manhattan schist was taken 390 feet below
curb at Cortlandt and Church Streets (A. S. Coffin), and a
flake of granite from granite vein at 240 feet below curb at
Cortlandt and Broadway (A. S. Coffin).

General conditions respecting the foundations of buildings
at the lower end of Manhattan Island have been described in
the following language. by Engineer T. Kennard Thomson:

“Under the New York quick-sand, which is from thirty
to sixty feet thick, we find from two to thirty feet of hard pan.
Sometimes this is directly on the rock, and sometimes we. find
masses of sand and boulders under the hard pan. Good hard *

-pan, if on bedrock, will hold up any building that ever will
be raised in New York, but nothing except personal examina-
tion of each individual caisson foundation on the job is suf-
ficient to decide whether the hard pan is really good, and even
then it is necessary to determine if the good hard pan extends
to the rock or not. This opinion is the result of having been
down in the air chamber more than two thousand times.

The deepest caisson foundation in New York is under the
Mutual Life building, where the depth is one hundred feet
below the curb and eighty-five feet below the surface water,
through thirty feet of quick-sand, twenty-three feet of hard
pan, and then thirty-two feet of sand, boulders and decomposed
rock, which we took out with a shovel.”

Fossil evidences as to age and past conditions of the Man-
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hattan Island rocks are very rare, or unknown. The follow-
ing interesting note of J. Howard Wilson, connected with ex-
cavations in Rector Street, is suggestive of a former boreal
climate:

“ In excavating for the new building for the United States
Express Company, on Rector Street, between Sixth and Ninth
Avenue elevated, Mr. Daniel E. Moran, C. E., found resting
on the bedrock forty feet below the surface a small deposit of
Venus shells, fragments of wood and some peaty matter. This
deposit was covered by ten feet of glacial drift which, in turn,
was buried -under thirty feet of sand, probably of post-glacial
age. The fossiliferous deposit was apparently protected from
the ice action in this spot by a local ledge or shelf of the bed-
rock. .

The Venus shells resemble very closely those of the recent

V. mercenaria Linn,, but differ ffom them somewhat and along

a line which seemed to identify-them with the variety antigua
of Verrill from the Pleistocene deposits of Sankaty Head,
Nantucket. The Manhattan specimens were compared with a
number of these in the collections at Columbia University, and
the identification was found to be complete. The variety an-
tigua is an unusually massive and strongly sculptured variety.”

This shell—a hard-shell clam or quahog—is regarded as
symptomatic of cold currents, and has been found in shell beds
on Nantucket Island, in which were unmistakably associated
species of shells decidedly northern in habit.

Professor William H. Hobbs * has taken pains to investi-
gate the underlying rock flooring of Greater New York, and
has gathered together a great many records from the en-
gineering work carried on in the construction of the East
River bridges, the tunnels of the Pennsylvania R. R., the vari-
ous municipal bridges connecting Long Island with New York,
the Croton aqueduct, the Subway in Manhattan, the Harlem
Ship Canal, together with the reports of borings, excavations,

*The Configuration of the Rock Floor of Greater New York, William
Herbert Hobbs, Bulletin 270, United States Geological Survey.
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foundations, wells, etc., and while his studies have be:

cially influenced by his views on the formative causes

present outline of Manhattan Island (see Section on

ways, p. 110), his researches are interesting. They o

however, all previous impressions as to the rock basem

the city, as being gneissoid, schistose, and granitic, wit

ripheral beddings and interior fillings of sand, gravel and

and the presence of limestone areas north and, perhaps, MA
eastward. They have, however, also furnished sugge
and instructive outlines of the contour of the underlying r
and shown its irregularity, its folded, creased, and channe
surfaces. These results are referred to more at length un
Water-ways (p. 110) and the Evidences of Glaciation in & —*
About Greater New York (p. 190). The Section of the RaS >
Basement of Manhattan along the line of Broadway from
Battery to 33d Street, presented as Map I, is reproduced f
Professor Hobbs’ pamphlet.

204 5T
Jﬂl’ 57

TOPOGRAPHICAL RETROSPECT *

In the map of T. Maerfchalckm (1763) the Negro Buri
Ground was around Collect Pond, just north of the Common
(the present City Hall Park), on which stood the Poor.
House and Powder House, and by the side of which, as a pro- =
longation of Nassau Street, the Highroad to Boston ran o
through Chatham Street to Chatham Square, and thence fol-
lowed the Bowery.

The Battery was formerly an elevated section, and is re-
ferred to in early records as a bluff, the land between Trinity
Church and the present Bowling Green being somewhat raised,
fronting the Hudson as a receding bank.

Governor’s Island, which was originally a perquisite of the
Director-General, and formerly known as Nutten Island, was
at an early day so extended towards Red Hook on Long

*For most of the material in this section I am indebted to the admirable

and unique papers, letters, sketches, etc,, of D. T. Valentine, in the Man-
ual of the Common Council of New York.
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Island, and the channel was then so shallow that cattle passed
to and fro across the latter.

An extract from John B. Jervis’  General Description of
Line of the Croton Aqueduct,” describing the topography of
the Harlem River at High Bridge and the character of the
river bottom, is not without interest. “ The width of the river
at the place where the aqueduct line crosses it is 620 feet at
ordinary high-water mark. As has been before stated, the
shore on the southern (Manhattan) side is a bold rock rising
from the water’s edge at an angle of about 30° to a height
of 220 feet. On the northern (Bronx) side a strip of table-
land forms the shore and extends back from the river 400
feet to the foot of a rocky hill, which rises at an angle of about
20° to a few feet above the level of the aqueduct. The table-
land is elevated about 30 feet above the river; the channel
of the river to which the water is reduced at very low ebb
tides is 300 feet wide, and the greatest depth 16 feet. Each
side of the channel the bed is a deep mud, covered from 3 to
4 feet at ordinary flood tide. Next below the mud there is a
thin stratum of sand, and this is followed by a stratum of
sand and large boulders or detached rock ; there has been found
in the coffer dams for two piers, Nos. 8 and 9, a compact
marble rock (Inwood Dolomite), and in the coffers of Nos.
7 and 10 a stratum of clay and sand that is quite impervious
to water. and affords a good medium for piling.”

Pearl Street has its circuitous and curved course because
originally the street was the nearest to the river, and its di-
rection was determined by the shore, It was a very thriving
street, the business of that section of the city being the most
unflagging and important because of the active traffic in farm
products with Long Island. The edge of the East River was
lower and less bold and * declivitous >’ than the shores of the
Hudson, and the rear of the gardens of the buildings on it in
those early days was washed by the river’s tide, It was built
up to Broad Street, which then was occupied by a creek. Pearl
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crossed it on a bridge. It led past Mrs. Van Clyff’s farm, her
residence being on a bluff near the present junction of Johmn
and Pearl Streets. Thence it passed Mr. Beekman’s farm and
orchard, near the street which now bears his name. Thence
it crossed a neck of land between Beekman’s Swamp and the
river, about the present head of Peck Slip; thence it continued
to the present site of Franklin Square. Here, in course of
time, it became convenient to effect a junction with the high-
road to Boston (now Chatham Street), and the only travers-
able way was along a ridge which then extended from the
top of the hill at Franklin Square to the Boston road. Ac-
cordingly this was staked out and became a thoroughfare,
naturally taking the name of the street from which it ran.
Here it would have probably stopped its circuitous course, but
it happened that opposite to its junction with the Boston road
there came in a lane leading from Broadway also to the Bos-
ton road, past a powder house (then and for a long time
standing upon a piece of ground almost insulated by the fresh-
water pond—the Collect), the lane became known as Magazine
Street, but finally, it being the natural continuation of Pearl
Street, it was adopted as a part of that ancient thoroughfare
(Valentine).
~ Maiden Lane passed originally as a sequestered valley,
between hills and elevated slopes. Broad Street was so named
because of the breadth given to it by its former occupancy by
a wide marshy valley traversed by a small stream or drain.
The sides of this drain were bordered by buildings, which
were built far enough back from the stream to permit the con-
struction of a roadway. So the street, when afterwards the
drain was filled in, attained a somewhat unusual width. Beaver
Street was formerly known as the * Beaver Canal,” being a
branch of the Broad Street stream. Broadway was itself be-
low the City Hall Park, a natural ridge, with a superior width
about the size of a convenient road. It led to the Pasture
Lands and Commons of the present City Hall Park,

A little south of the present union of South William and
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Beaver Streets was a mill, either wind or horse, and as the
water-power was only to be obtained in positions exposed to
the attacks of the savages, it was placed upon a hillside.

““ A road led to this mill from Broad Street, and turning
from the mill at right angles, it came out in a road, now
Stone Street. The road from Broad Street to the mill was
afterwards left open, and in course of time became known as
Mill Lane, subsequently as Mill Street Lane, afterwards as
Mill Street. In course of years the old mill was taken down,
and in latter days the ancient mill lane has been extended
through to William Street.” This is the present South Wil-
liam Street.

Moore Street has an interesting history, and it is illumina-
tive of the original physical condition of this region. The
Customs House of New York was formerly on the north side
of Pearl Street when Pearl was the water-front at this point.
A pier was built out in front of the Customs House upon which
goods were landed from small boats and vessels which could
approach it. This pier was called the “ Bridge” or “ The
Landing Place.” Filling in of this section along the present
Water Street ensued, the old pier became dry land, and its
position being public property, was left as a street, and from ~
having been the mooring place of boats it was so called, though
the abbreviated cognomen of Moore was attached to it.

The temptation in this connection is irresistible to give Val-
lentine’s account of the origin of Hanover Street and Slote
Street, and as the use of this work amongst public school
pupils is helpful, if such facts are recorded, in preserving
their local pride,, the disgression, I trust, will not be unduly
censured

‘“ Previous to thé year 1700 the whole space between Wil-
liam, Wall, and Pearl Streets was not crossed by any street.
Soon after that date a slaughter house was built in the vacant
space in the center of that block, about the present southwest
corner of Beaver and Hanover Streets. To reach this a lane
led nearly on the present line of Beaver Street from William
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Street, and then turned at right angles for a way of egress
into Pearl Street. The lane running into Pearl Street was
on the present line of Hanover Street. The whole lane
was then called Slaughter House Lane, subsequently shortened
into Sloat Street Lane, afterwards Sloat Street.”

Broadway carried the pedestrian to a high hill with more
or less abrupt descents near the present City Hall Park, which
was succeeded at Chatham Square by another commanding
eminence, from which started the broad thoroughfare up the
Bowery. '

The Swamp is thus described in the records of the Secre-
tary of State’s office at Albany: “ Said swamp is filled con-
stantly with standing water, for which there is no natural
vent, and being covered with bushes and small trees, is by the
stagnation and rottenness of it become exceedingly dangerous
and of fatal consequence to all the inhabitants of the north
part of the city bordering the same, they being subject to very
many diseases and distempers, which by all physicians and by
long experience are imputed to these unwholesome vapors oc-
casioned thereby, and, as the said swamp is upon a level with
the waters of Hudson’s and South Rivers, no person has ever

yet attempted to clear the same.”

" We learn from an early record some soundings which are
of real interest; they were taken in the harbor of the city:
“Depth of water in harbor from Long Island to Staten
Island, 4, 4, 4, 43; 6, 11, 12, 13, 12, 9, 6, 6, 5, fathoms right
under the shore of Staten Island; a second line three-quarters
of a mile farther south where the river is narrowest (pre-
sumably the Narrows), 5, 6, 14, 15, under the shore, falling
then off to 6, 2, 1}, with a bar on Long Island side.”

Facts gleaned from Valentine’s records about the islands
in the harbor are also of considerable topographic and of his-
toric interest: Ellis or Gibbet Island (now the site of the
Emigrant Station) was formerly known as Oyster Island, and
was famous for the abundance of good oysters to be obtained
on its shores. It was at one time nicknamed Bucking Island.
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Ward’s Island was formerly known as Great Barn Island,
given in 1637 by Heyseys and Numers, both Indian chiefs
of “Mayrechkeniockingh,” to Wouter Van Twiller; it was
estimated to contain 200 acres, called by the Indians “ Teu-
kenas.” After many vicissitudes of ownership it passed into
the hands of the Ward family. This and Randall’s Island ad-
joining were used by Thomas Delavall for grazing purposes,
indicating their alluvial and fertile surfaces. Blackwell’s
Island was conveyed to Van Twiller at the same time as
‘Ward’s Island, and then was supposed to comprise 120 acres.
It was called by the Indians Minnahanock. Governor’s Island
was known to the Indians under the name of Pagganck, and
by the Dutch as Nuttens or Nut Island. It contained in 1756
about 120 acres.

Bedlow’s Island was thus called from its earliest owner,
and afterwards, while in the possession of Captain Archibald
Kennedy (afterwards Earl of Cassilis), it became known as
Kennedy’s Island.

Randall’s Island was first known as Little Barent’s Island,
afterwards contracted into Barne’s or Barn Island, and patented
to Thomas Delavall, then Collector of the Customs at New
York. It came subsequently into the possession of James
Carteret, then to Philip Pipon, and then to Elias Pipon in
1732, and used by him as a place of residence, because of its
romantic beauty, known as Belle Island. It passed from him
to St. George Talbot, who, charmed by its attractiveness, re-
sided there in 1747. From Talbot it passed to John Montres-
sor, Captain of Engineers in the British service, and stationed
at New York. The succeeding owners were Ogden -and
Randall. Jonathan Randall worked its farming facilities so
successfully that in ten years he paid the whole purchase
money of £2,400. He resided there for fifty years. It passed
from his family to the possession of the Corporation of New
York. ‘

Some transgression of the sea inland amongst the East
River islands is obviously indicated in early maps, as in a
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chart of 1855 the shallow bottoms east of Randall’s Island are
designated as Sunken Meadows.

The presence of springs on Manhattan Island is well estab-
lished, all due to surface pressure and the saturation of super-
ficial beds of rocks or earth. The ancient source of pure water
to the inhabitants of this city was one of the springs which
fed the fresh-water pond known as the Calch-hoock, Kolch,
or Collect, which marked the site now occupied by Centre
Street. This Pond was surrounded by high hills, bordered
by a marsh, and was popularly reported to have a depth of
fabulous extent, though in reality its greatest depth did not
exceed fifty feet. It was in its earliest fame celebrated for its
fish, but when from protracted invasions by anglers these de-
clined, it was positively emptied by a destructive assault with
nets.

The Old Tea-Water Pump was erected over a spring situ-
ated in a glade or hollow near the present juncture of Chatham
and Roosevelt Streets. We are told a brook crossed the road
at that place, over which was a bridge which was doubtless
of very sweet significance to the young people of the olden
days, for the bridge was known as “ Kissing Bridge,” and the
explanation of this sobriquet is given in this quaint narrative
from a reporter of 1755, the Rev. Mr. Barnaby. He says:
 The amusements are balls and sleighing parties in the win-
ter, and in the summer going in parties upon the water and
fishing, or making excursions into the country. There are
several houses pleasantly situated up the East River, near
New York, where it is common to have turtle feasts. These
happen once or twice a week. Thirty or forty gentlemen and
ladies meet and dine together, drink tea in the afternoon, fish
and amuse themselves till evening, and then return home in
Italian chaises (the fashionable carriage in this and most parts
of America, Virginia excepted, where they chiefly make use
of coaches, and these commonly drawn by six horses), a gen-
tleman and lady in each chaise. Just before you enter the
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town there is a little bridge, commonly called the ‘ Kissing
Bridge,” where it is customary, before passing beyond, to sa-
lute the lady who is your companion.”

It seems insisted in early records that the wells of New
York furnished a very indifferent water; its quality is de-
scribed as “ sickening,” and even horses refused to drink it.
Before pumps were in use, old-fashioned wells with pulleys
and buckets were in common adoption, or the long sweep-
pole. The first well was in front of the fort, and this for
many years was the only public one in town. The second was
in front of the City Hall, at Coenties Slip. In the year 1690
there were about a dozen public wells in the city standing in
the middle of the street. They were given different names
according to local circumstancs, as “ De Riemer’s Well,”
“ Tunis De Kay’s Well,” etc. From Valentine’s Manual of
the Common Council, 1855, p. 556, this pleasing and useful
description of the Old Tea-Water Pump is taken: * The first
mention we have of the use of the spring water from the
site of the Tea-Water Pump is found in the diary of a trav-
eller in New York, in 1748, He says, ‘ There is no good
water in the town itself, but at a little distance there is a
large spring of good water, which the inhabitants take for
their tea. and for the uses of the kitchen. Those, however,
who are less delicate on this point make use of the wells in
town, though it be very bad.’

“ Shortly before the Revolution this spring and its vicinity
were made into a fashionable place of resort at which to pro-
cure beverages adultered with pure water.

“ A pump was erected over the famous spring, ornamented
grounds were laid out around it, and the Tea-Water Pump
Garden held forth its attractions under the most seductive in-
fluences. But its ancient glories have long since departed,
and it i3 now almost a thing of tradition. ‘A gentleman about
ten years since commenced a search for this relic of ancient
festivity, and says he found the once celebrated Tea-Water
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Pump, long covered up and disused, again in use, but un-
known, in the liquor store of a Mr. Fagan, 126 Chatham
Street.”

A dry well with free stone wall sunk in the sand was un-
covered in digging the present subway at Astor Place and
4th Avenue. It was completely dry.

In the reminiscences of David Grim we learn that at
Augusta Street there was a valley between Windmill Hill
and Pot-Baker’s Hill, about the center of Augusta Street, and
midway of Pearl and Parly Streets.

The-various inlets or small harbors known as slips, so prev-
alent on the East River side of the city, are thus designated
and described by David Grim:

Whitehall Slip took its name from Colonel Moore’s large white
house. The house was adjoining to this slip, and was usually
called the White Hall.

The next was Coen and Anty’s Slip (Conrad and Jane), called
so after Conrad Ten Eyck and Jane, his wife; they lived at the
corner of Little Dock Street and that slip.

The next was called the Old Slip, being the first in the city.

The other was called Burling Slip, after the name of a Mr.
Burling, a respectable family living at the corner of Smith’s
Flie (now Pearl Street) and Golden Hill,

The next was called Beekman’s Slip, so named after a family
living at the southwest corner of Pearl Street and said slip.

The next and last on the East River was called Peck Slip,
after the name of Mr. Peck, who was proprietor of the land on
the side of said slip.

There was only one slip on the North River side, that at the
foot of Oswego, now Liberty Street.

Cherry Street, which took its name from running through
or to a cherry orchard, is one of the old streets of New York,
and the contrasted topography about it in old days is gleaned
from chance relations, deeds, records, etc.,, which show * that
the heirs of Govert Loockerman sold at auction a lot on this
island at the ferry formerly belonging to Egbert Van Borsum,
~ also a parcel of meadow with a slip of upland abutting thereto
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with the south side on lots of Henry Bresier, with the north-
east side on the Ould Kill, with the southeast side upon the
highway along the East River, and with the northwest side
upon the highway, amounting to about seven acres.”

Streams or brooks widening into tideways entered East
River north of Central Park, some heading back almost as far
as Manhattanville (130th Street). The shore on the East
River east of Mt. St. Vincent appeared to be extensively dis-
sected by creeks and muddy estuaries.

City Hall Park, formerly known as the “ Vlachte” or
“ Flats,” “ Second Plains,” “ Commons,” “ Fields,” was orig-
inally a grazing place of the cattle belonging to the citizens
of New Amsterdam, It is interesting to read the surmise of
early writers that the Indian tribe of the Manhattans may
have been centered at almost this exact spot, in some sort of
a village, as a mixture of shells with the upland soil has been
here discovered. To this reservation in a more civilized era
repaired the cows of the burghers, carefully tended by a cow-
herd, “whose business was for a certairr stipend from each
family to perambulate the village of New Amsterdam, and
blow upon his horn a note of invitation at the garden gates of
the inhabitants, whose cows being let out, joined the common
drove, and were driven through the romantic valley road now
called Maiden Lane, and having arrived at the common pas-
ture were restrained from more distant perambulations by the
watchful herdsman.”

In a record of 1797 of the necessary change of grade in
Broadway, by which the approach of that thoroughfare to
the bridge across the canal or drain at Canal Street was made
more gradual, it is discovered that at Magazine Street (now
north end of Pearl Street) a depth of four feet nine inches
was removed from the natural elevation of the soil, at Leonard
Street, fifteen feet six inches; the ground rising from this
point, it was found necessary at about 525 feet above Leonard
to cut down through 22 feet 10 inches. “This was the
highest point, and thence the natural hill descended somewhat
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steeply to the meadow.” The arched bridge at Canal Street
was ten feet seven inches above the meadow.

In 1805 the Collect Pond was inspected and provisions be-
gun for filling it up. It had become a nuisance, a menace to
public health, on account of the dead animals put in it.

The Collect Pond in Centre Street was part of a transverse
depression entering Manhattan Island from the North River,
and inundated and partially navigable. In the region of Canal
and Lispenard there was a marsh covering a surface of seventy
acres, covered with stunted bushes, filled with swamp rubbish,
and the “ rotten growth of ages.” It became a serious annoy-
ance to health. Fever and ague were so prevalent in its
neighborhood that farmers could not keep their laborers. Cat-
tle straying into it were entombed in its muddy recesses. In
1732, Mr. Anthony Rogers was permitted to receive it in fee-
simple on condition of draining it, and paying a moderate
quit-rent. The bushes were cut off and a large drain was cut
through the center of the swamp, taking its waters into the
North River. The effect of Rogers’ drain seems to have been
too complete. The Collect Pond was partially depleted, lead-
ing, in 1734, to a summary action in law on the part of farm-
ers and others on its borders, and resulting in the filling up
of thirty feet of the drain at the “ Fresh Water Pond,” so as
to prevent the exhaustion of that (then) useful body of
water. Leonard Lispenard, of French descent, was the owner
of the farm and brewery near the edge of the swamp. North
of the swamp was a public garden and resort known as Bran-
non’s Gardens, from which the street of that name secured its
name,

The irregularities of the original surface of Manhattan
Island may be easily imagined from the pleasant and pictur-
esque features of its old windmills so thoughtfully given to
us by that princely commentator and scribe, D. T. Valentine,
These windmills naturally occupied commanding positions,
the summits of hills, ridges, etc. There was one in 1656 ad-
joining the fort standing upon the present State Street, an-
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other was on the eminence north of Wall Street, owned by
Jan Vinje, “ farmer, brewer, and miller.” It is impossible to
resist the wish to repeat the genial restoration presented by
Valentine: “ A curious sight it must have been to see the
farmers’ wagons laden with grain traversing the shore along
the East River, winding up the romantic valley now called
Maiden Lane, and depositing their loads at this edifice, then
standing in the midst of a clearing of forest trees of mature
growth. The snug little stone farm house, with its loophole
windows to keep out marauding savages, the low doorway
with its bull’s-eye windows in the panels, the motley assem-
blage of domestic animals, and slaves of all sorts and sizes,
which then formed the great part of a domestic establishment,
the waving grain of the adjoining field, the newly planted
orchard, all formed a picture which can hardly now be ideal-
ized in connection with that ancient and long populated part
of the city. Another was farther eastward at the ferry, an-
other upon the south part of the present park, then a desert
spot, covered by stunted bushes and hoop-pole saplings and
offering no annoyance of forest trees to the free course of the
winds above the underwood.”

There was another windmill on the North River shore be-
low St. Paul Church to attract Jersey farmers, “ those ven-
turesome men who had penetrated the wilderness and planted
the fertile region of Hackgingsach, and those, too, along the
Jersey shore, in sections called by the Indians Ahasimus, Ho-
bokenhacking, and Carno cuipa.”

The east side of the city, south of Chatham Street, was de-
pressed and valley-like, and was originally known as the Vly
or Valley, from whence old Fly Market at Front Street and
Maiden Lane originated.

The village of Greenwich lay beyond the Lispenard mead-
ows, and offered a diversified surface covered with farms,
woods, orchards, and nurseries. There was Richmond,
Colonel Burr’s place, where Charlton Street is now, and then
ctovered with cedar woods. From Greenwich village the peo-
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ple in winter resorted to the overflowing Collect and Lispen-
ard meadows, the marshy land of the latter extending then
down Chapel Street quite to Thomas. In winter these mead-
ows were a great skating pond for the public.

A verbal sketch of extreme interest, prepared by Valentiné,
exacts an attentive perusal. It was written in 1857. “ The
superficies of the lower as well as other portions of the island
was originally graceful, varied, romantic and prepossessing,
diversified in all the forms of hill and dale. and valley, of
brook and rivulet, and winding stream of limpid water, which
made up numerous views and prospects most captivating. The
higher line of lands was from the Battery along where now is
Broadway (a bluffy height south of Trinity Church, then
commanded an extensive prospect) far on to the north, in
varied degrees of elevation. But like a backbone, in the cen-
ter it was uniformly highest, and fell off gracefully to the
east and west, except where the brook crossed it; where it fell
to a valley from the south and north—the Collect of freshpond
being on the east and Lispenard Meadows being on the west,
in both of which were large springs, which kept the water
fresh and flowing. The water was very deep at where now is
the corner of Grand and Greene Streets. About 1809 or
1810 a gentleman named White was there drowned by walk-
ing there by mistake at night,

‘“ At the corner of Grand Street and Broadway was a high
hill, from which the land gracefully fell off toward the brook
at Canal Street, and up which Broadway or the King’s Bridge
road was. From that hill was a view which in majestic-love-
liness was very captivating. Below in the valley, on each side
the road, the waters were seen flowing toward each river, those
on the east side finding their way through and over the low-
lands where now is Roosevelt Street, and those on the west
finding their way through the lowlands of the meadows of
Lispenard to the North River through a sewer made through
a dike, where now is Greenwich Street, and the ponds on each
side varying in width, and each presenting a beautiful sheet
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of water, the lowlands of Lispenard extending by a branch
down what is now Chapel Street. as far as Thomas Street.
To the south and west was a succession of hills which were
overlooked, and on one, to the west of and near Broadway,
a little above Anthony Street, was once Curry’s ice-cream gar-
den; from thence to the west beyond a valley which inter-
vened, and where now is Laight Street, near St. John’s Park,
was the high hill on which was the country seat of Leonard
Lispenard. To the west the eye rested on the green woods
and lands of Richmond Hill, a romantic spot, where once re-
sided Colonel Burr, and in the intermediate glen was the resi-
dence of Mr. Glover. To the south lay Broadway, then a
highway road, the hospital recently erected beside it; and near
and below the hospital was once the mead garden of an old
lady named Elsley; the rise of property to her posterity re-
alized a fortune. Below these, on the east side of Broadway,
where now is Mr. Stewart’s large store (Chambers Street)
were the lands once known as the Negro Burying Ground.
All this region and the King’s farm and the lands of King’s
College, in Robinson Street, and the Fields, now the park, were
seen at a glance from that high hill at the corner of Grand
Street. On the east lay the broad lands of Stuyvesant and
Kipp and their domiciles, and that beautiful sheet of water,
Kipp’s Bay, and near at hand were the lands that since formed
the east and west Boyard Farm; and far, far away, and yet
before the eye, were the North and East Rivers and the mag-
nificent bay. and the lands and shores beyond. It was indeed
in its own nature and condition an island of magnificent scen-
ery. The house on that top-hill was built downward as the
hill from time to time was depressed, until it became a three-
storied building. It was finally removed. Near it was a
higher hill, called Bunker’s Hill, from whence the view was
also grand.

“ From the latter hill might be seen also Judge Benson’s
country site, where now is Bleecker, near Carmine Street;
the house is still standing (1857). His place bounded on the
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Minetta Brook, a stream that flowed from above and through
a part of Potter’s Field, now Washington’s Square, passed
down by Judge Benson’s place and separated it from Sand
Field, called Sandy Hill, and thence passed westerly by the
north of Richmond Hill, opposite to which it expanded into
a large pond; then at where now is Varick Street it con-
tracted into a narrow brook, from which it fell off to a salt
meadow and found its way to the North River. Greenwich
was separated by this brook from the city. The scenery here
was beautiful. From the top of Richmond Hill an enticing
prospect was presented. On the south the woods and dells
and winding road from the lands of Lispenard, through the
valley where was Borrowson’s, and on the north and west
the plains of Greenwich Village made up a rich picture to
gaze on.”

There was a well at the fort in Bowling Green. which, ac-
cording to tradition, supplied the citizens of the infant colony,
as well as the garrison of the fort, and whose surplus waters
found their way into a little brook on the present line of
Beaver Street, and aided in extending or preserving the
marshy section in Broad Street, then called Blommaert’s Val-
ley. Near the well a hillside ran down to the water at the
" present Battery, and this contour justly permits the inference
that the well was supplied from the immediate water-shed.

Amongst the ancient waterways and springs the reverent
chronicles of old conditions finds that a rivulet hidden in foli-
age came tumbling down the rocks on the present line of Gold
Street, fed by a never-failing spring on the south side of John
Street, near Gold.

We are told in “ Recollections of an Old Citizen” that in
1795, on both sides of Broadway as far as the eye could reach
north, hills full fifty feet high occupied the ground. It was
then a common country road, unpaved and walled in by high
clay banks crossing Canal Street by a stone bridge.

The present Chatham Street formed the descent of the
high hill known as Catimuts Hill (probably an Indian name)
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to the Fresh Water brook that ran from Collect Pond to the
East River, and this hillside was so steep that in order to
avoid the abrupt declivity another road of easier grade was
formed “diverging from the main road (the Bowery Boston
road) eastward, about on the present line of Duane and Rose
Streets to the junction with Pearl Street.”

Old Harlem Creek once wound its tortuous way through
Harlem, when that populous section was thinly settled and an
outlying village of New York. The creek flowed out of
Goldfish Pond, which occupied a basin between Lenox and
7th Avenues. and 117th and 119th Streets, At 110th Street
it crossed the fields to 5th Avenue, and poured into the Har-
lem Meer, filling a bowl at 110th Street, which is now a por-
tion of Central Park.

McGowan’s Creek was also in this neighborhood, flowing
apparently in 106th Street across to 5th Avenue, and formerly
(fifty or sixty years ago) crossed by a bridge at 3d Avenue
and 106th Street.

The threaded and inundated character of the old shores, now
filled in and occupied with bulk-heads, is shown by this extract
from Dr. John Flavel Mines (Felix Oldboy) : “ Manhattan
Island was the name given to a high knoll of ground on the
East River, above the foot of Rivington Street, containing
about an acre of land, surrounded by creeks and salt-marsh,
and at high tide partly covered with sea-water. . . . Just
north of Manhattan Island a natural creek ran up through the
center of the present Tompkins Square to the vicinity of 1st
Avenue.” Here was Burnt Mill Point, to reach which several
creeks were crossed on small wooden bridges, and the bridges
themselves “ were attainable only after a decidedly moist
tramp through soggy meadows and salt-marshes.”

ROCKS OF MANHATTAN ISLAND

We have seen that the first topographical section of Man-
hattan Island, that generally south of 23d Street, is a drift
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area, and that the crystalline rocks underlying it are not met
at the surface, and that their nature and contents must be de-
termined elsewhere. It is in the second section, or that por-
tion of the island generally south of 110th Street, where all
the rocks of the island, with the exception of the Kingsbridge
limestone, are typically shown, and which we are now to
consider,

In this section we find that while drift is a prevalent surface
formation, the underlying rock is also seen, and has formed
numerous and high ridges before it was leveled by municipal
requirements. This rock is Gneiss, the omnipresent rock of
the island showing varieties and contrasts in appearance, and
carrying within it associated rocks, bearing a wide range of
minerals, and exhibiting the singular effects of compression in
its folds and plications.

The term “ Gneiss ” embraces an extension of applications
to many mineralogically varied rocks, in all of which, how-
ever, the stratified—layer like—character is conspicuous. The
teacher taking up a large, smoothed fragment of gneiss, or
mica-schist rock, or noting its appearance in any broad ex-
posure, will be struck at once by the lined or banded structure,
It presents a streaked appearance, and this leaf-like arrange-
" ment of the minerals, their juxtaposition, as it were, in sheets,
is its character. So that the word gneiss initially indicates
structure, which is further revealed in its schistosity, the prop-
erty of splitting in slabs or plates.

With this generalized application the gneissoid rocks on
Manhattan Island may be grouped conveniently thus: Gneiss
(proper), Mica-schist, Hornblende gneiss, and Hornblende
schist, with a gneissoid intermixture of limestone and mica,
mentioned below.

Gneiss, as found on Manhattan Island in most cases, is a
laminated granite usually, in its mica-schist section, having a
larger percentage of mica than granite, a smaller percentage
of feldspar, and quartz in about equal amounts, grading again
into a very quartzose or feldspathic rock, with the mica sen-
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sibly diminished. Its components are mica, quartz and feld-
spar. The mica may be the potash mica—muscovite—or the
magnesium iron mica—biotite or phlogopite; lepidomelane—
iron mica—and lepidolite, lithia mica, may and do enter into
the composition of gneisses elsewhere, but not on Manhattan
Island. Gneiss constitutes, with mica-schist, the larger part
of Manhattan Island; in fact, forms practically its entire mass,
the exceptional constituents of granite, limestone and serpen-
tine aggregating less than one per cent. of the whole super-
ficial extent, disregarding entirely the drift division.

THE GNEISS (PRrOPER)

As already defined gneiss consists of mica, feldspar (usually
orthoclase), and quartz. Its characteristic structure is evident
wherever seen. It, however, fails to preserve a uniform com-
position. It becomes in many places a mica-schist, and it
grades in the limestone areas into a calcareous schist, wherein
the mica is largely intermixed with limestone, while it holds,
closely interbanded with itself, granite strips which maintain
the bedding of the gneiss, but are readily separated by their
white appearance and the irregular arrangement of their com-
ponents, the same as those of the gneiss, viz., quartz, mica and
feldspar. Besides these changes in nature it alternates in
places with hornblende-schist and hornblende-gneiss, namely,
rocks composed almost entirely of hornblende, or hornblende
with a slight admixture of feldspar and quartz, and again the
gneiss holds many accidental minerals, which sometimes vary
or completely change its local aspects. Gneiss rocks predom-
inate over the west side of Manhattan Island and graduate
into mica-schists on the east, though no exact demarcation is
observable. They are usually gray to dark, their color vary-
ing with the presence of the black (biotite) mica, and the
percentage of feldspar and granite. In many instances the
gneiss is very quartzose, and solid ribbons of spar quartz
alternate with narrow strips of mica.
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Crass DirectioNs.—The teacher should take into the class-
room some characteristic example of this rock, explain its com-
position and structure to the class, call the attention of the pupils
to its different constituents, the flakes of mica lying in one way,
like scales laid down in order on one another, the gray granules
of quartz and the white particles of feldspar gathered some-
what by themselves in lines; then crushing the fragments under
a2 hammer, let her separate the different minerals into piles, re-
vealing their mutual ratio, and objectively demonstrating that
the rock is a MIXTURE of these separate minerals, Let her ac-
cent the difference of the two micas—muscovite and biotite—
the former a silicate of alumina and potash with water, and light
in color, the latter a silicate of alumina, magnesia, iron and pot-
ash with water, and dark in color; let her note the relative hard-
ness of all the minerals in the gniess, the soft micas, the harder
feldspar, and the very hard quartz.

It is to be observed that the gneiss is regarded here as including
rock varieties which Professor Kemp has termed mica schist, viz.,
the very micaceous beds in which a granular cement of quartz
and feldspar occurs, interleaved with. or penetrating the mica.
The harder gray and dark gneiss is less commonly seen, perhaps,
than the more micaceous gneisses, which become mica schist upon
the almost complete disappearance of the feldspar and quartz.
The gneiss thus presents greatly contrasted conditions, and they
are generally dependent on the greater or less development of

mica.
" Some excellent exposures of gneiss and its mutations are to be
found in the Transverse Road across Central Park at 79th Street;
at the entrance to the Park from 8th Avenue at 106th Street;
along the bluffs at 110th Street and the Cathedral site; in the
blocks of rock left standing near Central Bridge, where there
is much variegation of color; in the ridge culminating in Wash-
ington Heights, along the Convent grounds, and beyond, while in
cellar and water pipe excavations above 42d Street it was often
seen to a great advantage, its almost vertical sheets cleaving off
in huge plates being admirably shown. Sites also in West g3d
Street, West 123d Street, and between 5th and 4th Avenues at
120th Street, Harlem, can be profitably studied. This gneiss
underlies all the island to its extreme southern point. Cozzens
(1843) mentions its occurrence on the surface of the Battery,
also at the east end of 14th Street, while in Bleecker Street a
boring for water passed through five hundred feet of gneiss early
in the century. This same formation extends below the mud
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deposits of the bay, crops up in Governor’s Island, underlies
Long Island and Staten Island, and reaches westward and east-
ward as the earliest and basal geological formation, though again
itself underlaid by older rock to the north. An attempt has been
made by Dr. Merrill, formerly of the State Survey, to separate
the gneiss of Manhattan Island from those similar rocks at Yon-
kers and Fordham, a demarcation alluded to in another section
of this paper.

MICA-SCHIST

The mica-schist on the island, if it were understood to in-
clude the very micaceous beds of gneiss, would be almost more
abundant than the gray, harder gneiss. Where characteris-
tically shown, it is a rock, made up of mica plates, usually
larger than the scales of mica in the gneiss, the plates com-
pacted and interruptedly imbricating (shingle-like), forming
a mica rock quite cleavable and almost entirely composed of
this one mineral.

There is a natural difficulty felt in determining the mica
schist and the gneiss, at the point where they grade into each
other, and become indeterminately confused. The typical
gneiss is a harder gray to white compact rock, showing lin-
ings containing considerable quartz and feldspar, with the mica
reduced to specks. As the mica increases in quantity the rock
becomes softer, more schistose, or cleavable, and the quartz
and feldspar diminish, dwindling down almost to extinction,
when the term mica-schist becomes applicable.

Unless cut through, neither gneiss nor mica-schist displays
its structure, weathering only into rusty-brown surfaces,
usually splendent with mica, when mica is predominant, or
dull gray-streaked slopes, when the feldspar and quartz reach
a more normal development. Both mica-schist and the mica-
ceous gneiss easily retain water, and undergo a disintegration
which completely breaks down their coherence, so that while
retaining their original relations the components crumble with
the slightest pressure. This necessitates their extensive re-
moval for considerable depths, when built upon, in order to
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reach the unchanged rock, as in the case of the Astoria Hotel,
whose foundations penetrate thirty-five feet into the gneiss,
and the river piers of the Harlem Bridge, which rest upon
layers of rock forty-five feet below their first surface,
Professor Kemp has remarked the tendency of the gneiss
“to break up into large, irregular rhombohedra, or inclined
prisms,” producing a “ step”” structure, and instances the north
end of 10th Avenue and the foot (east) of soth Street. The
very micaceous gneiss which, in some nomenclature, passes
for mica-schist can be seen at a number of exposures on the
east side, beginning at the East River Park, 86th Street and
East End Avenue, where granite veins are present. From this
point southward, at 8oth Street, with granite veins on the
river’s edge with drift trap boulders; at 77th and 75th Streets
and the river; at 73d Street in a moderately high bluff, east
of Avenue A, and rather more micaceous, with fewer granite
veins. It can be easily followed to 7oth Street, and rises on
either side of the Avenue, forming at 59th to 58th Streets
and at 5ist and soth Streets, the steep wall of the East River
channel, through which the tides surge tempestuously. Op-
posite this last point it can be seen in hummocky islands west
of Blackwell’s Island in the middle of the stream.
It weathers into a black, rusty surface, apparently becoming
covered with a ferruginous (iron) exudation.

DIVISIONS OF THE GNEISS

Dr. Frederick J. H. Merrill, State Geologist of New York,
has separated the gneiss areas in and north of Manhattan
Island into three broad divisions, which are made referable
to stratigraphical and lithological distinctions; that is, the di-
visions are due to a difference in age and origin. These dis-
tinctions have been worked out by their author with such skill
and learning that no complete understanding of New York’s
local geology can be acquired without their mention, though
in all respects they do not yet seem established.

These divisions of the gneiss areas embrace, first, the Ford-
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ham gneiss, so named from the place where it i3 prominently
developed. Near Fordham it is a gray, narrow-banded and
rather dense gneiss, at times very quartzose and again plenti-
fully leaved with biotite mica, and containing the feldspars
microcline, orthoclase and oligoclase. Amongst accessory
minerals Merrill notices zircon, apatite, titanite, and mag-
netite; garnet, and occasionally constituent hornblende.

This Fordham gneiss stretches from Yonkers southward to
Spuyten Duyvil, and forms the ridges west of the Bronx.
South of Spuyten Duyvil it disappears on Manhattan Island,
presumably pitching under the higher, more loosely constructed
mica-schists. It appears, however, south of Fordham on Man-
hattan Island in the hill (now rapidly disappearing) which
borders 7th Avenue at 155th Street. An eastern fork “dis~
appears beneath the dolomite in Morrisania, but reappears near
the Bronx Kills in Mott Haven, where it forms a low, anti-
clinal ridge interrupted by the kills. It was represented on
Manhattan Island by a few outcrops below high-water mark
at the foot of East 122d Street, which are now removed. Some
narrow anticlinal ridges of Fordham gneiss are seen on the
islands in the East River, notably Blackwell’s, Ward’s, North
Brother, and South Brother, and it is the only laminated crys-
talline rock at present exposed on Long Island. There it may
be seen near the court house in Long Island City and also
along the shore of the East River from Ravenswood to Law-
rence Point. It is also found in deep well borings on north-
western Long Island, where it is the subterrane.”

The second division of the gneiss areas embraces the Man-
hattan (or Hudson) schist or the gneissoid and schistose rocks
forming the surface and underlying the surficial drift of New
York Island (Manhattan Island), and seen at Port Morris
and on Randall’s and Ward’s Islands also. Merrill says:
“The Hudson schist is more persistently micaceous, while
the Fordham gneiss is more quartzose and more uniformly
bounded. The foliation of the Hudson is also usually more
crumpled than that of the Fordham.” This is obviously true,
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as an observer can determine, but regions of the Manhattan
schist conform (as Merrill admits) very closely to the Ford-
ham rock in physical appearance. Merrill separates, as is
pointed out later, these two contrasted beds into chronologi-
cally widely removed geological ages. (See p. 89.)

The third division of the gneiss embraces the Yonkers
gneiss, not visible on New York Island nor seen within the
limits of the greater city. It is typically developed at Yon-
kers and is a hard and quartzitic rock, with biotite (mica),
hornblende, garnet, zircon, titanite, and apatite. The rock
is foliated. Merrill regards it as an intrusive rock, that is,
igneous in its origin, or more simply a softened or pasty lava-
like flow, which has entered extensively the Fordham gneiss
with which it is associated. '

A rock also associated with the Fordham gneiss is the
Lowerre Quartzite which appears at Lowerre, Bronxville,
and Morris Heights, and which may have considerable sig-
nificance. It is called the Poughquag Quartzite by Merrill.
It is a hard, very siliceous rock, thin bedded in most of its
exposures, white to brown in color. Dr. Merrill considers
this rock the analogue of a Cambrian Sandstone, and regards it
as the base of the sedimentary metamorphosed series of rocks

on Manhattan Island. Overlying it is the Inwood Limestone
" (Stockbridge Dolomite), and underlying it is the Fordham
gneiss, which the same authority regards as pre-Cambrian or
Archzan (see page 89). These distinctions and the geological
sequence of the New York Island rocks are reviewed in an-
other section.

The universal presence of gneiss (or mica-schist) over
Manhattan Island, its great depth, and the varying nature of
its contents have been clearly demonstrated in the excavations
made for the Rapid Transit Subway. The broad slabs of
shining micaceous schist exposed in the pits at 42d Street
and 4th Avenue and Broadway were very instructive, and
their position, in vertical sheets, showing the steep dip of the
bedded rock equally so. (Fig. 4.)
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The very micaceous rock, which might not be considered as
quite typical, from West 125th Street, near Riverside Drive,
has been called by Dr. Julien a “ schistose biotite-gneiss,” and
was described by Professor J. P. Iddings as having a structure
“caused by flakes of mica grouped in lines curving about
larger crystals of feldspar and quartz. It was made up of
biotite, quartz, and feldspar, all allotriomorphic (which means
crystallization in coarse-grained rocks where the component
mineral crystals have irregular forms imposed upon them by
adjacent minerals), with a small amount of muscovite, apatite,
and zircon. The quartz grains are irregular, but the smaller
are often rounded. The feldspar is chiefly oligoclase, with a
little orthoclase.”

Dr. A. A. Julien, examining a specimen of almost identical
rock at 118th Street, found under the microscope that it was
composed of “closely fitting grains of colorless quartz and
feldspar.” These two minerals formed about 65 per cent. of
the whole volume of the rock, and of these the quartz made
up 40 per cent., being angular and clear, inclosing a few bits,
scales, of hematite, biotite, brown zircon, needles of fibrolite
and minute fluid cavities. The feldspar displays polysynthetic
twinning. Biotite mica (magnesian mica) occurs to the
amount of 18 per cent., in reddish-brown plates. Muscovite
mica (potash mica) makes up about 7 per cent., and is often
or usually inclosed in the biotite. He found also sillimanite,
and fibrolite (almost identical minerals), garnet, zircon, and
hematite. These latter are in minute quantities imbedded and
mingled in the interstices and in the substance of the quartz
and mica.

Crass DirectioN.—The teacher in crushing a piece of the mica-
schist or gneiss will frequently be able under a glass to separate
out some of these accessory minerals, or at least, under a glass,
show their presence.

In such gneisses or schists, a3 illustrating their characteris-
tic structures, the surfaces of cleavage (schistosity) are well
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marked, by having the longer axes of the grains of quartz
and feldspar, parallel, as also those of the mica and other
minerals.

In passing (and it will be further dwelt upon) it may be
remarked that areas of the gneiss at various points over the
island (Manhattan schist, etc.) have been hardened and ap-
parently converted into more granitic-like masses by an in-
jection of mineralizing material whereby quartz lenses, and
stringers of granite (pegmatite) have been intercalated, and
even perhaps a previous gneissoid mass changed into a granite.
This process, called pegmatization, may have been in part a
phase of refusion of the gneiss itself or the result of the in-
jection of mineral menstrua through the foliation of the mica
rock.

Dr. K. A. Lossen has, indeed, said (Einige Fragen zur
Losung des Problems der krystallinischen Schiefer, etc.) : “ It
is not inconceivable that the pegmatitic aggregates represent,
so to speak, the quintessence of the gneiss, exuded into pri-
mary cracks.”

The schists (mica-schist or the gneiss) of Manhattan Island
vary extremely in texture within a few feet. It is quite
characteristic for the schist to become densely stony or feld-
spathic-siliceous in texture, fine grained and compact, brown
to gray in color, and this in contact with strips of very mica-
ceous schist, which at a short distance again show weathered
surfaces roughened with projecting garnet crystals. Finely
individualized garnet masses are also enclosed in the schists.
Such alterations of structure are frequent in the exposed
ridges of the Ramble in Central Park. The gneiss loses its
prevalent appearance in places and becomes a granite-gneiss,
wherein the stratified or laminated texture changes to an even
mixture of constituents, and resembles a fine-grained granite.
It is instructive to note the weathering and removal of the
gneiss along the faces of its bedding or stratification. Softer
films are destroyed and the harder stand in relief, giving a
moulding-like effect. The gneiss displays jointage,. broad



MANHATTAN ISLAND , 71

faces of it being divided by cracks and rifts into rhomboidal
blocks. This can be seen conveniently in the hillock of gneiss
bordering the path leading out from the cave in the Central
Park Ramble. :

In this connexion the so-called Poughquag quartzite, al-
though a gneissic sandstone, but containing mica; and afford-
ing a somewhat schistose structure, may be mentioned. It is
characteristically developed with the Yonkers gneiss, and can
be seen in Lowerre in typical condition, It is, however, found
within the limits of the city, at Morris Docks on the Harlem
River. (Fig. 5.) It is referred by F. I. H. Merrill to the
Potsdam sandstone, and therefore represents the Cambrian
formation. (See p. 4.) Where originally described at Yonk-
ers it is white, at the Morris Dock exposure it is seen to be
gray to brown gneissic in structure, indeed, a fine-grained
sandstone, very compact, becoming a quartzite; the schistose
portions are lined in parallel position by black specks of horn-
blende and by mica scales, much of the rock feldspathic and
glistening with mica. Recently the Lowerre Sandstone and
the Poughquag Quartzite have been separated. (Berkey.)

A great deal of stress has lately been laid upon the possible
significance of the biotitic schists of the Manhattan series by
those inclined to give a marked expression of vulcanism to the
latter’s origin, history, and modifications. The larger part
of the mica in the Manhattan rock is muscovite, but there are
well-developed occurrences of biotite in force, which Julien
refers to as “ sheets of glistening black biotite schist or biotitic
gneiss, often garnetiferous.” Biotite is a mica pre-eminently
associated, or rather constitutionally involved, in volcanic rocks
(it is an orthosilicate of potassium, aluminum, iron, and mag-
nesium), and, as Rosenbusch tells us, is “ in the eruptive rocks
one of the oldest secretions, being formed immediately after
the ores, zircons, and apatites, which minerals are frequently
included in the biotite.”” On Manhattan Island much of its
development is assigned by Dr. Julien to an alteration of horn-
blende during shearing, the hornblende itself representing a
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diorite (igneous) intrusive rock. This alteration forms “a
purely biotitic gneiss or schist, or spangled or mottled mica-
ceous gneiss, carrying both black and white micas. The latter
differs from the prevailing gneiss of the Manhattan series,
generally in a somewhat finer texture, greater richness in
micas, and retention of many scales of both micas, which are
Iong and bladed like those of the antecedent hornblende. Ex-
cellent examples were found at East 64th Street, on the East
River; West 85th Street, just east of 10th Avenue; East ggth
and 100th Streets, between Lexington and 4th Avenues; West
108th Street and Riverside Avenue; West 127th Street, near
St. Nicholas Avenue; West 165th Street, on path above and
Speedway; West 1goth Street and Amsterdam Avenue.

“ Through its great plasticity this biotitic or micaceous
gneiss often bends about and incloses the bunches of less al-
tered hornblende gneiss in a manner somewhat resembling a
flow structure. Prominent localities were noted at West
goth Street, between 11th and 12th Avenues; West 92d
Street, near the Hudson River; West 141st Street and 7th
Avenue. At West 58th Street, between gth and 10th Ave-
nues, a group occurred of four thin layers of slaty hornblende
gneiss and one of black biotite gneiss, separated by layers of
micaceous gneiss, At 57th Street, only 200 feet farther south
along the strike, this entire group was represented by a single
thick bed of black biotitic gneiss.”

By anyone accustomed to refer the hornblende intercala-
tions to the metamorphosis of ferro-magnesian sediments it
would seem entirely reasonable that contiguous (in this case
over and underlying) beds would also contain iron and
magnesia, mineralized, when the iron was low and the mag-
nesia high, into biotite,
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GRANITE

Granite is a mixture of feldspar (on Manhattan Island,
orthoclase, microcline [potash feldspar], and oligoclase [lime-
soda feldspar]), mica, and quartz, indiscriminately combined,
though in the fine-grained forms maintaining a fairly even
development.

Crass DirecTIoNs.—Let the teacher take some typical granite,
explain its composition, separate its components, and draw at-
tention to the contrasted arrangement of its parts, as compared
with gneiss or mica-schist. Also secure specimens of varying
coarseness, showing the closer admixture of the minerals in the
fine-grained varieties.

The granite on Manhattan Island reaches in one point a de-
velopment entitling it to rank as a substantial element in the
island construction, and that is on the west side from about
48th Street northward to 55th Street, where a wide bed of it,
now covered with buildings, exists, probably at some past
time attaining considerable elevation. This granite can still
be seen at soth Street and 11th Avenue projecting from the
south side of the street, a few feet west of 11th Avenue.

The granite is of much beauty. It is irresistibly suggested
that such masses as the volume to which this may be referred
were intrusive, as the large and similar veins in the Borough
of the Bronx; that they did not originate, as the smaller can-
formable or cross veins of granite did, from some re-arrange-
ment of the gneiss in fusion, but were actually pushed through
the gneiss beds.

This granite on the Hudson River has been used for build-
ing purposes in the past, and the remarks made by Dr. Gale, in
his report to the State Survey, published in 1839, are of con-
siderable interest, as indicating its development,

He remarks “ that the far greatest quantity of granite was
taken from 44th to 47th Streets, near and on 10th Avenue,
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and that large quantities are put into shape for the Croton
Water-Works”’; “ used also for facings on the line of aque-
duct and for culverts.” It is well known that there were
gneiss quarries on the island, where the gneiss was taken out
for building purposes. The granite here on the west side
was similarly extracted.

Throughout the gneiss rock of the island granite veins oc-
cur, and their relations to the inclosing gneiss is interesting.
They can be readily recognized at some distance as white
bands, and they are of all widths, sometimes thin strips, again
broader zones enlarging into very conspicuous veins, and they
are arranged as parallel inclosures in the gneiss, looking like
white ribbons on a gray or black cloth, and again piercing the
gneiss films and beds at oblique or even right angles. They
vary in grain from a rather fine texture to exceeding coarse
varieties, in which occur broad crystals of mica, large cleavage
plates of orthoclase and abundant quartz. They form the
matrix of many of the most beautiful and striking mineral de-
velopments of the island. Garnet, tourmaline, apatite, beryl,
columbite, menaccanite, are found of rare or unusual size in
these veins, usually central in position. and not along the line
of contact with the neighboring gneiss, while in one or two
exceptional instances the rare minerals monazite, chrysoberyl,
and xenotime have been met with, and their probable mineral
contents yet remain far from exhausted.

The granite veins already suggested are referable in forma-
tion to two classes, those which occur bedded with the gneiss,
preserving a rather complete parallelism with the inclosing
gneiss, and which seem synchronous in origin with it, and -
those which cut across the gneiss layers in various directions,
and seem subsequent in origin to the gneiss itself. The con-
formable veins, viz., those which lie in parallel bedding with
the gneiss, are often flexed and bent with the gneiss sheets
around them, though in such cases the veins are usually nar-
row. They stand in other cases in vertical partitions like
white walls between the separated gneiss beds, and again when
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apparently parallel, if traced down a cliff face, they deflect a
little right or left, impinging unequally on one side or the
other of the gneiss. A striking feature in most of these con-
formable veins is their quite uniform width for long distances.
Many of these veins appear in the glaciated surface of Bronx
Park in the ledges around West Farms. They can be seen
at a number of points in Central Park; one of these of a con-
siderable width, approximately conformable with the mica
rock on either side, is most conspicuous at 106th Street and
8th Avenue in Central Park, where its mica, feldspar, and
quartz are falling away in sand and clay.

The veins which intersect the gneiss are displayed quite gen-
erally where there have been any excavations made, or where
the higher ridges have been blasted away. The grain or
fabric of the granite varies greatly. The big vein in West
93d Street is a very fine-grained form, and Mr. Gilman Stan-
ton has observed that from at least 87th Street to 95th Street
the same constitution prevails in all the granite veins, while
farther north in this same region, near Grant’s Tomb, a gran-
ite vein was highly individualized in its components, slabs of
orthoclase being taken out more than a foot in diameter. One
of the narrow veins in 110th Street shows a border of inter-
locked mica and feldspar, with a vein line of quartz about an
inch and a half wide occupying the exact center of the vein.
‘As mentioned below, the line of contact between the gneiss and
granite is often sharp, but by no means invariably so, the gran-
ite merging and mixing in the gneiss walls on either side.’
The apparent straightness and even width of the veins are also
often deceiving. A closer examination reveals expansions,
undulations, and moderate swellings or constrictions, The
conformable granite veins become mere threads in places, and
in cores taken from deep well borings, as that made under the
Fifth Avenue Hotel, they recurrently appear every few feet or
even inches. The line of contact of the granite with the gneiss
is often sharp, and the edge of the granite with the gneiss
feldspar against the mica—contrasting by its frequently black
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color—of the gneiss. Allied to these granite veins are lenses,
or intercalations of quartz, or quartz and feldspar, or feldspar
alone, which interrupt the surface of the gneiss sometimes in
Iong ribbons, or else pinched out into short lengths. These
interleavings, knuckles, and balls of granite are often exposed
in blasting away the gneiss. They are formed in place, em-
bedded in the schist, and frequently they mottle the surface
with streaks of granite, which merge into quartzose gneiss, as
if it were only a phase of re-arrangement of the gneiss itself.
Their hardness has resisted weathering, and they stand out
like mouldings, and are easily traced by the eye from a con-
siderable distance, as those on the rock slopes of Morningside
Park as seen from Manhattan Avenue.

The second class of granite veins is those which cut across
the mica-schist or gneiss and sometimes are seen intersecting
other granite veins. They are less uniform in width, expand-
ing and contracting and disappearing, in some instances, in
reduced or vanishing strings, suggesting the filling of crevices
or cracks produced by shock. They are often curving rib-
bons, like a drawn-out ringlet, seen on the face of the gneiss.

A cross vein of granite could formerly be seen in West 93d
Street, between the Boulevard and Riverside Drive, trans-

- verse to the foliated gneiss, appearing as a sinuous and quite
even patch of white across the gneiss for a hundred feet, with
an average width of a foot and a half. The cliff is now largely
destroyed on the north side of the street, though the vein on
the south side (Figs. 6 and 7) can yet be descried sharply
angulated or bent at one side.

Another vein was formely visible. running vertically up a
face of gneiss at the entrance of the grounds of the Convent
of the Sacred Heart from 126th Street, a very striking and
impressive example. Again, a third conspicuous vein running
oblique to the gneiss, uniform in width and manifesting some-
thing of a dike-like character, is seen on the Speedway, some
yards from its southern entrance, while others, more conform-
able and wider, are seen below Fort George. The mica leaves



Fig. 6. Riverside Drive and 93d Street, south side, showing granite vein
crossing gneiss beds.

) Fig. 7. Riverside Drive and 93d Street, north side, in process of removal,
showing granite vein crossing quartzose gneiss.
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Fig. 10. Large garnet from vein in West 35th
Street, half diameter.

Fig. 11. Entrance to Central Park at 106th Street, showing decomposing
granite vein in schist.
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are arranged upon its contact (that of the first) with the
gneiss on either side, and quartz and feldspar crowd, in rather
well-developed crystals, its center. This vein resembles an
intrusive dike of igneous rock, the slow cooling of its contents
permitting a coarse development of its crystalline elements,
but the contact line of foliated mica may forbid this as-
sumption. Some of the smaller veins, with their irregular
penetration of the surrounding gneiss, are shown in the ad-

Fig. 8 Granite veins, 77th Street and Tenth Avenue.

joining figures, taken from sections now removed, west of
Amsterdam Avenue, at 78th Street (Figs. 8 and 9).

Striking developments of granite venation (probably dike-
like in origin) can be seen in the rock bluff at the head of 130th
Street and St. Nicholas Avenue.

The feldspar of all the granite veins varies in color from
white to pink orthoclase and a delicate green oligoclase, which
under a low magnifying power displays the straight rulings
of polysynthetic twinning, viz., the striz like the finest lines
produced by the contact of many individual plates of the min-
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eral. Garnets of crystallographic perfection are found at-
tached and inserted in the feldspar of the larger vein, as those
discovered by Mr. Gilman Stanton in 1888 at 62d Street and
the Boulevard, those found by Mr. Niven on Washington
Heights, and the large garnet (Fig. 10) now belonging to
Mr. George F. Kunz, extracted from a vein in West 35th
Street.

Tourmalines are taken out from the quartz of the granite
and, as described in the section on the minerals of the island,
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Fig. 9. Granite vein, 1-3 feet wide, 78th Street, between Tenth and
Ninth Avenues.

|

many other species associated with these more common and
conspicuous types. The discussion of these gneisses and gran-
ite, and their relative ages and the probable age of the complex
or group they constitute, follows in another section.

The weathering and decay of the granite are characteristic,
and can be studied at a number of localities. The feldspar
softens into a white kaolin or clay, through which particles of
quartz appear and undecomposed granules of feldspar. This
is conspicuous at 106th Street, in the face of rock on 8th Ave-
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nue (Fig. 11) within the wall of Central Park; decaying gran-
ite was uncovered in the excavations for the cellar of the
American Museum of Natural History, and capital examples
of the white kaolin surrounding the unaltered orthoclase were
found at 4th Avenue and 77th Street, also at 43d Street and
1st Avenue. Also found at 56 feet below surface at 14 West
32d Street. (A. S. Coffin.)

The granite where it occurs in large developments, as at
48th to 55th Streets and 10th Avenue, has an industrial value
for foundations, but more generally it is a vein stone of no
consequence, a mere geological incident.

Granite beds or sheets, coarse, pegmatitic, are found along
a section on 58th and 59th Streets from gth to 10th Avenues.

In the Pennsylvania Railroad excavation (Figs. 12 and 13)
from 32d to 33d Streets, between 7th and gth Avenues, with
an extension towards 6th Avenue and another westward
from gth to 10oth Avenue, granite was plentifully uncovered,
appearing as a coarse rock (pegmatitic) on 32d Street towards
7th Avenue, and much softened and decomposed, abundantly
in veins in the crumpled and folded gneiss between 7th and 8th
Avenues on 32d Street, developed into a hill (from the level
of the excavation) under 8th Avenue, and somewhat fine-
grained, and extended west of 8th Avenue towards gth on
33d Street, and again seen on gth Avenue and 32d Street.

In the excavations of the Pennsylvania Railroad terminal,
west of gth Avenue, the granite inclusions seemed less relevant
and simple, more confused, sporadic and involved, though the
straight granite walls between the schists were not absent.
About fifty feet east of 10th Avenue on the south side of the
pit there appeared a broad sigmoid of twisted granite (fine-
grained) vein, and the rock about was much crumpled, filled
with strips and lenses of granitic material, rolled up and con-
torted, with their continuity severed or ruptured by squeezing.
The material of some veins resembled a granite gneiss. Again,
faces of the rock on the same side (south), and some four
hundred feet east of 10th Avenue, were streaming with small
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veins, with two rolled masses of granitic matter, like big ker-
nels, towards the upper edge of the cliff, suggesting included
ponds of granite which have been elevated and compressed,
sharing all the vicissitudes of the inclosing schist. There
were, on north and south exposures in this part of the excava-
tion, erect granite sections eight to ten feet wide, conformable
with the schist walls and disappearing into these by a net-
work of invading and parallel veinlets. In the so-called
pegmatized areas quartz inclusions and fine-ruled lines of
quartz and feldspar appear; in fact, an impregnation of
articulating and scattered granitic or