offshore, where it terminates in the

GEOGRAPHY.

General relations.—The Norfolk quadrangle

_embraces the region lying between the parallels

36° 30’ and 37° north latitude and the
meridians 75° 80’ and 76° 30" west lon- :
gitude. It measures approximately 85 miles
from north to south and 56 miles from east to
west, and contains about 1913 square miles, of
which about one-half is ocean and bay and the
other half is land with inlets. In Virginia it
comprises Norfolk, Princess Anne, and small por-
tions of Nansemond, Warwick, and Elizabeth
City counties.
northern margins of Currituck and Camden coun-
ties. The land portion is a low plain extending
to the Atlantic Ocean on the east and to Chesa-

Location of
quadrangle.

peake Bay and James River on the north. It is
deeply invaded by tide water in the channels of.

James, Nansemond, Elizabeth, Lynnhaven, North
Landing, and Northwest rivers, and in Back Bay,
North Bay, and some minor waters. Its fresh-
water streams are small and reach tide water at
no great distance from their sources. The quad-

rangle includes the greater part of the Dismal

Swamp with its central body of water, Lake
Drummond.

Coastal Plain province—The eastern portion

of the Atlantic slope of the United States
embraces two distinct provinces: the Piedmont
Plateau, a region of undulating plains, extending
eastward from the Blue Ridge with gradual
declivity and wunderlain by ancient crystal-
line rocks; and the Coastal Plain, a province
bordering the ocean, deeply invaded by tide-
water estuaries and underlain by gently east-
dipping unconsolidated strata from early Creta-
ceous to latest Pleistocene in age. The Norfolk
quadrangle lies entirely within the Coastal Plain
province.

The Coastal Plain continues its slope eastward
beyond the Atlantic shore line, its eastern margin
lying at a moderate depth at the edge
of the continental plateau, 100 miles

Submarine
extension of
Coastal
Plain.

great continental slope, 3000 to 10,000 feet high.
From the eastern portion of the Piedmont Pla-
teau there extends across the Coastal Plain to
the verge of this slope a very smooth and even
surface, inclining gently southeastward
broken only by the broad, shallow valleys of the
rivers, in the larger of which tide water reaches
as far west as the eastern margin of the crystal-
line rocks of the Piedmont Plateau.

The highest altitudes in the Coastal Pl'ain
province are about 400 feet above sea level;
submarine margm is about 300 feet below sea
level. So gentle is the inclination and so perfect
the unity of the plain that if the land were ele-

vated or depressed 100 or 200 feet the shore line
~would simply be shifted about the same number
- of miles.
~ considered an accident of the present slope and

Thus the position of the coast may be

altitude of the land —indeed, between the mouth

 of Hudson River and Chesapeake Bay the present
“coast does not coincide with the trend of the

province, but cuts obliquely across it, so that,
while only about half the province is submerged

“in- the latitude of Richmond, it i§ nearly all

beneath the ocean in the latitude of New York.
Below tide level the province is an even and
nearly level sea bottom; above tide level it com-

‘prises lowlands of broad, flat terraces which skirt

the coast and the estuaries, and extensive areas of
higher plateau surfaces lylng between the large

valleys and rising gradually westward. The.
principal waterways are broad, shallow estuaries,

flanked sometimes by tidal marshes, sometimes by
low sea cliffs, and demarked from the higher pla-
teau surface by moderately steep slopes. The

~ lesser waterways are commonly estuarine in their

lower reaches, but narrow and steep bluffed in
their upper portions, frequently heading in nar-

In North Carolina it includes the |

and.

DESCRIPTION OF THE NORFOLK QUADRANGLE.

By N. H. Darton.

Tow ravines cut sharply in the extensive plairxs of
the divides.

GEOGRAPHIC DIVISIONS.

Low, level plain—The principal feature of the
Norfolk quadrangle is a very level terrace elevated
from 10 to 20 feet above sea level and intersected
by extensive tide-water areas and a few shallow
valleys of fresh-water streams. Upon this plain
to the westwgrd is the Dismal Swamp, and to the
north and east, along the bay and ocean shores,
there are sand dunes, which have a height of
70 feet at Cape Henry. The general terrace is
part of a low plain which constitutes
the surface of all the Eastern Shore of
Virginia and Maryland. It also forms
a moderately wide margin along the
western shore of Chesapeake Bay,
extends up James River in low terraces as far as
Richmond, and, in the area of the Norfolk quad-
rangle and adjoining region, reaches as far as the
western edge of Nansemond County. .This plain
is traversed by James River and Hampton Roads.
It is crossed transversely by a shallow trough
which is occupied on the north by the estu-
arine channel of Elizabeth River and Southern
Branch, and on the south by North Landing
River. In the middle of the depression, from
North Landing to Great Bridge, there is a swamp,
through which the Albemarle and Chesapeake
Canal has been excavated. .- The plain is trenched
by a number of valleys reaching tide water in
their lower portions. Of these Nansemond River,
‘Western Branch, Eastern Branch, Tanner Creek,
Mason Creek, Little Creek, Lynnhaven River, and
Broad Bay flow to the north into James River or
Chesapeake Bay ; and Northwest River and its little
branches, together with North Landing River,
flow southward into Currituck Sound.

Terrace ex=
tending
along the
Eastern
Shore of
Virginia and
Maryland.

North Bay, separated from the ocean eastward
by a long spit of beach sand. Wide areas of the
terrace level are almost perfectly smooth, without
any undulation perceptible to the eye.

of other varieties.
many small wooded areas which were occupied by

cypress swamp, has been in greater part cleared.
In the vicinity of Virginia Beach and thence to
Cape Henry stumps are now exposed, mainly of
cypress, up to the very margin of the terrace,
which is being eroded directly by the waves of

the ocean. Portions of these plains in the eastern

and northern parts of the ‘quadrangle are fairly .

well drained, owing to the sandy nature of the
soil, but a v]arge area in the southwestern part,
with imperfect drainage, is occupied by the
Dismal Swamp. A sinall detached area of swamp
is known as The Green Sea. ' ,

- Dismal Swamp.—The larger portion of this
great fresh-water morass lies in the Norfolk quad-
rangle. It is an area of moderately elevated,
nearly level land with such 1mperfeet dralnage
that it remains constantly 1nundated\to a slight
depth. The outlines of the swamp area are irregu-
lar, as shown on the map, and usually the limits
are not well defined, the position of the edges of
the wet portion varying with the rainfall and the
presence of the swamp flora. Some marginal
areas which are cleared have ceased to be swampy
except in wet weather. The swamp is heavily

‘wooded and contains extensive canebrakes (see

Illustration sheet, figs. 1 to 4). The swamp, which
slopes gradually upward to the southwest, varies
in altitude from 12 to 22 feet above mean tide
level. Near its center there is a picturesque body
of open water, known as Lake Drum- . .
mond (see Illustration sheet, figs. 5 and mend:

| branch ditch known as the Herrzng Canal.
Knott |

Island is an outlying portion of the terrace level,:
cut off by tide-water inlets which join Currituck
Sound. North of Knott Island lie Back Bay and

It is
thought probable that the entire plain area aside |
from the marsh and swamps was originally a:
forest of shortleaved pine with occasional trees:
This pine forest, together with *

6) This lake is nearly circular in outhne about

24 miles in diameter, and until recently its surface
was slightly over 22 feet above mean tide level,
being the highest portion of the swamp. At one
time its depth was about 15 feet, due in part to
damming of the swamp by the banks of canals.
Now, owing to the deepening of thecanal feeder,
the lake is only about 6 feet deep and the surface
correspondingly lower, which is lower than it is
known' to have ever been before. Its floor is
largely covered with white sand. The lake wateris

light brown in color, due to a considerable amount

of finely divided vegetal matter in suspension. It
is thought to be perfectly wholesome, and as it is

_| famous for its keeping properties, it has been used

extensively for supplying ships for long voyages.
The lake is surrounded by woods, and at some
points cypress trees are found growing in the
water (see fig. 6 on Illustration sheet). The depth
of the water decreases rapidly in the woods adjoin-
1ng the lake, and over the swamp area in general it
is rarely more than 14 feet, except poss1bly in very
wet weather. The average depth is from 1 to 3
inches; but in many portions the average depth is
from 6 to 8 inches. In very dry seasons the
amount diminishes all over the swamp area.
Some marginal portions of the swamp have

‘been drained for farming land, for which the soil

is admirably adapted. The swamp area _ .

known as The Green Sea was originally swampland.
a portion of the main swamp, but the Dismal
Swamp Canal, which traverses the eastern portion
of the area from north to south, has in a measure
drained the intervening region. This canal sus-

| tains the water level and the resulting swamp

conditions to the west, but -has reclaimed from
inundation a zone of considerable width to the
east, an area which is further drained by the
The
swamp flora is characterized by the occurrence of
bald cypress, juniper, black gum, and extenswe
canebrakes.

The swamps lie in-shallow basins in the surface
of the general terrace of the Norfolk region. The
basins are now filled to the general level of the
surrounding country with vegetal accumulations,
which have a maximum thickness of about 20 feet.

In recent excavations for a gate on the feeder

about half a mile east of Lake Drummond there
were exposed 10 feet of peat filled with roots and
tree trunks, lying on 8 feet of clear peat which
merged with the overlying beds, and this in turn
was underlain by fossiliferous sand of late Neo-
cene age.
decreases toward the periphery of the present
swamp area, but so few excavations have been
made along the border zone that the conditions of
thinning are not known. The upper beds of peaty
materials merge gradually into the sands of the
ad;]omlng area, so that no boundary line can be
given. Y

The basin of the Dismal Swamp owes its origin
to an extensive depression in the surface of the
Columbia formation. At -first this
hollow was probably a slough in the
terrace surface. When the Columbla
formation was deposited James River had essen-
tially its present course, but emptied -into open
water some distance northWest of the swamp. Its
main current appears to have built a bar or broad
delta which extended eastward and thus built up

Origin of .
Dismal
Swamp. .

“the terrace plain that lies east and southeast of

Norfolk. Between this delta and the steep slope
at the edge of the highlands which lie a short
distance west of the Norfolk quadrangle there
remained an area of lowland, a slough which was
not built up appreciably by the Columbia deposxts
When the delta was uplifted it became a high
terrace with good drainage conditions, while the
slough became a swamp filled with luxuriant
vegetation, and it has so continued ever since.
At first, when the vegetation was young, relatively
fine-grained peat a,ccumulshzed but as the forest

grew older, roots and trunks were mterml‘zed

' canebrakes.

The thickness of the swamp deposits

with the finer materials, and finally the depression
was filled up to the general level of. the country
by these accumulations. ' It is now so remote from
the larger drainage ways and so choked with cane-
brakes that its drainage is still very imperfect and
the swamp conditions continue over. nearly all the
original basin area. Lake Drummond is.no doubt

‘the remaining portion of an orlgmal center pond,:‘w

probably greatly encroached on:by the forests and
It is probable also that during some
periods the lake was dry for a short tlme Tts
bottom ‘has been raised somewhat by vegetai
accumulations, but probably its water. level has .
just about kept pace with the general rlse of the
swamp ‘surface.

Tide marsh—The widest areas of tlde marsh
are those around Back Bay and at the head of
Currituck Sound. Tide marshes occur in all the
tide-water inlets, but they are generally of limited
extent. Tide marsh extends up North Landing
River to North Landing, and up its branch, West
Neck Creek. On North Landing River it merges
into fresh-water marsh. Tide marsh owes its
origin to the growtli of marine vegetation ’atid,"‘
the deposition .of fine silt, its materials being
partly earthy and partly vegetal. Brackish water
is most favorable to its development. It tends to
fill up the tide-water inlets, and to grow out into
sheltered bays, notwithstanding moderate wave
action, and eventually to constrict the bays. to
tidal channels It advances along lines where the
waves are least violent and makes rapid progress
behind sand spits and other similar protections
which break the force of the wind. The plants
in the marsh grow so close together ‘that' they

favor the deposition of mud and sand, and their

widely extended roots and stout stems bind the

deposits together - The wide neck :of marsh’ at.
the Causeway is an excellent illustration .of marsh -
growth, it having accumulated here under the lea

of Knott Island. It is probable that Back Bay

and Currituck Sound were once connected by a

strait which has been closed by.this marsh growth,
The marsh is now encroaching upon the bays on

the west side of Back Bay, and it is making rapid

progress in ﬁlhng up the bays and mlets north of
Back Bay.

" Sand dunes. —A]ong the .shores of the ocean
and of Chesapeake Bay there are accumulations
of dune sand of geologically recent ‘
origin. - They - attain their greatest Cl‘:gse:p:g;(‘:ag
prominence on Cape Henry. In this By
region - the sand dunes are generally confined to
a narrow zone near the shore, just out of reach

of ‘high tide; where they occur in groups of

various sizes. The material is loose beach sand
which has been blown back from the beach by

‘the wind.. At some localities the sand has largely

remained in its present place for centuries, but at

‘other places it is blown by the wind at the pres-

ent time. At Cape Henry the dunes attain a
height of 70 feet and extend along the beach as
a high ridge to Lynnhaven Inlet. From this inlet

| to Little Creek, and again from Little Creek to
| beyond Ocean View, there is a nearly continuous

line of dunes’ constituting a narrow ridge from 15

to 25 feet high. The finer material from the
‘dunes is often carried some distance inland by the

winds and merges into the sandy Joam ‘which . 18
derived from the surface of the Columbia forma-
tion. On this account it is not possible to indi-
cate on the map any precise boundary for the
dunesand areas. In the vicinity of Cape Henry

‘the dune sand is advancing inland comparatlvely

rapidly. The tops of a few old cypress trees pro-
ject above the summits and slopes of some of the -
higher dunes near the cape, and in “The Desert,”
an ill-drained forested area behind the dunes, the
sand is accumulating rapldly about the,
tree trunks, “The Desert” has a sur--
face of low dunes, which occur mamly .
in faint rldges apprommately concentrlc to the
pr esent curve of the eoast hne;,of tlre cape T 1§

Ongin nf' o
¢“The

Desert” R




condition indicates a series of physical changes,
beginning with the formation on the terrace level
of low dunes of sand, which was followed by the
advance of forest growth, and this by the reinva-
sion of sand which is gradually killing and bury-
ing the forest.

The sand dunes about Cape Henry were
described a hundred years ago by B. H. Latrobe
(Trans. Am. Philos. Soc., Vol IV, 1799,
pp- 439-444, 1 plate; see also Am. Jour. 533332?2&
Sci, Vol. XL, 1865, pp. 261-264). “

A comparison of his descmptlon with the present
conditions shows how little change there has been
in a century. At that time the dunes were appar-
ently as high as at present and were rapidly
encroaching upon the forests in “The Desert.”
The sand is blown up the steep front of the dune

~ and much of it is carried down the gentler west-

ern slope far into the forest. The line of sand
dunes, it is thought, has caused the imperfect
drainage of the forested area by damming the
water which flows down the slight slope of the
inland terrace toward the ocean. During the first
sixteen years after the establishment of the light-
house at Cape Henry it was estimated that the
dunes had risen about 20 feet in height, and at
one definitely located point, a short distance from
the light-house, had proceeded into the desert
about 850 yards. It was predicted by Mr. Latrobe
more than a hundred years ago that if the dunes
should continue to advance at this rate for twenty
or thirty years they would swallow up the whole
swamp, but it is evident that the rate of accumula-
tion has greatly diminished in later years, for the
dunes do not appear to have progressed much
farther than they were in Mr. Latrobe’s time.

GEOLOGY.
GENERAL SEDIMENTARY RECORD.

The geologic deposits of the Norfolk quadran-
gle comprise sandy loams, sands, clays, marls, peat,
and muck. They are in greater part of sedimen-
tary origin, but some of the sands are eolian, and
the marsh accumulations have been aided and
augmented by plant growth. The general sur-

- face formation is a sheet of sandy loam of no

great thickness. This is underlain by an exten-
sive series of Coastal Plain deposits lying on a
floor of the crystalline rocks which constitute the
surface of the Piedmont region to the west, but
which slope far below sea level in their extension
eastward under the Coastal Plain.

 The rocks of the Coastal Plain consist of broad
sheets of sands, gravels, clays, diatomaceous earth,
marls, and glauconitic sands com- _ ..
prised in a succession of formationg formations.
which dip very gently to the southeast. They
rise above sea level in regular succession westward

and northward, and in the Norfolk region have-

an aggregate thickness over 2300 feet. They

2

outerop in the Norfolk quadrangle are in heavy-
faced type. The lower formations reach the sur-
face farther west in Virginia, except the marine
Cretaceous deposits, the outcrops of which begin
in Maryland. The Pleistocene formations are the
only ones seen at the surface in the Norfolk quad-
rangle, but the Neocene, Eocene, and Cretaceous
formations have been explored considerably by

| well borings.
Classified according to origin, these deposﬂ:s'

of the Coastal Plain may be divided into two
groups: one cmresponds more or less closely with
those formations now in process of depos1t10n in
the estuaries and along the shores in the imme-
diate vicinity; the other corresponds closely to
off-shore sediments known from soundings to be
in process of deposition over the more deeply
submerged portions of the province. In general
the shore and estuarine deposits overlie those of
the second group, and are thus known to be the
younger. They record certain modifications in
geography due to changes i in altitude of the land,
and, moreover, display certain distinctive charac
teristics indicating the climate of the periods
during which they were laid down. The older
formations contain abundant remains of .

marine organisms, preserved as fossils, deposits.

and thus these deposits are records of periods
during which the land stood lower and the sea
consequently extended farther inland than at
present.  The lowest and oldest formation of the
Coastal Plain series, which does not come to the
surface in the Norfolk district, appears to be
devoid of marine fossils, but its ‘beds contain
impressions of leaves, together with lignitized

| wood and other vegetal fossils, as well as the

bones and teeth of dinosaurs. In addition, por-
tions of the deposit are coarse and 1rregular]y
bedded, so that this formation, like the younger
deposits,‘appears to bear record of land conditions
and thus indicates that the land had an altitude
many feet higher than that at present.

From the character of the materials it is known
that the deposits of the Coastal Plain province
were derived from the rocks of the neighboring
interior (Piedmont and Appalachian) provinces.

ARCHEAN PERIOD.

The “bed rock” underlying the Coastal Plain
sediments has been reached by the well at Fort
Mouroe at a depth of 2246 feet. It is a light-
colored rhyolife of very compact texture and
great hardness. In the drilling operation it was
penetrated 8 feet and samples were secured by
which it was identified. Doubtless the same rock
underlies the entlre Norfolk area, sloping gently
eastward.

CRETACEOUS PERIOD.

Potomac formation—The deep borings at Fort
Monroe and the Norfolk waterworks penetrated

Formations, and associated unconformities, underlying the Coastal Plain region of eastern Virginia.

Period. Formation. Character. R Thi"g;‘fs in
; Alluvium, ete........ eeveeveaono. | River silt, peat, muck, beach sand, 0 to 60
. Pleistocene ................ J Unconformity. dune sand, ete. ° v o 7
(Columbia formation............. Sandy loams, sands, and clays........ 10 ‘to 80
Unconformity. ' . .
( Lafayette formation (Pliocene ?)....| Gravel, dra.nge sands, and loams..... . 25 to 40
Neoceney.....oooereeiivunns ! Uncbnf01~mity : - : a .
| Pliocene strata. ........: vveveie....| Marlsand sands......... . 10 to 20
LChesapeake formation (Mmcene) ...| Fine sands, clays, and dlatomaceous 35 to 565
deposits.

; Unconformlty .
Eo’c@ﬂé‘ .................... Pamunkey formation............... Glauconitic sands, marls, and clays...| 80(?) to 800~
{ (Marine deposifs. .........ooveve. Clays and Sands. .........ccoee cennss 0 to 500-
Cretaceous ........... .+...{3 Unconformity. :

' { Potomac formation................. Sands and clays.........: e, 200 to 1800
Great unconformlty
Archean................... Crystalline roeks................... Granites, gneJSses ete........... e

-

range in age from early Cretaceous to late Pleistof

cene. The successive formations are in most cases
separated by unconformities, each representing a
period during which the surface was uplifted
above the sea and sculptured by waves and
streams, so that when each succeeding deposit
was laid down its strata were more or less dis-
cordant with the partially eroded strata of the
preceding period. The formations which under-
lig, the Coastal Plain reglon of eastern Virginia

are shown in the accompanying table; those which-

sands and clays undoﬁbt'ed]y belongi‘ng to the

Potomac formation, which is so extensively

exposed along the upper estuarine portions of
James, Rappahannock, and Potomac rivers in
Virginia. It constitutes the lower members of
the Coastal Plain series, lying on the floor of
granites, gneisses, and other crystalline rocks
of the Piedmont region. In the outcrops in
Virginia it exhibits a maximum thickness of
about 800 feet along Potomac River near Wash-
ington, but it thickens to more than double this

amount to the east, under the Coastal Plain. Tt
is supposed that the top of the Potomac forma-
tion was reached at a depth of 945 feet at Fort
Monroe and 782 feet in the Norfolk waterworks
boring. The deposits penetrated by the well
borings are shown on the Columnar Section sheet.
They are mainly sands of lightgray color and
varying degrees of fineness. The material is

| quartz with occasional grains of other

minerals and flakes of mica. Pebbles Gubréssana
of quartz are of frequent occurrence. §Z’§§f§§lam
Sandy eclays occur in scattered thin
beds, and at various horizons there is a general
admixture of a small amount of clay with the
sand. The clay bed at 1218 feet in the Norfolk
waterworks boring was a tough, variegated red,
gray, and buff clay, strikingly like some of that
exposed in Maryland. When this boring was at
a depth of 1320 feet in the brown-red sand, there
was obtained a specimen of Axogyra, but there is
some uncertainty as to the authenticity of its
occurrence in the formation at this depth. It is
a marine Cretaceous fossil which would not be
expected in the Potomac formation, as it belongs
to a much higher horizon. From the evidence of
leaves, wood, and the character of the
sediments, as observed in the belt of probably
outcrop, the Potomac formation is prob- Fetuarine:
ably an estuarine deposit. There is considerable
uncertainty as to the depth at which the Potomac
formation was entered in the deep well at Fort
Monroe, for the boring operations were conducted
by a method which results in considerable mixing
up of material, and the sands and clays between
800 and 1000 feet were not sufficiently distinctive
in appearance to indicate their age. In the well
sunk at the Chamberlain Hotel, Old Point Comfort,
some years ago, marine Cretaceous fossils were
found to a depth of 845 feet, with the Potomac
formation apparently lying about 100 feet below.
As the top of this formation is indicated with a
fair degree of distinctness at 782 feet in the
Norfolk waterworks boring, there is apparently
a considerable westward slope of the top of the
formation between the two localities. As there
is evidence of considerable unconformity at the
base of the marine Cretaceous sediments, this
feature may be due to an excavation of a shallow
channel on the surface of the Potomac formation
in this vicinity.

Marine Cretaceous formations. ——Ovellymg the
Potomac formation in the Norfolk region are sands

and sandy clays containing abundant fossil shells

of Cretaceous age, specimens of which have been
found in the deep borings. The fossils are the
same as those which characterize the marine Cre-
taceous formations outeropping extensively in New
Jersey and from North Carolina south. In Mary-
land these formations thin out a short distance
south of Washington, and in eastern Virginia they
do not reach the surface at all, but their extension
underground is well established by the evidence
of the deep borings about Norfolk. The evidence,
however, is not sufficient to afford grounds for

| subdividing the deposits so as to apply formation

names to them -

In the Norfolk waterworks well the (/reta eous
shells began to appear at a depth of 715 feet, or
possibly 700 feet, and they were found in great
abundance down to a depth of 775 feet. ' Only
one species was observed, which is a
small Hwogyra, precisely similar in 32;"3.‘1%.
general form to Hwogyra costata, but ing Exogyre.
having a smooth surface or showing only very

| faint crenulations. The shells vary in length from
| 1 inch to 11 inches. The containing material is

a dark sandy clay with sand streaks. It is some-
what micaceous throughout, and appears not
unlike the Matawan formation in Maryland and
Delaware. . A single shell was thought to have

been obtamed at a depth of 1820 feet, but this

was not positively determined. In the well at
Lambert Point, Norfolk, borings at

depths of 563 to 610 'feet yielded inthecre ™
marine Cretaceous fossils, including fageou
Ewog yra costata Say ? and the following additional
species: Astarte octolirata Gabb, Ostrea plumosa
Morton, Gouldia? decemnaria Conrad, Gryphea
vesicularis Lam., Liopistha (Cymella) bella Conrad,
Corbula sp., Modiolus sp., and Bacwlites?  In the
well at Chamberlain Hotel, Old Point Comfort,
fragments of Terebratule harlani Morton were
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obtained when the boring was at a depth of 845
feet, presumably from gravel extending from 840
to 845 feet. It is possible that this fossil came
from a less depth. It was not expected that the
marine Cretaceous would be found here so much
deeper than in the wells at Lambert Point and at
Norfolk waterworks, which are several miles
southeastward. This would indicate a local north-

| westerly dip of the beds. The dark, sandy, mica-

ceous clay reported from 850 to 920 feet in the
Chamberlain well appears to be typical marine
Cretaceous material.

By a comparison of the records of the deep
borings at Fort Monroe, Norfolk, and Lambert
Point, it is believed that the marine Cretaceous
deposits have a thickness of at least 65 feet, and
possibly much more. In the Norfolk waterworks
well, as above shown, the marine fossils have a
range of 80 feet, and a portion of the still lower
micaceous gray sands may also be marine.

EOCENE PERIOD.

Pamunkey formation—In the Norfolk region
this formation is deeply buried, but the deep
boring at the Norfolk waterworks has afforded
a fairly definite conception of its relations. It is
a formation which outcrops extensively along
Potomac, Rappahannock, Mattapony, Pamunkey,
and James rivers in Virginia, toward the western
margin of the Coastal Plain belt. It there lies on
an eroded surface of the Potomac sands, sand-
stones, and clays, and has a thickness of over 150
feet. In the Norfolk waterworks boring it is
much thinner. The only fossils it has yielded in
this boring are foraminifera, of which the follow-
ing were recognized, at the depths stated :

Focene fomm'imjfem Jrom boring at Norfolk waterworks.

685 feet; Nodosaria obliqua L.; Dentalina confluens Reuss;

* Bulimina buchiana d&'0.; Uvigerina pygmea

@’0.; U. tenuistriata Reuss; Rotalia orbicularis
d’0., and R. propinqua Reuss.

695 feet: Nodosaria sp.; Bulimina buchiana d’0.; Cristel-
laria cultrata M.; Truncatulina ha,ldmgern ao0.,
and T. lobatula W & J.

From a depth of 665 feet there was a sample
contalnmg foraminifera, but they give no conclu-
sive evidence as to the age of the formation.
There was found an abundance of Bulimina
buchiana d’0., which is regarded as typical
Eocene, together with ZFotalia orbicularis d’O.,
which is an Eocene form, although also found in
later formations. At 695 feet Bulimina buchiana
d’0. is associated with forms that are more abun-
dant in Cretaceous rocks but that occur in both
older and younger rocks. They are Cristellaria
cultrata M. and Truncatulina haidingerii 40,
both of which are common in the New Jersey
Cretaceous marls. On this account, and because of
a marked change in the character of the deposits,
it is thought probable that the Pamunkey forma-
tion extends only to a depth of 680 feet. It
appears to begin at 640 feet, where the clays sud-
denly become dark colored, sandy, and glauconitic.
The formation is thus limited to 40 feet of dark,
glauconitic sands and sandy clays. The glauconite
is a characteristic constituent in the surface out-
crops to the west. It is a bottlegreen mineral
sprmkled in small grains through the
deposit in sufficient amount to glve a gredsonitl

character=

dark-green tint to the sand. The min- isticof the-
eral is a silicate of iron and potash, a

product of various organisms Whlch live in a
moderately deep sea.

The boring at Lambert Point passed through °
the Pamunkey formation, but the record was not
sufficiently definite for its identification. It is
nearer the surface than was expected, as marine
Cretaceous fossils were obtained at 563 feet. In
the deep well at Fort Monroe it is probable that
the beds from about 610 feet to at least 710 feet,
and possibly those from 710 to 840 feet also, are
Pamunkey in age. The glauconite admixture is -
distinctive, especially when it is associated with .
foraminifera, as it is from 610 to 710 feet. Some
shell fragments were found at a depth of 840 feet
which appear to be Eocene species, but their
identification is mnot established and they may
have been derived from a higher level in the well. -
Sharks’ teeth of Edcene type were found in the

boring from the old well at Fort Monroe between .

580 and 590 feet, but they probably do not repre-
sent the life existing at the time these beds were
deposited. They are probably pebbles from




Eocene rocks inclosed in the overlying Chesapeake
formation, a feature often observed in surface out-
crops of the basal beds of that forma-

tion. It is to be expected that the pescdorbor

cene fossils
Pamunkey formation would be found in the Mio-

to be thicker at Old Point Comfort cene strata:
than at Norfolk, for in its surface outcrops to the

west 1t 1s over 150 feet thick.
NEOOENE PERIOD.

Chesapeake formation (Miocene).—Underlying
the thin mantle of Pleistocene and Pliocene mate-
rials in the Norfolk region there is a.
thick mass of marls and clays of Mio- of Miseene
cene age, known as the Chesapeake for- e
mation. It does not outerop at the surface in the
quadrangle, but it is reached by several wells.
The deep borings at the Norfolk waterworks,
Lambert Point, and Fort Monroe pass entirely
through the formatlon and afford complete sec-
tions of its beds. The materials are mainly shell
marls and light-gray clays, with occasional darker
portions and sandy beds. In the Norfolk water-
works boring the formation appears to have been
entered at a depth of about 70 or 80 feet, and it
extended to 640 feet, a thickness of 565 feet. Its
uppermost beds are 70 feet of gray clays, sandy
clays, and sands, then 110 feet of light-gray clay,
70 feet of darker sandy clays in part of greenish
tint, below which there are light-gray clays ex-
tending from 830 to 640 feet in depth. Many
of the strata yielded fossil shells, of which the
following, found at the depths stated were the
most distinct.

Upper Miocene fossils from boring at Norfolk waterworks.

75 feet: Pecten jeffersonius Say, P. clintonius Say, Tur-
ritella alticosta Conrad, Rangia cuneata Conrad.
85 feet: Rangia cuneata Conrad.

105 feet: Abra @qualis Say, Pecten jeffersonius Say, P.
madisonius Say, Yoldia levis Say, Turritella alti-
costa Conrad, Cadulus thallus Conrad, Solen.

115 feet: Rangia cuneata Conrad, Ostrea virginica Gmel.,
Yoldia levis Say, Drillia limatula, Turritella alti-
costa Conrad, Rangia clathrodonta Conrad.

125 feet: Leda acuta Conrad, Turritella altlcosta Conrad,
Cadulus thallus Conrad.

185 feet: Yoldia kevis Say, Cadulus thallus Conrad.

175 feet: Pecten eboreus Say.

185 feet: Pecten clintonius Say.

825 feet: Cardium islandicum Chemnitz (‘I)

845 feet: Mulinia lateralis Say. i

365 feet: Pecten eboreus Conrad.

The fossils listed above indicate upper Miocene
age. - Llangia cuneate has never before been
reported from beds as old as these. . -
From the lower borings less distinctive gfe4sbedin
remains are obtained. Diatoms with ™°*"*
sponge spicules and foraminifera occur from 580
to 625 feet, notably at 585 and 605 feet, where
they are very abundant. The proportion of dia-

~toms is hardly sufficient to entitle the material to

be classed as an infusorial earth. They are the
same species as those which occur in the lower
Chesapeake beds outeropping at Richmond, Va.,
and other points along the western zone of out-
crop of the formation.
in various strata between 855 and 505 feet.
Foraminifera are present in considerable abun-
dance and variety at a depth of 645 feet, includ-
ing Bulimina elongates d'0., Uvigerina pygmea
d’0., U. tenuistriata Reuss, Rotalia soldanvi d0.,
Nonionina scapha F. & M., and N. boueana d’O.

The Lambert Point bormg passed through the

V»Chesapeake formation, affording the section given

on the Columnar Section sheet. Unfortunately
it was mainly the sandy constituents of the wash-

ings that were saved, so that the beds appear to

be predominantly sandy and no close comparison
can be made with the Norfolk waterworks bor-
ing. The only Chesapeake fossils obtained were

between 235 and 264 feet. They included Perna
mawillate Lam. and Pecten jeffersonius Say.

Foraminifera, echinus spines, and sponge spicules
occurred from 17 to 563 feet. As Cretaceous
fossils occur at 568 feet in this boring, and the
Pamunkey formation is probably represented, the
Chesapeake beds are here much thinner than in
the other borings, the thick diatomaceous bed is
absent, and, if the data are authentic, the base of
the formation rises rapidly westward from the
Norfolk waterworks boring, where it is at a depth
of about 640 feet.

At Fort Monroe the Chesapeake formation
extends from 40 to about 590 feet. Dosinia
acetabulum Conrad and Pecten madisonius Say

Norfolk. )
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Sponge spicules occur

were reported at a depth of 50 feet in the new
well. In the old well. other distinctive Miocene
shells were abtained at intervals to 400 feet, and
diatoms in abundance at 558 feet. Between 580
and 590 feet sharke’ teeth were obtained, which
were either deposited as pebbles in’ the basal
Chesapeake bed or occurred in place in the under-
lying Pamunkey formation.

The following fossils have been reported from
the Chesapeake formation in the new well at Fort
Monroe at depths of 50 to 100 feet, the larger
number coming from about 50 feet:

‘ Miocene fossils from Fort Monroe well.

Columbella (Anachis) sp % Dosinia acetubulum Conrad.
Cadulus thallus Conrad. Pecten sp ?

Dentalium attenuatum Say. Pecten madisonius Say.
Eulima sp ? Pecten jeffersonius Say.
Olivellasp ? Glyeymeris subovatus.
Seala multistriata Say. Tellina declivis Say.
Turbonilla. Ostrea subreflexa.
Turritella alticosta Conrad Lucina crenulata Conrad.
Nassa acuta Say. Yoldia limatula Say.
Ptychosalpinx altilis Conrad. Crepidula sp ?
Venericardia granulata Say. Crepidula fornicata Say.
Cardium laqueatum Conrad. Crepidula costata Say.
Corbula sp ? Venus mercenaria Linne.
Corbula inequalis Say. Astarte undulata Say.
Meretrix sayana Conrad. Balanus proteus.

M. convexa Say.

The clays are richly diatomaceous between the

depths of 530 and 560 feet, and among the fossil
forms are those which characterize the great bed
of diatomaceous earth in the  Chesapeake forma-
tion underlying the Coastal Plain through New
Jersey, Delaware, Maryland, Virginia, and south-
ward. With the base of the Chesapeake forma-
tion at 580 feet at Fort Monroe and at 640 feet
at the Norfolk waterworks, 11 miles south-south-
east, a dip of about 64 feet per mile is indicated,
and apparently about the same dip is indicated
by the diatom beds.

Pliocene strata—dJust beneath the covering of
Columbia and alluvial formations in the Norfolk
region there is a thin layer of marls and sands of
Pliocene age. They do not outcrop at the surface,
but are reached by many wells and . =
have been uncovered in places by the XBgedin
excavations for the canals. In most “**™*
localities they contain large numbers of shells,
many identical with living or relatively recent
forms, with others of late Neocene age intermixed
with them. These deposits were extensively
exposed by the Dismal Swamp Canal excavations,
notably at three points: one on the main canal, 4
miles south of Wallaceton, another on the feeder
from Lake Drummond, about halfway between
the lake and the main canal, and the other on the
main canal in the vicinity of Lilly, N. C. Accord-
ing to L. Woolman (Proc. Phila. Acad. Nat. Sci.
for 1898, p. 414), the fossils collected from these
beds are as follows:

Fossils from the Pliocene sirata at Lilly, N. C.

Arca limula Conrad. Ceacum cooperi Smith.
A. plicatura Conrad var, sub- Ostrea virginica Gmel.
lineolata d’0O. Crepidula plana Say.
Corbula contracta Say (nume- Eupleura caudata Say.

‘rous.) Fulgur canaliculatum Say.
Meretrix convexa Say. F. carica Gmel. (numerous).
Mulinia lateralis Say. Nassa trivittata Say (numer-
Nucula proxima Say. ous). ,

Venus mereenaria Linne. Scala lineata Say.

Lucina crenulata Conrad. Turbonilla reticulata Ads.
Olivella nitidula Dillw. Spisula solidissima, Dillw.
Polynices (Neverita) duplicata Tellina tenera Say.

Say.  Ensis directus Conrad.
Tornatina canaliculata 4°0.  Urosalpinx ciriereus Say.
Nassa obsoleta Say. Astrangia ‘danae Agassiz.
Divaricella quadrisuleata d’O. '

-

‘In some of the clays containing these shells
there are also diatoms in abundance, comprising
many species ranging from Miocene to

g . Diatoms
the present, a few never observed in abundantin

. . the Pliocene.
Miocene beds and several which are
supposed to belong to  the Miocene exclusively.

The latter were probably derived from the Chesa-

peake clays exposed in the outcrops to the west

of this region. Similar diatoms are.contained in
the gray clays lying between 25 and 65 feet below
the surface in the Norfolk waterworks boring.
At a depth of 25 feet in this boring occurs Rangia
cuneata Gray, a Recent to Pliocene form. At Great
Bridge Pliocene beds were exposed by the exca-
vations of the Albemarle and Chesapeake Canal,
and yielded a few fossils, and on the Jericho
Canal southeast of Suffolk the same beds yielded
a large number of distinctive Pliocene forms. It
is evident from the widespread occurrence of the
fossils that the entire area of the Norfolk quad-
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rangle is underlain by Pliocene deposits, except
probably the deep channel extending down James
River and out to the ocean through Chesapeake
Bay. This channel undoubtedly cuts into the
underlying Chesapeake formation. Judging by
its fauna, the Pliocene is of about the same age
as the Croatan beds of North Carolina. The
Lafayette formation, of supposed Pliocene age,
shown in the table of formation names, does not
occur in the Norfolk area.

PLEISTOCENE PERIOD.

Columbia formation—The entire land area of
the Norfolk quadrangle is covered by a thin sheet
of loams and sands, called the Colum- . .
bia formation, the surface of which Ioams cover-
constitutes the wide, low plain so char- ™™
acteristic of the region. The formation was laid

down alpng the coast in a belt which, in this |

region, extended back to the base of the highlands
along the west side of the Dismal Swamp. The
precise physical conditions under which it was
deposited are not known, but it covered a flood
plain bordering the sea. The thickness of the
Columbia formation is usually from 20 to 55 feet,
and in the greater part of the area its base is
slightly below tide-water level. The surface on
which it lies is known to be somewhat irregular
or gently rolhng, but the precise configuration of
this surface is not everywhere known. The
Columbia formation is cut through by the
deeper valleys, notably those of James, KEliza-
beth, and Nansemond rivers, Hampton Roads,
‘and Chesapeake Bay. It is being cut away along
the ocean front, where the upper edge often
presents a low cliff extending along the beach,
ordinarily at the level of high tide. The beach
sand is usually banked up against the cliff, and
beach or dune sands completely bury the forma-
tion locally. The lower portion of the formation
extends out under the ocean for a greater or less
distance, and sometimes it is bare of sand in the
zone between high and low tide levels.

Under the surface the Columbia formation pre-

sents a relatively uniform character throughout,

but there are some local variations, and there is
considerable range in thickness. Large bowlders
are occasionally inclosed in the finer material, and
their occurrence can be explained only by the
hypothesis that they were transported by floating
ice. A very instructive series of borings was
made sometime ago by the Norfolk . . -
City Water Department in the region gingsin
east of the city, which passed through ™r™=ti™
the Columbia deposits to the marl of the under-
lying Chesapeake formation. The results are
given in the following sections:

.

Myers farm.

: Feet.
Finesand ......oovviiiuiininenns cunn 1 toll
Loosesand........c.oovivnivinvns onn 11 to18
Sand and sandyelay................. 18 to 50

Gravel with water, lying on marl
which was penetrated to a depth
of 117feet... ..o i, 50 to 52

Feet.

Muek «coovviii i 1 to19
Sand and sandyelay............. ... 19 tob5l1
Red sand....ovvvrneeeenareenineionnn. 51 to 58
Blueclay...ow...oooviiiiiiiiy s 58 to 68
Coarse sand with water...... ... 68 to85%
White sand lying on marl............ ‘852 to 974

Poorhouse tract swamp.

Muek ... 1 to &
Finesand ... «...coovviiiiiins civenans 5 to 9
Sandandelay..............oooiiian 9 to32%
Blue Clay. ..coevvevennaneneenainnn. 32% to 85%
Sandy clay... ..ocoveviriiiiiiniin. 853 to 88%;
Sandand clay........c.ooviiiiiL 385 to 45%
Gravel with water, lying on marl.... 45} -to 51§

Poorhouse tract turnpike.
: Feet.

Sand ......oooiiiiiiiiiii 1 to1l8
Blueclay.........oovvvvinnn. I 18  to 31}
Sandyelay......ooovviiiiiiiiiin, 814 to 842
Loosesand...........i cooviniienn.. 842 to 424

Gravel with water, lying on marl .... 4258 to 50

City property east of city limits.
Feet.

Finesand.............ivciviieinnn. 1 to 9%
Sand and sandy clay. % .... .. SR 9 to44
Small gravel with water, lying on

marl......oooii i 44  to 46}

Babcock farm
Feet

Sand......... N 1 toli}
Loose sand with water............... 11} to 25}
Sand .. ..ot 251 to 80%
Sand, clay, and muek................ 302 to 53
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Lake Lawson.
: Feet.

Yellow clay with gravel streaks...... 1 to10
SBand ....coovviiiiiiiiiiiiiii 10 to 243
Whitesand...............oooo il 243 to 3l
Sandyelay......cocoviiiiiiiiiii 31 to 363
Coarse white sand with water, lying

onmarl ........oiiiiiii 36% to 38

. Feet.

Sand..... ...l 1 to 103

Sand, clay, and marl................. 102 to.40%
Gravel with water, lying on marl
which was penetrated to a depth

of60feet............ouiiii ool 40f to 40%

Feet.

Sand...... .... e 1 to 4
Whitesand. .............oiiiieatn. 4 to13
Sand and clay. ........ PR 18 to2l
Clay and sandy elay.................. 21  to 30}
Sandy clay....... e 301 to 36}
Whitesand................oilL 36% to 38%

Gravel with water, lying on marl..... 38 to44 -

TOPOGRAPHIC DEVELOPMENT.

During the Cretaceous, Eocene, and Neocene
periods this region was the center of deposition
of widely extended sheets of sands, clays, and
marls. The periods of deposition were separated
by intervals during which the strata were brought
to the surface and more or less eroded. The con-
figuration of the land surfaces in these periods of
uplift and degradation is not known, but during
the final stages of the Neocene the uplifted area
had been smoothed to a nearly level plain. In
early Pleistocene time there was an
uplift with perceptible tilting to the landpro-

. . . duced during
eastward, during which wide troughs carly Pleisto-
were excavated in the James River

and the other larger Coastal Plain valleys, and a -

coastal lowland was cut which extends westward
to a line that passes northward from near Suffolk

across the lower ends of the tide-water peninsulas

of eastern Virginia lying west of Chesapeake Bay.
In this process the Lafayette formation was
removed and the underlying formations were
leveled to an approximate plain which in greater

part lies a few feet below the present tide-water
level. - There were next flood-plain conditions,

during which the thin sheet of Colum- Cotumbia
bia formation was laid down over this formation
eroded area, the product being a smooth giing floed-
plain extending from a short distance "™
west of Chesapeake Bay eastward across the bay
and the Eastern Shore and along the James and
other large tide-water valleys. Then followed
uplift, during which the James and other rivers
which have their sources in the higher ,
land to the west, cut their channels ofsiver "

channels in

through the Columbia deposits, and Columbia

. terrace.

Susquehanna River with branches from

the other Coastal Plain rivers excavated the trough

which is now occupied by Chesapeake Bay. At
this stage there were also initiated the small
streams which now lie entirely in the Columbia

plain, such as Elizabeth, Nansemond, Northwest,

North Landing, and Lynnhaven rivers in the
Norfolk region. Small local streams alse isolated
a fragment of terrace in Knott Island. It wasin
this stage of uplift that a channel was cut through
the depression now occupied by the Albemarle
and Chesapeake Canal. The Atlantic Ocean also

cut a sea scarp -on the slope of the Columbia -

terrace, probably several miles east of the present
shore line. Next came the submergence in Whlch
the -deeper depressions were flooded
with tide water, the. Atlantic Ocean 3pgflooding
advanced to the vicinity of the present """
shore line, and the minor drainage ways ceased
their active cutting, in most cases having their
mouths so drowned as greatly to decrease their
grade. “This subsidence is still in progress, but
at a very gradual rate.

Probably in the later stages of the last uplift
and during the early part of the subsidence dune
sands began to accumulate on the beaches along
the shores adjacent to the ocean. Some of the
dunes have continued to rise until now they are
over 70 feet high on Cape Henry. They occupy
a narrow zone along the beach to Willoughby Spit
and are found even on the shore of Elizabeth
River.. Spits also have been built from the main

land, Willoughby Spit and the beach extending

from the southern border of the quadrangle north-
ward to Sand Bridge being conspicuous examples.
Marsh growth has progressed in many parts of the

Submergence
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- nized, the “juniper” or “light? swamp,

inclosed area behind the beach along the sea coast.
These spits show that the prevailing shore currents
are southward along the sea coast and Westward
along Chesapeake Bay.

Greologic processes which are now in progress
and which have continued for sometime during

the submergence are the augmentation of the

sand dunes and spits, growth of the marshes, and
deposition of alluvium, mainly under tide water.

ECONOMIC PRODUCTS.

SOILS.

The soils of the Norfolk quadrangle present

~ considerable diversity in character, varying from

pure sand through sandy loam and clay to swamp
muck. The greater part of the district has a sur-
face covering of Columbia formation, with a soil
consisting malnly of sandy loam. This is the
normal soil of the very fertile truck region which
is extensively cultivated about Norfolk. The
proportion of the organic content of the soil is not
large, but with proper fertilization the soil has
the physical condition most favorable to the
growth of a number of vegetables and fruits.
The local variations in the soils are gradual but
frequent and the differences are preceived less
readily in the soil than in the relative productive-
ness in garden truck. In the extreme eastern
part of the area the soils are more .sandy, owing
in part to coarser materials in the Columbia for-
mation in that direction and to admixture of
blown sand from- the beach. The sands on the
beach and in the sand dunes are nearly barren of
vegetation. The soils of the present swamp areas
are often too carbonaceous for immediate use, but
in some cases this feature has been corrected by
exposure to the weather after the land has been
cleared of trees, drained of water, and ploughed.
These soils are usually rich in plant food and
prove to be highly productive. -

The following are mechanical analyses of typical
truck soils form the vicinity of Norfolk

Truck soils

- made by the Department of Agricult. of Nerfolk.

ure:

Mechawical analyses of truck soils from vicinity of Norfolk.

7 7 ‘gl T omy

B By $4 | Sg
. Constituent. zS 23 o8 S
(Size of grains indicated in milli- =g =g R T WE
meters.) Hz | 8z ] 33%
25 | By | &y | £E=

& = BT e

Per Per Per Per

' cent. cent. cent. cent.
Clay (.005 to .0001) ........ 7.15| 8.40 | 8.88 | 14.35
Fine silt (.01 to .005) ...... 5.90 | 7.83| 4.79 | 8.88
Silt (.05 to. 01).......'...‘... 15.14 | 11.54 | 20.20 | 81.45
Very fine sand (.1t0.05).. | 7.51| 5.71| 6.63 } 10.16
Fine sand (.25 to .1)....... 38.25 | 41.03 | 12.96 | 5.12
Medium fine sand (.§ to ;
B) i 23.27 | 24.04 ) 42.12 | 25.17
Coarsesand (1 t0.5)....... 1.42 | 0.64 | 0.27] 2.67

Organic matter, water, .

1088 . .vvvnevnennenaena.. | 1,86 1.26 1 4.15] 2.20

The first three soils are characteristic of the
lighter varieties. The last is much heavier and
is suited to cabbage and spinach.

The soils of the swamps vary from pure peat
to clayey loam. Two leading varieties are recog-
and the “ black gum” or “dark” swamp, oo
The first is nearly pure peat, consisting of a brown

_ mass of vegetal fragments derived from the juniper
- or white cedar, which is the characteristic tree of

“light” swampy areas. The thickness of the
deposit is often 8 to 10 feet. From 75 to 95 per
cent of the material is organic. "When such land
is cleared and drained the peat cakes and hardens
so that it resembles charred wood. Land of this
sort is practically worthless. The black gum
swamp deposits which have béen laid down in
various portions of the Dismal and other swamps
and which bear a forest of cypress, black: gum,
and red maple, are well adapted to agriculture in
most cases. This soil contains a large amount of
organic matter, which is mainly in its upper por-
tion. 'When it is properly drained and cultivated
the amount of organic matter gradually diminishes,
but it has been found in the drained areas that
after being under cultivation for fifty years the
soil still retains enough organic matter to remain
black in color. The organic matter furnishes
nitrogenous materials to plants, so that the soil is
a rich one, but its disposition to retain moisture
renders it rather slow for the raising of early

4

vegetables. The soils are also notably acid, which
has to be neutralized by repeated applications of
lime. The percentage of clay in the swamp soils

| is large, for the sluggish drainage in the swampy

areas does not bring much sand, and the principal
inorganic sediments are very fine flocculent clayey
materials. This character greatly retards artificial
drainage of the region, so that in reclaim:

- . : Reclamation
ing swamp lands numerous ditches and. of swamp

extensive tiling are necessary. The
recent deepening of the Dismal Swamp Canal has

reduced the general water level through most por-

tions of the large swamp, and in the future this
condition will greatly facilitate reclamation.
There are extensive areas of the swamp which
can be economically drained and which have rich
and lasting soils, and the region has good pros-
pects of being valuable agriculturally in the future.
It is not expected that the soils will be available
for truck farming to the same extent as the dry
plains of the surrounding region, but they will
yield crops of many important staples.

UNDERGROUND WATERS.

Under the greater portion of the area of the
Norfolk quadrangle the coarser basal beds of the
Colunbia. formation contain considerable water,
This is the source of supply of hundreds of shal-
low private wells scattered over the region and
of a portion of the city supplies for Norfolk and
Portsmouth. The water is low in mineral con:
stituents, but contains a moderate amount of
organic matter.
surface contamination, owing to the imperfect
protection afforded by the relatively permeable
sandy loam under which it lies. Where wells are

near sources of pollution they are soon contami- |

nated, and probably throughout the region there
is some seepage of surface water containing
malarial germs, drainage of manured fields, ete.
In sinking wells in this region it is very desirable
to locate them as far as possible from stables, cess-
pools, or ponds of stagnant water.

The present supply for Norfolk is obtained
mainly from ponds east of the city, and, although
a surface water, its quality is fair. The supply is
supplemented by groups of wells driven into the
Columbia formation. Portsmoeuth is supplied by
a series of shallow driven wells. In a series of

test borings made by Norfolk east of the city the
| following results were obtained.

Resulls of test borings made east of waolk.

Rise of water.
Location. ]?v%"gl:gr?o (;E,%;’g;e
surfaces
\ | Feet. | Ft In.
Myers farm............cooeevnnn 50 to 52 | — 7
MTaylor farm ........... e 68 to 853 | + 20}
Poorhouse tract, swamp......., 451 to 51 | + 14
Pooi'house tract, on turnpike... | 42 to 50 | — 2%
 City property......ooevvveie... | 44 to 46} | — 3
Babeock farm.... .........:.... | 882 to 58 | — 6 22
Lake Lawson................... 365 to 88 | —22
Taylor woods............. ... 404 + 6
Drummond woods........ A 38l todd | — 7

-Dee‘p wells in the Norfolk region so far have
not proved successful in obtaining pure water.

“Water is found in greater volume in some of the

deep borings, but it has been rather too salty for
domestic use. The first horizon of this saline
water i3 at a depth of 738 feet in the deep well at
the waterworks east of Norfolk, and at 608 feet
at Lambert Point. Other deeper horizons of saline
waters are at 785, 805, 950, 975, 984, 1038, and
1190 feet in the well east of Norfolk and at 945

feet in the well at the Chamberlain Hotel, Old

Point Comfort. ) .
The boring east of Norfolk was made by the
City Water Department for the purpose of test-

ing the water contents of all the Coastal Plain

formations down to the crystalline rock, or “bed
rock.” It was made at the waterworks at Moore’s
bridges, 5 miles eastmortheast of the
City Hall. The boring was begun gﬁ%l’ollf":t
April 7, 1896, and continued at inter- " o
vals, through 1896, 1897, and 1898, to a depth of
1760 feet without obtaining a flow of fresh water.
The record of this boring is given on the Columnar
Section sheet. The flows were as follows:

At 738 feet, 10 gallons a minute; 785 feet, 85
gallons; 805 feet, 25 gallons; 950 feet 75 gallons

975 feet, 10 gallons; 984 feet, 15 gallons 1088

Unfortunately it is subject to |

feet, 25 gallons; and 1072 feet, 150 gallons. At
1190 feet there was water that did not quite over-
flow, at 1220 and 1227 feet and at several lower
levels small volumes of salt water were found; at
1480 feet there was & large flow of very salt Water,
and at the bottom there appeared to be a strong
flow of water which carried so much sand that it
choked the casing. The well was cased with
12-inch pipe to a depth of 777 feet 7 inches, with
10-inch pipe to 1207 feet 9 inches, with 8inch
pipe to 1538 feet 11 inches, and with 6inch plpe
to 1730 feet.

~ Boring was discontinued on account of a string
of tools having dropped into the well; otherwise
there would have been no difficulty in sinking the
casing much deeper. It is probable that within
the next 600 feet the bed rock would have been
penetrated and that water not too saline for use
would have been found in the coarse sand imme-

‘diately above it. The boring was dynamited at

1070 feet, with the expectation of opening the
pipe to the 150-gallon flow at that depth, but the
operation appears to have failed. The chemical
character of the principal ﬂows from the Norfolk
boring is as follows:

Chemical character of pr mczpal Jlows from Norfolk bori mg
[In gra,ms per Umted States gallon 1

Constituent. 788 feet. | 1,038 feet. | 1,072 feet. |
Chloride of sodium......... 112.83 | 158.83 | 164.10
Carbonate of soda........ o] 08021 e
Carbonate of lime.......... 4.06 |......... e
Total mineral matter....... | 150.86 | 195.12 | 218.08
Organic matter............. |..... ... 40 | 4
Ammonia, free............. .18 .18 17
Ammonia, albuminoid ..... ~.006 .005 .002

The boring at Lambert Point was made several
years ago for the Norfolk and Western Railroad
Company. Its depth is 616 feet and |
its casing, which is a 64nch pipe, Pointwell
extends to a depth of 606 feet. The pipe stands
about 4 feet above the ground and the water rises
19 feet above the outlet. The flow is stated to be
65 gallons a minute. Temperature, about 70°. The
water is bright and clear, but it contains the fol-
lowing large amounts of mineral matters, which
give it a saline taste:

Mineral matler in waler f%m boring at Lambert Point.

Grains per
U.S.

. . gallon.
Chloride of sodium ........... e 28.92
Sulphate of potash .................cooo..0. 1.39 -
Sulphate of 50d8. .. ..cvoereini i 2.1
Bicarbonate of Kme......................... .93
Bicarbonate of magnesia....: e e, ©.T8
Bicarbonate of s0da ... ..v.veuiiiiiiii.... 28.09
Oxide of iron and alumina.... ... ......... .08
Silica...covviiiiiiii i e 50

This flow appears to be from the same bed of the
marine Cretaceous as the one yielding the flow at
788 feet at the Norfolk waterworks boring. The
well record is given on-the Columnar Section sheet.

At Fort Monroe three deep wells have been

bored. The first, in 1864, was sunk in the fort

by the Government to a depth of 907 | Monrce
feet, but yielded only a small quantity we

of sahne water at 599 feet. The second, sunk in
1896 at the Chamberlain Hotel, reachedﬂ a depth
of 945 feet, where a flow was obtained which is
estimated at about 50 gallons a minute and which
rises over 17 feet above the surface, or about 22
feet above tide level. The water is reported as
being slightly saline. The third well was sunk

at the fort by the Government in the early part

of 1902 to a depth of 2254 feet. It passed entirely
through the Potomac formation and entered the
crystalline rocks 8 feet. At depths of 1820 nd
2131 feet water was struck and found to be salty
and of small flow. The water at the lower horizon
rose in the pipe to within 20 feet of the orifice, or
to-a height of 17 feet below tide. Other horizons
of water not tested were struck at depths of 285,
630, 985, 1520, 1630, 1915, and 1945. The well
is cased to the 2181-foot flow and an unsuccessful
effort has been made since its completion to cut
the casing at the untested water levels. The
record of these wells is given on the Columnar
Section sheet. It is thought that the water
horizon at 945 feet in the Chamberlain Hotel well
is the same as that which yields saline water at
1088 feet at the Norfolk waterworks well, 11
miles south-southeast. This would indicate a dip
in that direction of about 9 feet to the mile, but it
is probable that the maximum dip of the water-
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bearing beds is due east, which would make the
dip approximately 20 feet per mile. On an east-
west line passing through Fort Monroe the crys.
talline rock is now known to descend at a rate of -
about 34 feet per mile. '
At Newport News a boring was made several

years ago to a depth of 600 feet and no water was
obtained. This fact and the absence of water at a
similar depth in the Fort Monroe borings indicate
that the higher water horizons at Lambert Point
and Norfolk waterworks do not extend far west.
At Money Point, 5 miles south of Norfolk, a 5-inch
well was sunk to a depth of 562 feet, and furnished
a good supply of slightly ferruginous water which
rose 10 feet above tide level. Itssource of supply
is low in the Chesapeake formation, in sand under
an 8-foot bed of rock. Another well, about half
a mile southwest, was sunk 450 feet and yielded
salt water. '
- At Virginia Beach various attempts have been
made to obtain artesian water, but the bormgs
have not heen sufficiently deep. One well is
stated to have been sunk about 600 feet without
finding water in appreciable amount. A well hav-
ing a depth of 70 feet yielded a moderate supply
of somewhat ferruginous water. '

A well bored to a depth of 147 feet in Norfolk
formerly yielded a fair supply of hard water, but
after the introduction of the city waterworks it
fell into disuse and was finally abandoned.

In the vicinity of Jacksondale and Lynnhaven
wells are reported to be from 12 to 14 feet deep,
through stiff clay and red sandy clay into white

| sand, and have plenty of excellent water. Near

London Bridge, on the ridge east of Lynnhaven
River, the depths vary from 8 to 10 feet. About
Kempsville, in the region at the head of Eastern
Branch of Elizabeth River, the water is generally
brackish or hard in shallow wells. Fairly good

water is obtained from driven wells at a depth of =

80 feet. Owing to some hard stratum at that
depth at Kempsville no deeper driven wells have -
been practicable. Around Thalia an abundant
supply of good water is obtained from wells 12 to
15 feet deep. One at the post-office, 12 feet deep,
furnishes water for 190 head of stock and for
dairy use. The water is in sand under a 2-foot
layer of clay. In the low ridge passing through
Nimmo good water occurs in sand at depths.of 10 -
to 15 feet. At Sigma, nearer the ocean, the wells
are deeper varying from 20 to 25 feet but ‘the

| water is slightly brackish.

About North Landing wells vary from 10 to
14 feet in depth. On the wide, flat area about
Hickory there are numerous wells from 10 to 15
feet deep, all of which obtain good supplies of
excellent water in sand and gravel, in places over-
lain by blue sandy clay. .In the region about

Fentress wells from 10 to 15 feet in depth obtain

satisfactory water supplies. In the vicinity of
Cornland wells are from 8 to 12 feet deep, the

.deeper ones usually furnishing a  satisfactory

volume of water. They pass through about a
foot of dark soil, 3 or 4 feet of clay, and 6 to 8
feet of sand. There are several driven wells 18
to 45 feet deep. Below 12 feet these usually pass -
through black quicksand, which contains very bad
water.. The beds from 25 to 30 feet contain but
little water; from 86 to 45 feet there is sand,
with clear, cool water in abundance, but sllghtly
mineralized. In the settlement of Benefit, east of
Cornland, plenty of water is obtained in wells 10
to 12 feet deep. Farther north, at Grassfield, the
wells are 8 to 10 feet deep on the lower ]ands
but yield poor water. On the higher slopes to
the south wells 12 fo 14 feet deep furnish good
water. -About Gilmerton wells average 8 to 10
feet deep, but a few are sunk from 20 to 80 feet.
On the peninsula north of Norfolk, about I‘anner
Creek, the wells are 8 to 10 feet deep o

It is reported that in the North Carolina por-
tion of the Norfolk quadrangle the wells average
from 10 to 15 feet in depth and obtain plenty of
water for local use. In the vicinity of Lilly,
which is on the reclaimed portlon of the Dismal
Swamp area, the water is not of satlsfactory: '
quality. A well at the post- -office 20 feet deep-

yielded water which had such a brackish taste

that it could not be tsed for household purposes.
The Lake Drummond water is taken from . the
canal and used at this place. '
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