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NEw Bruxswicg, December 22, 1885.

To His Exoellency Leon Abbetl, Governor of the State of New Jersey,
and ez officio President of the Board of Managers of the State
Geological Survey:

S1r—1 have the honor herewith to submit my anoual report as
State Geologist for the year 1885.
With high respect,
Your obedient servant,

GEO. H. COOK,

State Geologist.
(6)
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REPORT.

The Geological Survey hus been continued throughout the year.
The work done in it is pre~ented in this report.

The results of the vear's operations may be properly arranged
under the five following heads:

R
1 L Geocrarane, INcLupiNG (GEODETIC AND TOPOGRAPHIC

SURVEYS.

II. Grorocirar, [SCLUDING STRUCTURAL AND LITHOLOGICAL
(TEOLOGY,

III. EcoxoMic GroLoay, INcLupixg MINING, QUARRYING,
WATER-SUPPLY, DRAINAGE, AGRICULTURE AND
FoRESTRY.

IV. History oF THE (EOLOGICAL SURVEYS OF THE STATE
AsD INprsTRIAL INTERESTS DURING THEIR Pro-
L RESS,

V. MsCELLAXEOTS PAPERS.
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[

GEOGRAPHIC SURVEYS—GEODETIC AND
TOPOGRAPHIC.

-

The work included in this part of the survey has all been done
under the direction of the State Geologist, though the chief part of its
cost has been paid by the United States: the geodetic portion by the
United States Coast and Geodetic Survey, and the topographic by the
United States Geological Survey. The large expenses required for
carrying on such work is far beyond the moderate appropriation made
by our State, and we are fortunate in getting the benefit of these
government surveys, at a time when they can be so well combined
with our own.

GEODETIC SURVEYS.

The United States Geodetic Survey has been conducted in New
Jersey, for several years past, by Prof. Edward A. Bowser, assistant
in United States Coast and Geodetic Survey. The work to be accom-
plished is that of determining with precision the latitudes and longi-
tudes of points in all parts of the State, so that surveys made may be
adjusted around them in their true geographical position. These
points are established on mountain or hill-tops, or on other elevated
ground, so that there may be unobstructed vision from one to another,
The lines joining these points constitute a net-work of triangles which,
when completed, will cover the whole State. The points are at dis-
tances of from ten to thirty miles apart, and in the same triangle are
located so as to make the sides as nearly of the same length as possi-
ble. The reconnaissance for ascertaining and selecting these points is
cxcessively tedious and laborious, on account of the great uniformity
of the surface and the large tracts of wooded country. It requires the
climbing of trees, the erection of signals, and finally the construction
of high and substantial platforms. And when the reconnaissance is
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satisfactorily done, the angles of all the triangles have to be measured,
and the measurements repeated till extreme accuracy is attained. The
angles can only be measured when the air is clear and of nearly uni-
form temperature. Days are frequently spent without a single satis-
factory observation, sometimes whole weeks together. ‘It will then
be understood that such surveys are conducted with extreme slowness.
This of New Jersey has now been going ov, in a rather limited way,
for 11 years, and it will yet require 2 years more for its completion.
The work still to be done is in the counties of Gloucester, Atlantic,
Salem, Cumberland and Cape May.

The small map of the State, facing this page, shows the primary
triangulation points. Those marked with a small triangle have
been occupied, and those marked with a small circle are still to be
occupied. Prof. E. A. Bowser, assistant in the United States Coast and
Geodetic Survey, who is conducting the work in New Jersey, reports
that, during the season, he has occupied and finished the observations
at the Primary Stations Martha (42) and Blangie Place (45), and
has occupied the Primary Station (41) Hammonton and got about
two-thirds through with it. Observations have also been made from
these primaries upon the Tertiary Stations at West Plains, Spring Hill,
Bear Swamp, Jemima Mount, Batsto, Hammonton Church, Indizn
Mills, Atco, West Creek church spire, Lower Bank church spire,
Egg Harbor City church spire, Tuckerton church spire, Port Republic
church spire, Third Hill, Minerva, Bass River, Harrisville factory
cupola staff, Tuckahoe church spire, Estellville, Mays Landing court
house, English Creck, Miry Run, Elwood church spire, Williams-
town church spire, Clayton church spire, Sharps Mount, and Crowley
Town church spire. The reconnaissance has also been continued for
establishing primary stations at Muskee Hill, Fairton and Bridgeton.

TOPOGRAPHIC SURVEY.

The Topographic Survey of the State has been vigorously prose-
cuted during the entire year<and the progress made has been highly
satisfactory. The work done is indicated on the small map of the
State here inserted. The order in which the surveys have been made
has been mainly directed by the progress of the Geodetic Survey, and
its determination of the latitude and longitude of points necessary to
be used in the adjustment of topographic surveys, upon the maps.

NEW JERSEY GEOLOGICAL SURVEY



10 ANNTUAL REPORT OF

The plan pursued in drawing the maps, and locating and dividing
them 5o as to cover the whole State, was given in last year’s report,
and is here reprinted. They are all on a scale of one inch to a mile,
which is 1 to 63,360, and are all to be of the same size, and as
large as they can be conveniently printed on a single sheet of paper.
After a number of trials to ascertain what would best it the irregular
shape of the State, and the geological belts which cross it obliquely,
having regard also tu the location of important centers of population
and business, the plan shown on the accompanying small map of the
State was adopted,

The entire State requires 17 sheets to coverit. FEach sheet is 24x34
inches in size. At first view it will be thought that they overlap each
other and require un extra amount of engraving. The overlapping
1s not more than enough to give room for titles to the maps, and the
engraving s not increased, as the printing is not done from the
engraved stones directly, but from transfers which can be joined
together in any way that may be required.

The numbering of the maps is generally from the north towards
the south, and they arc arranged so that those covering the same geo-
logical formation can be casily grouped together, thus:

Nos. 1, 2, 3 and 4 cover all the Archwan and Paleozoic rocks.

Nos. 2, 3 and 4 cover all the Archwan rocks and all the iron ore dis-
trict of the State.

Nos, 5, 6, 7 and 8 cover the red sandstone formations.

Nos. 8 and 9, with 10, 11 and 12, cover the clay and marl districts of
the State.

Nos. 9, 13, 16 and 17 cover the entire Atlantic shore.

The sheets can be taken separately or the whole together. The
maps are all drawn on the same system of projection so that any two
adjoining ones can be cut, fitted accurately to each other, and made
into a single map, or they can be folded across and put in an atlas of
17224 inches. These, with 2 map of the whole State, on a scale of
five niiles to an inch, and which will go'on the same sized sheet with
the others, will make a complete atlas of New Jersey.

The contour lines are drawn on these maps so as to show every rise
of 20 feet elevation in the hilly portions of the State, and every 10
feet in the more level portions.

Of the work for 1885, Mr. Vermeule reports as follows :

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST, 11

. During the season for field-work the party has numbered from ten
to fourteen. The detail of assistants has been about as follows : two
men to the office, two to setting monuments and running primary lines
of levels, and from eight to ten to the field-work of the topographical
survey proper. This last party has been divided into sub-parties of
two each, one of which prosecuted a survey of roads and reconnais-
sance, the results of which have been embodied in sketch-maps in the
office for the use of the topographers; and the rest have been en-
gaged in leveling and topographical sketching, with those sketch-maps
as a basis. For transit-surveys these sub-partics have nsually been
combined in parties of five or six. I have personally executed the
trigonometrical survey, with temporary assistance secured in the
vicinity of the stations. The present condition of the work is shown
by the small map accompanying this report, At the close of 1884,
the total area surveyed was reported to be 4,438 square miles. Dur-
ing this vear an area of 1,390 square miles has been completed :
making the whole area now surveyed 5,828 square miles, which is
more than three-quarters of the State.

The field of operations this season has been the district covered by
atlas sheets Nos. 8, 12 and 11, the surveys for 8 and 12 being now
completed. In addition to the 1,390 square miles completed, a sur-
vey of the roads, and triangulation in advance of the contouring, has
been extended over 475 square miles, embracing the remainder of
atlas sheet No. 11.

The survey of this district, which is for the most part in a rich
agricultural region, has involved running the traverse over 4,500
miles of roads, and leveling 3,000 miles of secondary lines for the
contours. To ipsure accuracy of the elevations, 571 miles of primary
levels have also been run, Detailed transit surveys of Sandy Hook
and of the Delaware river for 35 miles, have been made, the tele-
meter having been used with continued success for lineal measure-
ments,

In order to furnish a sufficient number of accurately located trigo-
nometrical stations for checking the surveys of details, a tertiary
triangulation has been extended over an area of 1,700 square miles,
to supplement the primary triangulation of the United States Coast and
Geodetic Survey. Fifty-three stations have been located with suffi-
cient accuracy for plotting on the seale of 3 inches to a mile; and
these, together with the 24 stations available from the work of the
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12 ANNUAL REPORT OF

above-mentioned survey, make a total of 77 stations, or an average of
one to 23 square miles, They are, therefore, at an average distance
apart of sbout five miles; somewhat less in the important districts,
and more in country less developed.

PIAOTTING AND ENGRAVING.

During the first four months of the year, the topographers were
engaged in mapping the area <urveyed during the season of 1884,
and when field-work was resumed, May 1st, the total area mapped was
4,438 square miles. OF this area 2,910 square miles were reported
engraved at the close of 1884, and the atlas sheets including this area
had all been published at the beginning of this year. Since May 1st,
the remaining 1,528 «quarc miles have been engraved, and atlas
sheets Nos, 1, 9, 13 and 17 are now ready to go to press. When
they have been printed, the following will present the condition of the
topographical atlas: published sheets Nos. 1, 2,3, 4, 6,7, 9, 13, 16
and 17—10 in all. The surveys for Nos. 8, 12 and half of 11 are
made, and the original maps will be prepared this winter. The
sheets remaining to be surveyed are 5, 10, 14 and 15.

PRIMARY LINES OF LEVELS.

The running of primary lines of levels has formed an important
part of the season’s work. The objects of this work may be stated
as follows: (1) To insure accuracy in the determination of elevations
for topography; (2) To ascertain the exaet elevation of a series of
permanent bench-marks, above mean sea level, by which means any
future elevation or depression of the earth’s crust may be detected and
measured ; (31 To furnish a series of reliable bench-marks throughout
the State for the use of city and railroad surveys and all engineering
purposes, in order that such surveys, by being all referred to a com-
mon datum, may constantly add to the general fund of information
as to the surface of the State, and that the value of the Topographieal
Survey, as an aid to such surveys may be increased by having all
referred to the same datum plane. In order that the above ends may
be served, a statement of the methods used and results attained, in
running these lines, is here in place. The following lines have been

NEW JERSEY GEOLOGICAL SURVEY
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run during the season: No. 1. From Sandy Hook, down the coast,
to Cape May. This line is duplicated, or run over a second time in
reverse direction, throughout. No. 2. From Toms River on line
No. 1, via Whitings to Winslow and returning to Absecon on line
No. 1, making a closed circuit. No. 3. From Winslow to Camden,
returning via Mt. Holly to Whitings on line No. 2; a closed circuit.
No. 4. From Mt. Holly on line No, 3, via Trenton, to Bound Brook,
by way of the Delaware and Raritan canal, to secondary B. M. XTIL
of Geodetic Levels of the United States Coast and Geodetic Survey
(see report of the State (Greologist for 1881), which line of levels runs
across the State from Sandy Hoek to Phillipsburg.

Line No. 1 is the most important and will serve as the initial line
for all of the State south of New Brunswick and Trenton. It was
run with an excellent fifteen-inch Y level of the ordinary pattern
made by W. & L. E. Gurley for engineering purposes ; a New York
rod, with target, was used and read to 0.001 foot. The other lines
were run with another level of the same kind, but with a Philadel-
phia rod, read to 0.01 foot, with the telescope. The average length
of sight was 125 yards, and the leveling was done along railroads, or
level highways, principally, so that the foresights and backsights
could be carefully equalized. The work was stopped only for storms
or very high winds. The average rate of progress was 23.8 miles per
week, no allowance being made for time lost because of storms. In
short, the work was done under the same conditions as ordinary level-
ing for engineering purposes, and with the same instruments. The
following results may serve as a guide to those who wish to make use
of the elevations:

Line No. 1—

First Second Dl

Locality of B, M. Distance. Elevation.  Elevatlon. ference.
Sandy Hook.....veeeee 0.0 miles 9.283 9.283 {000 feet.
West End...cvviciiinins 9.0 ¢ 16.725 16.706 —.020 ¥
Mantoloking ......c...e 266 5.419 538 —.038
Toma River.. ccoaveee 4038 “ 32.694 s2656 2 —088 ¢
Tackerton ..eevveneanes 676 0.697 0626 —OF1 ¥
ADbSECOT s reiaresen 836 ¢ 24.295 24,951 —.044 *°
Qcean VieW...oooveianns 1136 * 17.628 17.677 .04
Cape May...ccooieiinnee 1356 ¢ 6.491 6457 —.03¢ ¢

Line No. 2—Length of closed circuit, 94.6 miles ; error of closure,
0.33 foot.

NEW JERSEY GEOLOGICAL SURVEY
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Line No. 3—Length of closed circuit, 102.5 miles ; error of closure,
0.16 foot,

Line No. 4—ILength of closed circuit, 192.3 miles (including 40.3
of line No. T and 44.5 of United States Coast and Geodetic Survey
tevels); error of ¢losure, 0.14 foot.

On this last cirenit a distance of 148 miles was run, reading entirely
with the telescope to nearest .005 foot, with an error amounting to
0,365 fout.  This was in part a preliminar;' line to line No. 1.

The above discrepancies huve been carefully adjusted in the accom-
panying list of elevations of bench-marks.

For bench-marks small crosses, et on the door or window-sills,
water-tables or coping stones of the more permanent structures of
stone or iron along the route, are used so far as is possible ; but it not
infrequently occurs that a bench-mark is needed where no such struc-
tures exist ; «pecizl monuments are then constructed for the purpose.

The ordinary marks of reference used in surveys may be divided
into two ¢lasses ; First, those which depend for their safety on secrecy,
or the fact of their inconspicuous or hidden position, and valueless
character, o far as ordinary utility goes ; second, those which depend
on their stability and durability, and the protection afforded by those
intelligent members of the neighboring community who understand
their important nses. Experience has shown that the first-class can
hardly be relied on in a populous country. The planting of any kind
of underground mark is sure to excite the curiosity of the ignorant,
and thix curiosity increases with the lapse of time. Hence many such
marks have been found disturbed during the prosecution of the sur-
vey, and if not disturbed the difficulty of finding them is a serious
ome. It was, therefore, decided to adept a monument of the latter class
for the primary bench-marks. The cut on the following page shows one
of these benvh-marks, part in elevation and part in section. A granite
post about 2} fect in length and 8 to 10 inches square is selected, and
# inches of one end is dressed to a cylindrical shape. The end is cut
to a spherical surface, with a radius of 9 inches. Exactly 9 inches
below the summit of this spherical surface a shoulder is cut at the
base of the cvlinder, and just over this shoulder the number of the
monument, the letters N, J. G. 8., and the year of erection are cut,
The remainder of the stone is left rough. Tn setting, a hole is dug
about 4 feet deep and 2 feet square. In the bottom of this a smaller
hele, 9 inches deep, is excavated, and in it is set a glass insulating cap,

NEW JERSEY GEOLOGICAL SURVEY
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VERTICAL SECTION AND ELEVATION 01 BEXNCH-MARK.

such as is used on telegraph poles, with sufficient hydraulic cement
run around it to hold it in place. The elevation of this underground
mark is taken by holding the rod on the convex top of the glass. The
small hole is now filled with ashes, or cinders. The large hole is next
filled with a coarse beton, of broken stone or brick, and hydraulic
cement, to such a height that the stone post, when stood on the beton,
will project six inches above the ground. This stone is then set in
position and beton run in around it to the level of the base of the
cylinder, and gravel three or four inches deep forms a covering for the
cement and completes the filling. When the whole is in place it forms
a monolith weighing about a ton. It is set some time before the eleva-
tion is taken so as to allow shrinkage and settlement to take place,
This sometimes amounts to 0.02 feet. The elevation is then taken by
holding the rod on the exact summit of the monument. Should the
top of the monument be destroyed, then the shoulder, 0.75 feet below,
may be used ; and if this has also disappeared, then the underground
mark of glass will still record the elevation.

Eighteen of these bench-marks have been erected during the season.
They have been located on public property as far as possible, Along
the coast the lots of the United States Life Saving Service were chosen,
and county court-yards also offered a good site.  When such sites can-
not be obtained, the monuments are sgt at the intersections of high-
ways. In such cases they are placed entirely below the surface so as
to be out of the way of vehicles.

When the topographical lines of levels are properly adjusted to

NEW JERSEY GEOLOGICAL SURVEY
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these primary lines it will be possible to furnish bench-marks in every
village in the State, although these will be somewhat less accurate
than those of the primary lines. The bench-marks of the latter lines
will be classed as primary and secondary, while those of the topo-
graphical levels will be tertiary.

A list of bench-marks, with descriptions and elevations, is furnished
herewith,

DESCRIPTIONS AND ELEVATIONY OF BENCH-MARKS.

All elevations are in feet, and refer to mean sea-level at Sandy
Hook, as determined by a series of observations by the United States
Coast and Geodetic Survey, extending from October 21st, 1875, to
October 31st, 1881, in a continuous series. For bench-marks of the
United States Coast and Geodetic Survey, from Sandy Hook to
Phillipshurg, sve Report of the State Geologist for 1881. .

NEW BRUNSWICK—PRIMARY,
Elevation, 70.951 feet.
Elevation of underground mark, 65.700 feet.

This monument (No. 1) is on Rutgers College campus, at a distance
of 35 feet, measured on a perpendicular from the face of the front
wall of the main college building, the perpendicular being erected
from the middle of front entrance door, which door is in the middle
of south side of the building.

NEW BRUNSWICK—SECONDARY,
Elevation, 17.616 feet.

A cross cut on a large coping stone at south end of lock-chamber
and on the east wall of the second, or “deep” lock of the Delaware
and Raritun canal.

FREEHOLD—FPRIMARY.
Elevation, 186.635 feet.

A cross cut 2} inches south of the intersection of the three joints
formed by the three most southerly stones in the south corner of the
large triangular base of the Monmouth Battle-Field Monument, The
cross i3 2} inches south of the north apex of the stone which abuts on
its south sides against the octagonal gun pedestal, which is built at
the south corner of the triangular base.

NEW JERSEY GEOLOGICAL SURVEY
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FREEHOLD—SECONDARY.
Elevation, 175.146 feet.
A cross cut on east end of stone door-sill of the sheriff’s office,

being the most easterly of two doors in the middle of the front of
Monmouth county court-house.

FARMINGDALE—SECONDARY.
Elevation, 71.704 feet.

On most easterly intersection of rails in the frog at crossing of
Freehold and Jamesburg and New Jersey Southern railroads.

MONMOUTH BEACH-—SECONDARY.
Elevation, 10.252 feet.

A cross cut on east end of lower stone step of southern flight at
entrance, forty feet from and in front of Episcopal church, near Life
Saving Station No. 4.

NORTH LONG BRANCH—SECONDARY.
Elevation, 7.262 feet.

On a marble monument, 150 vards north of Charles Van Note’s
blacksmith shop, at east side of Ocean avenue, just north of a low
place in the road.

WEST END—PRIMARY.

Elevation, 12.256 feet.
Elevation of underground mark, 7.574,

This monument (No. 3) is erected according to the description
already given (page 14), but its top is placed even with the surface of
ground.

It is located on the lot of Life Saving Station No. 5, West End,
and is placed at a distance of 10 feet measured perpendicularly from
the middle of the west end of the station building. The line of face
of north abutment of the Ocean avenue hridge over Lake Takanassee
passes 6 feet to south of center of monument, and the magnetic bear-
ing of this line is 8. 75° 30’ E. The monument is 224} feet back
from the line of Ocean avenue,

2
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LLAKE TAKANASSEE BRIDGE—SECONDARY.
Elevation, 16.715.

A cross cut on north end of west wing wall of the northern abut-
naent at the foot of the iron post at end of railing of bridge over Lake
Takanassee ((ireen’s Pond), on Ocean avenue, near Life Saving Station
No. 5, West End,

ASBURY PARK—SECONDARY.

Elevation, 22,184 feet.

On water-table at southwest corner, just over the corner-stone, of
First M. . Church, at corner of Grand and First avenues, Asbury
Park.

OCEAN BEACH—SECONDARY.
Elevation, 20.151 feet.

A cross cut on south end of stone door-sill of front entrance of
briek school-house at Ocean Beach.

SPRING LAKE-—PRIMARY,

Elevation, 18.351 feet.
Flevation of underground mark, 13.978 feet.

This monument (No. 4) is located on the lot of Life Saving Stationr
No. &, Spring Take, on the east side of Ocean avenue, between
Ocean Beach and Spring Lake. At the time of setting the monu-
ment the station building was so located that the northerly edge of
the roof was about on the line of the lot, but the front was about 25
feet on the avenue, The monument was set 27.6 feet back from the
west end of station, and 5 feet south of its south side. It may also
be located as follows: Beginning at the point where the line of south
curb of St. Clair avenue intersects the center line of QOcean fvenue,
and running thence N. 22 15" E., 973 feet along center line of said
avenue to a point in line with south side of station ; thence along the
station, 52.6 feet ; thence at right angles to station, § feet to the monu-
ment,

The monument was set with its top level with the surface of ground,
which was a little higher than the surrounding surface,
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SEA GIRT—SECONDARY.
Elevation, 19.470 feet.

A point of an arrow-head cut in the stone under second pillar of
the piazza at northeast corner of the northern of the two four-story
buildings of the Beach House, Sea Girt.

MANASQUAN—SECONDARY.
Elevation, 21.780 feet.

A cross cut on east end of sand-stone door-sill of the First National
Bank on Main street, just east of entrance to South street.

MANTOLOKING—T'RIMARY.

Elevation, 4.146 feet.
Elevation of underground mark, 0.780 feet,

This monutent (No. 5) is located on the lot of Life Saving Station
No. 11, Mantoloking, on the beach about half a mile south of the
railroad station. It is placed N. 67° E., 2 feet from the southwest
corner of the lot. The location with reference to property line sur-
veys i3 as follows: Beginning at a corner on the salt meadows, which
is 8, 14° W, 281 feet from the point of meadows at east side of mouth
of a small creek, and N. 85° W., 150 feet from head of same creek ;
running thence N. 86° E., 550 feet te the intersection of this line with
the produced west line of above-mentioned lot ; thence N. 22° E., 33}
fect to southwest corner of lot; thence N. 67° K., 2 feet to the monu-
ment.

[This monument is set 3} feet deep, and rests on the old meadow
which underlies the beach at this place. The turf of the meadow was
not disturbed, but an area of cement was spread right upon it. Tt
can scarcely be entirely depended upon, but shrinkage of the new
cement and settlement of stone had only amounted to .014 feet one
month after setting.]

TOMS RIVER—PRIMARY,

Elevation, 30.380 feet.
Elevation of underground mark, 25.400 feet,

This monument (No. 6) is placed in the southwest corner of the
Ocean county court-yard, 3 feet back from the iron front fence and 3

\

NEW JERSEY GEOLOGICAL SURVEY



20 ANNUAL REPORT OF

feet east of west line of lot. Measured parallel with Washington
street, it is 28.75 feet west of the west line of Allen street produced,
72.3 feet west of center line of court-house, and 145 feet west of
southern marble true meridian monument which stands in southeast
corner of the yard. The monument is also distant 69.6 feet south-
westerly from the southwest corner of court-house.

TOMS RIVER—SECONDARY.
Elevation, 32,675 feet.

A cross cut un east end of stone door-sill of main entrance of Ocean
county court-house, Toms River,

WARETOWN—PRIMARY.

Elevation, 12.664 feet.
Elevation of underground mark, 8.429 feet.

This monument (No. 7) is located at the cross-roads at the Hopkins
House, where the center line of the road from Waretown station, New
Jersey Southern Railroad, to the shore of Barnegat bay, intersects the
easterly fence line of the main shore road. It is 86.2 feet from south-
west corner of hotel, 17.7 feet from northeast stone pier under porch
of store, and 20.7 feet from center of willow tree standing just to
southwest of it. Measuring along the produced first course of the
road running by a small graveyard to the bay, the distances are, to
edge of upland, 1,540 feet, to ordinary high-water mark, 2,850 feet.

The top of monument was placed just below the surface of the
road.

WARETOWN—SECONDARY.
Elevation, 20.721 feet.

On center of wouthwest side of large granite (Falkinsburg) monu-
ment, on top of =mall, flat projection of the top base-stone directly
under the polished inscription-face, upon the bottom of which is cut,
“Iied May 10, 1855.” The monument is in the Waretown ceme-
tery, east of main shore road.

BARNEGAT —SECONDARY.
Elevation, 35.764 feet.

A cross cut in east end of lowest flagstone step on south side of the
basement front door of Baptist church.
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TUCKERTON—PRIMARY.

Elevation, 22.632 feet.
Elevation of underground mark, 17.972 feet.

This monument {No. 8) is set in the northwest corner of the Pres-
byterian churchyard, at the corner of Main and Cedar streets, 3.2 feet
back from the front fence, being in line with the south fence line of
Main street, west of Cedar street, and 3 feet east of the east line of
Cedar street. It is 32.9 feet from the northwest corner of the church.

@

LEEDS POINT—PRIMARY.

Elevation, 52.691 feet.
Elevation of underground mark, 48.648 feet.

This monument (No. 9) is located just west of the hotel at forks of
roads to Port Republic and to Absecon. It is at the intersection of
the center line of Absecon road with the south line of Port Republic
road. The following measurements were taken : To northeast corner
of store at southwest corner of roads, 52.5 feet; to center of small
cedar north of and opposite the store, 6.2 feet; to center of wild
cherry tree at southeast road corner, 22.5 feet, and to center of maple
tree standing on the south side of Point road, east of forks of roads,
75.9 feet.

The top of this monument is just below the surface of the road.

ABSECON—PRIMARY.

Elevation, 24.232 feet.
Elevation of underground mark, 19.561 feet.

This monument (No. 10) is located in the small triangular grass
plot where the main road from Philadelphia and Egg Harbor City,
enters the main shore road from Absecon to Leeds Point. Tt is set
in the center line of the Philadelphia road and 12.75 feet west of the
center line of the Shore road (the rond being 49.5 feet wide). It is
also 64 feet from the corner of old house standing in yard at the west
street corner; 62.6 feet from corner of house on the south street cor-
ner, and about in range with its northeast end, and 131.9 from cormer
of new house on the cast street corner.

The top is level with the surface of ground.
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ABSECON—SECONDARY.
Elevation, 30.636 feet,

On east end of stone door-sill of Methodist Episcopal church, about
220 yards west of the above Primary Monument.

MOUNT PLEASANT—SECONDARY.
Elevation, 13.9562 feet.

A cross cut on bluestone door-sill of northerlg door at east side of
Atlantic City water-works pumping station, Jjust north of Mount
Pleasant.

ATLANTIC CITY—PRIMARY.
Elevation, 8.954 feet.

On an old United States Coast Survey tidal bench-mark cut on
northwest side of hase of Absecon light-house. It is under the south
end of a window-sill, and is a small shelf cut in the convex water-
table, with the letters “ U, 8. C. 8.” cut above it.

ATLANTIC CITY—SECONDARY.
Elevation, 10.184 feet.

A cross cut on north end of stone door-sill of Atlantic City National
Bank, at northerly corner of Atlantic and North Carolina avenues,
the door being on Atlantic avenue.

SOMERS POINT-—DRIMARY.

Elevation, 28,840 feet.
Elevation of underground mark, 24.536 feet.

This monument (No. 11) is placed on the brow of the hill in front
of the old Somers homestead, a brick building on the Shore road just
south of the railroad crossing, at Somers Point. It is set in the center
line of the road which runs to the west and is 76 feet from the south-
east corner of the house; 52 feet due west of a small cedar standing
on the east side of road, and N. 63° E,, 52 feet from a large cedar
standing at the southwest road corner.

The monument was placed with its top level with surface of ground,
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OCEAN CITY—PRIMARY.

Elevation, 10.298 feet.
Elevation of underground mark, 5.320 feet.

This monument (No. 12) is set about 3 feet south of the north cor-
ner of the new life saving station lot, which runs from the corner of
Atlantic avenue and Fourth street, northeasterly 100 feet along said
avenue, and southeasterly 130 feet along said street. Tt is set about
2.1 feet southwest of the northeast line of the lot. Tt is about 400
feet from high-water line at this time.

SEA ISLE CITY—PRIMARY.

Elevation, 5.193 feet.
Elevation of underground mark, 1,130 feet.

This monument (No. 13) is set just south of the north corner of the
new United States light-house lot, which is located on the east side of
the Sea Iste and Ocean City Railroad, in the south corner of block
42 and is bounded on the southeast by the beach, and on the south-
west by Whelen street.

The monument is set 2 feet from the northwest line of the lot and
9 feet from the northeast line, which makes it 2.8 feet from the north
corner of the lot.

CAPE MAY COURT HOUSE—PRIMARY,

Elevation, 19.498 feet.
Elevation of underground mark, 14.961 feet.

This monument (No. 14) is set in the east corner of Cape May
county court-yard, 4 feet from the front or street fence, and 5 feet
from the line-fence between the court-yard and the M. E. church-
yard. It is also 81.7 feet from the center of the south “true
meridian  post, 62 feet from the north one, 54 feet from east corner
of court-house and 42 feet from south corner of M. E. church.

COLD SPRING—SECONDARY.
Elevation, 20.703 feet.

A cross cubt on north end of northerly stone door-sill of Cold
Spring Presbyterian-church (brick).
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CAPE MAY—PRIMARY.

Elevation, 6,409 feet.
Elevation of underground mark, 1.829 feet.

This monument (No. 15) is located on the Cape May light-housc
lot, just southeast of Cape May Point and about two miles wegt of
Cape May City.

The Cape May and Sewell’s Point Railroad divides the light-housc
property into two parts. .

The monument is set in the east corner of the south part, 2 feet
from the line-fence of the railroad and 2 feet from the southeast line
of the lot. The United States Life Saving Station stands on the
south and the light-house on the north part of the Iot. The corners
of the lot are marked by square granite posts,

Beginning at the southwest corner of lot, the line runs S, 62° 407
E., 206.8 feet to south corner ; thence N. 28° 30/ E., 214.25 feet to a
point 2 feet southeast of the monument, the whole distance to the next
corner being 424.6 feet. From the first-mentioned corner the mag-
netic bearing is N. 1° 40’ E,, from the second N: 10° W,, and from
the third N. 28° W, to the center of the light-house.

CAPE MAY—SECONDARY.
Elevation, 8.244 feet.
On northwest corner square stone monument in southeast corner of
light-house lot.

CAPE MAY—SECONDARY.
Elevation, 13.187 feet.

On United States Coast Survey tidal bench-mark of 1867 cut on
east side of projecting water-table at base of Cape May light-house,

WESTON—SECONDARY.

Elevation, 42.970 feet.

A triangle cut on the coping of Delaware and Raritan canal lock
and six feet north of east edge of lock bridge.
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EAST MILLSTONE—SECONDARY.
Elevation, 45,480 feet.
A triangle on the southwest corner of a stone supporting south gate
post at entrance to N. S. Wilson’s brick residence, south of Thatch-

ler’s drug store at easterly corner of Market street and Railroad
avenue.

GRIGGSTOWN—SECONDARY.
Elevation, 44.070 feet,

On summit of stone, indicated by an arrow, standing at east corner
of Edgar’s mill on west side of canal at Griggstown.

GRIGGSTO“;..'—SECOSDARY.
Elevation, 50,530 feet.
A triangle on the coping of west lock wall under east edge of

bridge at Delaware and Raritan canal lock, half a mile south of
Griggstown.

ROCKY HILL—SECONDARY.
Elevation, 43.910 feet,
Center of triangle cut on the east end of stone door-sill at en-

trance of old stone grist-mill beside race, 50 rods west of railroad
station.

KINGSTON—SECONDARY.
Elevation, 57.710 feet.

A triangle cut on the east edge of west wall of Delaware and
Raritan canal lock.

MILLSTONE AQUEDUCT—SECONDARY,
Elevation, 58.940 feet.
A triangle cut in the center of the memorial plate on top of the
south end of the west abutment of aqueduct carrying the Delaware

and Raritan canal over the Millstone river, two miles south of
Kingston.
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PRINCETON—PRIMARY.
Elevation, 208.510 feet.

Ceater of triangle cut on the north end of the door-sill at west en-
trance to the Hall of Science on college campus,

PRINCETON—SECONDARY.
Elevation, 217,130 feet.

A cross cut on top of water-table at the northeast corner of East
College, on Princeton College campus.

TRENTON—PRIMARY,
Elevation, 54.250 feet.

»

On broad water-table, 3.2 feet above pavement, in re-entrant angle
of stone moulding. The point is indicated by an arrow-head, and is
L1 feet south from produced line of south jamb of the most southerly
window on the west side of the United States Gevernment building,
at the northeast corner of Montgomery and State street.

TRENTON-—SECONDARY,

Elevation, 56.36 fect.
A triangle cut on the coping of north side of stone pivot-pier of
railroad bridge over canal at entrance of feeder, one block north of
Perry strect.

TRENTON—SECONDARY,
Elevation, 52.610 feet.

A triangle cut on the northeast corner of the most northerly coping
stone of west lock-wall of Prison lock of Delaware and Raritan canal.

BORDENTOWN—-SECONDARY,
Elevation, 15.530 feet.

A triangle cut on the west end of stone door-sill at the south en-
trance to fire-room of Bordentown Reservoir and Water Co.’s pump-
house, near the outlet lock of the Delaware and Raritan canal.
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BORDENTOWN—SECONDARY.
Elevation, 24.170 feet.

A triangle cut on coping stone at the east end of the north abut-
ment of railroad bridge over roadway, just north of lower Borden-
town railroad station.

WHITE HILL—SECONDARY.
Elevation, 14.240 feet.
On a protuberance indicated by an arrow and the letters B. M., on
the southeast corner of the flagstone coping of the northwest wall of

bridge over ice pond, on the road to Burlington, one mile west of
White Hill,

BURLINGTON—PRIMARY.
Elevation, 12.530 feet.

Cross cut on dressed stone at west end of door-sill of main entrance
to Baptist church, at northest corner of Broad and Stacy streets.

BURLINGTONX—SECONDARY.
Elevation, 11.300 feet.

A cross on northwest corner of projecting ledge of iron post-at
northwest corner of iron bridge over Assiscunk creek, on Main street.

DEACON’S—SECONDARY.
Elevation, 80.560 feet.

A triangle cut on water-table at southwest corner of brick school-
house, on east side of turopike, { mile southeast of Deacon’s station.

MOUNT HOLLY—PRIMARY.
Elevation, 185.470 feet,

On the northwest corner of granite monument, located on the sum-
mit of Mount Holly, which marks the United States Coast and
Geodetic Survey triangulation point, Mount Holly.
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MOUNT HOLLY—SECONDARY.
Elevation, 16.880 feet.

Oa northwest corner of door-sill of National Bank, on northeast
corner of Main and Mill streets,

MOUNT HOLLY—SECONDARY,
Elevation, 42.970 feet.

On the northwest corner of marble door-sill of main entrance to
Barlington county court-house,

BIRMINGHAM—SECONDARY.
Elevation, 31.290 feet.

On the most southerly of two bolts on the top of northwest wing-
wall of bridge over race, 100 yards north of Birmingham railroad
station,

PEMBERTON—SECONDPARY,
Elevation, 39.23 feet.

On the southwest corner of granite block, upon which rests the
south end of west iron arch of bridge over mill pond, South Pemberton.

WHITINGS—PRIMARY,
Elevation, 173.460 feet.
Elevution of underground mark, 170.583 feet.

This monument (No. 16) is located at the cross roads in Whitings,
where the road from New Egypt to Toms River crosses the road
running along the west side of the New Jersey Southern Railroad
from Woodmansic to Manchester. It is set in the center line of the
former road, and in line with the trees planted along the west side of
the latter road, between the sidewalk and wagon track. It is 41.5
feet southwest of the southwest corner of Mr. Wright’s store; 11
feet from the west line of the street running nearly north and south ;
K8 feet to center of the main track of the New Jersey Southern Rail-
road; 21 feet to center of nearest maple tree of the row on the north ;
4.4 feet to center of the next; 21.7 to center of nearest maple tree
of’ the row on the south, and 46.9 feet to the next.

The top of this monument is below the surface.
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WHITINGS—SECONDARY.
Elevation, 172.530 feet.

On granite monument marking vorthwest corner of roads. It is
seven yards distant from southeast corner of large hotel, now unoc-
cupied.

MERCHANTVILLE—SECONDARY.
Ylevation, 80.110 feet.

On the west end of marble door-sill (close by corner of brick work),
of the east front door of new raiiroad station.

GLOUCESTER FERRY—SECONDARY.
Elevation, 5.910 feet.
A cross cut on southeast corner of slate slab on top of rubble wall,

southeast of Gloucester ferry pier, and 56 yards in a southerly direc-
tion from Buena Vista Fotel.

'CAMDEN
Elevation, 30.040 feet,

PRIMARY,

A cross eut on southeast end of highest step of main entrance to
new Camden county court-house, on Federal street.

CAMDEN—SECONDARY.
Elevation, 21.230 feet.
A cross cut on north end of north door-sill on east side of station

at junction of Camden and Atlantic and Pennsylvania Railroads, at
corner of Tenth and Market streets.

CAMDEN—SECONDARY.
Elevation, 34.530 feet.

On easterly corner of pedestal, over the builders’ names (Krips &
Shearman), of the soldiers’ monument, on Haddon avenue, just porth
of city hall,

NEW JERSEY GEOLOGICAL SURVEY



30 ANNUAL REPORT OF

PHILADELPHIA—PRIMARY.
Elevation, 11.650 feet.

On a granite post, at the southwest corner of Swanson and Reed
streets, about 8 inches square, and projecting 1 foot above the ground,
close to the corner of the Delaware Sugar Refinery and one and
a halt feet north of Reed street. This bench-mark was established by
the U. 8. Coast and Geodetic Survey, aud its height above mean low-
water at the old navy yard on the Delaware, from their tidal observa-
tions, is given as 15.029 feet. The range of tides is given as 6.01
feet at the same place. This would make the elevation of the bench-
mark above mean tide in the Delaware 12.024 feet, and would make
the elevation of mean tide as determined by the levels—0.34 feet, or
four inches lower than mean tide at Sandy Hook.

KIREWOOD—SECONDARY.
Elevation, 60.040 feet.

On cross on southeast corner of slate slal on south side of outlet.
of pond, on dam opposite railroad station.

WINSLOW—PRIMARY.
Elevation, 112.019 feet.
Elevation of underground mark, 107.779 fect.

This monument (No. 18) is located in the grass plot, 22.5 feet
west of flag pole. Tt is in the center line of road running south of
New Jersey Southern Railroad station, and is about in center line of
roads running to Hammonton and Waterford,. The following
measurements were taken from the monument: N. 46° 80’ E., 57
feet to large cak: N. 6° 30’ W., 41 feet to another large oak; 123.25
teet to southeast corner of Hay & Co.s store; 50 feet to corner of
glass works fence: 55 feet perpendicularly to south line of road to
New Germany; 58 feet to southwest street corner, and 73 feet to
northeast corner ot house on this southwest corner.

WINSLOW—SECONDARY,
Elevation, 112.760 feet.
A cavity cut in foundation at south corner of brick chimney, at
south corner of Hay & Co.’s steam flour mill, at Winslow. An
arrow-head points to it, and it is 1.8 feet above surface of ground.
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APPLE-PIE HILL—PRIMARY.
Elevation, 207.570 feet.

On summit of the monument which marks the United States
Coast and Geodetic Survey triangulation point on Apple-pie Hill, 3
miles southeast of Shamong station, and three-quarters of a mile
northwest of Harris station, on New Jersey Southern Railroad, in
Burlington county.

HAMMORTON—SECONDARY,
Elevation, 102.820 feet.

A cross cut on the water-table on south side of front door, and 3.1
feet from corner of three-story concrete store standing on east side of
Bellevue street, and on north side of Camden and Atlantic Railroad.

DA COSTA—SECONDARY.
Elevation, 80.143 feet.

A cross cut 0.40 feet from each edge of stone at southeast corner of
coping of southeasterly culvert wall on Camden and Atlantic Rail-
road, one mile west of Da Costa station.

EGG HARBOR CITY—PRIMARY.

Elevation, 56.573 feet.
Elevation of underground mark, 52.511.

This monument (No. 17) is located on southwest side of Agassiz
street and the southeast side of Buffalo avenue, 5 feet from the street
and avenue lines, and 3 feet inside of center of hedge which stands 2
feet from the street and runs around the School Park. There are
three parks on the southwest side of Agassiz street, the School Park
being in the middle. Excursion Park lies northwest of Buffalo
avenue; School Park lies southeast of it and runs to Agricultural
Fair Grounds, and these Fair Grounds extend from School Park to
St. Louis avenue.

The monument is 251.8 feet to the northwest of the north corner
of the school-house, 26.5 feet from center of a large maple tree on
Buffalo avenue, 12.45 feet from center of another tree standing to
to northeast of former, and 44.93 feet from center of large maple tree
standing on southwest side of Agassiz street.
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EGG HARBOR CITY—SECONDARY,
Elevation, 60.274 feet.

A cross cut on outh corner of upper outside flag-stone step in front
of side door of brick store on the north corner of Philadelphia
avenue and Agassiz street.

DOUGHTY'S—SECONDARY.
Elevation, 25.755 feet.

A cross cut on coping stone at east end of south wall of culvert on
Camden and Atlantic Railroad, 60 yards east of 11-49 mile-post,
Just west of Doughty's station. The cross is (.75 feet from the corner.

COMPARISOX OF TIDES ALONG THE COAST OF NEW JERSEY BY
MEANS OF THE PRIMARY LEVELS,

At Sandy Hook the United States Coast and Geodetic Survey has
taken a series of observations, with a self-registering tide-gauge,
extending continuously from October 21st, 1875, to October 31st,
1881. The mean of all the readings of this series is taken as mean
sea level at this place and is the datum plane (the zero) for all eleva-
tions. This series of observations makes the mean rise and fall of
the tide at Sandy Hook 4.7 feet. The gauge was placed at the New
Jersey Southern Railroad wharf on the inner side of the Hook. .

In the following lists the observations compared by means of
Uhnited States Coast Survey tidal bench-marks, as they give a series
representing very closely the mean of tides at the given date, are most
exact. It should be mentioned, however, that from contraction or
broadening of the inlets from year to year it is almost certain that the
mean of the tides in all of the bays, &e., changes from year to year.
Observations of the present height of high-water are necessarily
approximate, being from single observations or from testimony of
residents familiar with the tides, but are believed to be correct within
one or two-tenths of a foot.

Elevations of the tide-marsh do not necessarily correspond to pres-
ent high-water, but the marshes are probably slightly higher than
any mean high-water that has prevailed for any length of time, for
perhaps a half century past.
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It will be noticed that high-water in the bays is much lower, gen-
erally, than in the ocean, but, as the range of tide is much less, both
mean tide and low-water are much higher than in the ocean. The
fact is that high-water is of too short duration to enable the bays to
fill through the contracted inlets, The study of the tides in Barnegat
bay reveals the fact that for some time after high-water the tide sets
in the inlet, and later from a central point in the bay in both direc-
tions, 1. e. toward the head of the bay and toward the inlets, and high
tide at the head of the bay is several hours later than in the ocean
outside the beach. It is hoped that as the survey progresses it will
be possible to gain much more information as to the tides.

ELEVATION IN FEET.
HosRTY: ;u-: | HIGH | MEAN | Low
MARSH. | WATER.| TIDE. ] WATER,
|

Sandy Hook, U. 8. C. B.. ceevvriiinrennnnes vy 285 | 000 | -2.85
Perth Amboy, Lewis 8treet.........cvceemveem sasrassa i 240 Yoieeenn .
One-quarter mile N. W. of Matawan................| 2,84 : .................. -
Flai creek; road from Keyport to Kea.nsburg... 3.14 reeresenn JPURTUUN ST
Two miles west of Port Monmouth.......cvvivrerfoninann 276 [vorerias|inaninnn .
Bed Bank, Navesink river, 1884...ccotucveerevimrnetafvernnsnn 1.62 [oviiiieae|ceannnnne
Clay-pit Creek, Navesink river, 1884.....ccuvvuvcvidinrinnans 1.76
Parker’s creek, 1 mile north of Oceanport, 1884..] 191 [iccceiirfrvrennnn rraarser
Manasquan river, north side....oeiiens arvar e D115 7 T OO
Mantoloking, on Barnegat bay...cccccsiiinniiiiin 140 oo e
Bay Head, Barnegat bay...coeereivneicienircncnens] 098 | 087 [uerinns .-
Metedeconk river, 1 mile east of Cedar Bridge, ‘

range of tide about 0.70 ft....ccoiie corremerenincinsfinnrnenns 085 Jovieierasvnnaeass
Kettle creek, U. 8. C. 8., gives range of tide 0.47..|veeei]vrinen Jremmsiinaineennns
Toms river, U. 8. C. 8. observatlons of 1876,

west of Island Heighta.... o RN 089 | 0521 016
Toms river, 1885, at village bridge..coremreers coeclorsrecrn 080 Lvervnsd vrenes .

3
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ELEVATION IN FEET.
LOCALITY.
TIDE HIGH MEAN LowW
MARSH, | WATER.,| TIDE. |WATER.
Cedar creek, 1843, at shore road...cccccvericvecriaiveinne] 276 [ovneria]ieeerennn
Cedar creek, U. 8, C. 8. observations, 1874, range
of tides 0.75.cccvvierensinns ettt s saaran s SR AU I
Waretown (Barnegat bayl....ieeas ivvee ceennnnd e 181 i, -
Barnegat. End of Bay avenue....cvcevniecrniineens | 140 [, . -
Barnegat Landing, on Double creek, range of'l
tides, U, 8. C. 8. observations, 1874, (.75, nveel sereerodvinnnins]ireceensddionsanen
Barnegat inlet, range of tides in the bay, 2.04,
from U, 8. C. 8, observations, 1866.......ccc0eeuvee TN TP IOTTORN ST
Osborne’s island, north side of Great bay.......... PPN I I 5! 2 R -
Great bay, mouth of Mullica river..eviniennnfevnennnn| 194 [onni.
Willett's house, north sliore of Great bay, 1 mile
back from New inlet.....coceererearmercnsinnennanns b1 I IO IR AR
Willett’s house, from U, 8, C. 8. observations of|
tides in Great bay, 1872, (Compare above
for 1B85.) uiinrermerarssraranenernnsrnens brerersninrnnens ceeneen| 2701 100 | 073
"For reason for this change of about ~0.70 in
height of high-water, see maps showing
changes ut New inlet,]
Wharfat Bond’s Long Beach house, range of tide
£.35 feet, from U. 8. C. S, observations, 1873... ....... ofervennnenls SN .
Oswego river, at Bridgeport, 1884....ccvveene. vorerlevnennn| 142 [l
Mullica river, at Lower Bank bridge, 1884.........[.oocoone] 1,45 beamarer
Mullica river, at Gloucester landing, 1884 ........}......... L26 [vivisseforanrarn
Port Republie, Nacote creek, 1884......vicermvernsafinnnnnnn 1.80 |isvesnsns)iesnansns
Absecon creek, shore road, 1883...ccveveeenvvernnen cvesns| LTB [eevicinidinnns
Absecon bay, west side, 1883..cuvccciivrerervicsieeens] 217 Joeeenn N R ansenus
Absecon inlet, range of tide inside of beach 8.95,
from T. 8. C. 8. observations, 1872....oucecen s furrrsrens[ierrevensfivensnnncfeennernnn
Atlantic City, draw-bridges.......cccunmmmenrieeniinned] 208

TTRYY Y]
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ELEVATION IX FEET.
LOCALITY, "
TIDE HIGH ! MEAX T.ow
MARSH, I“‘JlTl!l'!. TIDE. |WATER.
—— !
Great Egg Harbor bay, Somers Point, April, '

1888 i e e e 1) i 201 ... Y
Great Egg Harbor bay, Somers Point, Sepiem- ' '

ber 8th, 1885............. ettt as e oo Il 205 e .
Gireat Egg Harbor bay, mouth of Tuckahoe |

87t SRR eervessanana ertaaeenseanes - 236 .. PPPTOUU IS .
Great Fgg Harbor bay, mouth of Great Egg‘ ; :

Harbor river....... T ey o rvernresane 206 1iieinin rrrene | vrem
Tuckahoe bridge, 1884............ Cerasreeiiees ‘eararrans 2.87 ! ......... S
End of shere rond, Beesley’s point, 1884...........| 246 l ......... TR "
Corson's inlet...c.oimiircervnr i ee s, 2,67 ' ......... e
Sea Isle Gity....coeeunnns e r e nravaserarres e, b1+ B PP
Ocean View, at Van Gilder's mill pond, 1854.....0 174 ' veves 'oons Y S
Jenkins' sound, Shell-bed landing, 1884............ 2.40 Il ......... RN B
Cape May Landing, 1884, from a short series by ’ .

the U. 8. Cand G. Seivvriveiieeneee e rreeas 2707 0357 -2.007

: |
Fishing creek, Delaware bay shore, 1854........... 259 [eereennn liiirven|iieiane
I
Dyer's creek, bay shore road, 1884........... verrneas X T I
Dennis creek landing, embanked meadow, 1884.! (1.37) S TTTTn
Mauricetown, Maurice river, 1884....c..ccvvverriiiooonn ., 2.32 ,
Fortesque beach. east shore of Delaware bay, U.I i

3. G. 3. observations, 1850, range of tide 6.00...0......... reaean (R TR .
Philadelphia, Old Navy Yard, U. S. C. S, obser- J ;

vations of 1878, compared by bench-mark at

Swanson and Reed streets........... S 267 |-0.34 | -8.34
Rancocas creek, Mount Holly.....vocooevenrs covvesh o . 3.33 [aenneee
Delaware river, Burlington'. ........................ DR OO 3.80 |.........
Delaware river, Bordentown. ........ococoeevrniiol coni il verenens 370 |viii

NoTe.—When no other date is given, observations were made in 1885.

NEW JERSEY GEOLOGICAL SURVEY




36 ANNUAL REPORT OF

IL

GEOLOGICAL SURVEYS—STRUCTURAL AND
LITHOLOGICAL.

—_————

The completion of the topographical maps is furnishing the basis
from which to study, describe, and lay down with accuracy the vari-
ous geological phenomena and features of the State. And the work
is fairly begun, both in the older and the newer formations, and satis-
factory progress has been made.

The work in the older rocks has been done by Dr. N. L. Britton,
assisted by Mr. F. J. H. Merrill. With the topographical maps in
hand, section lines were drawn in a northwest and southeast direc-
tion entirely across the Archman rocks which constitute the Highlands.
The first of these was along the boundary line between New Jersey
and New York, and then others were drawn nearly parallel to these,
and at intervals of about five miles, until the Delaware was reached.
There were eleven of these drawn, the last following the bank of the
Delaware river. These sections were carefully surveyed, the structure
of the outcropping rocks examined and recorded, and specimens of all
the varieties of rock were taken for further examination. The topo-
graphic maps have furnished the data from which to draw the sections,
and the result of the work thus far is given in the following report by
Dr. Britton:

ARCHEAN ROCKS. .

The geological study of all Archzan regions is difficult, as compared
with that of simple sedimentary rocks. The stratigraphy is compli-
cated ; the strata contain no fossils by which we can accurately deter-
mine their age, and are often very similar over great areas. We have
to depend on the kinds of rock ; to measure very carefully the amount
and direction of the inclination of the beds,and to consider the surface
features of the region, and then have some means of graphically rep-
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resenting all the field observations and the results of laboratory work,
before conclusions of value can be drawn. To this end, accurate maps
are an absolute necessity. These have recently been supplied in the sheets
of the topographical survey of the State, which are now engraved and
printed for the entire Highland area. Besides the ordinary features
given on most maps, they show the absolute height of all points, to
within a few feet, This is accomplished by means of contour lines
of equal altitude, which represent as well the exact position of every
mountain, hill and valley. With these maps, much more accurate
work can be accomplished than has been possible without them.

WORK ALREADY DONE.

The Archwean, metamorphic rocks of New Jersey have been
described in various reports of the State Geological Survey, and the
geographical areas underlaid by them have been laid down on geologi-
cal maps which have accompanied these reports, and on the large
wall-map of 1868. The geological structure of the system, inelad-
ing its general portheast and southwest strike, its prevailing sowthenst
dip and other salient features, have been elucidated. The phenomena
of faults have also been made plain. The physical features of the
Highlaod mountain ranges have been noted, and the numerous deposits
of magnetic iron ore in them have been described.

The geology of the Highlands was first studied by Professor Henry
D. Rogers, and, in his first report as State Geologist,* he briefly
describes the Primary Region. He gives five geological sections across
the State, three of which cross the Highlands, and represent the
mountain ridges as anticlinal folds, the strata exposed along the
southeastern side of a ridge dipping towards the southeast, while thuse
on the opposite side dipped northwestwardly. In this his sections are
quite imaginary, very few, if any, of the ridges being simple anticlinal
folds, and the southeast dip is generally as prevalent on one side of a
mountain or hill as on the other, though often differing perceptibly
in degree. He paid much attention to the deposits of iron and zinc
ores, which he regarded as veins filled originally by molten ore from
below, a view which has not been entertained by any members o1
subsequent surveys. They are abundantly proven to be integral parts

*Report on the Geol. Survey of the State of New Jersey, 1836.
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of the stratification and contemporaneous in origin with the other
Archeean rocks.  Professor Rogers appears to have thought that
the white crystalline limestones were derived from and hence of the
same geological age as the blue magnesian limestones, the agent of
alteration being the heat introduced by outbursts of molten ore with
others of granite and syenite. It has been conclusively shown that
this theory is crroneous; the supposed dykes of granite are strata
conformable to the white limestone, as are the iron and zinc ore beds
contained in it, all geologically older than the blue limestones with
the associated quartzites or sandstones, and slates, which compose the
lower silurian system. In his final report of 1840, he further dis-
cusses the Primary rocks of the Highlands,* describing many of
the iron mines, and briefly refers to the area of gneissic rocks at
Trenton.

Dr. William Kitchell,+ in deseribing the Physical Geography and
Geological Formation of Sussex county, mentions the metamorphic
rocks as * gnei=s, hornblende slate and white crystalline limestone ™ ;
subsequently} he described the Archean formation with much detail,
noting its relation to the sandstones, limestones and slates of newer
formzion, the kinds of rocks recognized by him, the boundaries of
the areas, and the occurrence and properties of the iron ores.

In 1868, all the information regarding the Archman rocks which
had been gathered by the present survey up to that time, was brought
together in the “ Geology of New Jersey,” in the chapter on the
Azoie Formation.§ The boundaries of the formation were minutely
deseribed ; its structure was discussed and the kinds of rock and their
mineral constituents were noted, especial attention being given the
crystalline limestones. The metamorphic rocks of Trenton, Jersey
City and Hoboken were described and discussed: The Highland
<eries wa~ here divided geograpbically, for convenience of description,
into four belts, corresponding with the more prominent mountain
ranges and running nearly parallel with each other from southwest to
northeast.

In 1873 the subject was again opened, and additional facts and
conclusions relating to the Archman were presented. The subdivision

= Rogera' Report of 1840,

+ First Aug. Rep. Geological Survey of New Jersey, 1854, p. 169.
1 8econd and Third Ana. Rep , 1855 and 18586,

4 Geology of New Jersey, pp. 43-69 and 309-326.

" Aun. Rep. State Geologist, pp. 11-96.
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of the region into four belts was here more fully described, and names
were given these as follows:

(1) The Ramapo Belt, along the southeastern side of the area, its
most prominent ridges being Ramapo, Trowbridge and Mine Mts. ;
its northward extension in New York State is marked by the Dunder-
berg, on the Hudson river. (2) The Passaic Belf, next towards the
northwest, a generally elevated table-land area, but including some
marked ridges, as Mt. Hope and Fox Hill; this, also, is continued
into New York, and on the Hudson is marked by the lofty Crow’s
Nest and Storm King Mts., below Cornwall; it is bounded to the
northwest by a continuous valley, in which lie Greenwood lake,
Macopin pond, Denmark pond and other bodies of water, and known
to the southwest as German valley. (3) The Musconelcong Bell,
including the Wawayanda, Hamburgh, Schooley’s, Pohatcong and
Musconetcong mountains, and containing the highest land in the
State ; this belt also extends into New York, but does not reach the
Hudson ; and (4) the Pequest Belt, including Pochuck mountain, in
New Jersey and New York, and the detached mounts, Adam and
Eve, in Orange county, southwestwardly continued in the Pimple hills,
Jenny Jump, Scott’s and Marble mountain to the Delaware, and in
Pennsylvania known as Chestnut Hill; this belt forms the north-
western side of the Highlands. The geographical positions of these
belts were shown on an accompanying map. A list of iron mines, then
opened in the State, with notes, is appended.

In 1879* the magnetite deposits were again discussed, and a list
given of the mines; they were geographically classified in the four
belts above described. A chapter was devoted to the exploration for
new deposits.

In 18801 a revised and extended list of mines was presented.

In 188171 additional notes on a few iron mines were supplied and
some analyses of ores published.

In 1883 § the whole subject of Archean Rocks was again discussed.
Their geographical extent and surface features, the rocks and their
mineral composition, the geological structure of the system and its
dip, strike, pitch, folding and faulting were described and many of

*Ann. Rep. State Geologist, 1879, pp. 36-101,
tAnn. Rep. State Geologist, 1880, pp. 98-130.
i Ann. Rep, State Geologist, 1881, pp. 33-39.
4 Ann. Rep. State Geologist, 1883, pp. 27-1568,
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these points illustrated. A complete list of iron mines was given and
the methods of exploration for mines and the location of new deposits
were discussed, A short account was given of the dykes and veins
of igneous rock, which occur in the formation,

In last year's report* the results of the season’s field-work were
presented. It was then concluded that the former geographical sub-
division of the Archean area into the four belts has little geological
value, that the rocks of one belt might almost pass as representative
of them all, and some more rational and valuable geological sub-
division was sought, It was shown that there are great areas of prac-
tically unstratified rocks in the Highlands, and on each of the two
section lines which were examined—one beginning at the Ramape
river, near OQakland, and followed northwestwardly across the system
and the included Paleozoic areas to Milton, the other extending from
Pompton to the vicinity of Deckertown—these massive areas were
crossed. Their location was in the old second or Passaic belt, The
rocks of these unstratified areas were described as consisting mainly of
feldspar, quartz and hornblende, the amount of mica being inconsid-
erable in proportion to the other constituents. They are mainly the
granulites, quartz, syenites and hornblendic granulites of the present
report, though all these occur also in beds, and often well stratified
elsewhere in the system. Their relation to the stratified rocks by
which they are surrounded was not ascertained, no contacts being ob~
served. These massive areas were described as occupying the elevated
table-lands, and the suggestion was made that our Archman might
naturally be divided into massive, granitoid and stratified gneissic’
rocks, Another list of iron mines was given, with additional notes
and analyses,

KINDS OF ROCKS,

In the study of the numerous specimens collected during the field-
work of the past season, as well as of those previously obtained, it
has been found necessary to considerably augment the list of rocks
composing the Archean system. As there is much difference of
nomenclature in the published works on lithology, it is thought ad-
visable to briefly describe the structure and mineral composition of
each kind of rock recognized by us, so that in alluding to them we
ghall not be misunderstood. The following include only metamorphic

*Ann. Rep. State Geologist, 1884, pp. 27-69.
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rocks ; those of undoubted igneous origin, occurring in dykes and
irregular masses injected into or through the others, are now being
critically examined with the aid of the microscope. These dykes are
quite abandant in the Highlands; fine examples were seen at the
Buckwheat Mine, Franklin, at Gordon’s limestone quarry, near
Montville, and about the limestone area near Oxford church. Great
numbers of them occur in the cuts of the New York, West Shore and
Buffalo railroad, along the Hudson river from Stony Point to Corn-
wall, in New York. They are especially abundant in the Dunder-
berg. The rock is dark-colored, generally fine-grained, and of varia-
ble composition; in decaying, it often presents a peculiar slaty
cleavage, which may be mistaken for stratification. Among our
erystalline rocks we have nearly all the different kinds that have else-
where been observed. "They are all combinations of a few minerals,
and by the various mixtures of these and the structure of the rock,
the kinds are distinguished. The minerals which may be regarded as
the only important ones in rock formation in the Archwman of New
Jersey, are feldspar (principally orthoclase, but incidentally oligeclase
or albite, these latter two often referred to as plagioclase), quartz,
hornblende, mica (mainly biotite, the black mica, though some mus-
covite has been seen), magnetite, calcite, doloite, graphite, talc, ser-
pentine, garnet, franklinite, chlorite, tourmaline. These are arranged
about in the order of their relative abundance. A multitude of other
minerals occur, but none are important constituents of the rocks. A
list of New Jersey minerals may be found in the appendix to the
“ Geology of New Jersey of 1868.”

The following names are but provisienal, and it may ultimately be
necessary to substitute others for some of them. The whole subject
of lithological nomenclature is now under consideration by a Com-
mittee of the International Geologica! Congress, which met this sum-
mer in Berlin, and reassembles in London in 1888.

GRANITE consists essentially of orthoclase feldspar, quartz and
mica, the latter either biotite or muscovite; oligoclase or other plagio-
clase feldspars are commonly present in small quantities. It occurs
only as a massive rock; is found in some of the unstratified areas
before noted, as, for example, in the Sparta mountain; as irregular
masses, segregated from the enclosing stratified rocks, and in dykes
which intersect these. One of these granite dykes, in a cut on the
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Delaware, Lackawanna and Western railroad, near the Pequest Fur-
nace, was illustrated in the Geology of New Jersey, 1868, p. 61, and
others were mentioned in the Annual Report for 1883, pp. 76-77.

Hor¥BLENDIC GRANITE, or SYENITIC GRANITE, contains horn-
blende in addition to the above-named constituents ; its occurrence is
similar to that of granite,

PEGMATITE consists of quartz and orthoclase feldspar, with plagio-
clase feldspars as accessory. The component minerals are in large
pieces, making this a very coarse-grained rock. Found mainly as
irregular masses of various sizes, segregated from the enclosing rocks,
and is particularly abundant along the northwestern side of the High-
lands, though of frequent occurrence throughout the system.

SYENITE consists essentially of orthoclase feldspar and hornblende,
with little or no quartz.* Is not of very common occurrence in New
Jersey, but has been observed both as a bedded and a massive rock,

QUARTZ SYENITE, composed of quartz, orthoclase feldspar and
hornblende, with plagioclase feldspars as accessory constituents, is,
perhaps, the most common rock in the massive areas, and is locally
persistent in very great extents of territory; it occurs also as a strati-
fied rock, and in a very coarse form as segregrated masses with the peg-
matites, differing from these in the presence of hornblende. It is, in
part, the hornblendic gneiss of former reports.

GRANULITE is a rather fine-grained mixture of quartz and ortho-
clase, sometimes containing scattered flakes of mica, and occasionally
plagioclase feldspars and garnet. A very common rock in the massive
areas, but occurring also in the stratified condition. Differs from
pegmatite in its fineness of crystallization and its occurrence, In
part, the feldspathic gneiss of former reports. In many specimens
the feldspar is greatly in excess of the quartz,

HorxBLENDIC GRANULITE contains small quantities of hornblende
in addition to the above-named constituents, and is of similar occur-

* The term was applied to rocks of this mineral composition by Werner. The rock
of Syene, Upper Egypt, from which the obelisks were quarried, was called Syepite by
FPliny. It containe much mica, however, and in the nomenclature adopted by recent
writers, is a Syenitic Granite,
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rence. When containing considerable hornblende, it grades easily into
quartz syenife. These three last kinds of rock frequently contain
magnetite in disseminated grains, and when they are stratified contain
some of the largest ore-bodies in the State. The Mt. Hope mines, for
-example, are in these rocks.

GNEISs is a bedded rock, composed of quartz, orthoclase and mica ;
occasionally plagioclase feldspars are present. The mica of the High-
land rocks is mainly biotite, the black mica making this generally a
biotite gneiss. Of common occurrence except in the massive areas.
Found also at Jersey City* and at Trenton.

HorNBLENDIC GNEISS contains hornblende in addition; it is
abundant and of the same distribution.

GARNETIFEROUS GNEISS contains garnet in appreciable quantities.
It is an uncommon rock in New Jersey, but has been observed about
Lake Hopatcong and elsewhere.

GrapurTic GNESS, containing graphite or black lead, has been
observed in several localities,

Mrca SCHIST, consisting mainly of mica, which in our rocks is
generally biotite, or in some cases lepidomelane, is of frequent occur-
rence in the iron mines. Quartz, feldspar and hornblende are accessory
minerals, and the rock grades into biotite gneiss; many outcrops of
the latter have a somewhat schistose structure, but true mica schists
are rare in the Highlands except in proximity of the magnetite bodies.
It is always stratified.

CHLORITE ScHIST is composed essentially of chlorite or ripidolite,
and occurs with the iron ores. Fine specimens were obtained at the
West End mines,

TaLc ScHIST is mainly the mineral tale. It is of limited occur-
rence in the State, but characterizes portions of the northwestern
Highlands and is quarried for paper-weighting on the east side of
Jenny Jump mountain, near Great meadows, above Marble mountain,
on the Delaware river, and on the Pennsylvania shore opposite. No

*3ea (Jeoclogy of Naw Jersey, 1868, p. 323.
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true talc has been observed in the serpentine rocks of Hoboken, bat
it occurs in their southwestern extension on Staten Island, inter-
bedded with serpentine.

HorNBLENDE ScHIST consists mainly of hornblende. There are
two varieties, one containing quartz with the hornblende, the other
orthoclase feldspar. It is abundant in the Highlands, and especially
well represented along their northwestern side; in places it is so
thinly bedded and fine-grained that it resembles slate. This feature
is well shown o the ravine back of Roxburgh village, Warren
county.

GarNET Rock consists of garnet and hornblende. It is of rare
occurrence,  Collected on the west shore of Negro pond, on the State
line, in Passaic county, and above Iona Island, New York.

CRYSTALLINE LIMESTONE is composed of calcite or dolomite. OQur
rocks show every gradation in chemical composition* from a pure
carbonate of lime to the double carbonate of lime and magnesia, In
New Jersey it has been observed in but two belts; one of these is of
great extent in the Northwestern Highlands, extending southwest-
wardly in isolated outcrops to the Delaware river, at Marble mountain,
and is characterized by the association of manganese-bearing minerals ;
the other is in the Northeastern Highlands, and is exposed only in
isolated patches, the most southern of these being near Mendham,
Morris county, the others lying to the northwest of the Ramapo
mountain range, all characterized by the abundance of magnesian
minerals, such as serpentine, magnesite, &e. These crystalline lime-
stones are always found to be stratified, though from the great thick-
ness of the beds this feature is often obscure.

SERPENTINE occurs at Castle Point, Hoboken, where it forms the
greater part of the hill, and as a mineral in several of the iron mines,
notably the Split Rock mine, in Morris county, and abundantly in the
eastern limestone belt above described. It occurs also in the north-
western crystalline limestone belt at Franklin, and in Frankford
township. (See Rogers’ report of 1836, p. 120.) Our serpentines
are all of metamorphic origin, differing iv this from many of the

* For some analyses of these rocks, see Geology of N. J., 1868, pp. 401-404.
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foreign ones which have been conclusively shown to result from the
alteration of igneous rocks containing the mineral olivine or chrysolite.

OPHIOLITE, an intimate mixture of crystalline limestone and
gerpentine, occurs in the eastern limestone belt. It is also known as
verd antique marble. The name ophiolite is in reference to the
ginuous snakelike bands of serpentine, a feature beautifully shown
at the quarries near Mendham. :

GgapHITE is found and mined at several localities, At Blooming-
dale, Passaic county, there is a bed several feet thick, mined and
worked by Messrs. Ryerson, of that place. A bed of impure graph-
jte, four feet thick, on the farm of Elias Engelmann, near Peapack,
was noted in the “Geology of New Jersey,” 1868, p. 715. At the
Mendham quarries it is disseminated through the ophiolite, and forms
a graphitic schist to the east of it. This is also extensively developed
about High Bridge, Morris county, and elsewhere in the Eastern
Highlands. Graphite is also abundant in the western limestones,
occurring as disseminated black flakes. Professor Smock found a
graphitic gneiss along the road to the Parrott mine, about one mile
south of Warwick, Orange county, New York.

MAGNETITE, or magnetic iron ore, occurs in beds in stratified por-
tions of the crystalline rocks, excepting, perhaps, the hornblende
schists, etc., of the northeastern parts of the Archman area and other
schistose districts. During the past season considerable attention was
given to the position of the ore bodies in the series, though no attempt
was made to visit all of them. Those examined are all in stratified
rocks, though in many cases near the junction of these with the
massive ones. The beds of iron ore are often traceable for several
miles, and are of variable thickness.

FRANKLINITE occurs in immense masses in the crystalline lime-
stones of Franklin and Ogdensburgh, Sussex county.

TourMALINE ROCK, composed mainly of tourmaline and quartz,
occurs in the well stratified rocks of Marble mountain and Ragged
ridge, Warren county, and in large segregated masses in the crystal-
line limestone quarry at Lower Harmony, where fine crystalline tour-
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maline was ohserved, This mineral has also been noticed in white-

crystalline limestone at Sterling Hill and Franklin.*

These are all the kinds of rock so far determined, A fow others
may yet be found. No true quartzites have been noticed in {he
Highland Archwan, though some of the granulites care heavily
quartziferous,

WORK OF THE PAST SEASON.

The field-work of the past season has had for its object the devel--
opment of previously-ascertained facts ; the location and study of the
massive areas previously discovered, with search for others, and their-
relation to the surrounding stratified rocks ; & continued study of the
stratigraphy of the system, with a view of ascertaining if there be a
series of folds, or if the whole is but one vast succession of strata; the
relation of the erystalline limestones and magnetite iron ore deposits
to the enclosing rocks; the contact phenomena along the junctions of
the erystalline rocks with the paleozoic and triassic strata, and other-
matters of importance in the accurate study of the region. Eleven
section lines, about five miles apart, crossing the Highlands from
southeast to northwest, were examined, and some time was spent in
the study of territory between these sections. Strike and dip were:
carefully measured on all stratified sutcrops found, and corrected for
magnetic variation by accompanying readings on a solar compass. On
the new topographical maps, which have now been engraved for the en-
tire Highland area, these have all been located. Numerous specimens,.
to illustrate the lithology, were collected, which have been studied,
labeled and catalogued as far as time has permitted. As much of the
area north of the terminal morainet is heavily covered with glacial drift,
and the southern portion of it being unglaciated, is generally overlain
by the products of its own decay, except where streams have cut down
to the solid rock, or this has been artificially exposed through railroad
cuttings or other excavations, there are many gaps in the sections,
which it is hoped may be, in part at least, filled in by examining the
country a short distance to the northeast and southwest of the lines.
traversed, where these gaps are left.

A preliminary section extending along the west bank of the Hud-

*3ee Henry . Rogers' Rep. on Geol. Survey, N. J., 1838, pp. 119-120.
t For the southern bouadary of the glacial drift, see the Ann. Rep. of the Stater
Geologist, 1877,
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son river, from Stony Point to Cornwall, was first studied, for here
the rock cuts of the New York, West Shore and Buffalo railway
afford an excellent opportunity for the study of the system, and this
proved very valuable as a comparison with the others running across
the mountains. Unstratified but somewhat laminated quartz syenites,
granulites and hornblendic granulites compose the cores of Dunder-
berg, Crow’s Nest and Storm King mountains; and between these
lofty elevations, as on the southeastern slope of Dunderberg and the
northwestern side of Storm King, lie series of stratified rocks—those
on the immediate flanks of the ridges of nearly the same mineralogi-
cal composition as the cores or central portions—but grading off’ into
gneisses, hornblende schists, &c., in the depressions and minor hills
between.
The section lines followed across the Highlands were as follows :

(1) The New Jersey and New York State line from Suffern on the
southeast to the Wallkill river. Its general direction is about
N. 57° W., which proved nearly at right angles to the aver-
age strike of the system and its enclosed paleozoic areas, and
all the subsequent lines were run nearly parallel with this.

(2) From the Ramapo river near Darlington, Bergen county, to
Deckertown, Sussex county.

(3) From Pompton to Franklin Furnace, Sussex county.

{4) ¥From near Whitehall, Morris county, to White's pond, Sussex
county.

(5} From Parsippany, Morris county, to Long pond, Sussex county.

(6) From Morristown to Tranquility, Sussex county.

(7) From Bernardsville, Somerset county, to Shiloh, Warren county,

(8) From Fairmount, Hunterdon county, to Sarepta, Warren county.

(9) From Lebanon, Hunterdon county, to Roxburgh, Warren county,
on the Delaware river.

(10) From Pattenburg, Hunterdon couuty, to the Delaware river,
below Harmony Station,
(11) Along the Delaware river from Holland Station to Marble

mountain, following both shores.

AREAS8 OF UNSTRATIFIED ROCK.

The presence of large areas underlaid by unstratified crystalline
rocks was recorded in last year’s report, and has been fully con-
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firmed in the field-work of the past season. These consist in the main
of quartz syenites, granulites and hornblendic granulites of various
degrees of coarseness. Locally they contain some black mica, becom-
ing then granites, but this rock is not nearly as abundant as the three
first named. Along the Hudson river, unstratified but somewhat lam-
inated quartz syenites, &e., are found in the Dunderberg, Crow’s Nest
and Storm King mountains, flanked on either side by bedded rocks.
On the first or State line section, two areas were seen in the moun-
tains east of Greenwood lake, separated by a narrow strip of gneisses,
bedded quartz syenites and granulites. Others occur in the region
between Long House creek and Wawayanda creek. On the second
section they were crossed to the northwest of the Windbeam moun-
tain at Stonctown, where there appear to be three separated areas, and
in the Wawayanda mountain there is a massive area nearly three miles
wide. The third section line crossed them between Smith Mills and
the Kanouse mountain, between Wallace Corner and Stockholm, and
again to the northwest of Two Bridges. On the fourth section they
were found in two separated areas to the northwest of Gordon’s lime-
stone quarry, rear Montville; to the northwest of the northern end
of Splitrock pond ; about Greenville and in two areas in the Sparta
mountain. The fifth scetion line crossed massive rocks in the Sparta
mountain, and again ahout a mile to the southeast of Long pond, Sus-
sex county., Along section six a broad area is indicated in the table-
land country between Washington valley and Suckasunna plains, but,
as this is an unglaciated region, the outerops are poor. The loose
rock is mainly granulite and quartz syenite; a small area occurs to
the northwest of Drakesville, and two in the Alamuche mountain.
Massive areas are indicated along the seventh section in Mine moun-
tain and Schooley’s mountain, but few outcrops were noticed; the
eastern ridge of Jenny Jump mountain is here composed of unstrati-
fied rocks. On the eighth section indications of these rocks were
found in the country between the south branch of the Raritan river
and the Musconetcong, and the southwestern end of Jenny Jump
mountain is apparently massive. Along section nine indications of
unstratified rock were found in the Musconetcong and Scott’s moun-
tains, but the onterops are insufficient for positive assertion, Similarly
along the tenth section line, across the Musconetcong mountain, the
loose work indicates a massive area, but no outcrops were found. The
Delaware river section shows no unstratified rocks. Part of the ridge
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northwest of Marble mountain is composed of granulite, etc., but it is
poorly though evidently stratified or at least laminated.

Tt is apparent that these unstratified rock-masses underlie the bed-
ded erystalline rocks, but the lines of separation are poorly defined,
for stratified rocks of the same mineral composition commonly occur
on the sides of the massive areas, and there is apparently a gradual
passage from massive to stratified series. This feature was noticed in
many places, and at no point has any actual unconformability been
found. Several abrupt changes within a short distance have indeed
been noticed, but these may have been produced by faulting or by
erosion and subsequent greater folding. Lines of lamination and
poorly-marked bedding-planes occur locally in all the massive areas,
and these agree with the general stratification of the surrounding
bedded rocks. These facts, when considered with the occurrence of
great areas of evidently bedded rocks of the same kinds as those com-
posing the massive series, indicate that these are massive only because
the stratification has for the most part been destroyed through greater
metamorphism.

The massive rocks are then older than the gneisses, schists, crystal-
line limestones, &c., and they form the base of the geological column
in New Jersey.

RELATIONS OF THE MASSIVE AND STRATIFIED ROCKS.

In but few places can we show a direct superposition of the strati-
fied rocks on both sides of a massive area. The tilting of the strata
in the processes of mountain-making has been unequal in different
parts of the region, and in many places very great, locally even
throwing them past the perpendicular. This explains the prevalent
southeastwardly inclination of the system. The schistose series com-
mouly dip more steeply along their southeastern marging than along
their opposite sides, and often reach the perpendicular; thus the azial
planes of the folds are often inclined towards the southeast. This is
pot invariable, however. Marble mountain, above Phillipsburg,
Warren county, is shown by the section exposed along the Delaware
river, to consist of quartzose and feldspathic hornblende schists, fine-
grained pneisses, masses of segregated granite and pegmatite, and a
small amount of crystalline limestone, The strata dip forty to fifty
degrees towards the northwest, along the whole breadth of the

4
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mountain, and are quite evenly bedded. The ridge northwest of
Marble mountain is composed of well-bedded gneiss on its south-
eastern side, which grades into a very massive granulite, somewhat
laminated. Between this ridge and the Marble mountain is a bed of
tale schist, which dips southeastwardly. The structure is illustrated
in a cut. The rocks of the ridge are older, and those of the moun-
tain have hieen folded against them, the valley between the two having
been formed by subsequent erosion. The axial plane of this fold
inclines towards the northwest, and a few others have been made out,
but most of them dip towards the southeast.

The unconformability shown at certain of the contacts with the
Potsdam and other P’aleozoic rocks, proves that while considerable
folding of the Arch:ean beds occurred before these were deposited, this
action was continued after these newer strata were laid down, they
being generally appreciubly tilted, and along certain lines, such as the
Gireen P’ond, Copperas and Bearfort mountain ranges, the Silurian
and Devonian beds are as much disturbed as are those of the Archean.
Indeed, it is indicated from the tilting of the Triassic and Cretaceous
strata that the uplifting of certain areas and depression of others
continued through all geological time, and the alterations of coast
elevation which have occurred in recent times, and which are still in
progress, as marked by the gradual depression of the shore at the
present time, are proofs that a similar process is yet in operation.

THE DEPOSITS OF IRON ORE.

A detailed re-examination of all the mines has not been attempted
this year, but many have incidentally been visited, Comparatively
few of them have been in operation during the past season, owing to
the low prices obtainable for ores. Those which have been studied
confirm the statements made in previous reports.* The beds are
uniformly conformable to the stratification of the enclosing rocks,
which, in most cases, is a rather thickly-bedded granulite or gneiss,
with or without hornblende, and the magnetite occurs in grains and
small masses, often with a parallel arrangement to that bed, through
these rocks to a considerable distance—in places as great as one hun-
dred fect—from the main deposit. No extensive beds were seen in

*Seq, in particular, " Geology of New Jersey,” 1868; Ann. Rep. State Geologist,.
1883,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 51

the areas of schistose rock ; nove are known in the hornblende schist,
gneiss, granite and pegmatite series of Marble mountain, Ragged
ridge, &ec., of the northwestern side of the Highlands, but several
deposits of hematite ore have been found and mined in this series.

The magnetite ore-bodies contain as common mineral constituents,
hornblende, pyroxene, biotite and lepidomelane micas, epidote, serpen-
tine, pyrite, apatite, chlorite and ripidolite; these are seldom all
present in the same ore-body, and vary in amount in ihe different
deposits. There is evidence, in the presence of these minerals and in
the structure of the beds, that there has been considerable segregation
accompanying the metamorphosing processes, and intense chemical
action must have taken place at the time of formation of the mag-
netite,

These ore-beds and their enclosing rocks, generally with a northeast
and southwest trend, are, in cases, traceable for several miles, though
frequently of much more limited extent. They are not of uniform
thickness throughout, but are locally very thick, and, again, reduced
almost to nothing. . At their ends they are lost in the cnclosing rocks,
or ¥ pinch out,” as this feature is termed by the miners. In beds of
small extent this produces somewhat lenticular ore-bodies, which have
frequently been called  magnetic ore lenses.”

AGE OF THE ROCKE.

In referring to our crystalline rocks as a whole we have called them
Archawan. This name has been adopted by the International Geolog-
ical Congress at its recent meeting in Berlin, Germany. They have
heen variously termed Primitive, Azoic and Eozoic. The name
Primitive was rejected by the International Congress. Azoie, which
was used in the earlier reports, is an unsatisfactory designation, for
while no undoubted fossil organisms have been found in our rocks,
there is strong evidence in the immense crystalline limestone deposits,
and in the graphite, apatite and iron ores, that life of some kind did
cxist at the time of their deposition, Certain writers on geology have
attempted to explain away these occurrences, and to show that these
minerals do not necessarily imply the existence of living bodies, The
term Eozoic, implying the beginning of life during the deposition of
the rocks, is questionable, for we do not know when, in geological
time, the first organisms were created,
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Many attempts have been made to subdivide the Archman rocks.
Those of Canada were first carefully studied, and were separated by
lithological differences into two systems, the older called Laurentian,
the newer Huronian. The Laurentian comprised gneisses, syenites,
bornblende and mica schists, granites, crystalline limestones, mag-
netites, graphite, &e., and as a whole agrees very closely with our
Highland system. The Huronian is composed largely of quartzites,
with chlorite and talcose schists, &c., with immense quantities of
diorite, and has no parallel with us.

Out of these two original divisions numerous others have been
proposed and given names, generally on lithological differences alone,
Dr. T, Sterry Hunt has proposed the term Norian for the Labradorite
rocks of Canada and the Adirondacks, and Montalban for rocks
resembling those of the White mountaing, consisting largely of mica
schists, We have so far been unable to identify either of these in
New Jersey. Professor J. D. Whitney and Dr. M, E. Wadsworth,*
in a paper on “Azoic Rocks,” have recently proposed ten lithological
divisions for the rocks older than the Potsdam sandstome. They
place all magnetite, hematites and similar highly ferriferous minerals
in a distinet series which is called by them Siderian. Our magnetite
deposits are interstratified with gneisses, granulites, &e., probably of
Laurentian Age, and we have been unable to refer them to any special
geological horizon other than this. They omit the crystalline lime-
stones entirely, rezarding them as segregated masses; with this con-

clusion we cannot agree, for the white limestones of the Vernon and -

‘Wallkill valleys are unquestionably stratified and of immense thick-
ness ; they are a prominent and important feature in our Archwan
geology. And they are interbedded with gneisses, hornblende schists,
&c., and contain, near Franklin Furnace, Sussex county, at least one
great deposit of magnetic iron ore and several of franklinite. Messrs.
Whitney and Wadsworth group the mica schists in the series Montal-
ban. Of these rocks we have little or no representation in New
Jersey, Under the name Laurentian they group granites, gneisses
and syenites, and regard them as the base of the Archwean system.

We are of the opinion that lithological distinctions alone are of
little value in the classification of crystalline rocks. They must be
connected with stratigraphical relations which can only be determined
by careful and patient field observations.

* Bull. Museum Compar. Zool., Vol, VIL, pp. 331-665, 1684,
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Up to the present time we are unable to divide the New Jersey
Archean farther than to say that the massive or laminated and
heavily-bedded granulites, quartz syenites, etc., geologically underlie
the well-stratified gneisses, hornblendes, schists, talc schists, crystal-
line limestones, ophiolites, graphite, ete., which consequently consti-
tute a newer series; possibly the schistose rocks, gpeisses and pegma-
tites of the northwestern border of the Highlands may constitute a
distinct member of this newer series, as they are lithologically some-
what different from the well-stratified rocks elsewhere found in the
Highlands, though this is a difference of degree rather than kind.
We cannot reasonably hold that all are more than parts of a single
geological system, which answers very well to the Laurentian. We
may, perhaps, say that we have a lower and an upper Archwan
series, but between these we can at present draw no exact lines.
Further field-work may enable us better to define the lines of de-
markation and to map out the older areas, which are evidently very
irregular in outline.

CONTACT THENOMENA WITH THE PALEOZOIC ROCKS.

But few places are known where the actual junction of Archman
rocks with the Potsdam sandstone may be seen. One of these, on
“ Owen’s Tsland,” two-thirds of a mile south of the State line, in
Sussex county, was described by Professor Rogers in his report of
1836. The two were there found quite unconformable ; the Potsdam,
resting on the upturned edges of the Archman strata, inclined 20
degrees towards the northwest; the dip of the Archzan was 70
degrees southwestwardly. A contact near Franklin Furnace was
described and figured in the “ Geology of New Jersey,” 1868, pp. 72—
73, where a similar unconformability was shown. And the same con-
ditions appear persistent along the entire northwestern margin of the
Highlands in New Jersey, though no other actual contacts have been
observed along this line. In Pennsylvania, a few miles southwest of
the Delaware river, Professor Rogers found the two sets of rocks un-
conformable.

Similar conditions are found farther southwest, along the Allegha-
nies and Blue Ridge. Near Balcony Falls, Virginia, the basal mem-
ber of the Paleozoic series is seen in unconformable contact with a
hornblendic granulite; it contains fragments of this rock, and is
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heavily feldspathie. In Doe river gorge, East Tennessee, a vitreous
quartzite is in contact with a coarse pegmatite, and contains sbundant
tragments of decaying feldspar.

Several contacts have been noted along the margins of the Paleo-
roic rocks enclosed by the Archwean. At Wawayanda creck, above
New Milford, nearly on the State line, in Sussex county, the rocks
are exposed very nearly in conjunction. The Potsdam, here several
feet in thickness, dips fifteen to twenty degrces towards the north; the
Archzan, here a massive granulite, has no well-marked bedding planes
at the contact. Near Vernon the conditions are similar. At each of
these last-named places the features are perplexing, for the Potsdam
quartzite and conglomerate is so heavily feldspathic near the junction
that it appears to shade gradually into the older rock, fragments and
masses of which are included in it. So at Franklin Furnace, the
actual line of junetion is ascertained only by the most careful scrutiny,
there being so much feldspathic matter in the quartzite,

These facts indicate the formation of the Potsdam by the wear of
the crystalline rocks and subsequent agplomeration of the debris.

Along the southeastern margin of the Highlands, between the
Archezan and Triassic formations, is a belt of Silurian rocks exposed
in detached outerops. This extends into New Jersey from Pennsyl-
vania on the southwest, and is exposed in isolated patches above
Holland Station, Little York, Clinton and Pottersville, in Hunterdon
county ; Peapack, in Somerset county; Pompton, in Passaic couuty,
and Oakland, in Bergen county, and through New York State, at
several points, to Stony Point aud Tompkins Cove, on the western side
of the Hudson, where it has great development. Crossing the Hudson,
it is seen at Verplanck’s Point, and extends for a long distance up the
narrow valiey known as Peekskill Hollow, in Westchester and Putnam
countics, New York. Throughout this entire extent its rocks main-
tain a great similarity, and they are more highly metamorphosed than
strata of the same geological age farther to the northwest.

They are quartzites, somewhat crystalline-blue or light-colored lime-
stones, and shininy slates, which have been termed * hydro-mica slates,”
hecause their metamorphism has been so far advanced as to change them
pattially into a mica-like mineral; this is distinguished from the micas,
however, in containing water, hence the name.

Between the rocks of this belt and those of the Archiean, the uncon-
formability is much less pronounced. Nosatisfactory contacts are known
in New Jersey. At Pompton the slate ledges in the Pequannock river
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have very nearly the same dip and strike as the nearest Archzan out-
crops. The two are not seen near enough together, however, to warrant
any conclusions as to their relations,

In the hills bordering the northwestern side of Peekskill Hollow,
New York, the slates and Archman rocks are seen in several places
very nearly in contact; their deviation in strike is very little, and
both dip steeply to the southeast; the slates are greatly contorted.
Along the southeastern side of this same valley, and to the southeast
of the bluish limestones, which occupy the greater portion of it, strata
of quartzite are found, and are well exposed about the old furpace
stack at Annsville Cove, This quartzite comes directly in contact
with a crystalline rock of variable composition, consisting of ortho-
<clase and oligoclase feldspars, quartz and some black mica and horn-
blende, and is directly conformable to it; at least, the divergence of
dip and strike is small enough to be inappreciable. The strata have
been subjected to an overturn, causing the quartzite to dip under the
older rock, and it is difficult to say exactly where the line of separa-
tion is. The contact features of this eastern Silurian belt indicate that
the Archaan was not extensively folded along this line before the
newer rocks were deposited on it, but that all have been folded and
aplifted together and without much alteration of their original rela-
tive positions,

QUATERNARY AND RECENT FORMATIONS,

THE WORK in the newer formations has been done by Mr. ¥. J. H.
Merrill, since the field-work in the Archean rocks closed. The vari-
ous phenomena along the Atlantic shore from the mouth of the Raritan
to Cape May have been examined and notes made following out the
explanations and directions here given, with the following paper of
instructions, viz. :

IxsTRUCTIONS for the geological phenomena to be noted in the sur-
vey of the sea-coast from Sandy Hook southward. These may be
arranged in the order of their age, beginning with the most recent.
They are:

1. Tak Tipe-MarsaEs.—These are of receut origin, some of them
are in process of formation now, and all are undergoing changes of
elevation of their upper surfaces. They may oecur in all places
where the hard bottom is below high-water mark, and the shore is
protected from the violent action of the waves.
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2. ALLTVIAL DEposrrs.—In most places the upland comes down

to the level of high-water with a gentle slope, and in this condition
of the shore lands it is noticeable that the soil is generally of a more
loamy character than that away from the sea-side, that it contains
more organic wmatter and is more fertile, This fringe or border of
alluvial lands extends up to an elevation of from fifteen to thirty feet
above high-water mark. The upper margin is difficult to define
accurately, as it has been exposed, for centuries, to the wash from
heavy rains and torrents of water. It appears, however, to mark the
level of high-water at some former time, though as the shore is not
worn by the force of waves, but remains smooth and even, the line
must have been made since the beaches were in their present places,
to break the effects of the open sea.

3. BEACHES,.—This term is applied to the islands and banks of
loose sand which line or border on the sea-coast of the State from
Sandy Hook to Cape May. The beaches are of two kinds, (a) dunes
or hillocks of rather coarse, clean sand, which may drift with the
wind, and (5) long, low ridges of fine, slightly yellowish sand, which
are usually almost parallel with the shore, and have probably been
first formed as bars under the water, by waves and currents, and
brought above the surface in violent storms by the waves and
currents, or by slower geological changes of level.

4. TERRACES,—In the few places where there are bluff banks
from forty to sixty* or more feet above the sea-level, terraces are to
be seen in protected places, resting against them. The highest of the
terraces bordering the tide-waters are in the northern part of the
State, where they are seventy or eighty feet high, and they are found
of less and less height as we go south till, in Atlantic county, they are
but little over thirty feet high, and in Cape May they can hardly
be distinguished from others of the alluvial deposits. Other terraces
of less elevation are to be seen in many places. Of course the terraces

*The terrace on which Mt. Pleasant cometery, in North Newark, is located, in
about eixty five feet above mean-tide. The terraces on the Raritan above New Brans-
wick, are somethiog over fifty feet above ; that at Trenton is about filty feet; that at
Leede’ Point, in Atlantic county, is thirty-five feet above, and the south end of Cape
May, extending back from Town Bank, is twenty feet above mean-tide. There are
many otherastiil to be measured, when a more accurate result can be made out, but at
present the terraces appear to diminish in height, going southward, at the rate of
about thres inches to one mile.
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are not to be expected unless there is higher ground near, which
could supply the material to make them.

5. THE YerLrow GRrRAVEL aND Earti,—This constitutes the
surface material everywhere outside of the lines within which the
alluvial and formations occur. It varies much in quality, but is
everywhere marked by the presence of quartzose pebbles, which are
of a rusty white or yellow color, and many of them contain fossils of
well-known Silurian and Devonian species. The gravel is mixed
with clayey earth in the higher grounds, while in lower places the
sorting effect of the rains has carried away the clayey matter—has
separated the sand and deposited it in lower places, and the gravel
itself is very irregularly exposed. It, however, constitutes a greater
or less portion of the surface material over more than half the State—
all of that portion south of the glacial drift. 1t is evidently older
than the several formations mentioned, while it is newer than the
stratified materials of the various Tertiary, Cretaccous and older for-
mations which it overlies,

6. THE Lower TErTIARY AND CRETACEOUS FORMATIONS.—
These are exposed at various places along the sea-shore from Long
Branch to Deal, but not so fairly as they are at many places farther
inland. The grains of greensand, and stony masses of marl and fossils,
washed up by the ocean waves, show that these formations do extend
out under the sea.

‘Fhe several classes of phenomena mentioned above give evidence—

(a.) That there is a change in the relative level of the sea and the
land going on now : the sea is rising upon the land. The marshes
now cover land which, since the first settlement of the country, has
been above tide-level and cultivated in farm crops. Trees formerly
grew where the salt-marsh now covers the surface, and only salt-grass
or other marsh vegetation can grow. This has gone on to a large
extent, so much that stumps of trees with their roots still firm in the
hard ground where they grew are found under the marsh where ditches
are dug, 4 or 5 feet beneath the surface, and in the thoroughfares and
other water-courses in the marshes such stumps are found at very mueh
greater depths. In many places, too, Indian shell heaps are found in
the marsh, and, going down to hard ground: the marsh has evidently
grown around them since they were begun, Marsh sods are found
under the beaches and along the strand, which, though in their places
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of growth, are several fect below the tide-level. The storms and waves
of the sea appear to have greater effect in wearing away and changing
the shore line than they had in former times. This would naturally
oceur if the sea rises higher on the land than it formerly did. Tt is
desirable to collect all the facts possible bearing upon this general
subject and their location and character, giving as much precision as
possible to all measurements of time and distance.

(b.) It would appear that preceding the present advance of the sea,
there was a period of withdrawal of the ocean waters, so that the land
in which the stumps are found below tide was above the sea-level, and
these trecs could grow. It is desirable to get any facts which will
mark the lowest point to which the sea receded. They may be found
in the depth at which fixed stumps occur, and perhaps in the meadow
<ods found on the sea-side, or in sinking wells or holes in the sand.

(c.) The occurrence of alluvial deposits indicate that preceding the
last-mentiuned recession of the sea-level, there was an advance of the
sea upon the upland which continued until it reached the height
shown by the upper margin of these lands. It is desirable to get all
facts pussible which throw light upon this point. It is also important
to ascertain whether the upper margin of these alluvial deposits is
parallel to the present sea-level, a3 it appears now to be, though it is
not fully proved. Ina number of places on the upland, but not far
above tide-level, sea-shells, apparently of the species now found
living in the adjacent waters, have been found buried in the earth.
In some cases they were found in digging wells, cellars, pits, ete., and
in other cases in baoks, and in places where they can be dug opt as
marl, and used to fertilize the soil. The facts connected with these
should be fully and carefully ascertained and noted, for while it is the
simplest explanation to consider them as of the same age with the
allevial deposits in or under which they are found, there may be
reasons for assigning them to an earlier period.

(d.) The material of which the beaches are composed has all been
wushed by the ocean. It is clean, white quartz sand, with a few small
pebbles or gravel stones. The clay which may have once been mixed
with it, is now all washed out, the rusty color or coating on the
grains of sand has all been washed off, or else worn off by the attri-
tion of the grains against each other. A bare inspection of the sand
of the beaches is sufficient evidence of this, but as attention has not
generally been called to this, it is important to collect as many facts
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to corroborate it as possible. The formation of sand bars parallel to
the shore, the appearance of new bars above the surface, the changes
which bave taken place in the form and location of the beaches in
modern times, and the changes of the strand in quiet and in stormy
weather, all lend support to this view. The depth at which sand can
be moved forward by the violence of the waves, and the effect of
currents which are parallel to the shore, in checking the movement of
sand earried by waves towards the shore, need more extended and
careful study.

(e.) The higher terraces are considered to have been formed at the
close of the glacial period, and their upper and flat surfaces mark the
level of the ocean at that time. The elevation of these terraces above
the present tide-level being variable,-and greater at the north than at
the south, opens very important questions in theoretical geology,
relating to the form of the earth and the carvature of its surface. It
is important, then, to measure carefully the elevation of all the terraces
that can be identified along the shore of the State, throughout its
whole length, from north to south, \

(/) The distribution of the yellow gravel is very irregular. Tt is
desirable to note the thickness and structure of the gravel beds
wherever they are exposed in gullies, bluff banks, or in artificial
cuttings or openings. As this gravel is not confined to the shore, the
facts can only be collected for use at some later period, when it has
been examined throughout its whole extent.

:b SaxpYy Hoox is a good example of the changes to which the

| beaches on the Atlantic shore are subject. The map inserted at the

beginning of this report gives the outline of the Hook as it was

in the summer of 1885, and the contour lines give the elevation

of its sand ridges and hillocks above the tide-level for every five feet, |
The Hook was surveyed by George Keith, Surveyor-General of East
' Jersey, in 1685, and the survey is recorded in Liber L of Warrauts,
in Proprietors’ Office, at Perth Amboy. Tt is “By virtue of a war-
rant from the Governor, bearing date at Elizabethtown, the seven-
teenth of the first mounth, 1685, surveyed and laid out for Richard
Hartshorne, a tract of land within the bounds of Middletown, called
Sandy Hook : Beginning at the first hummocks on the said tract, and
running duoe north one hundred and ten chains; then north north-
west and three-quarters of a point more northerly seventy chains;
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thence northwest forty chains to the end of the hummocks ; then the
same course to the most northerly poynt along a narrow neck of land
twenty chains; the greatest breadth of the said tract being twenty
chains, but running to a poynt at both ends in the form of a half-
moon, containing with allowance for barrens, two hundred acres,
bounded on the south with his own lands formerly surveyed, (a narrow
neck of sand betwixt the hummocks on Sandy Hook, and his own
Jand being included in the said tract,) and on all other parts bounded
by the sea. [Here follows description of another tract.]

% Georar Kerru.”

The above survey is only a single line, but from the timber and
bushes on the Hook, it would now, and probably would then, have
been difficult to run a single line directly up the middle of the wooded
part of the beach, and the survey was most likely made upon the
strand on one side of it. The most southerly hummocks are easily
distinguished now, and the old timber is limited to the westerly side
of the Hook, The variation of the magnetic needle was recorded by
Keith, in 1687, as being nine degrees west. Taking these facts into
consideration, the line is plotted on the map and marked by a series
of bars and interposed circles. The Hook is also bounded by a sim-
ilar line drawn to conform to this description of Keith.

The Hook was surveyed again by William Lawrence at some date
earlier than 1765, and a map of it and its connection with the High-
lands was made. This map is still in existence, and a copy is in pos-
gession of the Geological Survey. The outline of this map is also
drawn upon the map of the present Hook, and is marked by a series
of bars and interposed crosses.

Lines showing the north end of the Hook at several dates from
1782 onwards, are also drawn upon the map from the United States
Coast Survey sketeh, in the report for 1853.

It will be perceived that the Hook has increased in length and in
breadth so a3 to include more than four times the area it covered in
1685.

The changes in the extent of the beaches, and in location of the
shore line, is also well shown about Little Egg Harbor Inlet. The
map here inserted shows the shore lines in 1841 and in 1885. The
whole interval between the south end of Long Beach and the east
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side of Tucker’s Beach, has been filled in with sand, and the shore
of Tsland Beach, on the south side of New Inlet, has taken an
entirely new form.

Five MILE BeacH, on the east shore of Cape May, has also
undergone remarkable changes in the wearing away on the sea-side at
its north end and the large accretions made at its south end. The
accompanying map shows the beach as it is in 1885. The beach was
surveyed in 1772, and a map, on a scale of ten chains to an inch, was
made for the purpose of dividing it among several heirs. This map
ia still in existence, and the Geological Survey has a copy. The
thoroughfare on the west side of the beach, as shown on this map,
agrees singularly well with that on the present map, and this affords
a satisfactory means of comparing the shape and area of the beach of
1772 with that of 1885. The accretions have nearly doubled its
area, but the old holly and oak trees sufficiently characterize the
beach of 1772 and distinguish it from that which has formed since.

OBSERVATIONS ON THE RECENT FORMATIONS OF THE ATLANTIC
COAST OF NEW JERSEY.

The following is a report of field-work on the Atlantic coast of
New Jersey, from October 1st to December 8th, 1885, In view of
the limited time available, the aim of this season’s investigation has
been to cover the whole ground as well as possible rather than
attempt an exhaustive study of any oune formation or district, and
to obtain all possible information with regard to localities of interest
which might be carefully examined at another season. The material
thus obtained is discussed in the following pages, under the heads
mentioned in the paper of instructions, viz. : :

1. Tide-marshes.

2. Alluvial deposits.

3. Quaternary fossils.

4. Beaches.

5. Terraces.

TIDE-MARSHES OR BALT-MEADOWS.

These formations cover a great area along the New Jersey coast,
and consist of mud, at or below the level of high-water mark, over-
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grown by certain grasses, which are favored by moisture and the
saline influence.

As they can thrive only on protected shores, and will not Zrow on
upland soil, the formation of meadow-sod, which in places attains a.
thickness of some feet, is confined to the bays, channels and creeks on
the west of the beaches or the sheltered portions of the estuaries,
where the hard bottom lies at or below high-water mark, and has
been covered with mud, or the unctnous alluvial deposit which forms
=0 plentifully in the protected waters mentioned.

These plants will moreover only spring up and take root on a
surface which is at times out of water, consequently the sod begins to
grow, ordinarily, just above the level of low-tide, in the bays and
thoroughfares. \Where, however, the marsh borders the upland, over-
flowing tides gradually deposit alluviem upon the latter, and in this
case the salt grasses spring up near high-water mark.

Hence the marshes are geologically younger or more recent than
the beaches, and as the latter have been deposited late in the Quarter-
nary, the marshes may all have formed within the historic peroid.

With regard to the growth and wear of the salt-meadows, it is
impossible and useless to attempt a consideration of the changes
which occur in them, as they are subject to the variations of winds
and currents, and the general statement must suffice, that in sheltered
localities they grow rapidly, and where exposed to wind and wave are
as rapidly removed. As a rule, however, it is noticed from Bay Head
to Cape May, that the meadows which fringe the main shore, are
worn away on their eastern edge, while those bordering the west side
of the beaches are growing, Thus the general tendency of the bays
and thoroughfares throughout this region, is to work westward.

As these meadows ure of such recent date,-we might expect to
obtain from them abundant evidence of any change of level which
may have occurred during their formation, and in this expectation we
are not disappointed. We find, in fact, conclusive evidence of a gen-
eral subsidence of the coast or rise of the water-level to an extent of
from ten to twenty feet within a short period of geological time, hut
at a rate which is not yet quite definitely established.

The points of evidence alluded to are as follows :

Ist. The encroachment within the present generation of the salt-
meadow on the upland, in many places killing timber along the border
and rendering arable land unfit for cultivation. )
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2d. The stumps of trees in the mud, with their roots imbedded in
hard bottom, many feet below high-water mark, and at a level where
they could not possibly have grown previous to the formation of the
marsh,

3d. The occurrence of Indian or aboriginal shell beds resting on
hard bottom, and partly or wholly submerged in the meadow to the
depth of some feet. These were unquestionably formed on knolls of
upland which projected above the surface, and have since become
buried by the rise of the meadow.

4th, The existence of old bridges and crossways of poles or cordu-
roy roads several feet below the surface of the marsh. The time of
their construction is unknown to the present generation of inhabit-
ants, and there seems to be no authentic record of any bridges, built
within the memory of the residents on the shore, having settled or
sunk in the marsh to an appreciable extent ; so we may, with justice,
conclude that they have been buried by the upward growth of the
meadow, .

5th. The occurrence discussed under the head of beaches, of meadow-
sod below low-water mark on the outer shore, at a level where expe-
rience and observation show the grass could never have grown.

The first four points of evidence will be enumerated in geograph-
ical succession, proceeding southward over the area examined during
the past season.

In the tide-marshes bordering the Navesink and Shrewsbury
rivers, but little change has been noticed, except lateral growth, and
no cases of encroachment on the upland have been recorded, because
not thoroughly searched for.

In the marsh necar the railroad on the southwest branch of
Deal lake, stumps are said to have been found at a depth of ten to
twenty feet in digging for peat. The bottom of this and Sunset lake
is everywhere full of logs and stumps, and doubtless is the site of a
former cedar swamp,

Near Point Pleasant, I am informed by Mr, Joseph Borden, Sr.,
that at certain points along the upland border in the vicinity, arable
land has become sour and uafit for use.

Any changes which have taken place on Barnegat bay, north of
Kettle creek, under the saline influence, occurred when Cranberry
inlet was open -and the water was salt up to Bay Head. This closed
about 1812, and at present the water of the Metedeconk river is but
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slightly brackish. It is therefore possible only for those who are able
to recall the time when the inlet was open, to have noticed any change
in the meadows.

Stumps are said to have been found in the marsh near Ellis’ Point,
on the west side of the beach, and at other places below Bay Head.
A low ridge of sand occurs at the west edge of the meadow, which
fringes the beach, and also along the west shore of the bay,

Mr. J. G. W. Havens, Superintendent Fourth District United
States Life-Saving Service, informed me that on the north shore of
the Metedeconk river, an old meadow-sod occurs at a depth of
eight to ten fect below the surface. The rise of the tide here is about
six inches, and evidently this must have formed when the river was
open to the sea, and the salt water rose and fell in an ordinary tide,

Assuming the rise of mean tide at this spot as five feet, which is
probably far in excess of the actual rise, we would have the sod three
to five feet below low-water mark, and as it could never have grown
there, the difference is probably due to subsidence,

From Bay Head, almost all the way to Seaside Park, the meadow-
sod on the inside of the beach is only a few inches thick and under-
laid by sand. This is thrown up in a ridge on the west border, as
before stated.

Near Oshornville, and westward in the Metedeconk river, and on
the meadows, are many stumps, some in five to ten feet of water.
Mr. Isaze Osborn estimated that the water-level is about eight inches
higher than it was fifty years ago.

Some masses of the meadow-sod which had been washed out
of the bottom of the river and lay on the shore, were about two
feet thick, and of considerable size.

At Bilverton, Mr, Cornelius Clayton stated that he had noticed an
appreciable encroachment of the meadow on the upland. Tt chiefly
occurred while Cranberry inlet was open, Stumps are plenty in the
meadow west of Green’s island, but not at any considerable depth.
He says, moreover, that when the inlet was open, timber used to
die off along the edge of the meadow.

Mr, Edwin Irons stated that stumps abound in the meadows on
all sides of (ircen’s island,

According to Mr. Daniel Clayton, stumps occur two feet below the
surface of the meadow, and are found in Kettle creek.

Stumps also abound in the meadow about Mosquito Cove. Mr.
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Samuel Kelvey stated that he had found “huckleberry brush” 3
feet under the mud, rooted in the sandy bottom, and that he had
noticed timber dying out along the upland border.

At Coates’ Point, northeast of Toms River, stumps are numerous
in the meadow for some distance from the border, and the encroach-
ment of the marsh on the upland is quite apparent, as the tall grass
of the meadow is growing among the pine trees of the border.
Cedar stumps are abundant in Toms river and in the meadow along
its shores, particnlarly in the ditches beside the track of the Pennsyl-
vania railroad, where it crosses the marsh on the west side of Barne-
gat bay.

Near Good Luck, stumps are found in the meadow and the encroach-
ment has been noticed.

In Cedar creek and the surrounding meadows, stumps oceur, and
the marsh has gained on the upland.

Forked river, near the village, is full of stumps, which are found
at a depth of 3 feet. An old bridge of poles was discovered here in
a ditch 2 feet below the surface of the meadow, which also contains
stumps. It is evident that at one time the cedar swamp, which sur-
rounds the river, grew nearly a mile further east than it does now,
and has since become submerged.

At Waretown, cedar stumps and pine knots abound in the meadow,
the latter being probably the remnant of pine timber, which was less
durable than the cedar.

From Barnegat to Manahawken there is an extensive cedar swamp,
and stumps and fallen timber oceur as far out as the east edge of the
meadow, in great abundance. In Log creek, east of Manahawken,
they occur in 8 to 10 feet of water.

As no attempt has been yet made to ascertain the extreme depth at
which the stumps occur in the meadow, no detailed account will be
undertaken.

There are numerous shell beds in the meadows between Barnegat
and Great Bay, but as the depth below the surface of the bottom on
which they rest has not yet been determined, their description will be
left to a future report. Three in particular are of considerable size,
and are most interesting relies of the former inhabitants of the
country. One of these iz Cedar Bonnet, east of Manahawken;
another is the island known as Ned’s Nose, near the mouth of Mana-
hawken creek, and the third is Cedar Hammock, southeast of Tuck-~

o
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erton. This is about 160 feet long by 50 feet wide at the broadest part,
and ix about 9 feet high. It has several large red cedars on it, one of
which is § foet 3 inches in circumference, and it is entirely composed of”
fragments of the shells of oysters and round clams, with some mussels,.
winkles, &c.  Its depth below the surface of the meadow has not been
measured, and the portion exposed has been about half carted away for-
fertilizer. Throughout the region mentioned, the encroachment of”
the mar<h on the upland is very noticeable, and is appreciated by all
observant residents who interest themselves in natural phenomena.

The most striking evidences of this eneroachment are to be found
near Tuckerton, in the marsh bordering Great Bay. Here, withio
the memory of the old residents, many knolls or islands of upland
which were once wooded, are now level with the surface of the
meadow, the timber hay died off’ and the stumps may be seen in the
surrounding marsh.  Mr. Elkanah Palmer informed me that just
west of the road to Oshorne’s island, on the border of the meadow,
arc corn rows overgrown with salt grass. No onc living remembers
when corn grew there.  In this vicinity the upland border, which is
now barren of trees; once bore many oaks, the stumps of which are
now in the edge of the meadow. Hickory island some 20 years ago-
was farmed, it is now but little above the marsh and the timber
on it is dying out, Encroachment of this kind has been noticed on
Wells' and Osborne’s islands, Between Barnegat and Manahawken,
on Cedar run, is an old corduroy road, at about the level of low-
water; the oldest inhabitant had no knowledge of its construction.
Near West creck there are waid to be some crossways of the kind
several feet helow the surface of the meadow, and resting on the sand.
At Tuckerton, in a ditch adjoining the farm of Dr. T. T. Price, there
is a pole crossway 4 feet below the meadow surface.

In the meadows bordering the north shore of Mullica river stumps
occur abundantly. Mr, Samuel Headly, of Tuckerton, stated that
stumps had been found near Ballanger’s creek, about 18 inches below
the surface. They had apparently been cut with an axe. An old
corduroy road was also found in this vicinity, at about the same depth.

Mr. E. Palmer states that within his recollection the marsh has
encroached about 20 yards on a knoll of upland, called Eagle Nest
island, near Ballanger’s creek. The trees have all died off. About
50 years ago the buried timber in the meadows about the creek was
mined and used for shingles. Mr. Richard Bogan, of Wells’ island,
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informed me that in the thoroughfare between Bass and Wading
rivers, there is a cross-bridge of poles 3 feet below the surface of the
marsh. Stamps cccur there also in 15 to 16 feet of water. In the
vicinity of Port Republie, in Nacote creek and the surrounding
meadows, are a great abundance of stumps. This ereek is surrounded
by a cedar swamp, where it is beyond the reach of salt water, and
it is evident that the growth of timber at some previous time ex-
tended to the mouth of Mullica river, or perhaps farther. Timber
has been raised from the meadows and worked to some extent. In the
Mullica river stumps are found by oystermen at a depth of 30 to 35
feet. Thisextreme case, however, is probably due to the undermining
of the stumps by the river current.

Mr. Richard Higbee, of Higbeeville, stated that the oysters occur
much farther up the Mullica river than formerly, being now found
in Swan bay. He estimated the advance at about 1 mile in 16
years, and attributed it to an increase in the saltness of the water.
Mr. Eli Bowen, of Leeds’ Point, informed me that timber had died
out on the islands near by. There are in the meadow the stumps of
trees which were living when he was a young man, He is now
85 years old. There is a pole bridge on the long ditch near Leeds’
Point, which is 2 feet or more below the surface of the meadow.
It was built more than 85 years ago, says Mr. Bowen, as he has no
knowledge of its construction. Other residents inform me that stumps
occur in many places in the meadows near by.

Near Oceanville are some large Indian shell beds, of unknown
depth ; they are almost entirely covered by the meadow. Mr. Peter
Boyce, who lives two miles north of Absecon, found stumps at a depth
of 2 to 3 feet, in digging a ditch through the tide-marsh, 200 to
300 yards from the upland. He thinks the meadow is higher than
formerly, as some stumps which used to be exposed are now covered
with the marsh-sod. There is on the meadow southeast a large shell
bed, once overgrown with cedars, but now partly covered with salt
meadow grass. Judge Doughty, of Absecon, informed me that there
were many stumps in the meadows in that vicinity.

Mr. Jacob Chamberlain stated that he had known a great number
of trees to die out along the border in his vicinity. There are two
large shell beds in the meadows north of the C. & A. R. R.

Senator J. J. Gardner, of Atlantic City, informed me that in the
meadow back of his house stumps were found at a depth of 18
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inches below high-water.  One of them appeared to have been cut by
a sharp instrument,

At Mount Pleasant, near by, Mr. Silas Robinson informed me that
he had tound cedar stumps in the marsh about 2 feet below the
surface and a quarter of a mile from the upland. On Adams’ ditch,
wost of the C. & A, R. R., is a large and deep shell bed. There is
another on Scull Harbor beach.

At Pleasantville Mr. Lucas Lake stated that he had found pine
stumps in the meadow 4 to 5 feet below the surface, and 300 to
400 yurds eust of the upland. A large shell bed is on the marsh near
by. South of Bargaintown, on Cedar Swamp creek, some encroach-
ment of the marsh on the upland knolls has been noticed. Stumps
abound in the meadow.

At Leedsville Captain Mark Townsend told me he knew of a piece
of land, once cultivated, but now part of the salt meadow. There are
stumps in the marsh near Scull’s Bay.

Mr. Thomas Robinson, of Sea View, has frequently found stumps
in the east meadows 18 inches below the surface.

At Beesley's Point Mr. Frank Stites informed me that a cedar post
which stood in the meadow as the corner of a 1,000-acre tract of land
ahout 8 years ago, was 1 inch above the surface; 15 years previous it
stood at least 6 inches above the surface. Mr. Thomas Stites said
that the meadow was encroaching on the shore of Bunnell’s island,
which lies in the marsh about two miles west. The timber is dying
out, and stumps occur beneath the sod. The same is true of all the
islands he has noticed.

Mr. Joseph Collins, between Seaville and Palermo, stated that the
tide-marsh was encroaching on a wooded island northeast of his
house, and the timber on it was dying out.

Mr. Elva Corson, of Palermo, had noticed that there was consider-
able encroachment on the upland border just east of Cedar Swamp
creek. He had also noticed it on the islands between Cedar Swamp
creek and Hughes' creek. Stumps occur in the marsh bordering
Tuckahoe river.

Captain Joseph Golder, west of Beesley’s Point, said that the
meadow was gaining on the islands. Some, which bore oaks and
luxuriant vegetation years ago, are now unfit for upland plants. He
stated that he thought the water-level was about 6 inches higher in
that vicinity than it was 50 years ago.
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Between Beesley’s Point and Seaville many large shell beds oceur
on and under the meadow-sod. As their depth has not yet been
determined no description is necessary.

At Tuckahoe I was informed by several hay-makers that the marsh
is encroaching on the upland, and that small sandy islands which
were formerly bare are now covered with meadow grass. Along the
river bank trees are dying out continually. Stumps occur in the
creeks at a depth of 7 to 8 feet,

Between Seaville and Cape May Court House, but little informa-
tion of value was obtained from the residents. Stumps occur in the
marshes, shell heaps abound and the encroachment of the salt
meadow on the upland is plainly evident.

Mr. John Gandy, of Cape May Court House, says that there is
the remnant of an old corduroy road or pole bridge 3 feet below the
surface of the marsh on the thoroughfare known as Scotch Bonnet.

On the property of Mr. S. H. Bennett, in ditching a meadow, an
Indian shell bed was found resting on the yellow sand under the sod,
which was about 14 inches thick. The deposit of shells was from 4
to 10 inches thick.

Mzr. George W. Husted, of the Gravelly Run mill, stated that the
edge of the salt meadow had apparently gained on the upland near
his house several rods in the course of 35 years. In digging ditches
for the new mill many stumps were found 50 to 75 yards from the
upland border, and with their tops about 3 feet below high-water.

Along the edge of the meadow, east of the Court House, the smaller
shrubs and trees appear to be dying ous, and near a small fresh-water
bog the marsh elder (fva frutescens) was evidently replacing the button
bush (Cephalanthus occidentalis).

About one and a half miles northeast of the Court House, on the
road to the landing, a deposit of shells is exposed in a ditch, quite
similar to that at Mr. Bennett’s place. It lies about 6 inches below
the surface. At the landing itself is a large Indian shell bed, appar-
ently overlaid by the meadow. Others occur near Mayville and on
Seven Mile Beach, but their description will be deferred until they
have been sounded,

Near Cold Spring, on the farm of Captain George H. Hildreth, an
old corduroy read was found about 2 feet below the surface of the
meadow,

Captain William Bennett, of Cape May City, stated that stumps
had been found in the Pond creek meadows about 4 feet down.
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It may not be out of place here to state that the edge of the
meadow or tide-marsh which borders the water is estimated, as a rule,
to be abeut 4 inches higher than the inner portion. This differ-
ence, I am inclined to attribute, in a measure, to subsidence, as the
constant, though gradual rise of the water-level would cause the
sediment contained in the water to be deposited at a gradually increas-
ing height near the outer edge as the meadow grew laterally. This,
however, at present, is merely a suggestion,

ALLUVIAL DEPOSITS.

It has been observed along much of the upland border of New
Jersey that the soil is richer below an elevation of 20 to 30 feet
than it is on the higher ground. The above limit, as a rule, may be
excessive, most of the more fertile soil lying below 20 feet. Good
examples of this may be seen on the low grounds of Manasquan
and Point Pleasant, at Manahawken and Tuckerton, and along the
border of Atlantic county, especially near Absecon, Pleasantville and
Leedsville, or Linwood. While the determination of the natural
limit of this formation may throw valuable light on some interesting
points in recent geological history, serious difficulties present them-
selves in this work, as will be evident upon consideration of the facts.

The basis of the soil being chiefly quartz sand, its superior wealth
of plant-food is due to an accumulation of humus or decaying vege-
table matter, which yields to the vegetation taking root in it a portion
of the nourishment it absorbed from the earth in which it grew. The
rich alluvial soils are, therefore, much darker than the poorer ones,
and the amount of humus contained is the chief means of distinguish-
ing them.

When, therefore, we attempt to ascertain how far up the border-
slope the dark soil extends, we find that the wash of poorer sand from
above has covered it for some distance and mingled with it in places,
while elsewhere more frequent and careful cultivation, with the addi-
tion of fertilizers contr’ ing vegetable matter, has extended the limit
beyond its normal p) .y formiog a rich artificial soil quite similar
to the natural,

As but little de .ite information in this line has been collected
during the past anvumn, it seems best to wait until another season has
aiforded opportunity for more careful study before attempting any
generalization on this subject.
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QUATERNARY FOSSILS,

In the quaternary border plains of the coast, fossil shells of existing
-species have been found at various places. A brief mention of some
new localities is appended, together with a description of two previ-
ously known.

On Metedeconk Neck, about three-quarters of a mile sonth of
Osbornville, on the property of Mr, Rogers, shells were found ina
well at a depth of 8 to 9 feet in white gravel. The surface stratum
here consisted of about 3 feet of yellow sand and gravel, with fer-
ruginous conglomerate. The shells were 1 to 2 feet above mean tide.

At Absecon Judge Doughty stated that two oyster shells were found,
in digging a well, about 20 feet below the level of the C. & A. R.
R., which is here nearly 10 feet above mean tide. In the same well
& pine cone was found,

Near Bargaintown, Mr. Constant Somers mf‘ormed me that clam
and oyster shells have frequently been found in wells at a depth of
4 to 10 feet. As the precise localities are not known, I am unable to
state the height at which these shells oceurred. The general surface
height of the land in this neighborhood is between 10 and 20 feet.

At Somers’ Point, I am told by Capt. Mark Townsend, of Leeds-
ville {or Linwood), a large shell bed was found at a depth of 15
feet. The surface height here is between 10 and 20 feet, and the
material is chiefly yellow sand.

Capt. William Bennet, of Cape May, informed me that at the north
point of what was once known as Cape Island he had found clam and
oyster shells in a well at a depth of 10 to 14 feet. This was
probably near the level of mean tide.

On the road from Tuckahoe to Dennisville, and about five-eighths
of a mile south of Tuckahoe river, or about 300 yards south of the
school-house, is a most interesting deposit. It is a reddish, clayey
gand, with many pebbles in it, which, in spots, are cemented into a
solid mass by limonite or oxide of iron. Most of these masses con-
tain casts of clam shells, which resemble the Venus mercenaria, though
the specimens obtained were not perfect enough for specific determina-
tion. ‘The carbonate of lime of the shell has been entirely removed,
and nothing remains but the impression of its surfaces. The material
of the formation is not essentially different from that of the gravel
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drift, though its deposition here may be more recent. The casts occur
at about 20 feet ahove mean tide.

By the courtesy of Mr. Frank Stites, of Beesley’s Point, I was
enabled to visit a deposit of shell-marl, about 5 miles southwest of
the point, and about a half mile west of the shore road. The surface
height here i< about 20 feet, and the marl lies beneath about three
and a half feet of sandy soil. The material is a fine blue clay, free
from grit, and containing an abundance of shells of the common
littoral species—1{yanassa obsoleta, the small “winkle;” and Urosal-
pina cinerca, the “oyster borer.” Besides these, oyster shells were
abundant,

Besides animal remains, buried timber is often found in the terraces,

At Highlands, in a well at Thompson’s Hotel, a cedar stump was
found at a depth of 25 feet. As the terrace here is about
40 feet high, the stump was 15 feet above tide. About 150 yards
north of the drawbridge, on the low plain which has an eleva-
tion of about 6 feet, I was informed that stumps were found at a
depth of 7 feet in wells,

In o well near the post office at Red Bank it is said that pine bark
was found at a depth of 18 feet. The surface height here is about.
40 feet,

BEACHES.

TUnder this head we are to consider the narrow sandy strips of land
bordering the Atlantic coast of New Jersey from Sandy Hook to
Cape May, and in many cases separated from the upland border by
bays and thannels f'rmged by tide-marsh or salt meadow.

Strictly speaking, it is inaccurate to apply the term beach to them,
as this word properly refers only to that portion of a sandy or
gravelly shore which is washed by the tide or waves. This, on the
coast ot New Jersey, is commonly known as the strand.  Where the
strand immediately adjoins the upland border, as in the vicinity of
Mooamouth Beach, or between Deal and Point Pleasant, and the
dunes extend westward some distance from the shore, this whole
sandy areu is known as the “beach.”

Professor Dana has described such formations where they are
scparated from the main shore under the name of sand reefs, and it
were certuinly desirable that such a term should be used; as, how-
ever, since the scttlement of the State they have been called beaches
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by the inhabitants, we must submit to custom which “makes the
language,” and in a report to the people of New Jersey describe its
various natural divisions under the names most familiar to them.
Beaches, therefore, as we are to understand them, are sand bars of
considerable magnitude, which have been formed at a greater or less
depth by currents depositing sediment under favorable conditions,
and subsequently brought dbove water by the waves, as at the present
day, or perhaps in some cases by the changes of sea-level which have
evidently occurred in Quaternary time, This we may justly conclude
to have been the origin of most of the beaches, for sand bars are con-
tinnally forming along the shore and doubtless have been formed
since the ocean first began to roll. Where the beaches adjoin the
upland their origin is obviously due to the action of the waves, sort-
ing out the finer material from the sea bottom and the upland border.

Once above water, a new formative agency began to act upon the
sand reefs and built up hills along their borders—namely, the wind,
which, blowing upon the shore, caught up the particles of dry sand
and carried them inland until, meeting some obstacle, they were
dropped out of reach of the tide, and by ceaseless repetition of the
process, built up at a short distance from the strand those picturesque
and often desolate adjuncts of a sea-beach landscape called dunes or
gand hills.

The literature of the subject is quite limited, one of the most
recent papers having been read before the International Geological
Cougress of 1878, by Dr. F. C. Winkler, of the Teyler Museumn,
Harlem, Holland, in a paper “On the Maritime Dunes of the Low
Countries.”

The study of these formations, however, is quite simple, and at the
same time they are of sufficient interest to warrant the devotion of a
short space to their further consideration.

After the formation of these primary beaches, various causes might
combine to change their original extent. On one side they might be
worn away by storms and tidal currents, on another added to by the
same agencies, and finally they might be greatly extended in course
of time by the action of currents running in a constant direction
along their shores, and depositing sediment at one of their extremi-
ties, as happens now at the point of Sandy Hook, and the south ends
of most of the beaches at the inlets.

The mean height of the secondary beach or sand flat formed iu this
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way would probably be that of high-water, were it not for the action
of the winds, which, as soon as the tide fell and exposed the sub-
aqueous deposit to their influence, would catch up the surface grains
of sand as fast a4 they dried and carry them back from the shore.
If the rurface were level and free from obstacles no dunes would
be formed, but the sand would be dropped evenly on the plain and a
general increase of height would result.

If the beaches be wide and there are obstacles, such as trees,
shrubs, ridges, &c., to catch the sand, a wind blowing from the sea
does a rapid work of elevation, and dunes are quickly formed ; when
the wind changes to the opposite direction such sand as it can catch
up is driven baek, to be returned at the next change in endless repe-
tition,

As a rule the dunes are quite persistent, especially where they are
formed over growing vegetation, and when beach grass or other
plants spring up on them in sufficient abundance to keep the
surface iptact, At times they retain their size and form for years,
and then, without warning, silently steal away under the influence of
the fint heavy wind, to form again in another spot, leaving their
former site, perbaps, bare and level. Frequently these sudden
removals may be traced to some disturbance of the sand which has
allowed the wind to penetrate and act on it to an unusual extent,

Ou the other hand, if the beach be narrow, low and quite free
from obstacles which may catch the sand, a large proportion of it will
be carried over, and should the beach be bounded by water on both
sides, it will drop in and fall to the bottom, remaining there until the
waves bring it above the surface and the winds gather it.up and carry
it whence it came.

Should the side opposite to the prevailing winds, however, be
bordered by salt meadow the sand carried over falls among the grass
and sinks down permanently in the mud; the blown sand will thus
be deposited on the meadow at the expense of the beach until the
former loses its soft, miry consistency and becomes a solid surface
which may in time be covered with dunes,

In this discussion the action of wind alone has been considered
without reference to wear of the beach by tidal or other currents,
As will be stated farther on, the action of the sea on the shore, in
most cases, wears away the east edge of the beach, and the wind
carries the dunes constantly westward, so that in time all the sand lies
immediately on the meadow-sod, which is often exposed in the surf.

NEW JERSEY GEOLOGICAL SURVEY
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We distinguish, therefore, on our beaches of the present day, three

" principal features:

1st. Pamllel..ridges, with troughs or depressions between them.
These occur only on the older portions of the beaches, where they
have been protected somewhat from the wind, and have probably
changed little in character since they first emerged from the ocean, in
which they were formed as sand bars.

2d. Dunes, which cover the greater part of the beaches, and, where
the latter adjoin the upland, extend westward several hundred yards
upon it.

3d. Sand flats of very recent formation, deposited by currents at
the extremities of some beaches.

Beginning in our examination of the beaches at the extreme north-
east point of New Jersey, Sandy Hook, we find, north and northeast
of the N. J. S. R. R. pier, a densely timbered area of undulating sur-
face, but having an average altitude of 10 feet above mean tide. The
trees on it are nearly all of great size and age, and we may infer that
it, with its southern continuation, is the oldest portion of “the Hook.”
It extends southerly in a narrow ridge to the breakwater or dyke, at
the mouth of Spermaceti Cove, and lies a little east of the railroad.

Figures ¢ and b show the structure and relations of the various
parts of Sandy Hook, crossed by the planes of these sections.

The old “Hook” covers the area contained in a survey of 1685,
and north of the pier is almost completely surrounded by salt marsh,
while the marsh in turn is enclosed by ridges of sand, having about
the same altitude as the inner promontory, and nearly parallel to its
outlines. These probably belong to the category of parallel ridges
previously described.

History tells us that the Sandy Hook lighthouse, which was erected
in 1764, stood near the end of the point, which is now nearly a mile
distant, in a northwesterly direction. This growth, as well as that
which has taken place along the east shore, is due to a northerly cur-
rent from the vicinity of Long Branch, which carries with it and
deposits along the “ Hook ” the material it has taken into suspension
on the way. The existence of this constant current has been deter-
mined and explained by the United States Coast Survey, under which
organization a series of careful experiments have been carried on.- It
is found that during the flood tide the water flowing into New York
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Bay draws with it a stream through the channel between the “False
Hook” and the adjoining shore, while at the ebb the outward flow
produces the same effect. A similar northerly stream “is produced on
the west side of the Hook. For more than seveh hours out of
twelve a northward current flows through False Hook channel; on
the inside it flows for more than eleven hours out of twelve.

From the edge of the meadow surrounding the “Old Hook” north-
ward to the fort is a region of dunes overgrown with trees, but none
of them are so large as those on the inner ridge, and this area is
evidently younger. East of the meadow is a broad stretch of dunes.
They are composed of moderately fine white sand with a few frag-
ments of shells scattered through it. Here and there unbroken
shells occur, the following species being represented : Mya arcuaria,
the soft clam; Mactra solidissima, the sea clam; Ostrea virginiana,
the oyster; Venus mercenaria, the round clam ; the mussels, Mytilus
edulis and Modiola plicatula ; and the gasteropods, Natica or Lunatie
heros ; the round winkle, Melampus corneus, and the sedge winkle,
Crepidula fornicate. The sand hills bear a scanty covering of red
cedar, bayberry, reindeer moss and Hudsonia tomentosa.

East of the dunes and south of the life saving station, is a more
level plain, about 5 feet above high-water mark. It is nearly 500
feet wide, and bears red cedars of small size, perhaps 3 or 4 years
old. This area is consequently quite recent, and its east edge is about
100 yards from mean tide mark.

I am informed that within 5 or 6 years no material change in
the shore line has been noticed near Sandy Hook Life Saving Station,
No. 1. Of its previous condition within 30 or 40 years we have
as yet no accurate information.

Immediately south of the West Beacon the beach has worn quite
rapidly, and the advance of the sea in storms has killed the vegetation
near the edge of the bank, chiefly red cedar and poison ivy. The
bluff here is about 10 feet high, well stratified, and the sand in it
contains about 20 per cent. of glauconite, or green-sand. If this
be the composition of the “ Old Hook,” its great fertility is accounted
for. .

The ridge extending along the shore, north of the railroad docks,
evidently was a submarine formation. It has been extensively worn
away since its elevation to the surface, but within the last year does
not appear to have changed much. West of the light-house is a broad
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tract of dunes, covered with a young growth of red cedar, bayberry,
beach plum, etc. All the sand of the beach and dunes contains an
appreciable amount of glauconite.

West of the railroad track, along the Horseshoe, is a sandy plain,
which is about 3 feet above tide; it bears many large cedars, some of
them measuring 4 feet in circumference. Along its northern part
there are few dunes, but southward, toward Spermaceti Cove, it is
bordered by a high ridge. Near the head of the Horseshoe the shore
is wearing away rapidly. Several large cedars have been uprooted or
killed by the waves, and the shrubs are also injured.

The east shore, abreast of Spermaceti Cove Life Saving Station, No.
2, has grown out, I am told by Captain J. W. Edwards, about 250
yards during the last 30 years, and this growth has occurred for
about 1 mile south to a greater extent, the total increase within this
time having been about 300 to 350 yards. Northward, for about 1
mile, the growth has been somewhat over 200 yards within the last
5 years, but little increase has been noted here or further north, as
already noted.

From a point about one and one-third miles north of Highlands
to about one mile south of it, near Bellevue, on the N. J. 8. R. R.,
the beach has been washed away and remade again and again since
the settlement of the country, and doubtless previously by the Shrews-
bury inlets, once important to navigators. This beach is now only
about 50 yards wide in its narrowest point, about a half mile north
of Highlands, but northward and southward it is broader, and its
average breadth is not far from 150 yards. The inlets which, in the
history of the State, have twice broken through this narrow barrier,
were characterized by a tendeney to work northward, They opened
in the vicinity of the present Bellevue Hotel, and during periods of
9 to 10 years slowly worked northward till they reached a point
about a quarter of a mile north of Island Beach, and there closed up.

The dates of the inlets, which have been handed down mainly by
tradition, are as follows, the information regarding the two last having
been obtained from a number of old residents on the shores of the
river, and whose statements, taken independently, agreed so closely
that there is little room for doubt of their general accuracy.

Previous to 1778 Sandy Hook was connected with the Highlands
of Navesink by a narrow isthmus or bar, and the Navesink or North
Shrewsbury river was open to the ocean on the east, there being no

NEW JERSEY GEOLOGICAL SURVEY



78 ANNUAL REPORT OF

beach for about three miles north of the present Seabright. In1777-8
a passage was broken through the isthmus, and the tidal currents
flowing through this channel allowed the waves to build up gradually
a bar or rand reef, which closed the eastern passage or old Shrewsbury
inlet in 1810. From this time on the outer beach continued, and the
Navesink river flowed through its present outlet until 1830 or 1831,
when a Dreach was made in the sand reef, and the second Shrewsbury
inlet was formed.

Shortly after a bar formed across the present moath of the river,
and connected Sandy Hook with the mainland, just north of High-
lands, by way of Island Beach. This was 50 yards or more in width
and was the mecans of communicating with the “Hook,” it being
possible to drive a team over it at high tide. About 1835 the resi-
denty of the vicinity undertook to open a channel through this bar,
and afler much labor cut a ditch through it, which was gradually
widened and deepened by the tides until it became navigable.

The second inlet opened in 1830 or 1831, and closed about 1840.
The third opeped in 1837 or 1838, and for a time there were two
navigable inlets—the second or more southern being most used. The
last inlet closed in the latter part of 1848.

Within the past 35 years the sea has made occasional breaches
in the strip of beach under discussion, but the efforts of property
owners, and especially of the railroad company, since the builing of
the road, have prevented them from attaining any magnitude. Since
the closing of the inlets the beach has shown marked signs of wear,
and at almost every storm it is overflowed in places. TFrom the Coast
Survey chart, and the recollection of men familiar with the region,
the wear may be estimated at upwards of 300 feet in 40 years, and
this is certainly within bounds.

In the vicinity of Seabright Life Saving Station, No. 3, I am in-
formed by Capt. H. H. West, the shore has worn away about 200 feet
in 20 years, and at Seabright the shore is rapidly being encroached
upon. For the details of the wear between this point and Deal Beach,
I can give no information as accurate as that contained in the Geology
of New Jersey, 1868, p. 343. Whether there has been any general
westward movement of the beach in the region just discussed is not
at present certain, but it is highly probable, from the analogy of the
beaches further south, that some such change has occurred.

At Monmouth Beach Life Saving Station, No. 4, the wear of late
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has been from 5 to 10 feet per year. From this point southward
to Deal Lake, the beach merely forms a border at the foot of upland
bluffs, and becomes of minor consequence.

The recent wear on these bluffs, as far south as the Long Branch
pier, has apparently been slight, as they are generally overgrown with
beach grass, though unprotected in many places, and from 8 to
15 feet high.

For some 200 yards south of the pier the bank is protected by &
bulkhead, and there is, consequently, little wear; but about half a
mile south the bluff, which is 22 feet high, is rapidly wearing
away. From here southward to West End the bluffs are protected by
bulkheads and other defenses of greater or less efficiency, and the wear
is, in a measure, arrested.

Immediately south of Long Branch Life Saving Station, No. §,
bulkheads are in course of erection, but from here southward past
Elberon to Deal Beach, no very recent wear is apparent, as the banks,
down to the level of the strand, are covered with Calamagrostis are-
naria, or beach grass. From the beach east of the railroad station
down to Deal Life Saving Station, No. 6, only slight wear is apparent,
and most of that has been done by the last storm. It is estimated by
an old resident, Mr, Russell White, that the wear immediately north
of Deal Lake has been about 1,000 feet in 20 years.

Opposite Asbury Park, stamps have been seen in an old marsh
bottom off shore at very low tide, opposite Asbury Park and Ocean
Grove.

At the latter place the upland border is much lower, and where it
adjoins the beach does not exceed 10 feet in height between Deal
lake and Shark River inlet. Its average elevation is between 5 and 6
feet, and the surface of this border plain is covered with low dunes
for a distance of 200 to 400 yards from the shore, bearing in greater
or less abundance beach grass, bayberry and Hudsonia t{omenfosa,
besides salt wort and spurge.

About Shark River inlet no recent change has been observed,
though the inlet shifts from time to time to the northward, periodic-
ally closing up and reopening to the south, It is now encroaching on
Shark River Life Saving Station, No. 7.

The shore line here grows out and wears away under the influence
of prevailing winds and currents without permanent change.

North of Lake Como the dunes extend nearly a quarter of & mile
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inland, but a« at other points along the coast, they are being leveled oft
by the improvements on the beach. From Shark river to Spring Lake
little material change has been noticed ; near Spring Lake Life Saving
Station, No. 8, however, the bank wears away faster since the dunes
bave heen leveled off. The upland border plain is of the same
general height, about 10 feet, between Shark river and the former
mouth of Manasquan inlet, north of Squan Beach Life Saving
Station, No. ¢, and the dunes extend back some distance from the
rtrand.  Neur Sea Girt there is the same intermittent growth and
wear, the latter oceurring chiefly in winter and the former in summer.
Here the sand hills extend about 100 yards westward and wear a
rather Juxuriant covering of white cedar, bayberry, Hudsonia and
beach grass.

Procecding southward, we come to a broad, sandy area of probably
recent furmation, which continues to the meuth of Manasquan inlet.
I am informed by old residents of Manasquan that the inlet worked
nurth and closd up periodieally before the government jetties were
built.

About 50 years ngo the mouth of it, as already mentioned, was
north of the present site of the life saving station, and the whole
beach bhetween that point and the present inlet has been washed away
and redceposited within that time, During the same period, it is said,
the dunes have moved west about 75 yaras,

Captain William Dailey, to whom I am indebted for most of this
information, says the shore between Shark River and Manasquan inlets
has worn away about 50 feet in 30 years,

SQUAN BEACH.

At Point Pleasant the dunes, where they have not been encroached
upon by recent improvements, extend inland about 200 to 300 yards;
they bear but a slight covering of “ beach grass,” and appear to be
changing considerably. Immediately east of the railroad station the
sand is yellowish, but farther south it is white and contains some
glauconite.

Mr, Joseph Borden, Sr., who is now 85 years of age, states that
the shore has worn away upwards of 4 chains during his lifetime.
He und other old residents have seen meadow-sod with the hoof-
prints of cattle in it exposed on the beach at the extreme low-water,
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Stumps have also been observed at the same level. At the Bay Head
Life Saving Station, No. 10, I was told that there has been no perma-
nent change in 20 years. At times, when the wind is westerly, and the
tide very low after a northeast storm, an old meadow-sod is*exposed
at about the level of extreme low-water. It contains the hoof-prints
of cattle. The dunes here do not change much. From here to Man-
toloking the beach needs no more detailed description than the state-
ment that it is about 250 yards wide, with a ridge of dunes 10 to 25
feet high along the east shore, and sloping toward the west, which is
bordered by salt meadows, At Mantoloking they have been leveled
off artificially. Mr. Joseph Borden, Sr., of Point Pleasant, informed
me that east of Herring inlet, at the mouth of the Metedeconk river,
was an inlet through the beach which closed about 130 years ago.
There is at the present day a depression across the beach at this point.
Mr. Jacob Herbert, who has lived on or near the beach for a long
time, estimates the wear at about 15 feet in the course of the past
20 years. This wear he thinks about uniform with that which pre-
<ceded it.

At the Mantoloking Life Saving Station, No. 11, I was told that
there has been no very permanent change of late, and that there is no
prevailing current here, but the northeast winds cut away the shore
most. At low tide, with a west wind after a heavy storm, the old
meadow-sod is exposed in the undertow in many places between Life
Saving Stations, Nos. 11 and 12. About one and one-quarter miles
south of No, 11, there are many cedar stumps standing in the hollows
between the dunes, The beach here is not essentially different, but
the sand seems finer and the dunes are more abundant, covering the’
‘whole width of the beach. Near Chadwick’s they lie farther back
from the flat beach, but retain their height.

Captain  William Chadwick informed me that the dunes 385
years ago were confined to a line about 100 yards east of the railroad.
Since that time the shore has grown out 200 feet.

No meadow-sod has beer noticed in the beach for a mile or two
north or south of Chadwick’s. Over eight years ago, it is said, there
was an old cedar swamp near Mantoloking station, and there was
pasture on the beach for cattle from Bay Head to Barnegat inlet.
The drifting sands have covered up the meadow for a considerable
distance east of the railroad.

At Lavallette the beach is quite flat and the blown sand forms no

6
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high hills except on the west side of the railroad, where the old line
of dunes attain a height of 20 to 25 feet. At Toms River Life
Saving Station, No. 13, I was told that no permanent chaoge had
taken place within 35 years either in the shore line or the dunes.
A slight depression in the beach to the northward, probably marks
the site of Cranberry inlet, which is said to have opened in 1750
and closed in 1812, Other inlets have opened in the beach opposite
Toms River at various times. At Seaside Park the salt meadow
is bordered on the west by a narrow beach of white sand. This may
have been brought into the bay through the old inlet. In many
places along this border the sand has been raised up into a ridge about
2 feet high by the action of westerly winds and waves.

I am informed by Captain George Giberson, of Toms River, that
near Lavallette, GO years ago, there was a swamp with stumps
standing in it.

It may be well to observe here that the term “swamp,” as com-
monly applied to wooded areas on the beaches, does not involve the
idea of wet or marshy ground as the word might lead one to sup-
pose; many so-called “swamps” bear upland timber.

ISLAND BEACH.

Captain Joseph Reed, of Life Saving Station No. 14, stated that
within 16 years there has been no material change on the shore..
The dunes have spread eastward from the station to the strand.
Between Stations No. 14 and No. 15 the beach is generally low and
flat, and the dunes are not more than 10 to 15 feet high. At the-
Cedar Creek Life Saving Station, No. 15, no change had been noticed
in the shore line during 10 years. Meadow-sod had been seen 1
mile north of the station at low tide. Along the west shore,
wherever it has a north and south trend, a low sand ridge about 1
to 2 feet above high-water has been formed.

At Forked River Life Saving Station, No. 16, Captain Allgor
stated that the beach is constantly making towards the west by the
wear of the shore and the drifting of the sand. He estimated the-
wear at about 50 feet in 40 years. Meadow-sod has been seen on
the shore below ordinary low-water mark. About a quarter of a
mile south of the station a dead cedar stands among the dunes and
stumps protrude through the sand in the neighborhood.
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Mr, Derrick Chamberlain, of Forked River, informed me that here
upwards of G0 years ago there was a “swamp” of 4 to 5
acres, Most of this area is now cast of the shore line. It seems as
if on the southern and apparently newer portion of the beach the
highest dunes are next the surf, while farther north the main ridge is
100 to 200 yards west, At several points between Station No. 16
and Barnegat inlet the high tide overflows the beach. At the south
end, the flat, which is evidently of very recent formation, extends
about 600 feet beyond the dunes, The point of this beach appears
to be working westward.

LONG BEACH.

Barnegat inlet is rapidly working south without material change
of width. Tt is said that the site of the old light-house, which about
thirty years ago stood near the water’s edge, is now in the middle of

.the inlet, a change of nearly three-eighths of a mile. The north end

of the beach was once covered with heavy timber, but this is now
almost entirely gone. South of the light-house is a wooded area cov-
ered with small red cedars, holly and sassafras, At the northeast
point the wear has been excessive during the Jast five years, amount-
ing to about 200 yards, and the sea now threatens the security of the
Oceanic Hotel, which stands at this point.

Captain J. H. Ridgway, of Barnegat Life Saving Station, No. 17,
stated that the wear here is caused chiefly by the flood tide, while on
the northwest side, near the light-house, the ebb does a rapid work
of destruction. The beach is, moreover, working westward. On
the flat beach, 150 yards east of the life saving station, a red cedar
stump projects from the sand. Half a mile south of the station the
timber is very scanty and confined to the edge of the meadow; the
highest dunes border the strand,

At Loveladies Island Life Saving Station, No. 18, I was informed
that the beach was working westward and that sods with cows’ tracks
have been seen in the undertow during a west wind, The dunes here
extend over to the edge of the meadows, and are chiefly overgrown
with bayberry, there being little beach grass on them.

The beach at this point is comparatively low and flat, and just
north of the life saving station the sea has washed over it. Going
south from Station No. 18, the dunes which extend about 150 yards
west from the strand are bordered on the edge of the meadow by a
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dense growth of bayberry, with some bushes of Baccharis halimifolia
or groundsel-tree, _

At Harvey’s Cedars Life Saving Station, No. 19, no permanent
change bad been noticed of late. Stumps have been seen just seuth
of the house in the edge of the water at low tide and half tide.
Much sand is washed across the beach into the bay.

About one-quarter mile south of the station is an old dead cedar
about 30 yards west of the dunes; east of it and between the dunes
and bigh-water mark are a number of stumps. There is little of
special note in the character of the beach here; it is composed of fine
sand and the dunes bear a sparse covering of beach grass with AMyr-
iea cerifera or bayberry in the hollows and at the edge of the
meadows.

About two miles south of Life Saving Station No. 19, on the west
side of the beach is a wooded area, the remnant of the Great Swamp.

Captain Cranmer, of West Creek, informed me that in 1822 and
previously, there was heavy timber of oak, sassafras, gum, holly, etc.,
in this swamp. A pond nearly one-half mile long lay in the midst
of it, and this was bordered on the east by a ridge of sand reaching to
the tops of the trees. This in course of time, being driven westward
by the wind, went into the pond and filled it up, having killed off all
the timber on the east side of the beach. Captain Lewis Inman, of
Manahawken, who was brought up near by, corroborates the state-
ment, and says that this pond lay east of the strip of meadow which
now oceurs in the center of the beach. He states that there always
has been a ridge of sand on the west edge of the beach, but it is some-
what higher now.

South of the Great Swamp there was no timber of importance, and
to the north it was confined to the vicinity of the inlet.

At the present time, the remaining trees are chiefly cedar, and are
mostly buried in a ridge of quite high dunes which borders the west
shore, while between this and the dunes of the east shore, which are
about 80 yards wide, is a low strip of meadow,

South of this area the dunes on the west disappear and the beach is
much lower.* About one-half mile north of Station No. 20 the beach
is flat and forms a glade of 25 acres or more, reaching to the meadow.
There is here a cedar stump in the flat beach.

Captain J. W. Truax, of Ship Bottom Life Saving Station, No. 20,

* According to Captain Cranmer, of West Creek, this was the casesiziy years ago.
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stated that the shore had worn away 75 yards within the last 12
years. This rate agrees with that determined from the Coast
Survey maps. The dunes have drifted away rapidly within 2 or
3 years, owing to the loosening of the sand by walking over it,
and the surf now flows over and forms a glade. There are stumps in
the water’s edge 300 yards northeast of the station, I saw one in the
beach at about mean tide level.

About three-quarters of a mile south of the station a bed of clam
and oyster shelis has been seen at very low tide, and meadow-sod
occurs all along the shore in the vicinity. The center of the beach is
rising by the building up of the sand hills, and most of the shrubbery
has grown up within 20 years. '

TFor 2 miles south of the station the beach is quite narrow, and
bordered on the west by flat meadow ; still farther south it is wider,
but the dunes do not cover a much greater area and there is a general
sameness from Station No. 20 to No. 21. The growth of bayberry
is still luxuriant.

At Tong Beach Life Saving Station, No. 21, no change had been
noticed in 40 years, but the work of the United States Coast Survey
shows a growth of 70 yards in 42 years previous to 1871. Fora
distance of 2 miles north, the same authority shows there has been no
wear, and southward for 3 miles there has been a growth of 1050170
yards, which diminishes towards the point where the old inlet pierced
the beach, about eighteen and one-half miles south of Barnegat inlet.
The above data have been quoted from the Annual Report for 1832.
As is very evident to the observer, the broad flat beach plain 100 to
200 yards wide which lies between the strand and the dunes to the
northward of Beach Haven is of quite recent formation. The sand
hills, moreover, are said to be working eastward, another proof of the
more recent age of the plain, Just north of Life Saving Station No.
21, meadow-sods have been seen at very low tide under water at the
edge of the strand.

During heavy storms, accompanied by high tides, the water flows
over the beach and washes down part of the dunes. Mr. Joseph
Gaskill, of Sea View, stated that he had seen stumps and the hoof-
prints of cattle in the meadow-sod at low-water, on the strand just
north of Beach Haven.

South of Station No. 21 the flat beach continues, the dunes are low
and extend westward some 150 to 200 yards, and there are many
glades between them. From Beach Haven to Bond’s the dunes are
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low and of limited extent. From a point 1 mile south of Beach
Haven to the site of the old inlet, they are bordered by a flat meadow,
100 to 250 yards wide, and west of this is a second range of sand
hills which border the marsh. The median strip of meadow bears a
thrifty growth of bayberry, with various grasses and herbs. Along
the east edge of the beach the dunes are, in many cases, overgrown
with beach grass. '

At Bond’s Life Saving Station, No. 22, Captain J. Marshall, Jr.,
stated that the beach had worn away 50 yards since 1870. It will be
noticed that the Coast Survey maps show a growth of 25 yards
between 1839 und 1871,

The appearance of the shore from here northward about 2 miles, or
almost to Beach Haven, would indicate that an appreciable wear has
been going on of late or within 15 years, I am informed that the
wear is chiefly due to the action of northeast winds, but also, in a less
degree, to these from the south and southeast. Northwest winds build
up the shore slightly.

It may be found, en further examination, that the strip of meadow
Luunded by dunes in this vicinity was formed in a depression between
two parallel ridges, which have originated in the manner previously
discussed. )

Captain Marshall further informed me that “ there was here a glade
overflowed by the ocean, and there were no hills between it and the
strand.  The dunes have formed quite recently.” About half-way
between stations Nos. 22 and 23 meadow-sod has been seen at a slight
elevation above low-water mark in the strand, Divers are said to
have found sod running down vertically 4 to 5 feet in working on a
wreck outside the bar,

About 43 years ago the inlet was open below the station; it gradu-
ally worked south, and closed up southeast of Tucker's island about
1874, I am told that 18 years ago it was northeast of the Little Egg
Harbor Light. The lightkeeper informed me that about that time
there were stumps on a shoal 1 mile southwest of Bond’s, which were
covered at half tide. Since the inlet closed there has been a rapid
growth of Tucker’s Beach to the southwest, in all upwards of three-
quarters of a mile, during the past 15 years. TFrom a point east of
the light to the extremity of the beach it is very flat, and frequently
overflowed. The dunes are few and rarely exceed 5 feet in height,
The exact date of the closing of the inlet and its position at the time
is in some doubt, as no accurate record has been found.
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LITTLE BEACH.

The north point of this is quite flat. . About 1 mile north of Life
Baving Station No. 24, the first dunes appear; these are low,
infrequent and sparingly covered with grass. Mark’s Thoroughfure
is now closed up and the meadow and beach meet at a short distance
from the north end.

Captain Charles H. Horner, of the life saving station, informed
me that this beach has worn away about 100 yards in 8 years on the
«ast shore at a point one-half mile north of the station.  Abreast of the
house he estimates the wear at 50 yards during the same period. The
Coast Survey chart would indicate a wear of about 100 yards for one
and a quarter miles north of the station and one-quarter of 2 mile
south during the past 10 years. The point is said to have grown
northwest about one-half of a mile in 4 years. At one time the
«dunes extended nearly half a mile farther north, but they have been
blown and washed away under the influence of northeast winds.

The southwest side of Little Beach has worn about 75 to 100
yards in 8 years, chiefly owing to the closing of Mark’s Thoroughfare.
Captain Horner also stated that 8 years ago dunes extended down to
the end of the south point, but they have largely disappeared. On
the southwest shore at one point, there is an old marsh-sod exposed
about one foot below high-water mark and about one and a half feet
below the surface of the beach.

Brigantine inlet is said to have \Vldened over balf a mile by the
wear of both points.

BRIGANKTINE BEACIH.

This is low and flat for 100 yards from its northern extremity.
The dunes are low and grassy and do not extend far west. On the
northeast shore of this beach, meadow-sod 3 feet thick is exposed at
low tide, the surface of the lowest layer being about 4 inches above
low-water mark.

A small cedar stump occurs with its roots imbedded in this sod,
and on the surface of the uppermost layer, which is at about the level
of mean high-water, cows’ tracks are plainly marked. Near by is
another large area of sod about 2 feet thick, its upper surface being
also at about high-water mark.

At Brigantine Life Saving Station, No. 25, the wear of the north
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point was variously estimated at from 75 to 175 yards per year for
the past 5 years. That of the east shore was stated at from 4 to 16
yards per year.

Capt. Bowen informed me'that the wear had been greater on the
south side of Brigantine inlet than on the north side. Northeast
winds do most of the work, though southeast winds produce some
Wear.

Near the station the beach is quite flat and the dunes are low,
extending westward only about 50 yards, it seems not unlikely that
the sea may make a breach at this point. Midway between Stations
Nos. 25 and 26 the wear is estimated at 75 yards in 20 years. The:
dunes abreast of Station No. 26 have built up within about 8 years.

Southeast of South Brigantine Station, No. 26, the position of old
wrecks pointed out to me by Capt. Wm. Holdzkom show a growth
of about 10 yards per year for the past 25 years. About one and one-
half miles south the former inlet closed up in the spring of 1882 or
1883. The east «hore of the beach is growing from a point about one
and one-quarter miles north of Life Saving Station No. 26, to one
mile south. Still farther south the shore is wearing rapidly, 75 to 100
yards in 18 months. This wear may be due to the closing of the
inlet. The west shore of the beach is growing but little. Inside of
the strip of mcadow on which the life saving station stands there
is a higher ridge of dunes. No timber has grown on the beach for 50
years, but in 1744 there was a coosiderable growth of cedar on it.
One wood was called Harvey’s Quarters, Harvey’s is said to be a
corruption of Harvester’s, and the name is found at many points on
the beaches, e. g. Harvey’s Cedars, on Long Beach, as it is claimed
these places were formerly frequented by haymakers. In the area
occupied by the former inlet, the beach is nearly flat, and there are a.
few dunes little over 5 feet high and overgrown with “ beach grass.””
Beyond this level space the dunes are 10 to 15 feet high.

At the southeast extremity of the beach opposite Atlantic City, an
old meadow-sud is exposed on the edge of the beach. 1t is about one
and a halt’ fect thick, and its surface is about 6 inches above low-
water, 'The upper surface i3 near 6 feet below the level of the flat
beach.

ABSECON BEACH.

Captain A. Bowen, of the Atlantic City Life Saving Station, No.
27, stated that the point on the south side of the inlet has worn away
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. 400 yards in 20 years. Along the east shore the wear has been nearly
one-half mile in 30 years. About 10 years ago the jetties were built
and this stopped the wear. Apparently owing to a change in the
position of a channel, the northeast shore grew out rapidly until 2
years ago, but since then it has been worn to some extent. Two miles
southwest of the light-house there has been but little change in 10
years, Formerly (6 to 8 years ago) stumps were to be seen at low
tide in the beach southeast of the life saving station. Now, at the
northeast point, east of the pier, meadow-sod occurs at about 8
inches below ordinary low tide. '

At Absecon Life Saving Station, No, 28, Captain Gaskill informed
me that the shore abreast of the station had grown out a little.

Below the station the shore has worn away. The beach here is flat
for 200 yards and west of it are duncs 10 to 15 feet in height bearing
bayberry bushes and a few stunted cedars. On the west edge of the
beach, in the meadow, are trees of considerable height; the dunes,
which are also quite high in the middle of the beach, apparently cover
an area once bearing grass and timber, as in many places between the
dunes are areas of turf with red cedars growing on them, Farther
south the meadow on the west of the dunes is itself bordered at a
distance of one-quarter mile by another ridge of dunes, the highest
point of which is 28 feet above mean tide. These hills bear some
large timber and evidently are quite old, This is probably another
instance of two parallel ridges formed under water.

At Great Egg Harbor Life Saving Station, No. 29, the shore is
said to be wearing rapidly away at the rate of 20 feet per year for 1
mile south.

The extremity of the beach is growing southwest and a little on
the outer edge. :

The “new inlet” which intersected the beach near Longport
worked south until it ran into the old inlet about 26 years ago. That
area which lay between the two inlets was called Little Beach and
was covered with high dunes, The new beach here is now flat.

PECK’S BEACH.

At Ocean City Life Saving Station, No. 30, Captain James S. Wil-
letts estimated the wear of the north point at 100 yards in 8 years.
He says the south point of Absecon Beach has not changed much.
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The northeast point of Peck’s Beach at one time wore rapidly away,
but is now growing out. One-quarter mile south of the station the
shore is wearing slightly, but there is no great change in the beach.
Stumps and meadow-sod have been seen by several persons on the
beach at low-water. Mr. John Gandy, of Cape May Court House,
stated that he had seen the tracks of horses and cattle on the sod and
scythe marks on the stubble. The surface of this sod was about 1
foot above low-water mark,

Captain L. Godfrey, of Peck’s Beach Life Saving Station, No. 31,
estimated that the south end of the beach had worn away about 200
yards in 15 years,

As a whole, Peck’s Beach is quite low and level, the dunes rarely
exceerling 10 feet in beight. The strand, at the time of my visit, was
also very flat and gradual in its slope. The north end of the beach
bears some large trees of red cedar, gum, holly, oak, &e. Numerous
beds of ayster and clam shells were found when grading the turnpike,
in the duncs, 1 to 2 feet above the meadow,

LUDLAM’S BEACH.

The northern half of this beach is very flat and generally over-
flowed by storm-tides. At Sea Isle Life Saving Station, No. 33,
Captain George Sayers stated that the shore had worn away about
18 yards in 10 years. About 1875, cedars grew on the sand
hills at the odge of the water. Their stumps are now projecting
from the =and. The roots are 2 to 3 feet below high-water
mark, and scem to be imbedded in sand., Tt is said that a meadow-
sod occurs zlong the beach in many places, extending below low-
water mark. The shore up to the inlet is wearing away at about the
same rate, but where it is quite flat it probably wears faster. I am
told that 40 years ago the north point was heavily wooded, but has
worn away about 1 mile during that time. A mile north of Sea Isle
City much sand is washing over into the meadows., Ludlam’s bay is
very shallow and this is probably the reason why no inlet is opened.
The wear along the whole beach is said to be about uniform,

South of Sea Isle City the dunes are comparatively low and of
“mall extent, the beach being quite flat. A few stunted cedars are
secattered here and there, and some stumps project from the beach
below high-water mark. Near Townsend’s Inlet Life Saving Station,
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No. 34, the dunes are very high, some attaining 25 to 30 feet; they
bear a few cedars and a thick growth of beach grass.

Captain Henry Y. Willetts stated that the beach has gained in
height near the station. Along the water line it has worn 6 to 8 feet
per year on the west shore, The dunes are building out to the east
and southeast.

SEVEN-MILE BEACH,

The most striking features of this are the two parallel ridges of
dunes which occupy the northern portion of the beach. They both
exceed 40 feet in height, and the inner one is heavily timbered. The
outer, which joins the inner about 2 miles south of the inlet, though
perhaps formed originally as a sand-bar under water, is now a dune
in every sense, as it is moving bodily westward, engulfing trees and
killing them, the gnatled and mutilated trunks being left behind on
the flat beach as a striking evidence of the work of desolation. The
sand here is quite fine and contains, besides quartz, a large proportion
of some blackish mineral, which gives the formation a brownish tint.
The identity of this dark mineral has not yet been established.

Captain R. C. Holmes, of Tatham’s Life Saving Station, No. 35,
estimated the westward movement of the dunes at 20 yards in 12 years.
He says that meadow-sod uaderlies the sand almost everywhere, as it
often is found in wells. Some years ago there was a thoroughfare
running along the west side of the beach, called Stone Harbor. This
has been filled up about a half mile southwest of the station by sand
washed over the beach., One mile north of the station is another
glade, where the sea makes a clean breach over into the meadow. On
the west side along the meadow, at several points, are low ridges,
which have many large dead trees on them. One of these, a red
cedar, measured 9 feet 4 inches in circumference. West of the dunes
the island is heavily wocded with holly, sassafras, several species of
oak, red cedar, &e. ~One sassafras measured 5 feet 2 inches in circum-
ference. A most striking specimen was a bayberry 15 feet lngh and
19 inches in circumference.

HOLLY OR FIVE-MILE BEACH.

At the extreme north end it is quite flat, with a few dunes and
much timber. Immediately southwest, for a distance of about 3
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miles, the surface is interrupted by a series of parallel ridges and
hollows, averaging about 100 yards in width, and trending about due
northeast. Many years ago the hollows or “slashes” were filled with
water, and a fuvorite resort for wild fowl; they are mow chiefly
filled up with marsh-grass and bushes. Captain C. Ludlam, of
Hereford Inlet Life Saving Station, No. 36, at Anglesea, stated that
previous to 1878 the shore wore away rapidly southeast of the light-
house, but since that time little wear has oceurred. About 2 years
ago it began to grow out, and las made eastward about 150 yards.
Between Anglesea and Holly Beach City the wear has been about
5 feet per year for 15 years, and much timber bhas been washed
away, Northwest of the light the shore wears about 20 feet per
year,

At Holly Beach Life Saving Station, No. 37, there is said to be
little or no wear on the east shore as far south as the end of the point.
Captain Frank Downs stated that this point had extended one-quarter
of a milein 15 years. From Holly Beach City southward the beach
is low and frequently overflowed.

TWO-MILE BEACH.

This is said by Captain Downs to be wearing away fastest on the
northeast side, one-balf mile north of Turtle Gut Life Saving Station,
No. 38. It has here lost upwards of one-quarter of a mile in 40
years, The south end has grown considerably, and Cold Spring inlet -
has widened. Along the northeast shore the meadow-sod crops out
with its upper surface about 6 inches below high-water mark and
reaches below low-water. At many points there are stumps and roots
of bushes in the upper layer. There is about one and one-half feet of
sand over the wod, and this is rapidly blowing away with the west
winds. In front of the station a little of the old sand beach is left ;
here no meadow-sod is to he seen, but farther south there is plenty of
it. It is said that the beach was once heavily timbered in the area
wathed away at the northeast point.

POVERTY BEACH.

Sewell’s Point wore away rapidly until it was protected by jetties
about six years ago; no growth has taken place, however, At Cold
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Spring Life Saving Station, No. 39, Captain George Hildreth informed
me that the wear from the end of the beach to a point one-half mile
west of the station has been about 30 yards in 10 years, For
about one-half of a mile farther west there has been nearly 30
yards’ growth in the same time. Beyond this the shore is protected
by a stone sea-wall, and no change has been noticed. For about one
and one-half miles east from Station No. 40 the wear has been nearly
the same as on Poverty Beach.

Meadow-sod occurs almost all the way from Sewell’s Point to Cape
May Life Saving Station, No, 40. West of this the wear is estimated
by Captain C. H. Hand at 30 feet per year for the past 8 years where
the shore is unprotected by jetties. The evidences of wear in this
vicinity are numerous and interesting. Time does not, however,
permit at present to collect them all, or to state accurately the amount
of change.

CoxncrusioNn.—The following general conclusion may be drawn
from the preliminary facts above noted :

There is a general wear on the east shore of the beaches along the
Atlantic coast of New Jersey, As a result of this, and the action of
wind and wave in carrying sand westward over the beaches, there is
a change of position whereby most of what were formerly ‘“sand
reefs,” are now mere accumulations of blown sand on the surface
of a former tide-marsh, This lateral movement has, in many cases,
amounted to more than the breadth of the beach since the settlement
of the State, and is at present going on with undiminished activity.
Although in places there has been a gertain amount of eastward
growth, this has in all cases been dependent on the action of currents
which are governed by such local conditions as the position of sand
bars, and may at any time be converted into agents of destruction.
‘We must therefore accept it as a rule, on the east shore, that loss is
absolute and gain but relative,

The position of the numerous cedar stumps in the beaches at a
considerable depth below high-water mark, indisputably proves that
there has been a change in the position of the water-level, as it is almost
superfluous to say cedars will not grow where their roots are reached
by salt water.
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TERRACES.

By the word “terrace” in Geology is meant a mass of earth having
a natural level surface elevated above the sea and formed at or near
the level of water, which, during some former epoch, has stood at
this height. Such formations usually consist of alluvial deposits of
considerable depth, the material along the coast being chiefly sand
and gravel, though clays not infrequently occur in them.

This allavium has doubtless, in all cases, been chiefly derived from
the wash of adjuining high ground, and in the instances under consid-
eration was deposited mainly in quiet seas.

On the Atlantic coast of New Jersey these terraces attain a height
of 50 or 60 feet near the mouth of the Raritan river and diminish
gradually in altitude as we go south. We may therefore conclude
that during the Quaternary Epoch the ocean stood at the level of the
highest terraces, its surface not being equidistant from that of the
present day.

As the water receded or the land emerged, secondary terraces were
formed at lower elevations, so we find at various points along the
coast these terraces or plains at different heights. One is very
noticeable at a height of about 10 feet, stretching along almost the
whole upland border of eastern New Jersey.

About the mouth of Cheesequake creek are a very marked series of
terraces of different altitudes. Another interesting group occur in the
vicinity of Keyport,

On the shores of the Navesink river, near Red Bank, are a number
of these elevated plains, o

Excellent examples are alsoto be seen on the north and east borders
of the Highlands of Navesink.

On the shores of the estuaries of Shark river and Manasquan
river are snother striking series of terraces, as shown in Figures
e and d, facing this page.

At Toms river, on the branches of that stream west and northwest
of the town, and also near Island Heights, the alluvial plains are
remarkably extensive and are between 30 and 40 feet above mean
tide. See Figure d.

As the exact levels of these plains have not yet been determined,
I bave not undertaken to consider them, as even at Toms River the
uppermost terraces exceed in altitude the height given.
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Still farther south, the terraces are less noticeable for their abrupt-
ness, as there is generally less high land to furnish material for them,
but a carcful study of the ground, specially directed to the search for
these formations, will doubtless make it possible to continue the series
much farther.

The accompanying sections illustrate the character of the principal
terraces at some of the localities mentioned.

FOSSILS.

Mr. F. Braun, of New York, has, doring the past summer, discov-
ered a new locality for triassic fishes, near the eastern end of the New
York, West Shore and Buffilo Railway tunnel, at Weehawken, The
specimens are in the red shale, and are imperfectly preserved. The
stratum lies a few feet below the trap-rock which forms the hill.
With the fishes were found specimens of the bivalve crustacean,
Estheria ovalis, deseribed by Fmmons, from strata of the same age,
in North Carolina. They were also found near the same place by,
Mr. Anthony Woodward, of the American Museum of Natural
History, New York, and among his collection are specimens of a
smaller Fstheria, probably specifically distinet from the one noted
above.

Professor T. C. Porter, of Easton, Penna., in exploring some sand-
stone quarries in Hunterdon county, has found several good footprints,
one of v hich he has identified as an Anomepus, and distributed pho-
tographs. He obtained there also specimeus of a Conifer, and an
Equisetum.

Fred. A. Canfield has sent to the Survey a rather imperfect foot-
print from New Vernon, Morris county.

In the Geological Museum of Columbia College there is a fragment’
of a well-preserved bone, from the sandstone quarries at Belleville,
near Newark. It doubtless belonged to one of the animals which
made the footprints we now find in these Triassic rocks, but it is too
imperfect for identification.

At a quarry near Pluckamin, specimens of the curious fossil fern
(Clathropteris rectiusculus) were obtained.

A fow years ago several large slabs of rock covered with footprints
were obtained in the brownsfone quarry near Whitehall, Morris county.
Some of these are in the Geological Museum of Rutgers College, and
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others are at the New Orleans Exposition, taken from the Museum of
the Geological Survey at Trenton. Many of the prints are identical
with those figured and described by Professor Ed. Hitcheock, in his
book on the *Ichnology of Massachusetts,” from the Triassic Rocks
of the Connecticut River Valley. Among those from Whitehall are
the following :

Tridentipes ingens,

Brontozoum giganteum,

Brontozoum minusculum,

Brontozoum Sillimanium,

Brontozoum isodactylum,

Brontozoum divaricalum,

Grallator formosus,

Grallaior parailelus,

And several other species too imperfect for recognition. These foot-
prints were originally supposed to have been made by very large birds,
but are now known to be the steps of gigantic lizards, which have
been termed Dinosaurs, or terrible lizards. A partial skeleton of one
has recently been obtained in Connecticut by Professor Q. C. Marsh,
of New Haven.*

The recent discovery of a stratum full of impressions of the plant
Schizoneura Calamites planicostata, (Fontaine) in the red shales near
Doylestown, Penna., by Mr. E. C. Pond, and of bivalve mollusks in
those near Pheenixville, Penna., where also a deposit containing cycads
is reported, taken with the finds above noted, suggests that the flora
and fauna of the Triassic may be richer than hitherto supposed, and
encourages further search.

*dee Trana. New York Acad. 3ci., Vol. V. (1885), p. 17.
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[1L.
ECONOMIC GEOLOGY.

—_—

TRON MINING.

The following notes on the mining industry in New Jersey during
1885 are based on information obtained from the managers and
superintendents of the various mines, and from personal observation.
The past year has been one of universal depression in iron production
on account of low prices, and the only mines which have kept up
their rate of production were those operated by wealthy corporations,
which could place their product on the market at prices, in some
cases, not covering expenses, or could carry the stock of ore and wait
for a better market.

The last three months of the year have, however, been marked by
greater activity. Several mines have been reopened, and in many
cases there is a prospect of increased production during 1886,
Improved machinery for mining and handling ore continues to be
introduced and abundant facility is provided for the production of
ore in large quantities as soon as remunerative prices can be obtained,
In some cases the pay of the miners has been increased since
the end of 1885.

MAGNETITE MINES.
PASSAIC BELT.

LarepoN MINE, Chester township, Morris county.

This mine, which is operated under a lease from Langdon & Nichols,
by W. J. Taylor, of Chester, was taken in hand in November, 1885,
and the rest of the year spent in preparing for active work. Tn Jan-
uary, 1886, mining was begun.

0
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HackLEBARNEY MiINES, Chester township, Morris county.

Operated by The Andover Iron Company. Richard George, super-
intendent.

During 1885 six openings have been worked, four on the east hill
and two on the hill southwest of the Black river. Of the two latter,
one is a shaft and the other an open cut. The shaft, which has been
sunk during the past year, is 40 feet deep and has just passed through
the red or weathered ore. The open cut is 50 feet deep and about 300
feet long., There are said to be seven shoots of ore, in all, which vary
from 2 to 10 feet in thickness, and are of undetermined depth. Three
have been worked on the southwest hill. They do not seem contin-
uous for any great distance, but lie within one broad belt. The lack
of continuity may be largely due to offsets, The ore averages 55 per
cent. of iron, and is high in sulphur, which is largely removed by the
very efficient Taylor & Langdon roasting kiln.

During 1885 a new air-compressor has been put in and three new
Rand drills have been employed.

Gurick Farwm, Chester township, Morris county.

Operated by Cooper, Hewitt & Co, 8. W. George, superintendent.
But little work was done during 1885; 1,500 tons of ore were
raised and shipped to the Lehigh and Schuylkill districts.

SaumsoN MINE, Chester township, Morris county.

This mine, under the same control as the above, was shut down in
September, 1885, on account of low prices.

CroMwELL MIXNE, Chester township, Morris county.

Owned and operated by The Chester Highland Iron Mining Com-
pany. Chas. G. Hoskin, superintendent.*

SwavzE MiIxNE, Chester township, Morris county.

Controlled by the Andover Iron Company, Richard George,
superintendent.

Very little has been done here; about 1,308 tons were shipped in
1885.

——

*Statistics not given,
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Coorer MiINE, Chester township, Morris county.

Operated by the Cooper Mining Company. J. D. Evans, superin-
tendent.

A slope has been driven on drill-holes Nos. 2 and 3 (see Ann. Rep.
1883-1884), in continuation of the former slope, to a depth of 120
feet. This showed that the bodies of ore which were penectrated by
the diamond drill were only thin sfrings, and demonstrated the absence
of any ore body of consequence in the direction penetrated. The
result serves as a good example of the fallacious conclusions which
may be deduced from explorations conducted with the diamond drill
alone, as it had been supposed, previous to the sinking of the slope,
that there were important shoots of ore within reach. The mine is
now at a standstill, and the shipments have been mainly made from
stock.

WoopnuLL MixE, Chester township, Morris county,

This is under the same management as the preceding, and was started
anew in October last; 377 tons of ore were raised.

Drckersoy Mixg, Mine Hill, Morris county.

Operated by the Musconetecong Iron Company. L. P, Pardee, Stan-
hope, superintendent.

Owing to a series of heavy caves, commencing in March, 1885, in
the old workings, no mining has been doue in the Big mine since that
time. The new shaft which was begun in May, 1883, was finished in
September, 1885, and is 575 feet deep.

A new tunnel, 350 feet long, has been driven in the hillside for the
purpose of carrying out ore from the main shaft, which it meets 32
feet below the surface.

A new pumping engine, 30 inches by 48 inches, has been built,
which is {o raise 225 gallons per minute 1,000 feet. This engine
also runs the air-compressor.

A new hoisting engine has also been put in with two drums 10 feet
in diameter and 5 feet face. The cylinder is horizontal, 22 inches by
36 inches, and the whole is calculated to hoist 3 tons 500 feet per
minute,

Horr MINE, near Port Oram, Morris county.

Operated by Oram, Hance & Co., of Port Oram. Robert I, Oram,
superintendent.

NEW JERSEY GEOLOGICAL SURVEY
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Only the “foot-wall vein” was worked during 1885, and about
5,000 tons were mined, but not all raised. There is one shaft on each
of the two veins, and the “horse” between them is said to be of slight
thickness at present. The shaft worked was sunk 30 feet, and drifts
have been carried some distance from it on the vein.

Doraxp Mixg, Mount Pleasant, Morris county.

Operated by Joseph Wharton, Cooke Straker, superintendent,

The work of the past year has been chiefly devoted to development,
and but little ore has been raised. A new slope has been sunk to the
depth of 170 feet and drifts run northeast 23 feet and southwest 62
feet. A new pump has been put in the old shaft 10 inches by 6 inches,
and cars have been put in the new slope on the “hanging-wall vein,”
which is about 8 feet thick. The “foot-wall vein” is not now
worked. The ore is said to contain 60 per cent. of metallic iron.

IroxpALE MixEs, Randolph township, Morris county.

Owned by the New Jersey Iron Mining Company, and operated by
the Thomas Iron Company. dJames Toutrin, superintendent,

No new developments have been made in shoot No. 13, the only
one worked during 1885. The workings are now about 450 feet deep.

OrcHARD MINE, Port Oram, Morris county.

Owned by the J. Couper Lord estate. General J. S. Schultze,
general manager ; Joseph Richards, superintendent.
Nothing was done here except to ship away the stock left from 1884.

MEsapow MINE.

Owned and operated by the same estate as the preceding. But
little progress was made during 1885.

MouxsT PrrasanT Mixg, Mount Pleasant, Morris county.

Controlled by the same estate as the two preceding.

The length of the workings has not been materially increased
during the past year. Mr. Richards informed me that there are 4
veins in all upon this property, two southeast of the main vein, 66
feet and 360 feet respectively, and one northwest, which is the Dolan
or Hoff vein. The main vein is that of the Teabo mine. The
ore body at present is about 5 feet thick, There are in all 3 shafts,
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2 being now in operation. The northeastern one has been sunk about
20 feet during 1885. In February, 1885, the engine-houses were
burned down and the machinery destroyed. The new machinery,
however, is no larger or more powerful than that formerly used.

Rrcaarps MiNg, Mount Pleasant, Morris county.

Operated by the Thomas Iron Company. Reese Jenkins, superin-
tendent,

During 1885 only the south or “hanging-wall vein” was worked.
There are, in all, 4 openings, and ore is hoisted from shafts Nos, 1, 2
and 3. The vein has been worked for a distance of 2,300 feet.
Shaft No. 2 reaches a depth of 340 feet below the surface, The
amount of ore raised in 1885 was 57,833 tons.

An adit 467 feet long was driven to shaft No. 2 to carry off the
water ; it met the shaft about 57 feet below the surface.

Shaft No. 2 does not strike the vein until 167} feet below the
surface; from this point down it is a slope. Only steam pumps are
in use. The ore is shipped to the Thomas Iron Company, at Hok-
endanqua, Hellertown, Chain Dam and Alburtis, Pa.

ALLEN MixE, Rockaway township, Morris county.

Owned by the New Jersey Iron Mining Company. L. C. Bier-
wirth, manager.

The work done here has consisted in drifting into the foot wall in
search of ore. The undertaking was unsuccessful.

Tearo Mixg, Rockaway township, Morris county.

Owned and operated by the Glendon Iron Company. George
Richards, manager. ‘

At this mine the two upper shoots have been worked this year in
shaft No. 4.

An intermediate shaft is being sunk northeast of shaft No. 4 to
reach the bottom of the first shoot from level No. 8, which is 430
feet below the surface.

A new hoisting engine has been put up on shaft No. 3, with 2
eylinders 14 inches by 18 inches; the drum is 6 fect in diameter and
5% feet face. It is calculated to hoist 1% tons at 350 feet per minnte,

The following analysis of Teabo ore was made in 1876, at Lafay-
ette College, Easton, Pa.:
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Sample No. 1.  Sampls No. 2.

BIlCR. e rrreinesaanrreninas rererrerareessaaness 17.77 17.21
Magnetic oxide of irol...ccccrnicnncsiin srreesnn 69,25 71.81
Resquioxide of Manganese ..uu...cveevirsinesns 26 18
AlUmina. e i re v 445 4.02
LiMe i ivrcriecrinnrneerneaeoncesnmsseornninesaneranns 3.40 2.22
Magnesifi. e sevcciiniiininenerees s 1.98 2.34
Bulphur . e 102 01
Thosphoric acidu.inimnnn, 1.62 1.06

08.862 98.85

Mouxt Hore Mixes, Rockaway township, Morris county.

Owned and operated by the Mount Hope Mining Company (Lack-
awanna Iron and Coal Company). Matson Williams, superintendent.
and manager,

During the past year work has been confined to the ®tunnel
mines” in the * jugular” vein. The tunnel cuts all five of the veins
and terminates in the one mentioned. This has a maximum width
of 25 feet, but has many pinches, a few of them reducing it to 18
inches.

It has been worked for a length of 390 feet northeast from the
tunnel, and the bottom of the main shaft is 250 feet below the tunnel
level. The total depth from the surface is about 550 feet.

"The ore averages 60 per cent. of metallic iron, 1.9 per cent, of phos-
phorus and a trace of sulphur. The surface ore on the “Side Hill”
vein averaged .35 per cent, of phosphorus, and at a depth of 300
feet was found to contain 1 per cent. This diminution of impurity
at the surface is evidently due to the decomposition by weathering
of the apatite or phosphate of lime which is intimately distributed
through the ore in small granular crystals,

A vein of lean ore (25 per cent. metallic iron) quite free from phos-
phorus has been found between Mount Hope and White Meadow, at
a depth of 100 feet; the bed is 3 feet thick.

West of the “jugular” vein a body of ore has been found nearly
in the line of strike of the Hoff vein; it is, however, high in titanic
acid.

The Mount Hope ores are all sold to the Thomas Iron Company.

Winter's MINE, Rockaway township, Morris county,

Leased by the Mutual Iron Company. J. L. Cupningham, agent
and manager.
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There are two openings which have been worked during 1885 ; one
was sunk 75 feet and the other about 30 feet. From the former a
drift was carried northeast about 30 feet. The ore-body in this shaft,
which is known as the “ Engine Shaft,” is about 3 feet thick ; in the
other or “ New Shaft,” it is 10 feet thick. These openings are on
different veing, the “ New Shaft” being the more easterly. The ore
is said to contain 65 per cent. of metallic iron, but no sulphur or
phosphorus,

HowgrLr Tracr Mixngs, near Charlotteburgh, Morris county.

Under the same management as the preceding.

There are four openings on this property which were worked during
1885, each of the two veins having two shafts on it. But little work
was done here, and the out-put was small. The ore contains 55 per
cent. metallic iron, and more sulphur and phosphorus than the pre-
ceding, Both of these mines were shut down at the end of the past
year.

KrrcaeLr Tracr Mines, near Charlotteburgh, Morris county,

J. L. Cunningham, agent.

There are two beds of ore on this property, on one of which, the
“Rich Vein,” a shaft was sunk to the depth of 75 feet during 1885,
its previous depth having been about 15 feet. Drifts have been
carried from this shaft abont 10 feet in each direction. There are
also three slopes, one of which has been sunk about 35 feet. At the
east end of the property is an open cut 40 feet deep. The ore here
is 5 feet thick. The ore from the “ Rich Vein” averages 65 per
cent. of iron, and contains no sulphur ; it is said to be a bessemer ore.

A small new hoisting engine was introduced here during the past
year, and there is a prospect of considerable activity during 1886.

Beacu MINE, Rockaway township, Morris county.

Operated by the Andover Iron Company,

During the past year this mine has been operated in connection
with the Lower Wood mine, at Hibernia, which adjoins it on the
same vein.

HieerNia Mines, Rockaway township, Morris county.

The Lower Wood mine, under the same control as the above, was
worked until the end of the year, when mining was suspended in
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order to dispose of the large stock of ore on hand—45,000 tons. The
ore raised from the Beach Mine is transported through a tunnel to
the Lower Wood shaft, where it is boisted to the surface. The total
depth of the new slope is 550 feet, and the stopes have been driven on
the vein about 200 feet farther northeast and 150 feet southwest.

The Glenden Iron Company controls the Glendon, Scott, De Camp
and Upper Wood lots, of which only the three former were worked
until their engine-houses were burned down. Since March 9th, 1885,
no ore has been raised at the Glendeon Shaft. The bottom of this is
now 193 feet below the tunnel level, and the depihs of the Scott
and De Camp shafts are respectively 246 feet and 210 feet below
the tunnel level,

The new ore dock, 1,624 feet long, is provided with three zets of
screens which separate the dust and fine ore from the coarse before
and after being broken, to the required size for shipment. About 22
to 25 per cent. is separated as smalls, and is shipped by itself to the
furnaces for admixture in suitable proportions with the other ores.

BeacH GLEX Minzes, Rockaway township, Morris county.
Owned by the J. Couper Lord estate. Gen. J. S, Schultze, man-

ager ; Joseph Richards, superintendent.
This mine has lain idle during the past year.

MUSCONETCONG BELT.

West Exp Mixes, near Valley Station, Hunterdon eounty.

Owned and operated by the West End Iron Company. G. M.
Miller, superintendent.

Work at the Turkey Hill mines was resumed July, 1885. There
has been no increase in the depth of the old workings, but a new
shaft was sunk 290 feet. The pitch of the vein is said to become
steeper as the depth increnses, The drifts were carried northeast 80
feet and 46 feet northwest.

At the Swayze mine the main shaft has been sunk about 50 feet,
and the drifts have been extended about 60 feet northeast.

A pew Ingersoll air-compressor, 18 inches by 30 inches, for 10
drills, has been put up.
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Hurp Mixg, Hurdtown, Morris county.

Controlled by the Glendon Iron Company.

During 1885, the slope was sunk 150 feet on the vein. The aver-
age width of the ore-body is about 20 feet. Au offset met during
the past year, threw the vein into the hanging wall 12 feet.

An analysis of Hurd mine ore, made at Lafayette College, Kaston,
in 1875, gave the following results:

Sample No. 1. , Bumple No. 2,

Protoxid ETOMne ceveseresseerernrnssns 2665 ) (O 09, Iron.
Se:qﬁiox?d%fof iron........................59.623 } 62.195 zgg; } 66.63
BIHCH vt sesrmarecennserrnnrrsssirsbrrinasasass 7.90 3.81
Sesquioxide of manganese.. ...c....... 21 .23
MAGNEBIA corveverrrerisranrranasanniassarsssna .36 25
Phosphotie 8cid.eee s rereessesisrnrsnnss 48 A4
Bulphir . crrninnne rsieeens 06 02
Carbonate of lime. .ccveieninnennienns 295 219
AlUMINA ... eciens cevarensinsrarieerasiasiae 2.14 1.00

99.98 99.95
Phosphorus...co v sressnncnsnsaniaass .209 per cent. 192 per cent.

Forp MixE, Jefferson township, Morris county.

Controlled by the Musconetcong Iron Company.

No mining has been done during 1883, owing to the depression in
the iron market. New machinery has been erected at shaft No. 3,
and the mine was pumped out in December. At present (January,
1886,) mining is going on.

ScoFsELD MINE, Jefferson township, Morris county.

Operated by the Crane Iron Company. David Jenkins, agent.

There iz one shaft on this property 433 feet deep, which penetrates
both shoots. The foot-wall of the old shoot dips southeast 80
degrees; that of the new shoot is wvertical. The drifts have
have been carried northeast 175 feet and 97 feet southwest. The ore
contains 50 to 54 per cent. of iron and .9 per cent. sulphur. Phos-
phorus is said to be low. The ore-body is 18 feet thick at the
bottom of the shaft,

Oxrorp FurNacE Mines, Warren county.

Owned and operated by the Oxford Iron and Nail Company.
Slope No. 3 alone has been worked continuocusly during 1885, and
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bas been sunk about 35 feet; the ore-body increases in thickness as
the depth increases, and is now about 3 feet thick.

The Washington Mine was worked for 15 days during the past
year. An analysis of this ore, made in 1884, gave the following
results :

L OO URRNY 63.19
BHICR cierririsenmenennrereens evetietibtrtrearrn reeaarnrbaabratataasins 7.985
Phosphorus.......... s reae b b rrn e e e cheasaenrererasen 615
BUlPBUL. coiiiiiiirrec s cerecnmnmrie s e e s e erneneeeres 1.68

All the ore from these mines is used at Oxford Furnace, which
went into blast in December, and has produced 731 tons in 25 days.

PEQUEST BELT,

Kisupatee MINE, west of Danville, Warren county.

This property, owned and operated by A. Pardee, includes the
former Cook furm, mentioned in previous reports. It has been in
active operation during 1885. The new slope is 800 feet long and
runs nearly parallel to slope No. 3 of the Crane Iron Company’s old
working. The drift running southwest from the bottom is 123 feet
in length, and that running northeast is on the former Cook prop-
erty, and about 75 feet long. KEighty thousand four hundred and
thirty-four gross tons of ore were shipped to the Secaucus Iron Com-
pany. The average of recent analyses gives 55.91 per cent. iron
and .037 per cent, phosphorus.

Osyuxn Pracg, Oxford township, Warren county.

Hartpence Brothers have sunk two shafts on this property and
raised about 200 tons of ore during 1885. It contains about 1 per
cent. manganese,

HEMATITE MINES.

The only deposit which has been worked to any extent in New
Jersey during 1885, is that near Carpentersville, south of Pohateong
creek, and not far from the Delaware river. The bed lies between
the blue Paleozoic limestone and the crystalline rock, and occurs for a
considerable distance on both sides of the Delaware river.
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The deposit is worked extensively on the property of Mr. Andrew
Rapp, where one of the workings has been carried to the depth of
204 feet; the opening which is worked at prescnt, is 160 feet decp,
and the ore varies from 1 to 15 feet in thickness, being very unevenly
distributed. Tt is said to be better at the level of the river. Analysis
shows about 45 per cent. of iron and no sulphur or phosphorus.

The adjoining farms, northeast, are worked respectively by Cope
Brothers and Ivy & Co.

Al the ore is shipped to Glendon.

A deposit of hematite was opened during the past summer by the
Middle Valley Iron Company. The amount of ore raised was small.

ZINC MINES.

At Mine Hill, Franklin Furnace, work has gone on through-
out the past year in the Taylor mine, operated by the New Jersey
Zinc and Iron Company, and on the property of C. W. Trotter. At
the Trotter mine, of which Mr. J. H. Van Mater is superintendent,
but little was done during the first three months. The extent of
shaft-sinking during the year has been 50 feet in “No. 4” and 70
feet in the “ Ding Dong” shaft. About 174 linear feet of drifting
and cross-cutting was done during the year. The ore deposit has
varied during the year from 2 feet to 80 feet in thickness. Some
13,000 tons of ore were raised, averaging 34.17 per cent. of zinc
oxide,

At the Taylor mine, formerly known as the Buckwheat, extensive
developments have been made and are now going on. The work is
confined to the “ back” or eastern vein, which, in the north chamber,
is about 65 feet thick, The total amount of ore raised was 21,285
tons. ‘

At Stirling Hill no mining has been done at either of the two.
mines since May 1st, the total shipments amounting to 9,443 tons.

GRAPHITE OR BLACK LEAD.

This useful mineral, which is so widely distributed through the
crystallive rocks of New Jersey, in certain districts, is not at present
being mined in any considerable quantity.
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As already stated in Dr. N. L. Britton’s article on the geology of
the erystalline rocks in the present report, graphite is sparingly found
throughout a long belt of quartz-feldspar and goeissoid rocks, on the
east border of the Highlands, and occurs in appreciable quantity
along the following lines :

Ist. From Peapack northeasterly through Mendham and west of
Morristown.

2d. From High Bridge northeasterly on a line passing near Fair-
mount, Pottersville and two miles east of Chester. On the continua-
tion of this line graphite occurs at Bloomingdale.

Descriptions of these localities are to be found in the annual
reports of 1868-'79-"80 and ’83, consequently no space need be
devoted to them here. At High Bridge and Bloomingdale only, have
works been erected to concentrate and prepare the mineral for market.
The former is no longer in operation. At the latter, during most of
1885, only the stock on the bank was treated, and but little rock was
mined.

As yet no deposits of graphite in large masses have been discovered
in New Jersey, and the material available is a rock containing a
small percentage of graphite, which is crushed, sifted, and treated on
a dressing table. At Bloomingdale, in 1879, a rock was being
worked which carried 11.2 per cent. of graphite. The problems
encountered in the working of these deposits are mainly dependent
on the local conditions under which the mineral must be mined and
concentrated, and the financial success of the undertaking depends
largely on the cxpense of treatment.

At Ticonderoga, New York, a schist carrying 8 to 15 per cent. of
black lead is very remunerative,

The white crystalline limestone of the Vernon Valley, which
<arries the zinc ores at Franklin and Ogdensburgh, contains, in
places, quite an appreciable amount of graphite in small soales and
erystals, but it is of no economic importance.
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WATER-SUPPLY,

FROM ARTESIAN OR OTHER BORED WELIS IN NEW JERSEY.

Wells which are bored or drilled into the earth and rock for
obtaining a water-supply are frequently called artesian wells. The
name is properly only applicable to those bored wells in which the
water rices to the surface and flows over, like a spring. There are
many bored wells, however, which do not flow, and yet they yield
large quantities of water on being pumped, and the water in them is
drawn from underneath strata which are impermeable to surface
contamination. On this account, the term bored well will be used,
and it refers to cases of such wells whether they are flowing or need
to be pumped.

There is much inquiry made as to the probability of getting good
supplies of water by boring. The question is one in which the
answer must vary with the geological structure of the country where
the boring is to be made. And as all portions of the State are inter-
ested in it, a pretty full statement of the differences of geological
structure in various parts of the State is here made. An inspection
of the geological map of New Jersey shows its different geological
formations to occur in broad belts, crossing the State from northeast
to southwest. Sections drawn across the State from northwest to
southeast will cross all the geological formations, and when properly
drawn, will show the peculiar rock structure of each.

To illustrate these peculiarities, four sections are here drawn:

1. Tae NoRTHWESTERN SECTION.—To show the limestones and
slates which are the principal rocks beyond the Highlands.

2. THE MouxTtaiy SecTioN.—To show the structure of the
granitic and gneissic mountains and valleys.

3. Tue REp SaxpsroxE SEcTioN.—To show the red-sandstone
and trap-rock structure, and its relations to the gneiss.

4. THE SoutH JERSEY SecrioN.—To show the fire-clays, marls
and sandy clays of southern New Jersey.

1. In the northwestern section illustrations might be found of the
true artesian wells, It is plain that if water should fall upon the

o
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edges of the limestone beds on the higher borders of the valleys, and
then sink down between the strata until it came under the middle
portion, it would there be held down by the layers of solid rock, but
if a horing were made in the lowest part of the valleys, and down-
wards through the rock until it reached the water-bearing layers, the
water would rise in the bored hole and spout up to a height nearly
equal to the elevation of the outeropping strata in which the water
first entered. No bored wells are known to have been made in this
part of the Btate, and while there is little doubt of their success,
when properly made, it is most likely the water, though wholesome,
would he hard and unfit for laundry or steam purposes.

2. In the mountain section, in the granitic rocks, there have been
no wells bored on the section here shown, but they have been bored
in similar rock in Jersey City, and one is now being bored in Perth
Amboy, and many others have been bored in New York City and in
Philadelphia. The gneissic and granitic rock is stratified, and only
differs in structure from the other rocks in that its strata appear to be
standing on their edges, and the divisional planes between the layers
are almost perpendicular, so that if water is pumped ocut from the
lower portions of the rock, rain or other water on the surface can
descend freely between the layers to take its place. The structure is
shown plainly on the mountain section, and also at the southeast end
of the red-sandstone section, and the measure of success which has
attended them, is here given. In April, 1825, Mr. Levi Disbrow
bored a well in Jersey City, and his notes of it are as follows:
“Level, 8 or 10 feet; begun to bore in a well 24 feet deep; water
in it very brackish ; Jersey City surrounded by salt water; granite
from the commencement to the present depth, which is 208 feet;
struck several veins of water after going 146 feet; by inserting a
small pump 3 gallons a minute can be raised; the water runs over
the tube 21 inches unaided by machivery; they are still boring ;
water excellent.” This quality of water was uvsually found at first,
but by continued pumping it became brackish.

At Mattheissen & Wiecher’s sugar refinery, on the south ride of
the Morris canal, in Jersey City, a boring was begun in 1867, which
was discontinued in 1872, at a total depth of 1,000 feet; inclusive of
20 feet of surface earth, the diameter of which, in the upper 180 feet
of the rock, was 8 inches, and in the lower 800 feet, 4 inches. The
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rocks penetrated are chiefly gneiss and quartz, with white sandstone
and thin bands of slate occurring below 800 feet. Several veins of
water were met with between 600 and 900 feet, of which the most
important were at a depth of 720 feet. The yield was found to be
50 gallons per minute, when tested by pumping. The level in the
well being 12 feet below tide, and the temperature of the water 52°
Fahr. The brackish quality of the water obtained has prevented its
use and the well is cloged.

A well bored at the Central Stock Yards, and some 500 feet back
from the shore line of the Hudson, passed through 70 feet of mud and
earth full of bowlders ; then through red-sand rock to a depth of 215
feet, where a micaceous rock (gneiss) was struck. The boring was
continued to a depth of 455 feet. The water which was obtained
was brackish. The well is tubed with an eight-inch pipe down to
the rock, below that the bore is 6} inches.

In the marsh, and near the south end of Grand street, in Hoboken,
a boring was made in 1828, which is mentioned in Mather’s Geology
of New York, as 400 feet in depth, reaching rock at 40 feet, and has
penetrated serpentine, sandstone and supposed white marble. This

boring, probably, did not come upon water, and the work was aban-
-doned.

A well is now being bored at Perth Amboy for the purpose of get-
ting a supply of water for the town. It is to be 12 inches in diam-
eter in earth, and 8 inches in rock, It is located at the water-
works engine-house, just north of Eagleswood, and about 28 feet
above tide-level. The first 55 feet was in black clay, then some red
and white clay, a little kaolin, an inch of white sand, and, at 61 feet,
red-shale and sandstone. At 70 feet granitic or gneissic rock was
struck, rather soft and crumbling at first, but becoming very hard at
85 feet, and in this the work continues to near 470 feet and no water.

“ Flolt’s well, in New York, between Pearl and Water streets, near
Fulton Market, extended 126 feet before striking rock, and continued
into the rock 500 feet further, making a total depth of 626 feet. The
rock is gneiss, with veins of quartz and granite. Two hundred feet of
the upper part of the bore is a 3-inch hole, and the remainder
93-inch, The water obtained from this well was at first tolerably
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good, and promised to be very serviceable, but since has very much
deteriorated, and is now said to be even more saline than that of the
neighboring river.”—Mather in 1843.

“The celebrated well at the corner of Bleecker street and Broadway
is 448 feet deep, 42 feet through stratified sands and grave! and 406
in solid rock, having the usual character of the rock of the island.
The bore of the shaft is 7 inches diameter, and yields 120,000 gal-
lons of water in 24 hours, according to the statement of Mr. Dis-
brow, who made the borings, and who also states that the water rose
within 30 feet of the surface.”— Mather.

Such wells are not true artesian wells in that the surface-water is
not shut out by any impermeable stratum. And they have uniformly
failed after long pumping. The New York Board of Health is said
to have now forbidden the use of water from these wells for house-
hold purposes. The rock in Philadelphia is also gneiss. There are
tome bored wells in that city which are still in use, but they are
unsafe for household use, and will necessarily soon be abandoned,

The water in these rocks, before being contaminated from the sur-
face, is soft, pure and wholesome, but in all places where the surface
over this rock is liable to accumulate filth or organic impurities, it
will not be safe to bore wells for getting a supply of pure water,

3. In the red-sandstone rock, which covers so large a belt of country
across New Jersey, bored wells have been put down in great numbers.

Mr. Disbrow, who began the boring of wells in this_country, put
down a number of wells in New Brunswick in 1824 and 1825.
They were bored to various depths, one 175 feet, another 394 feet,
another 176 feet, another 208 feet. They were lined with copper
tubing 11 inches in diameter. These were flowing wells, the water
rising 2 or 3 feet above the surface, and discharging from a gallon
and a half to two gallons a minute. Two of these.wells are still
flowing—one at the residence of the late Richard Johnson, Esq., and
the other in a field on the southwest side of Easton avenue and not
far from Mile run.

One bored in the old paper mill at Raritan Landing, 303 feet
deep, and on ground some 12 or 15 feet above tide, delivered 40,000
gallons a day, some 10 feet or more above the surface. It still con-
tinues to flow; the bore was not more than 4 inches in diameter.
The water was clear and answered for paper-making, though it was
very hard. Sulphate of lime was the chief mineral constituent.
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The well bored by the late David Bishop, Esq., at his residence in
New Brunswick, is 455 feet deep, all io red-shale. It is on a hill 90
feet above tide, and the water rises to within 10 feet of the surface,

The water is clear, but so charged with sulphate of lime as to be

unfit for use. The quantity of water to be obtained from the well is
inconsiderable.

Some other wells have been bored in the rock about New Bruns-
wick for the supply of private dwellings, They are at depths of
from 30 to GO feet, and for the moderate quantity of water needed
in a household have mostly been satisfactory. In some instances,
however, they have failed to yield a supply. The water is hard and
unfit for washing, though it is not unwholesome for drinking ; the
impurities in it are mostly sulphate and carbonate of lime.

There is an artesian well at Loezer farm, a half mile east of Som-~
erville, Somerset connty, on Central Railroad of New Jersey. W.
W. Merriam, Esq., has furnished the following account of it:

The well is located on land about 35 feet above the Raritan river,
and GO feet above tide-level. The work was done by Mr. Charles
Spittlehouse, of Elizabeth. The bore was G inches in diameter, and
the well 149 feet deep. The red sandstone rock comes within 18
inches or 2 féet of the surface; an iron pipe, 20 feet long, was driven
into the bore and fitted so closely that no trouble was experienced
from surface - water.

In boring, the water was struck at 13 feet, and a limited supply
was found. This water rose to within 6 feet of the surface. It con-
tinued at this height till a depth of 65 feet was reached, when it fell
to 32 feet, and there remained. At 75 feet something like iron ore
was struck, and not a foot was made per day. The red shale rock
was found all the way down to the bottom at 149 feet.)

Upon testing the yield of water, it was found easy to lower it to 76
feet, below which it never fell, though always supplying the pump to
its fullest capacity. The working cylinder of the pump is placed 100
feet down. This cylinder is of heavy brass, 3 inches in diameter,
inside measure, with a 16-inch stroke, and has solid ball valves.

The firat test of the well was 4 continuous hours, then a rest of
1 hour, and then another 4 hours’ continuous work, without any
signs of diminution in the supply of good water, One hundred bar-
rels of water have been pumped from it in from 23} to 3 hours. The

8

NEW JERSEY GEOLOGICAL SURVEY



r""'*w"—’—'"'——'_'——_'_‘".

114 ANNUAL REPORT OF -

quality of the water is excellent, and gives entire satisfaction for all
household purposes, and for watering stock.

An examination of the water by Professors Austen and Wilber,
showed it to contain 23,9 grains of solid matter to the gallon, mostly
salts of lime and magnesia, It is free from orgsunic matter, and,
though scarcely to be called a soft water, it is safe and wholesome.

In Plainfield and its vicinity, a large number of wells have been
borel for a fuw fect into the red sandstone which underlies the sandy
earth of that town. The water in them does not differ materially
from that in the common dug wells, and they are so shallow that they
are necessarily liahle to surface contamination when they have been
drawn upon for large quantities.

Many bored wells have been put down in Elizabeth and places
adjacent, perhaps, as many as 75, by Mr. Charles Spittlehouse, of”
that place. The wells pass through gravel, sand and clay for depths-
varying from 5 to 75 feet, underneath which is red sandstone, and
the boring for them is continued until a satisfactory supply is reached,.
which las rarely fuiled at depths from 50 to 200 feet down.

There are reports of two deep wells near the shore of Staten Island’
sound, one of 344 feet and another of 1,200 feet, which have been:
unsttecessful. .

. In Newark several wells have been bored to a considerable depth in-
' the sandstone, and these have yielded large quantities of water.

* i~ - Thewell of Messrs. E. Balbach & Son’s smelting and refining estab-
y lishment, in Newark, is located near the Morris canal, and only a few
v feet above tide-level. Tt is 500 feet deep, of which about 100 feet were-
4, in sand and gravel, and the rest in red sandstone rock. It is tubed
) down to the rock, is 8 inches in diameter, and the water rises in it to a
little above tide-level. The water is very clear, a little hard, and has.
a temperature of 531°. It yields 500 gallons a minute, or 720,000
gallons a day, and when pumped at that rate the water surface in the
well is lowered 6 or 8 feet. The ground around the well is dug away
so as to allow the pump to be set within about 2 feet of the surface
of the water,

The water is used for all purposes about the establishment, but is
specially valued for its low temperature and its usefulness in cooling-
| the heating furnaces.

i The well of Messrs. P. Ballantine & Sons is at their brewery, on
L Freeman street, Newark, and not far from the well just mentioned,.
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though the ground is perhaps 10 feet higher. It is an 8-inch bore
and is tubed through 90 feet of earth and 10 feet into the rock ; the
remaining 350 feet is without tube, being all in red sandstone. The
water rises to within 24 feet of the surface. The quality of the water
is good, being clear and cool. With the pump considerably above the
surface of the water, it has yiclded 200 gallons a minute.

The well at the celluloid works, in Newark, is 250 feet deep, and
yields a satisfactory guantity of water. This water was analyzed by
Messrs. Ballantine, and found to contain, in a gallon, 124 grains of
solidl matter, mostly sulphates of lime, magnesia and soda.

The well of Messrs, T.ister Brothers, at their works on the bank of
the Passaic, in Newark, is 8 inches in diameter and 615 feet deep.
It was sunk 110 feet in earth and 505 feet in the red sandstone rock.
The surface is but a few feet above tide-level, and the water rises to
within 2 feet of the surface. It isin constant use and is yielding at
the rate of 800,000 gallons a day. The water is clear and cold, its
temperature being 554 degrees. An analysis of the water showed it
to contain 152 grains of solid matter to the gallon, consisting almost
entirely of sulphates of lime, magnesia and soda. The well was bored
in 1879, when the above analysis was made. Another analysis, made
in 1882, yielded of solid matter 152 grains. Anpother analysis, made
in 1884, showed the water to still contain 149 grains of solid matter,
so that after several years of pumping and taking out this enormous
quantity of water, it is still uechanged and unfit for drinking or for
making steam. It is used for rinsing and for ceoling purposes.

The deepest boring in the State is the well of the Passaic Rolling
Mill Company, at Paterson. Its depth is 2,100 feet, and, excepting
G feet of earth at the top, it was all in shale and sandstone to a depth
of 1,120 feet, where a layer of quicksand was met which caused
much trouble, There was some water found in the well at various
depths down to the quicksand, It rose in the bore to within 17 feet
of the surface. OF this water in the well no examination was made
at that time, but when the boring was down about 1,700 feet some of
it was drawn up and tested. It was found to contain 340 grains of
solid matter to the gallon, and most of this was sulphate of lime, so
that it was guite unfit for drinking or for making steam. From the
trials since made, it is presumed that the water examined came from
the layer of quicksand, which is 1,120 feet down.

No attempt was made to pump the water from it at that time, as it
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was hoped to find a supply that would rise above the surface and
make a flowing well,

In order to shut off the quicksand the well was tubed down to
1,120 fect.  This effectually shut it out, and the water also, and the
rock was fonnd to be cntirely without water from that down to 2,050
feet. From 2,020 to 2,050 feet the red rock was more granular and
worked up into xand by the action of the boring tools. Water that
was strongly saline was met at 2,050 feet, and the usual red shale and
red sand-tone continued on 50 feet further, at which depth the boring
was stopped.  Tlie salt water rose in the well to within 30 feet of the
surfuce. No attempt was made to Jearn how much the well would
yield by pumping.

The apalysis of this salt water was as follows, per gallon: Of

Chlnride of sodium . .cinrcere e, 408.46 grains.
Chloride of DOtassilM...coieeinieree vrenscrerrrenamees 5564 ¢
Chloride of ealeium. ... 278,82 4
Chloride of magnesiom ....ooveconiiiieiccciinniiannien. 109.44
Sulphate of lime wveee.eet cearinrrenrinnrnn-nen 12070 ¢
Chlorides of iron, n]umma &c ........................... 7.00 *©

Traces of bromine and iodine...

Total weight of solid matter per gallon......,..92046 *

This is not more than one-half as salt as sea-water, and the chlo-
rides of potassium, calcium and magnesium are in much larger quan-
tity than they are in the water of the ocean.

The well was begun with an 8-inch bore, and was cased with a
6-inch tube down to 1,120 feet, and the bore from that down to 2,100
feet was 4} inches.

At this depth the attempt to bore through the red sandstone was
abandoned, the water being altogether unfit for ordinary use, and the
character and amount of the saline impurities giving little hope of
success by golong deeper.

The tubing was drawn out of the well and the bore was stopped by
a seed-bag below 900 feet. The water rose to within 17 feet of the
top. DBy puiting down a pump 40 feet into the well it has been made
to yield 100 gallops of water a minute for 5 hours, without lowering
the surface materially. This water has been analyzed, and found to
be elightly alkaline, agreeable to the taste, and to contain 13.54 grains
of mineral matter to the gallon, and this mostly carbonates of lime
and magnesia,
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The analysis showed in a gallon (or 58,318 grains):

Magnesgit. cccovirriinrnns e arrenas erreisesn e ae 2.15 grains.
Lime. v s venranes carerent seasvrssni e gaeens 371 ¢
Buda, with very little potash e ccerccin ve sevnnnnnn 115 8
Chloring (i srrenrirees corenaanrerninsseseiiennn 108 o«
Sulphurie 8cid. e e e b
Carbonic acid, not weighed...c.ivviinviciiicionnn,

It may be assumed that these constituents are combined and exist
in the water as: ’

Carbonate of Magnesit.......cccrieereneiens veveies o 4.51 grains.
Carbonate of lME v vieciriiicvninire e vvrerrercnreennns 503 9
CommOon SAl. et e sar sssesessrre st ereennee 178 ¢
Carhonnte of BoML .ocerr ceeiviiiiineisrsrineensnsreaseresnnns 37 ¢
Sulphate of HMe.iiiier e iee s e creinnsnreenenn BiH I
TOtaliuiiiiiieran e s rerreerrsnis b rrtrensasassseses 1354 ¢

These constituents are not sueh as to make the water unwholesome
for drinking or for household uscs, and they will probably deposit in
boilers as a sandy or muddy sedinent, and the water can be used for
supplying steam-boilers without danger or inconvenience.

A second well has been bored 900 feet deep near this one to serve
as a supply in case of any accident or interruption in pumping from
the first one. A letter from Watts Cooke, Esq., of December 11th,
1882, says: “The wells are in constant nse. We get a discharge of
about 230 gallons per minute, or 360,000 gallons a day, which is
more than we require. We think that for drinking it is the best
water in this section. We have used it in our builers for over a year
and find no trouble. In fact it leaves less sediment than the Passaic
river water, What it does leave is, as you stated, a muddy deposit.”

The Burton Brewing Company’s well, at Paterson, is 204 fect
deep and 4-inch bore. The depth to the rock is 18 feet. The water
contains about 12 grains of solid matter to one gallon of water.
About 40,000 gallons a day are pumped without perceptibly lowering
the surface in the well, The quality of the water is excellent.

At Kingsland’s paper mills, Franklin, a well has been bored and
lined .with a 10-inch tube for 45 feet threugh the earth, and a bore of
8 inches in the red sandstone rock for 355 feet more. The water
rises within 30 feet of the surface. It has been pumped continuously
for 14 hours, discharging 125 gallons a minute and lowering the sur-
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face of the water only 10 feet. This is at the rate of 180,000 gal-
lons a day. The water ix satisfactory in quality. The well was bored
by Dagiel Dull, of New York.

In Jersey City, the westerly part of which is underlaid by red
sandstone, a boring of small diameter was made about 1842 by Mr.
Andrew Clerke, in the marsh at the corner of Montgomery and
Henderson strects.  Hore the red sandstone was met 15 feet below
the surface and was penetrated to the depth of 200 feet, when a
stratum of very huard rock of a whitish appearance was encountered,
and the work was abandoned. A liberal supply of clear bright
water, but strongly impregnated with magnesia and common salt,
was found at the depth of 150 feet, which overflowed at the surface.

At Cox's brewery, on Grove street, between Seventh and Eighth
streets, in Jersey City, the underlying sandstone is covered by about
70 feet of bowlder clay and earth, A small boring of 100 feet in
depth was first made nearly 30 years ago, and was enlarged to 5
inches in diameter and carried down to a depth of 400 feet in 1872
and 1873. Small veins of water were met with in the rock at all
depths. The water, though so hard as to form a heavy scale in a
steam boiler, was of satisfactory quality for brewing purposes, Its
temperature was 31° Fahr, The well easily afforded 300 barrels of
water per day, the water rising in the excavated well to the level of
the tide, thence passing away through the earth to the street sewers.
The boring intersected a number of seams in the sandstone, which
contained fine earthy matter, and limited the capacity of the well to
deliver clear water.

At Limbech & Betz’s brewery, on Ninth, between Grove and
Henderson streets, in Jersey City, and 800 feet northeast of Cox’s
brewery, the sandstone is covered by 40 feet of bowlder clay, with 30
feet of surface sand. A boring 8 inches in diameter was made here
in 1877, penetrating the red sandstone rock 776} feet to reach water,
which was found at the bottom in a stratum of white or light-colored
stone, At its completion, the well, when tested by pumping, yielded
33 gallons per minute continuously for 24 hours. The water is suf-
ficiently soft and sweet for brewing, but it is ordinarily used only for
cooling purposes, its temperature being 521° Fahr. The well affords
1,000 barrels of water per day without difficulty, the level of the well
being 10 feet below tide, or 25 feet below the surface of the ground.

The Orange Water Company, organized to furnish water to East
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-Orange and Bloomfield, draws its supply of water from near the
great Boiling spring, which marks the junction of Newark city with
‘the townships of East Orange and Bloomfield. This spring has long
been noted for its abundant and equable flow of water at all seasons.
J. M. Randall, Esq., vice-president of the Orange Water Company,
informs us that three measurements of the flow of water from the
boiling spring, made at different times within the last three years,
have shown it to yield from 270,000 to 300,000 gallons a day. On
the northwest side of this spring is the broad and shallow valley of
150 acres or more, in which the works of the company are situated.
“This valley or swale has always been too wet to invite clearing, and
it is still in forest. Its surface is quite even, and there are no gravel
hills within it. The upper layer of earth in this area is black, and
made up of muck for from 1 to 5 feet down. Underneath thisisa
layer of sandy clay from 6 to 17 feet thick ; quite uniform in compo-
‘sition, though it has a few scattering bowlders in it, and it is quite
impenetrable to water. This material lies directly on the red sand-
stone rock of the country.

Wherever this layer of sandy clay is dug or bored through down
to the rock, a flowing stream of water rises, and in a tube it will rise
Afrom 2 to 4 feet above the natural surface of the ground.

“The first wells, Nos. 1, 2 and 3, were bored wells.

Wo. 1 has a 8-inch bore, and is 86 feet deep, 78 feet of which is in
sandstone rock. Well No. 2 has a 6-inch bore, and is 90 feet deep,
81 feet of which is in sandstone rock. Well No. 3 has a 6-inch bore,
and is 102 feet deep; 91 feet in sandstone rock.

Each of the above wells will yield 250,000 gallons of water in 24
hours, and not draw the water down more than 25 feet below the sur-
face of the ground.

They are situated almost in a line, No. 2 being 170 feet from No.
1, and No. 3 is 240 feet from No. 2.

Wells Nos. 1 and 2 are a little affected by each other in the amount
of water they yield, but not enough to interfere with the above-
given estimated daily yield. No. 3 does not appear to be at all
affected by pumping from the others.

Well No. 4 was next sunk near a large spring. It was sunk 12
feet into the solid rock, and then lined with a heavy stone and brick
wall, cemented and carried up to a height of 5 or 6 feet above the
surface., Tt is 25 feet in its inside diameter, roofed over and filled
with clear and pure water.
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The water rises from the joints in the rock, These joints are
nearly vertical, and traverse the rock at intervals of from 1} feet to
3 feet. It required powerful pumping apparatus to keep the well
clear while it was being sunk, and when done and the pump stopped
working, the water rose very fast.

The Ist foot filled in. vvviiicireiinieenisiscimeeeness 7 minutes..

Cgh S R e e 12
B % T e ee e s e 14«
CUTE B e eeeeeee e ee s eren e 7 o«
HURE M eeeseseeseoreeere s ereseeseesen 18
SO i eeeesseneeeereeennnres s 21 ¢
S TS S U og
L T3 R NSRS 3 ¢
Y1t e B retttbsatiectasentrr. rrrranrrrratiannan 49 “
T TR L O 72
I ;7 TR L VU R 115«

A foot of this well holds 3,682 gallons of water, and if the pump
were driven fast enough to keep the water down to 2} feet in depth,
it would supply more than 500,000 gallons a day.

Well No. 5 is located where there was formerly a spring, about 500
feet away from No. 4, and is 50 feet inside diameter, and is dug about
14 feet below the natural surface; 6 feet of this depth is in rock, and
the remainder in earth. The water rises about 3 feet above the sur-
face. In digging the well, when near the bottom, the contractor had
to pump 1,250,000 gallons of water per day, to keep the work clear.
And when the pump was stopped and the water allowed to accumulate,.

The Ist foot filled . cins civiiiiiiincn e 18 minutes.
A | o it rerar s s r e e s n e 26 o
#o3d i Hittreristaraterr e rrea e naern e naas 30 «
¢ dth - B rtear et asa e e b ees S taierans Treaes .46 “*
“oBth ¢ B ceeearaerietearaarn chettreisranattantrares 55 “

A foot in depth of this well holds 14,728 gallons, and if, by
pumping, the water was kept down to a depth of 2} feet, the well
would supply daily more than 750,000 gallons. It has been drawn
from since June, 1884, for the supply of the two towns of Bloomfield
and East Orange, to the amount of from 150,000 to 300,000 gallons
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daily, without lowering the well 50 as to stop its overflow. While
sinking this well the whole supply, amounting to about 200,000 gal-
lons daily, was drawn from well No. 4. The latter well was slightly
affected in its level, perhaps to the amount of 2 feet, while the other
was being dug and walled up, The work of completing the walls
and getting them thoroughly cemented and solid, required that the
water should be kept out for the whole of that time, which was 40
days. Inall that time the water in well No. 4 was at least 11 feet
above that in well No. 5.

The flow of water from the rock in this locality is most remarka-
ble, and is unexampled in our red sandstone regions. The quality of
the water, both in the deep and shallow wells, is given in the follow-
ing analyses:

ANALYSIS OF WATER- FROM WELL NO. 1.

Total solide, grains per gatlon.......c.ceaee berrbrseeirnanenses 12.8000
Chiorine, as chlorides, grains per gallon........ 2.2422
Sulphuric acid, as sulphn.tes gruins per gallon. 0.3666
Silica, grains per gnl!on e 09098

Iron and alumina, grains per gdlon ...... cireas 0.0233
Lime, grains per gallon............... treresireniaesas 2.1461
Magnesia, grains per gallon....iin. 0.3065
Free ammonia....veeaen.s e senenes
Albumineid ammonif... .o .

T 085

Alkalis and undetermined matter......... vereearenens 07155
*Hardness, grains per gallon, as ealcium carbonate, 4.99.

ANALYSIS OF WATER FROM WELL Xo. 2

Total solids, grains per gallon......... beseraanseraarniasnns . 121184
Chlorine, as chlorides, grains per gullon., ... 1.1955
Sulphuric acid, as sulphates, graing per gallon. 03091

Silica, graina per gallon..oini e 0.5048
Iron and alumina, grains per gallon. ..o 0.0233
Lime, graina per gallon. . eviecsinnennn 37907
Mugnesia, graing per gallon v, 0.6531
Free Ammonit. i vaencmess s e
Albuminoid ammonia...e e, RO
——  6.5665
Alkalis and undetermined matter, ......... remtinene 5.5519

*Hardness, as calcium carbonate, 4.577%.

*Water containing only from 6 to 9 grains of calcium carbonato per gallon, is soft
waler.
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ANALYSIS OF WATER FROM WELL NO. 9,

Total soiids, grains per wallon i e veceenneee. 3,838
Chlurine, 2¢ ehlorides, geains per gallon ........... 0.857
Sulphurie acid, as su phatcs grains per gallon... 0.379
Silica, graing per gallona. e nnn, 1.230
Iron and alunting, grains per gallon vvvvicnnan 0.046
Lime, grains per mallon o, 2,209
Magnesia, graing per sallona . 0.712
Bodat, grrains per #allon. s e 1.936
Potash, graing per m2llon. oo 0.227
— 7.59
Volatile matter, grains per gallon.. .ccviviinenvereanas 2.242

Hardness, equivalent to caleium carbonate, grains per gallon, 5.091,

WFLLS IN TRAP ROCK.

At the Palisade brewery, at the summit of the main ridge of
Bergen hill, and corner of Hudson avenue and Weehawken street, in
the towa of Union, a boring 7 inches in diameter was carried down
in 1877 and 1878, through trap, to a depth of 297 fect from the sur-
face, water being found in quantity, increasing with the progress of
the work, The well is pumped from the bottom, and yields 250 bar-
rels per day of very pure, soft water, of a temperature of 51° Fahr.
When not pumped it discharges a much smaller quantity, at a level
of 161 feet above tide, into the bottom of an excavated well, 28 feet
under ground and 12 feet below the surface of the rock.

The well of Mr. 8. R. Parkhurst, on Mt. Prospect, Montelair, was
started in trap rock, with a bore of 73 inches. At the depth of 90
feet sandstone was struck, and the boring was continued in that 420
feet, making the well 510 feet deep. The water rises in it to within
70 feet of the surface, It will yield 45 gallons a minute without
being at all lowered by pumping. The water is said to be soft, and
it is liked for household purposes.

From these trials of hored wells, it will be seen that it is uncertain
whether a flow of water can be obtained from wells bored in the red
samdstone. It is uncertain, too, whether the quality of water which
the wells yield will be fit for domestic purposes, on account of its
hardness, The strata are not all water-bearing. In some of the
wells, strata which yield no water are driven into for many feet,
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sometimes several hundred feet. The rock is traversed by nearly
vertical joints, in two directions, which are nearly at right angles to
each other, and some water may undoubtedly pass through them.
From the structure (see section 3) it will be seen that surface-water
may find its way down, as that below is drawn out by pumping.
The water in shallow wells is specially liable to be contaminated by
surface-water which is in the close vicinity of the well. The dip of
the rock is from 8° to 12° towards the northwest, so that the distance
it must run to reach the well is easily calculated.

"4, The South Jersey section shows a succession of beds of clay and
sand, of greensand marls and of sandy clays, all descending gently
towards the southeast. These beds are of different thicknesses, from
a few inches to a hundred feet or more, and, while many of them are
quite impermenble to water, they are separated from each other by
layers of sand, some fine and others coarser, and of thicknesses from
the fraction of an inch to several feet. Water moves in these sandy
layers with more or less facility as the sand is coarser or finer. The
descent of these beds and layers towards the southeast is at the most
only about 40 feet to a mile, so that if water is drawn from a well
400 feet deep, that water must have entered from the surface at least
10 miles to the northwest, if the surfgce is level. It will readily be
perceived that the water from wells bored in these beds is not exposed
to contamination from the surface near or surrounding them. Wells
in some situations flow above the surface, while in others the water
does not rise so high.

It will be most convenient to arrange the wells of this section in
three divisions :

1. Those in the belt of clay and sand which is immediately south-
east of the line which separates it from the red sandstone, and which
may be drawn from Staten Island sound, north of Woodbridge, to the
Delaware, at Trenton, and on in the same line down that river to
near Salem, This belt is from 5 to 10 miles wide. A pumber of
wells have been bored in it, but most of them have not yielded any
large supply of water.

At Perth Amboy a well was sunk at the terminus of the Easton
and Amboy Railroad to a depth of 130 feet, through successive beds
of sand and clay. An aceount of the strata passed through is given
in the Report on Clays, p. 183. But no water was obtained from the
bored portion of the well. There was an abundant flow in the coarse
gravel, about 20 feet down, in its excavated portion.
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Perth Amboy is near the junction of the Cretaceous and Triassic
rocks, and also near the underlying gneissic rock from which both of
the others were originally derived and which is the line of division
between them where it comes to the surface. The well now being
bored at this place wns begun in the clay and sand and was sunk
through that and also through the red sandstone, and is now in gneiss,

At Sayre & Fisher's brickyards, on the bank of the Raritan, two
wells of 21 inches diameter and 80 feet deep, furnish an abundant
supply of water. The material passed through was clay, till near the
bottom, when sand and gravel were reached, and the water. The
water i soft and does not corrode steam boilers, though it contains a
little tron, probably a carbonate, '

A deep well was bored in this clay and sand belt by Mr. C. 8.
Bucklin, at Matawan.  The boring, lined with an 8-inch pipe, passed
through about 100 feet of bluish clay with marl grains and then fine
sand and an abundance of water. But this was not available on
acconnt of the sand following the water up into the tube. The
boring was continued in this white sand, meeting occastonal layers of
clay which were 2 or 3 inches thick. The boring was continued to
the depth of 264 fuct without finding gravel or sand coarse enongh to
keep the lower end of the pipeaclear, and the work was suspended,

There is said to be a flowing well at Port Monmouth, near the ter-
minus of the New Jersey Southern Railway. It is over 100 feet
deep, and yiclds a small supply of good water,

At the State Reform School, at Jamesburg, a well was bored to a
depth of 481 feet and lined with a tube 8 inches in diameter for 285
fect and 6 inches for the remaining depth. It passed through numer-
ous strata of clay and sand, and some water was found at a depth of
110 fect and at 202 feet, but it did not flow to the surface, and it is
not known how much it would have yielded. The water was soft
and slightly chalybeate. It would be a wholesome water for drink-
ing, and the small amount of iron in it would not be troublesome for
most domestie uses, but it was not suitable for laundry purposes and
has not been tried any further,

At Columbus, Burlington county, on the stock farm of P. Loril-
lard, T« , there is a well bored through strata of clay and sand for
356 feet. A fair supply of good water was obtained, which rose to
within 45 feet of the surface of the ground. The water is since said
to be a iittle sulphurous. A pump worked by 4 men could not lower
the water in the well. Another well on the same farm is 156 feet
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deep, its flow is about 10 gallons a minute, which has to be raised 30
feet. It is slightly sulphurous, but is liked and thought to be decid-
edly wholesome,

A well at the residence of Charles S. Taylor, Esq., near Burling-
ton, was sunk 200 feet in these beds of sand and clay, but no good
water was found.

The well at Cooper Hospital, Camden, has recently been sunk and
a supply of water obtained at a depth of 129 feet. Itisa G-inch pipe,
and the water rises in it to within 16 feet of the surface. It is not yet
in regular use, but some partial trials indicate a duily supply of 25,000
gallons. The water has been analyzed and the following is reported
as the amount and composition of its solid matter, in a gallon:

Sulphate of liMe...ce covvissr e nisvarsssssrsnssreccsssssnnnieess 176

Carbonate of lime....cocameceriinicniiisni . evenen 0.77
Carbonate of MAagNesin . cevieirrrrrr o cones 0.83
Chloride of sodiuni...iieivecrniareran . 0.30
Sesqui-oxide of iron and aluming ...veccinrinnnnenenrinnnn 0.07-
SIHELI v ves vevirbrrn serirrusssrinnsniis sirenisiestesseuian s resisenenas 0.4
Organic and volatile matter...ccvvnciiennneiin 0.46

Total golids per gallon. c.evcivravenes ceerann UPPITO 4.73

It is a soft and good water.
In sinking the well, the boring passed through

Band and top 801l ceiiiiiies e 4 oL

Moulding clay and sand........ccceveevieersvvnneneninremesn 6 “
White gravel (Waler)..cooroeerrmrvirirrr e css s 2 "
Sand...o.iveeerererennneeia Sivuiesesrssnessisanaternsarnnne reaere g «
Soft clay. e s e b emieamsirapen 6
S0ft iron BLONE. e eei s ceirvanes sisirirr b e 2
Potters’ €lay. covoimen srmeroniinienicss e e g
Black clay and mud, with pieces of wood.........c....ccee 4 ¢
Soft pink Clay .coiiiiimiiiri s s e 6 ¢
White sand, white grave! (large stone).......cooerveiinnn 28 ¢
White gravel i i s 10 «
Red gravel, coveniness st s s 2 "
Yellow gravel and sand {water).....coooeimvcisinneniinineanes 15
White sand and gravel........ deastrrreneenran i e rsarnan 25 ¢
Red gravel, with 3 inches white elay.....cccccveirennnennins 3 «
Red gravel with 1 or 2 inches white clay......occecnenine 3 “
White gravel.....covivinriininemcm 3 «
Total depth.......cuun. Eettie st b b anan ean 129 feet
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At the works of the Esterbrook Steel Pen Co., on Cooper street, Cam-~
den, a well has been bored which is supplying large quantities of water.,
It iv about 175 yards from the Delaware river, and on ground about
b feet above high-water. It is 66} feet deep and lined with a 6-inch
pipe. The water stands 5 or 6 feet below the surface. It has yielded
40,000 gallons in 10 hours. The water was at first clear, but now
carrics sorae fine, filmy particles of clay,

The materials passed through were:

Muck and some gravel... c.cicoviireenenieeeceennisrerreererss 20 feet.
Gray MU e ieeeeereaes srroierasnerras 3
LY TP e a v
POters’ Clay i ciicenieniin cneirvrrne s eressvnse aorasnnses 5 ¢
Yellow sant e et e 3
Coarse grave!, with some yellow sand....ccocvve cenene.., 2705
Fine, smooth yellow elug.. covvvvriveciicveiiiece e, 2 ¢
Conme sand, with green specks, resembling marl......., 4} *

2. The portion of section 4 which contains the greensand marls,
represenis the outcropping edge of those beds and shows them extend-
ing out towards the southeast, probably under ‘the ocean, though at a
great depth, as they descend about 38 feet in a mile. The outerop-
ping edge is in a belt, 10 or 15 miles wide, and having the clay and
sand beds to the northwest of and under them, and the sandy clays
to the southeast and overlying them. It will be seen from the section
that the beds slope very gently and evenly, and that their outerop is
fur to the northwest of where deep wells are bored. Tt yields excel-
lent water in bored wells. |

At Red Bank a boring was made to reach the sand under the
Lower Marl bed and ascertain how much water could be obtained
from it. It was known to be the stratum from which the wells at
Asbury Park, Ocean Grove and Ocean Beach get their supply of
water, And the boring was to test the question whether the stratum
would yield good water there in sufficient quantity to supply the town.
The marl stratum is about 30 feet below tide-level, and the sur-
face where the well was tried is about the same height above that
level. The boring was continued through the marl, and the water was.
found at a depth of between 80 and 90 feet. The well, which was in
earthy material, was lined with an eight-inch tube. On pumping, it
was found {o yield about 40,000 gallons a day. The water rises
within 6 to 8 feet of the surface, but does not overflow. A second
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well was bored and lined with a six-inch tube, It was put down
to a depth of 90 feet, but appeared to yield no water. After several
ineffectual trials the tube was raised a few feet and the water rose in it
the same as in the other well. The tube had been driven through the
water-bearing sand into the underlying clay, and in that way the
water had been shut ont. This is an oversight which has frequently
been the cause of failures in boring artesian wells.

The supply of water of good quality from this stratum of sand
being assured, the water commissioners next examined the question as
to the best method of getting the quantity needed for the wants of the
town ; whether by sinking a number of tubes at some distance from
cach other, and connecting all of them with a centrally located pump,
or to dig a very large open well and pump from that. The conclu-
sion reached is best given in the following report, communicated by
William S. Sneden, Esq., one of the commissioners, and their secre-
tary :

“As you remember, we found the water-bearing sand as you had
predicted, directly under the marl stratom, at a depth of 66 to 69
feet below the surface, This gives the elevation of the sand, say 35
feet below ordinary tide.

“Qur engineers, Messrs. Wilson Brothers & Co., of Philadelphia,
advised the construction of an open well, 15 feet in diameter, sunk to
the water-bearing sand, anticipating a larger supply of water from the
increased area, and giving a larger volume in store to pump from after
the pumping machinery should be at rest, as at night, in case of fires.
The well has been completed, but it was thought advisable to stop
gsinking the main wall of the well when it reached within 10 feet of
the sand, to secure a solid foundation on the marl. From that point
5 large cast-iron pipes, 36 inches in diameter, were put down through
the 10 feet of marl to the water-bearing sand. A bed of concrete, 3
feet. thick, made of English Portland cement, sand and broken stone,
surrounds the upper or bell-end of the pipes, and extends under the
curb of the main well walls, making a tight floor, allowing the water
to come through the cast-iron pipes without contact with the marl.
The walls of the well, 20 inches thick, laid in Portland cement mortar,
were built on a shoe or curb of boiler iron and white oak, 26 inches
deep, tapering to a cutting edge at the bottom. As the material was
excavated and hoisted out, and the walls sunk, additional brick work
was added, until the depth of 56 feet was reached. A pulsometer
capable of discharging 500 gallons per minute, supplied with steam
from a 25 horse-power boiler, kept the water down. Marl was found
at 29 feet, at 40 feet, and on to 48 feet large lumps of hard marl and
rock were encountered ; and from 48 to 52 feet the excavation was
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throngh a hard, reamy marl, closely compacted with shells, specimens
of which I send von. '

“At adepth of 42 foet, after the lumpy stratum was struck, a large
spring burst in, flawing at the rate of 100 gallons per minute, and
at the same time, the water in the artesian wells (100 feet off } lowered
some 25 fuct, This spring lept with us through the shelly warl, and
worked its way down under the curb after the dry, ordinary marl
had been reached,  After we had sunk the cast-iron pipes in the bot-
tom, and the water began to flow through them, the spring gradually
lessened.

It s evident that this water must have worked up through some
‘pocket’ of the seamy marl which must have extended down
throngh the otherwise impervious marl to the sand, and, running
through this po-ket, squeezed its way horizontally to the opening we
had made.  While we were pumping 100 to 125 gallons per minute
out of the well at 50 feet below the surface, and the water in the
artesian pipes standing at, say 45 feet, or but 5 feet higher, the surface-
water stood at its normal height, in the vicinity, which was from 6 to
8 feet below the surface.

“The water now comes in our completed well at the rate of about
250,000 gallons per day, rising to a point within 12 feet of the surface
of the ground.

“The puwps are to be vertical, the steam end at the top of the
well, with the water cylinders 30 feet below, so that, with 20 feet
suction, the maximum flow can be availed of, -

“We constructed a reservoir on the hill, just east of the town, at an
altitude of 145 feet above tide, with a capacity of 900,000 gallons,
Our whole works, when complete, with 3 miles of mains now laid,
will cost about $45,000.”

The water from the well is clear and free from any organic matter,
Its reaction is slightly alkaline, Three different samples of the water
gave, in solid matter per gallon, 6.8 grains, 6.9 grains, and 5.6 grains.
It contains a mere trace of iron, and the solid matter is mostly car-
bonate and sulphate of lime. The water is soft and fit for all house-
hold purposes, and for making steam. Its purity is unquestioned.

Mr. Sueden says no perceptible difference has yet been observed in
the flow of water in the well, though he thinks the maximum head is
not as high by 3 or 4 feet as it was when the trial wells were first
bored in 1884.

At Ocean Grove, in Monmouth county, is a flowing well, yielding
a daily supply of 60,000 or 70,000 gallons of sparkling, pure and
wholesome water. It isthe first deep well which has been bored
into the water-bearing cretaceous strata of New Jersey, and its suc-
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cess gives assurance that all our seaside resorts can obtain a like
supply of water of unexceptional quality by opening wells into these
strata.

This well was bored for the Ocean Grove Asscciation by Mr. H.
C. Safford, of Brooklyn, N. Y. The well, for about 50 feet down,
was lined with a 6-inch iron tube, but from that on down to the depth
of 382 feet it was bored without tubing. The material in which the
well is bored is all earthy, and not rock, with a possible exception of
two layers, each a few inches in thickness, which the workmen
thought hard enough to be called stone.

But little water was met until a depth of 382 feet was reached,
‘when the water rose to a height of 18 or 20 feet above the surface.
At this depth a 4-inch tube was put in the well and properly set, so
as to hinder any loss by leakage around the tube, and also to shut oust
any surface-water that might otherwise find its way down the outside
of the tube.

When the tube was fixed in its place the drill was again put down,
the sand and earth was stirred for 38 feet further, and several cubie
yards of sand were taken out. The, water, in this way, was much
increased in quantity, and it rose to a height of 28 feet above the
surface.

The water which flows from the well has a temperature of 60°
Fahr,, is clear and colorless, and contains 8.5 cubic inches of carbonic
acid per gallon. An analysis of the water, made by Professor F. A.
‘Wilber, shows it to contain 8.19 grains of solid matter in 1 gallon,

At Asbury Park, Mr. Uriah White has sunk an artesian well
which sends up a fine flow of pure water. The well is located on
Mr. White’s lot, about 300 feet from the depot, and 3,276 feet north-
east from the Ocean Grove well. This distance, however, is oblique
to the line of dip, and by making proper allowance for this oblique
mensurement it is found that it is only 2,216 feet farther up on the
sloping stratum than the former well is. As the dip of the stratum
is near 37 feet per mile, the well at Asbury Park should not be as
deep as that at Ocean Grove by 16 feet; and, further, as the ground
at the latter is 4 feet higher than at the former, it follows the measure-
ments taken from the surface at Asbury Park well should be 20 feet
less than those at the Ocean Beach well.

The well is lined with an 8-inch wrought-iron pipe to the depth of
372 feet, and is bored 21 feet in the earth beyond the tubing.

9
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It vields an abundant supply of water—considerably more than it
did when it was first bored. A late trial of its yield, by a fire
engine, showed it to be capable of supplying 95,000 gallons of water
in 24 hours.

A second well was bored there by Mr. White. The pipe in it is
down 393 feet, and the drill has been sunk to 448 feet. The flow of
water, as far as tested, is about 20 gallons a minute. Iis temperature
is 60° Fahr.

At Asbury Park and Ocean Grove there have been a2 number more
of artesian wells put down during the past year. They get the supply
of water from the stratum of sand underlying the lower marl bed. Con-
siderable variation is found in the quantity supplied by the different
wells, and much interest is felt, lest the large number of wells shouid
diminish the flow from those first bored. The layer of sand from
which the water is drawn varies from 3 to 20 feet in thickness.

At Key East, just north of Shark river, there are two artesian
wells, bored by Kisner & Bennett, of Ocean Beach, both of which
vield an abundant supply of pure water. That at the Avon hotel
flows into the building, and is distributed by pipes. It has a 3-inch
bore, is 430 feet deep, and a test of it gave 62 gallons a minute.

The artesian well at Ocean Beach, Monmouth county, is on the
property of Mr. Eben C. Jayne, at the corner of Ocean and Sixth
avenues. The well is about 400 feet from the ocezn, has a total
depth of 485 feet, its wrought-iron casing pipe 471 feet, and a diame-
ter of 3 inches. It was put down in the spring of 1884, by the
Sounthwark Foundry and Machine Company, of Philadelphia, two
months time being occupied in the work, and the cost a little over
81,100.

Soon after completion, the flow of water at the surface level, and
by actual measurement, was 25 gallons a minute, or 36,000 gallons a
day. The pressure was sufficient to cause it to rise vertically 34 feet
above the ground, and about 50 feet above low-water mark of the
ocean, No measurement of the daily yield has since been made, but
it was immediately connected with the supply pipes of three large
cottages, and has continuously afforded not only an ample supply for
them, but also a surplus equal to the supply of many more, should it
be required.

In quality the water is clear, colorless, pleasant to the taste, per-
fectly wholesome and suitable for drinking and for culinary and
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household purposes, although a little hard and containing a trace of
iron, Coming from such a great depth, from under a series of clay
beds, and from such a distance inland, it is entirely free from any
and all surface contaminations, a great desideratum sanitarily.

A second well at Ocean Beach, between Second and Third avenues,.
and one block from the ocean, and only a few hundred feet from the
former, was bored in 1885, and is 480 feet deep, with a 3-inch pipe,
and flows at the surface 50 gallons a minute,

At Spring Lake there is another artesian well, 465 feet deep, which
supplies the Kssex and Sussex Hotel and two other dwellings, and
there is enough water for several other dwellings still.

At Lakewood an artesian well has been bored for the purpose of
getting a supply of unquestionably pure water for the Laurel Hotel,
It has been sunk through the Middle and Lower Marl beds, and the
water-bearing stratum of sand has been found at the depth of 475
feet from the surface. The well is upon ground 50 feet above tide-
level, and the water rises in a tube about 17 feet above the surface.
Tt was hardly to be expected that the water would rise to the level of
the ground here, and the quantity which flows is 3} gallons per
minute; by pumping, 12 gallons per minute have been obtained.
The water is clear and sparkling, and the analysis shows it to be of
good quality and entirely free from any suspicion of contamination
by organic or other surface impurities, It contains 8.87 grains of
solid matter per gallon of water.

At Greenwich, in Cumberland county, Job Bacon, Esq., bored a
well 690 feet deep. It is lined with a 4-inch pipe for 200 feet down,
and a 23-inch pipe the remaining 490 feet. The Middle Marl bed,
with its characteristic fossils and its greensand, was passed at 550 feet,
and the Lower Marl bed, with its equally characteristic fossils and
greensand, was passed at 650 feet, but no layer of open water-bearing
sand was found under the latter bed, and the boring is suspended for
the present.

At Marlton, in Burlington county, an artesian well has been bored
for Charles B. Chew, Esq., by Mr. Goldsmith Wilmot, of Haddon-
field. The well is 86 feet deep and with a bore of 5§ inches, and has
been sunk through the Middle Marl bed and down into a sandy layer,
in which the well ends. Unfortunately the notes in relation to the
successive layers of materials passed through are lost. In general,
however, they may be described as follows:
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Loam and gravel, to the marl....c.c.ces voverivnreenenns 20 feel.
Black MAT]ocviirirerieirreianicneesreaerionsreraresrsanserrerean 6 “
Greensand M. .o crrc i iee s erecsnsene e 15-20 ¢
Chocolate MArl .. i ciriiiiiiiis cersiereraessenrnesenneare 6 “
Thin stony crust, 2 inches.

Choeolate MAT] vovriiiiircer i e ss sran e aas 6-7

Thin stony crust.

Hard black sand, which gradually grew lighter until
it became white.

About 2 or 3 feet from the bottom, struck a very
hard rock, or bowlder, and drove the casing
throuyh it.

Total depth i v 86 feet.

The water rose to within 24 fect of the surface. The well was then
tested with a pump, driven by a steam engine, and the water was not
lowered an inch, after running the pump steadily for 8 hours. The
quality of the water is good ; its temperature is 53% degrees.

At the farm of Benjamin Cooper, two miles east of Marlton, in
Burlington county, an artesian well has been sunk which supplies a
large quantity of unexceptionably good water. It is located over the
Middle Marl bed and the water is evidently drawn from a sand bed
underneath that bed of marl. The materials passed through, as
reported by Mr, Cooper, are: .

Tpper 801l srrie s serernsisseass narasen 28 fect.
Ironstone {sand and oxide of iron}...corviiiiiieininnnns 3 “
Greensand marl. ..o i e 1 foot.
TronStONE..cociiviien it ces s sttt sa s s s nensra s aas 1 “
Greensand marl, black and chocolate marl, no accurate
account of each kept. .cocceiiiisiiiiiiniininiinninnnn 19 feet.
Clean black sand, with white sapecks........cceevvviinnnnnns 14 «
Stopped in open, coarse sand with belemnites............ 4 ¢
Whole depthorcimiis i e 70 feet.

The well was tubed with a 6-inch pipe, and the water rose in it to
within 5 feet 7 inches of the surface, and remained at that point until
the water was pumped freely, after which it rose to 3 feet 10 inches
from the surface. The water is clear, soft, and of excellent quality
for all household purposes. Its temperature is 54°, Mr, Cooper has
erected over the well a 12-foot iron turbine wind-mill. After run-
ning the pump for 3 days, with a good wind during the day, at no
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time was the water lowered more than 3 inches, though the pump was
showing a steady inch stream, ‘

The above two wells are all that we have records of which draw
their supply from the sand under the Middle Marl bed.

A well some 4 or 5 miles southeast of Marlton is 316 feet deep and
yielding a satisfactory supply of water by pumping. It probably goes
through the Middle Marl bed, but no definite information hLas been
obtained in regard to the material it passes through.

Berkeley Arms artesian well. This well is located on the beach,
opposite the mouth of the Toms river, and was bored to get a supply
of pure water for the house. It was sunk down through various
strata of sand and clay, and at about 450 feet a stratum of greensand
was met, After passing through this, water was found at the depth
of 475 feet. This greensand is probably the wpper layer of the Upper
Marl bed, as the Lower Marl bed, with its usual dip, would not be
met at a depth much less than 900 feet, while the upper layer of the
Upper Marl bed, with its more gentle dip, should be at about the
depth at which it was met in sioking this well. Tt is a matter of
much interest to know that there is a stratum of water-bearing sand
under the Upper Marl bed, as it is met with under the beaches, and
can be reached at much less depth than the Lower Marl bed, under
which is the water-bearing stratum of sand from which the wells at
Red Bank, Asbury Park, Ocean Grove, Ocean Beach and Lakewood
get their supply.

The water in the well at Berkeley rises to the surface but does not
flow. When pumped it yields 60 gallons per minute without lower-
ing more than 25 feet.

ANALYSIS OF BERKELEY ARMS WELL-WATER, BY AUSTEN
AN WILBER.

Sodium chloride, grains per gallon......ocv covivnnininnn eees 0.769
Sodium sulphate, grains per gallon..cooiniiiiinriecnrnann. 0.764
Sodium carbonate, graing per gallon....oies ereireiivnnnen 6.619
Potassium sulphate, grains per gallon... .cviviniiinninnn 0.635
Calcium bi-carbonate, grains per gallon.....c.ivviviniinnine 1.300
Magnesium, grains per galloDu.imeni. e 0.571
Bilica, graing per gallon....iviinis s e 1.032
Sesqui-oxide of iron and alumina, grains per gallon....... 0.052

Total solids, grains per gallon.....ccoiviiviviiiinin 0 11742

The water is pure and wholesome ; is remarkable for the quantity
of carbonate of soda found in it.
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An artesian well was bored at Winslow for the late Hon. A. K. Hay,
thirty years ago, for water-supply for a steam engine at the Winslow
Glass Works. The elevation of the surface is about 115 feet above
mean tide. The well was bored 335 feet, which carries it 220 feet
below the level of the sea. The following strata were passed through :

Burfaee earth, .o e e e 5 feet.
Blue and HEcK ClaF...cvviveiiiieri e e cerieneene 5«
CHuws cand, described as quicksand......cooviviiiineirinnnn. 95 «
Miocene clay, dexct "ed as hard, black clay.....coevueies 35
Micaccons sand, described as quicksand........coeeeenn.n 107
Brown clay, described as black, hard clay..covevevieennn. 43
A gum log, one foot in diameter, found here,
Greensand marl and white shells, teeth, &c.ovunvivvennnn 20
Pure greensand—no fossila... .coveinnenneirennens sreeraeraans 15 ¢
385

Water rose from the bottom of the greensand.
The analysis of the water of this well, as made for the report in
1868, is here given in graing per gallon:

B L0t s emtcransranransass ovsvernrrmnsnrsresnssso sarensonssasasansrrnnans 816
L0 000) 51« T S OO N 012
Bulphirie acidu . o et 157
Carbonic Aeid. i es crrier et eare e raas 3.030
Peroxide of rot .. e criirnar cerersiieasriaaees 175
0 T TR 1.177
MAENOSIA (iveiriiirin it i etierrertnarraetar e s ve s s n e nrrarrane 460
Potash o e e s e e 083
b= o £ T U SO PR 3.230

Holid matter in one gallon of water....c..ccevevvvennninn 8,640

This well-water has much excess of carbonic acid, keeping in
solution the alkaline earths as bi-carbonates.

The well was bored 343 feet deep to get a supply of water which
would not corrode a steam boiler. The experiment was entirely
successful. Sutficient water was obtained, and the boiler has not
corroded since,

The sediment deposited is a soft and sandy one, and without any
tendency to incrust, and the water in the boiler finally becomes very
strongly alkaline from the abundance of carbonates of potash and soda
accumulated in it.

The two wells last described draw their supply from a bed of sand
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underneath the Upper Marl bed. They are remarkable for containing
so much alkaline carbonates.

3. In the sandy clay of the third division of this section there are
water-bearing layers of sand between the clay strata, and several
artesian wells have been successfully bored in it. These strata overlie
the beds of greensand marl, and are of considerable thickness along
the southeastern border of the State. Wells bored in this will, of
course, he much shallower than would those in the same locality if
bored down to and through the marl beds, and as far as at present
known the water is of equally good quality.

Well at Harrisville, Burlington county. This well was bored by
R. C. Harris, Esq., in 1866, to get a supply of water that could be
used in a steam boiler without corroding it. The bore was sunk to a
depth of 306 feet and lined with a 6-inch tube. Gravel, blue and
gray clay were passed through until a depth of 180 feet was reached ;
mud, sand and what appeared to be decayed wood was also encoun-
tered. Further on a gravelly bed was found, and water suddenly
spouted up, reaching to the top of the tubing, 8 feet above the ground.
Water continued to flow quite freely, and it seemed to be pure and
free from iron. The party doing the work, thinking to do better,
persuaded me to let him go on, and, after a great deal of labor, he
reached the above depth of 306G feet. The result was no water of any
volume, and that which overflowed was impregnated with [sulphate
of] iron very strongly. The project was then abandoned. This was
evidently a mistake—a good well could have been had at 180 feet.
And if an examination for water at greater depth were desirable, it
could have been made by driving down the boring tools without sink-
ing the lining tube until the expected deeper supply was found.

A well is being bored on one of the Seven islands, near Little Egg
Harbor inlet, for Joseph Wharton, of Philadelphia, by Joseph H.
Moore. It iz down 335 feet, of which 279 feet is in sand like that
of the beaches, and below this, 5 feet of dark-blue tough clay, then 1
foot of pebbly sand, and then elay with similar streaks of sand quite
to the bottom. At this depth there is difficulty with the lining pipes,
and fear that they are broken. The pipe is full of water, and there
appears to be plenty of it, but it is brackish.

Wells at Pleasant Mills, Atlantic county, described by W. E. Far-
rell, Esq.

“In 1873 we sunk a 3-inch well for pure water, After going
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through about 40 feet of yellow and white sand and pebbles, we came
upon a hed or stratum of tough, hard, dry blue and blue-black clay.
This blue clay was about 8 feet thick. As soon as this stratum of
clay was passed the water burst through and rose in the pipe to the
height of 13 feet above the level of the ground. - The water was
very black at first, being mixed with fine black sand and smooth
pieces of blue clay, which came up with the water in flat, round,
smooth pieces, from ] to 3 inches in diameter, and from % to 3 inch
thick. In abont three days the well cleared, and, having thrown out
about sand enough to form an excavation at the bottom of the pipe
of about 10x10x6 feet, the sand ceased to rise. The volume was
found to be 124 grallons a minute, on a level with the ground. When
the pipe was raised the natural flow was diminished until, at 13 feet
4 inches above the level of the ground, the water stopped rising in the
pipes and stood still, neither falling nor rising. In 1880 we deter-
mined to sink another well (3-inch) about 200 feet from the first (sunk
in 1873). The level of the ground was, say, 2 fect lower than well
No. 1. At about the same distance down we struck the same water,
going through the same stratum. This seemed to give the same qual-
ity of water, which is very clear, brilliant, sparkling, and 55° tem-
perature.  We then put down 6 other wells, 60 feet apart. The
water in all is the same, and reached through the same stratum, and
we could tell within a foot when we would strike water, The inside
of the pipe, when in the clay, was very dry, until within 1 inch of
the under side of the blue clay stratum. As soon as this was pene-
trated the water would rush up and boil over the top of the pipe
with a force due to its 13-feet head. We have 8 wells, 60 fect apart,
thus:
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“The well No. 1, we supposed, gave 124 gallons a minute. No. 2
the same (we supposed, as it was not measured). We sunk the other
6, and the yield from all (8) is now but 300 gallons a minute. We
notice that all the wells (before being piped and so closed in) were
quite sensitive to each other; that is, if No. 1 was closed, No. 2
would show an increased flow. When 2 or more would be closed with
a plug driven in the top of the pipe, those remaining open would
show increased flow of water, And if any onpe of the seven were
opened the others would show a diminished flow, which clearly proved
the entire 8 wells were in the same water stratum. The water is
very pure, as per accompanying chemical analysis, which shows 28.41
grains to the gallon of solid mater. Two analyses of the water were
made, one in 1873, and one in 1876 ; they were both alike. The
water, on being exposed to the air, the oxygen of the air attacks the
iron in the water, and oxide of iron is thrown down as an iron rust.

“Tt works well in steam boilers, leaving no incrustation or scale, and
no acids to eat or corrode the inside of the boilers, which the surface-
water did. The surface-water from the pine and cedar swamps was
so destructive to our boilers that in ten years a new boiler was entirely
ruined and rendered unsafe through corrosion. The surface-water
attacking the boiler plates at the rivet holes and seams, and eating large
holes or pits in the iron plates, which have the effect of ¢ honeycomb.”

“The question is, will more wells give more water, or have these
wells tapped the whole stream.

“We notice another peculiar feature. We pump this water into a
60,000-gallon tank with a rofary fan-pump, which runs at 200 revo-
lutions a minute. This throws the water 25 feet above the ground,
but when the pump is stopped, as on a Sunday, the tank then being
full, the water will run back through the pump and into the wells.
until the water in the tank is down to the natural head of the wells,
showing that while deep wells will gield water, the water-bearing
stratum will also take more wafer if the head is higher than the
patural head, and water is so given to this water-bearing stratum, as.
in this case.”

Since the above report was written, we learn from Mr, Farrell that
other wells have been sunk, making 14 in all. A settling-pond of
3 acres is also being constructed, in which to allow the iron to settle
to the bottom of the pond, so that clear water may be drawn off from
the surface for bleaching paper stock.

NEW JERSEY GEOLOGICAL SURVEY



138 ANNUAL REPORT OF

The 14 wells seem to have the same head of 14 feet 6 inches above
tide-water,

He says: “ We found a pine tree 38 feet below the surface, fresh and
sound, and chips cut from it by the tools were the same as if cut from
a growing tree; also shells and sound and green pine cones at 36 feet
in another well,

A well was bored for Mr. Charles G. Rockwood, on Mechesataukin
creek, about 4 miles from Atsion and 5 or 6 northwest of Pleasant
Mills, It was sunk to the depth of 158 feet, through beds of sandy
clay and sand, but no satisfactory supply of water was got.

At Mays Landing Water Power Company’s works, in Atlantic
county, two artesian wells have been sunk, and they are furnishing a
moderate supply of pure water through a 2}-inch tube. They are in
ground which is about 8 feet above high-water. From Mr, Charles
Mason, superintendent of the works, it is learned that the first well
was sunk for

15 or 20 fect, through coarse gravel.

40 feet, through quick-sand.

30 feet, through beach sand and layers of clay, perhaps
1 fout thick,

dor 6 feet, fine black or blue tough clay without water.

First water found under this,

40 feet of glass sand and no clay.

10 feet in sand; no increase of water.

150 feet, total depth.

The tube was driven by a sledge for 15 or 20 feet, then by steam
60 feet further, and the remainder was washed out by water under
pressure, With the conveniences there, the extra cost of putting down
the well was not more than £90.

It yielded about 12 gallons a minute for a week, and then gradually
fell to 7 prallons a minute, ot which it still continues,

The second well was stopped at 130 fect on account of meeting logs.
It passes through the same kind of material as the other, and yields
3 or 4 gallons a minute. The temperature of the water i3 57°.

These wells are on the bank of Great Egg Harbor river, a stream
which has an abundant flow of soft water, and which, though a little
brown in color, would seem to be pure enough for all purposes, but it
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corrodes steam boilers rapidly. The following is an analysis of the
wvater from the river :

3

H ANALYEIS OF GREAT EGG HARBOR RIVER WATER.

A gallon of the water, which i3 58,372 grains, on
being evaporated down to dryness, at a tem-

perature of 110°, left of solid madtter.............. 1.89 grains.
It contains of sesqui-oxide of iren, per gallon...... 017 ¢
It contains of sulphuric acid, per gallon....ccovuene 015

The water contains much organic matter, A part, at least, of the
iron is present in the ferrous state, and it is this salt which gives the
corrosive property to the water when used in a steam boiler.

ANALYSIS OF THE ARTESIAN WELL-WATER AT MAYS LANDING.

A gallon of this water, on being evaporated nt a temperature
of 110° left of solid matter, 7.69 grains.

Of sesqui-oxide of iron—only a trace.

Of sulphuric acid~-none.

The water is slightly alkaline, and does not produce any ill effect in
steam boilers. Mr. Mason, the superintendent, reports in June, 1885,
that the flow from the wells has increased by perhaps one-third.

At Weymouth, in Atlantic county, 5% miles northwest of Mays
Landing, and on Great Egg Harbor river, the same corroding effect
of the river water on boilers is suffered, Boilers in which this
water was used needed repairs every six months. Two artesian wells
have been sunk there to procure water which would not injure the
iron boilers. The first well was bored under the new paper mill, in
1877, and is altogether successful.

In this well a 4-inch pipe was sunk. It is 42 feet deep. It flows
over at the surface of the ground, and yields 70 gallons per minute,

The second well has been bored sinee at the old mill, and on lower
ground. A 5-inch pipe was used. It was first sunk to the depth of
47 feet, but was drawn back to 38 feet. It has a uniform flow of 52
gallons per minute. The water is taken at the surface of the ground,
but a trial was made by connecting the pipe with a 2-inch pipe, when
the water rose to a height of 8 or 10 feet above the surface.

The materials passed through in boring the second well—

y;
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01 feet of old cinders,
3 feet of yellow sand.
} feet of coarse quick-sand.
1 foot of stony crust.
6-~  feet of coarse sand and a little gravel.
13-2 feet of clay.

12 feet of sand.
o feet of clay.

4 feet of sand.

clay.

The water-hearing stratum of sand .is probably the same with that
met at Mays Landing, and the difference in depth of the wells at the
two places is due to the stratum dipping towards the southeast. We
have not the elevation of the ground above tide-water at Weymouth,
but if it is assumed to be 25 feet, it would leave the stratum only
about 15 feet below tide-level, while at Mays Landing it is 120 feet,
and the stratum should descend 105 feet in the 6% miles between the
two places. This is 16 feet per mile, and is very nearly correct.

A deep well is now being bored at Cape May Point. Itis down
456 feet. The first 270 feet were in beach sand, when thin beds of
clay began to be found in the sand; from 320 to 360 feet, many
broken shells were met, apparently of the common species now in the
bay. The sand, with occasional lumps of clay, still continues, There
appears to be a good supply of fresh water, but the boring is con-
tinued with hope of ﬁnding gravel or coarse sand sufficient to keep
the lower end of the pipe clear.

The interest which attaches to these wells in the sandy clay will be
appreciated when it is considered how large the area is which is
underlaid by these water-bearing strata.

The permanence of the supply from these wells is a matter which
will suggest itself to any who consider the important uses they serve.
The quantity of water included in these thin but widely extended
beds of sand must be very large. It takes time for its movement,
and only experience can tell what may be its limit of flow in quantity
or time,

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 141

DRAINAGE.

The projects for drainage which have required the attention of the
Survey, are still the subject of investigation. The drainage of the
Great Meadows on the Pequest has been very successful. Enormous
crops are grown on the portions which have been cleared off and
tilled, and the Jund is proving itself to be the best in the county.

The drainage of Pawsaic valley, above Little Falls, for sanitary as
well as for agricultural improvement, has mow been a subject of
discussion for more than a hundred years. Plans for executing the
works were matured several years ago, but on account of financial
difficulties they have been delayed. It is hoped that the business pros-
pects of the country are now so much improved that work upon the
improvement can be begun this year. Its effect must be to bring
tracts of from 10,000 to 15,000 acres of land into productive and
regular use, and to remove a discreditable and insalubrious feature
from what may be otherwise one of the most attractive portions of
New Jersey.

The drowned lands of Sussex are also requiring a thorough system
of drainage. For this we are necessarily dependent upon the action
of New York authorities, as the outlet for waters of freshets is
within that State. There is reason to expect that some action will
soon be taken there in which we can codperate, and so secure the
reclamation of this rich and valuable tract of land.
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FORESTRY.

There still remains a considerable portion of the State in forest.
A large part of this is land unsuitable for cultivation and more valu-
able for raising timber than for any other purpose. In Northern
New Jersey the prevailing timber is chestnut, and this, in the High-
lands, usually attains a size suitable for railroad ties or telegraph
poles, in from 25 to 35 years, A young growth therefore rapidly
increases in value since there is a steady and convenient market for
these products. Two-thirds of the whole forest area of the State
consists of pines and cedar swamp, so prevalent in Southern New
Jersey. The former is used to some extent for lumber and lath, but
much the larger part for firewood or charcoal ; the latter is a valu-
able timber, and is mostly made into shingles, strips or siding. After
the timber is cut the swamp is allowed to grow up again, and in a
few years becomes valuable. There is more profit to be derived from
timber culture in the State than is generally supposed, and the million
and a half acres of land unsuitable for cultivation, may yet be made
to yield a considerable revenue when our people come to give more
attention to forestry.

The new topographical survey is supplying more exact information
as to the forest area of the State than has yet been accessible, but this
survey is not yet complete. Another year, however, will suffice to
furnish accurate forest maps of all the State south of the Raritan river,
and of a considerable portion of Northern New Jerscy. Enough has
already been ascertained to make a close estimate possible. In the
following statistics the results of this survey and of the tenth census
of the United States have been compared and utilized. The follow-
ing table exhibits the percentage of upland remaining in forest on
each geological belt of the State, since this is found to be the most
natural division of the State, the geological formation having a
decided effect on the area in forest. This effect has been modified by
glacial action, however, and on the same formation more timber is
found on the glaciated portion than elsewhere, hence the division of
the formations into northeast and southwest in the table:
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Paleozoic formation (Kittatinny valley and

MOUNERINY cricirim v siniiran e s ss s i s arara e 55 per cent.
Archaean Highlands, northeast part....coeooeeee.. 80
Archaean Highlands, southwest part............... 40
Triassic, red sandstone plain, northeast part...... 50 “
Triassic, red sandstone plain, southwest part..... 25 “
Cretaccous, clay and marl country......covvineaniee 2040 “
Tertiary, pine plains, Ocean, Burlington and

Atlantic counties. v creversiniivin et 92 0«
Tertiary, all other parts. ..o 65 ¢

A careful estimate of the actual acreage of forest in the State
makes the total

Equal ..o rinininieesns e 2,330,000 acres.
Censug of 1880 gives improved land.....eeess 2,007,719 ¢
Area of tide-marsh equals ..o, 205474 ¢
Leaving for wet-meadow, barrens and land

ueed for residences in cities, etc...coviieuees . 125876 ¢

Total area of State..ccvirrrriins vovrnvminan 4849069
Of the above forest area the amount included

10 FATING 18errierarvarcersnrivencnnrirenrnnsonsesessemae 708,002 ¥

Of this area of 2,330,000 acres, a large portion is destined to remain
permanently in forest. That of the paleozoic and archaean forma-
tions lies principally on rocky and untillable ground. That of the
triassic formation is mostly included in farms, and will decrease
somewhat. That of the cretaceous formation is also largely included
in farms, but much of it lies on gravelly and stony hill-tops, or other
untillable areas. It will also decrease slightly. The largest decrease
will be in the pine forests, which cover 1,485,290 acres. Of this
area, probably one-half will eventually be cultivated.

Tt will probably be conducive to the best interests of the State to
leave at least one and a half million acres permanently devoted
to forestry. The following table exhibits the increase of improved
land since 1850, and the decrease of land in farms since 1860, in

acres ;
1850. 1860, 1870. 1880,

Total laud in farms........ 2,752,946 2,983,525 2,089,511 2,929,773
Improved land in farms. 1,767,991 1,942,281 1,978,067 2,097,719

Decrease in land in farms (1860 to 18580} ..c.c.csviicensnien. 53,752
Increase in improved land (1860 to 1880)...ccecvnieniiinns 155,438
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A closer examination of the census returns shows that the land
allowed to grow up again in forest, or used for city and village sites,
amounts to 61,032 acres in the counties of Bergen, Essex, Hudson,
Mercer, Passaic and Union, which counties show a decrease in the
amount of improved land. The amount of land cleared and improved
is therefore not less than 216,470 acres for the period of 1860 to 1880.
This is certainly a small area, but a glance at the amounts of improved
land in the above table shows that the rate for the last decade was
greater than for the previous one, and as attention is agnin turning to
improvement of the pine lands, it will probably be still greater for
the next, The greatest inroads into the forest have been niade in that
portion of the pines which lies in the counties of Monmouth, Atlan-
tic, Gloucester, Cumberland, Salem and Cape May.

The fact that there has been a decrease in the total land in farms,
with an increase in improved land since 1860, is explained by a fact
noticeable to any one who has traveled over the mountainous districts
or through the pine country; it is probably due to the abandonment
of unproductive farms, which contained a large amount of unimproved
land. Many such farms have been allowed to fall back into forest,
and the result will eventually be a benefit to the State; there is much
land still undeveloped which is more suitable for cultivation, while
this is worth more as forest.

While the acreage of forest has slowly decreased, this is not the case
with the produets of the forest, as a glance at the following table of
lumber production will show :

1880, 1870, 1850, 1850,
Total value of products.... $1,627,640 $2,745,317 $1,602,319 $1,123,052
Lumber, number of feet..... 109,679,000 101,829,000

Lath, number.. ...oocevavnnns 8,948,000 3,167,000
Shingles, number...c..cc.o.... 10,717,000 3,624,000
Capital employed.....coueees 81,657,305 $2,238,900
Wages paldeiin e, 3179,693  $369,835
Hands employed.......oouvviee 768 1,145

The shrinkage in value of products between 1870 and 1880, while
the amount of products increased, was due to a falling off in prices.
In the whole United States, in the same period, while the production
increased 42 per cent. for lumber and 70 per cent. for shingles, the
value of products increased only 11 per cent. The State is thirty-
second in value of lumber products.
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The above, however, does not fully represenst the value of the forest
products of the State, for the census shows the following consumption
of wood which is supplied by the forests of the State:

Cords. Value.

Fuel for domestic consumption.....ceeurners 642,508 832,787,216

Fuel for brick and tile manufacture........ 14,683 55,722

Fuel for glass manufacture...coviieene e 29144 110,747

TOtAL cueereeresresressrmrotereessrernenseresssns 686,425  $2,953,685
This, added to the above value of lumber products,

AMOUNLING L0 cvveres crrvervireesiiisessrisenuensenineass 1,627,640

Gives a grand total of....cooinviniiiiiiiiniirininiees £4,561,325

Yet this has not included the fuel sold outside of the State, in the
neighboring large cities and to brick and tile works; nor does it take
account of the production of railroad ties, telegraph and telephone
poles and fencing, which is considerable. The value of the annual
product of our forests cannot be less than $5,000,000, even in their
present neglected condition, and the experience of European countries
teaches that proper attention to timber culture would give as a result
not less than double this amount.

It seems scarcely necessary to speak of the markets for our timber,
as they are generally supposed to be ample, yet the fuel market, on
which the pine forests have largely depended, has recently suffered a
depression, and to show that this must of necessity be temporary, we
have only to point to the above table, which shows a consumption of
686,425 cords of fuel within the State; to the brick and tile indus-
tries of Rockland, Kings and Richmond counties, New York, and of
the vicinity of Philadelphia, and to the consumption of domestic fuel
by the two great cities, all of which must make a permanent and
accessible market for fully 1,500,000 cords of fuel, or one cord per
acre annually for the whole pine forest of the State, which is all that
it will produce in its present condition,

Chestnut, oak, locust and other timber suitable for construction,
has everywhere a good market close at hand in the demand for rail-
road ties, telegraph and telephone poles.

Excepting, perhaps, the case of cedar swamps, the possibility of
growing timber with profit seems to have been overlooked, yet cases
are not uncommon, throughout the State, where nature has insisted
on growing timber in the face of all obstacles, and has yielded large

10
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returns on the capital invested ; and, no doubt, with a little attention
to pruning and cutting out surplus growth, some protection to the
youung growth (now very generally allowed to be browsed off or
trampled down by cattle, by which practice the yield of chestnut,
ete,, is very much reduced), and proper precaution to prevent fires,
would result in handsome profits from land now allowed to go to
waste,

At a moderate estimate, 1,000,000 ties are annually consumed by
the railroads of the State for construction and renewal. At 50 cents
each the value of these would be $500,000. Here is a market which
lies at our very doors, and should be whelly supplied with chestnut
timber from the untillable land of Northern New Jersey.

The value of chestnut timber in the Highlands and Kittatinny
valley, depends much on the quality of the soil and the location.
The stump land sells at from $1 to $5 per acre; a growth of 30
years at from $10 to #30; of 50 years, from $25 to $50; but in
many instances guod growths, accessible to markets, have sold at figures
3 or 4 fold greater than the above. The time required to grow rail-
road ties and telegraph poles is from 25 to 40 years, and will prob-
ably average 30 years, Chestnut grows naturally and brings the
quickest and best returns, although oak is more valuable when
grown. .

The possibility of growing locust timber on the 250,000 acres of
waste land of the cretaceous formation, is fully shown by Irofessor
John C. Smock, in an article on the subject in the report of the
State Board of Agriculture for 1874. He estimates that it is pos-
g'ble to raise on good land, & crop of 30 years’ growth worth $3,000
per acre; and states that returns at the rate of $2,000 per acre, are
not uncommon in Monmouth county. An ample market always
awaits this valuable timber, and its cultivation should be encouraged,
for it may properly take the place of other crops and prove more prof-
itable, even on some of the land now cultivated. In this connection
it may be well to call attention to the fact, that when timber culture
has been placed on a secure footing, and becomes a recognized occupa-
tion, it will not be necessary to wait the full period of growth in
order to realize a profit, for the value of the forest will become
commensurate with its age and growth.

The growing of cedar timber is generally recognized as profitable.
The value of stump land is from $5 to $10; of 20 years’ growth of
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timber, from §5 to $50; of 35 years’ growth, from $15 to $200; of
50 years’ growth, $75 to $400. Location and the size of timber
having much to do with the price. A swamp of 70 years’ growth
sold recently for $800 per acre.

The common pine attains a size suitable for fire-wood in from 15
to 20 years,and it is commonly estimated that it will produce as many
cords per acre as it has been years in growing. The present value of
pine wood per cord, standing, ranges from $0.75 to $1.50, and $1.00
is probably a fair estimate of the average. When the timber becomes
larger its value per cord increases, as it then finds a market for lum-
ber and lath, for piling and other purposes. The following figures
are from estimates of men familiar with the pine forests in various
sections, and the wide range is due to difference in accessibility to
market and in producing powers of the Jand. Value of pine stump
land per acre, $0.10 to $56.00 (this does not include the figures from
localities where the land has a value of from $10 to $25 for cultiva-
tion); of 30 years’ growth of timber, $5 to §25; of 50 years’ growth,
$10 to $100. Taking figures pertaining to the average of the better
two-thirds of pine land as a guide, the present conditions would give
about the following results in raising pine of 30 years’ growth :

«  Cost of stump land, per 100 8Cres...ccoveerreererieremunsrersse $250
Taxes on average value, 30 YeAIS....cicveiiinirernnmevrerinsies 448
Policing and protection, 30 Years......vvrvevrrrmerareer sovasens 120
Interest, at 6 per cenb...cvviivviieniriiiiccnin st s ereees e 450

Total expenditire. .o civeisnnsinenssenneniannenns e $1,268
Value of a 30 years’ growth, for 100 acres....c.o.coeueeneere $2,500
Value of stump Iand......vumeeenass eerrncrnaes eeubesre e ens 250

Total valte, i e e e eeeas  $2,750
PrOfiticiesessieestrnersesniseesaeeseressenisssseseesrsssasnssstenensenne 81,482

The interest on annually-paid expenses is supposed to be offset by
increase in value of stump land.

1t 1s not to be supposed that proper protection and attention will
not greatly increase the above profit. These figures represent the
present values, depreciated by the results of neglect and the uncertainty
and loss caused by fires.

Great advantages would accrue to the State should timber culture
be successfully inaugurated. The solution of the water-supply prob-
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lems, which become yearly more important and serious, would be
materially aided by the preservation and regulation of the flow of the
fine streams of the Archwan Highlands, and in this way, also, the
many valunable water-powers of the State would be improved; the
healthful climatic conditions of Southern New Jersey, an element
which has been largely conducive to the development of that section,
may be unfavorably affected should the destruction of the pine forests
by fire and neglect continue; but perbaps a more direct advantage
would be the vielding of a profit by over two millions of acres of
land, now almost non-producing.

FOREST FIRES.

The greatest destroyer of the forest and the worst enemy of the
forester is fire. The disastrous effects of forest fires are felt through-
out the United States, and our State is among those suffering most
severely. These fires occur to some extent throughout Northern
New Jersey, but usually on rather Jimited areas, not often exceeding
3 or 4 square miles, but the most serious trouble is in the pine forest
of the southern part. Any one who has witnessed a fire under full
headway in this country must have been impressed with its grandeur,
its irresistible fury and its disastrous effects. A few notes of remark-
able fires are at hand, In 1866 a fire burned over 10,000 2cres,
extending 7 miles inland from Tuckerton and West Creek. In
1870-71 nearly the whole wooded portion of Bass River township,
Burlington county, was burned over. In 1871 two fires in Ocean
county burned over 30,000 acres, In 1872 a fire burned over from
15 to 20 square miles, worth before the fire from $10 to §30 per acre,
and after from $2 to $4. In a paper on forest fires, by Mr. Charles
E. Elmer, in the Report of State Board of Agriculture for 1874, he
says of the year 1872: “To assume that 100,000 acres have been
burned over, at 2 money loss in timber of $1,000,000, would surely
be within the bounds of truth.” From the census of 1880, we have
for that year an area burned over of 71,074 acres, with an estimated
loss of 8252,240, which is certainly a very moderate estimate and can
scarcely include any allowance for loss of cedar swamps. During the
past summer some very large fires oceurred in the district under sur-
vey, and the areas covered were noted by the topographers. One
burned over an area of 60 square miles, near Atsion, in Burlington
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county; another, near Friendship, in the same county, covered 10
square miles; and another, in Ocean county, burned over not less
than 75 square miles north of Barnegat. The total of these three
fires is therefore 145 square miles, but several other fires occurred far-
ther south in the State, the extent of which was not observed. It
may be safely estimated that the whole area burned over this year has
reached 200 square miles or 128,000 acres. A large amount of cedar
swamp was destroyed by these fires, and $10 per acre would not more
than cover the direct damage to timber, making the loss for this year
$1,128,000, nearly equal to the total value of the annual lamber pro-
duction of the State. On the whole, the loss in timber from forest fires
in the State, on a low estimate has averaged $1,000,000 per year for
the last 15 or 20 years. The loss is much more than the mere
value of the wood, however. The soil is so impoverished by these
periodical burnings, which deprive it of all vegetable matter, that its
capacity for producing timber is much diminished. There is also a
great depreciation in the value of the land, because of the danger of
fires, whether it be,as timber land or for occupation and improvement,
and a considerable damage is done to the many valuable cranberry
bogs which are scattered through the forest, not to speak of the danger
to buildings, habitations, and even to human life,

The causes of these fires are various; those given for the 54 fires
of the census year are as follows: Clearing land, 7; locomotives, 28 ;
hunters, 6 ; malice, 7; coal-pits, 6. It will be noticed that more than
half were caused by railroads. Neither of the two great fires of this
year were caused by locomotives; that at Barnegat starting 6 or 7
miles from any railroad, and that at Atsion in a meadow, also far
from a railroad, either from the carelessness of hunters or berry-
pickers, or through malice. Mr, Elmer attributes many of the fires
to carelessness in clearing up land. Many fires no doubt start from
coalings, and it is common to hear the belief expressed that some of
these are started intentionally, in order to keep the coalers and wood-
choppers at work, since timber burned over must be cut at once,
whereas it would otherwise be left to grow and increase in value.
Those caused through malice often are the result of chastising, or
holding under surveillance, of timber thieves, by no means uncommon
in the pine forests. Of the various causes, the most frequent one is
the one which is apparently most easily prevented, although it ix not
unlikely that the damage from this source is somewhat overrated, for
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these fires are soonest detected and checked. Some railroads, notably
the West Jersey, and Delaware, Lackawanna and Western, have
already taken the matter in hand. The plan followed, and apparently
with success, is to elear away all timber for a width of 100 feet on
each side of the track, to plow a furrow or two close to the outer edge
of this space and then fire the space in the fall, and keep it mowed and
cleared, if necessary, through the summer. Were this plan adopted
hy all railroads, and the engines furnished with suitable spark
arresters, danger from this source would disappear, as would the con-
stant suits for damages, which probably are much more expensive than
the remedy. The other causes are apparently to be prevented only by
establishing a forest police, but the danger of fire spreading over such
a great extent of territory might be lessened by less expensive means.
The pine forest is traversed by numerous roads, which are used as a
means of access to the timber, or of passing through the forest to the
various settlements.  Most of these roads are at present only just wide
enough to allow a wagon to pass through, not unfrequently by grazing
the trunks of the trees on either side. Tt is invariably the practice
when a fire is to be fought, to make a stand along one of these roads
and, by firing back, to stop its progress by depriving it of food. Not
unfrequently, narrow as they are, these roads alone stop the progress
of the flaimes, It scems, then, that it would be feasible to have all
these roads recorded as regularly-laid highways, with a uniform width
of four rods, and to clear away all timber and brush for this width,
and fire the space in the autumn, annually. It is believed that this
would create a gap which the flames would rarely leap, and that they
would usually be confined to a few hundred acres at most. Probably
about two acres to a hundred would have to be cut off in this way, to
protect the rest, and in ease it was seen that, because of high winds,
the flames would leap this barrier, it could be rendered effectual by a
little back firing. If this could be supplemented by a forest police of
perhaps one mounted man to each 30,000 acres, making the whole
annual cost not more than four cents per acre, much would be accom-
plished toward preventing forest fires, which now cause an average
loss of 67 cents per acre for the whole of the pine country. But it
must also be remembered that a large amount is now annually expended
in fruitlessly fighting fires, after they have become irresistible from the
extent of their front.

Some legislation imposing proper penalties for careless use of fire in
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camps, clearings, or coalings, would be necessary. Stringent laws of
this kind exist in some European countries and in Canada. The effect
of an efficient forest police on depredations of timber thieves will be
most salutary, and the increase in the value of timber lands that would
arise from increased security, even though otherwise unimproved,
would pay the expenses of the plan. It is most, probable that the
railroads would readily coiperate in any plan to increase the security
of the forests, as they might otherwise be held strictly accountable for
all damage done by them. '

In Northern New Jersey the expense of keeping clear avenues
through the forests would not be necessary, but it would probably be
best to double the police force because of the larger population. If
the railroads used proper precautions the police would be needed in
but a few of the townships of this part of the State, as the areas in
danger from fires are not large.

There seems to be no imminent danger of the evils usually attrib-
uted to stripping the country of forests in this State if fires and
wasteful practices can be prevented. As soon as a crop of timber is
gathered nature sets about reforesting the denuded area. No planting
is needed, only a little protection and care, and in from twelve to
fifteen years a young forest has again appeared to take the place of
the old one; as the cutting is usually done on limited areas at a time
the timber is scarcely missed.
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IV.

HISTORICAL NOTES ON THE GEOLOGICAL
SURVEYS OF NEW JERSEY.

————

New Jersey was first settled for its agricultural eapabilities, and farm-
ing was its leading industry, until some time within the last half cen-
tury, Its mineral riches were, however, of such importance, as to be
thought worthy of public assistance for their development at a very
early day. Col. Lewis Morris located himself at Tinton Falls, in
Monmouth county, and purchased 3,900 acres of land there, propos-
ing to establish iron-works at that place. As early as the 6th of
April, 1676, the Legislature voted that “as touching Col. Morris’
request, the Deputies are willing the lands and works belonging
properly to the iron works, shall or may be rate free for seven years,
excepting in extraordinary cases, as war or the like,” The grant from
the Proprietors of East Jersey was a perpetual lease, with a payment of
a half-penny an acre yearly, on 3,540 acres. This lease allowed him
and his associates to dig for irem or any other minerals, in any part
lying between the Raritan river and the Whale pond (Lib. L, p. 155,
E.J.Records). 'The works were carried on here for a number of years,
and were probably supplied with stock from the bog ores which were
found in various places near by, and from the woods. Private enter-
prise was sufficient to extend this work further, and forges were in
operation at Spotswood, in Middlesex, and at Imlaystown, in Mon-
mouth, very early after the year 1700, probably working upon bog
ores such as are still to be found in those places. And as soon as the
Indian title to the lands in Morris and Huaterdon counties was
extinguished, which was from 1712 to 1715, settlers entered upon
them for the purpose of working the rich magnetic iron ores which
abound in the hills of those counties, and forges were soon in opera-
tion and turning out good bar iron. The forge in Whippany, Morris
county, was in operation as early as 1716, and others were established
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farther in the newly-acquired lands, from time to time, as roads were
opened, and ore was found, till they dotted the whole of the region
in which those ores oceur. The blast furnace at Oxford, in Warren
county, was established in 1745. Others were built at later periods.
The demands for ore to supply these various works stimulated the
searches for them, and the whole iron ore district was pretty fully
explored. Openings were made wherever there were any indications
of ore, and now there is scarcely a tract to be found where diggings
have not been carried on in the search for new beds of ore. These
gearches were made at the expense of land-owners and other interested
parties. And their effect was seen in the construction of new works
for reducing of ore to metallic iron. It is stated by Tench Coxe,
that in 1784 there were eight blast furnaces and seventy-nine forges.*
In Gordon’s History of New Jersey,t written in 1831, he states there
were then 12 blast furnaces and 108 forges, which yearly produced
1,671 tons pig-iron, 5,615 tons of castings and 3,000 tons of bar-iron.

The copper mines at Belleville were discovered early, and were
worked by Arent Schuyler in 1719. Mines at New Brunswick were
worked by Elias Boudinot in 1751, and those at Somerville, Flem-
ington, and other places at a much later date.

The zinc mines at Franklin and Ogdensburgh, in Sussex county,
were discovered early, Maclure having sent specimens to France for
analysis in 1811, and public attention was called to them by Dr. Bruce,
of New York, in his Americar Journal of Mineralogy, which was
published in 1814. In Jour. Acad. Nat. Sciences, Vol. IT., p. 277,
is a very full and accurate paper on the Geology and Mineralogy of
Franklin, in Sussex county, by L. Vaouxem and Wm. H. Keating,
dated August 6th, 1822, Tt treated of the zinc ores. Many unsuc-
cessful attempts were made to work them before 1830.

The greensand marls, which have been such a source of agricultural
wealth to the State, were not generally known before 1840. Single
cases of its use were known at the beginning of the century. In the
Memoirs of the Philadelphia Society for the Promotion of Agricul-
ture, there are several articles on the use of marls, written in 1815—
one by Mark Reeves, of Evesham; one by Dr. George Holcombe, of
Allentown ; one by George Craft, near Woodbury, and one by Paul
Cooper, of Woodbury; and an analysis of the marl, by Henry Seybert,
in 1822,

#Hist. iron manufacturs, p. 72.
tPage 38,
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Dr. 8. G. Morton's descriptions of the organic remains found in the
marl were published from 1830-1834, and can be found in the Am.
Journal of Seicnee, or in his Synopsis of Organic Remains.

Mer. Pierce, who wrote for the Am. Journal of Seience in 1823, says:
“Six years ago but one or two small beds of marl were known, but
marl is now cxtensively used and highly esteemed.” It is also men-
tioned by Gordon, in his History of New Jersey, 1833, as being of
much value, and of great promise in the fature.

These carly attempts to develop the natural resources of the State
were productive of much benefit to the people interested, though no
systematic attempts were made to study the geological structure of the
country, or to collect, arrange and publish for the common good, the
facts which were distributed among many individuals.

At the session of the Legislature in October, 1832, Governor Peter
D. Vroom in his message said: “In viewing the different improve-
ments now going forward in our State there is cause for gratulation
and pride. Each one within the sphere of its influence will produce
new incentives to industry, and discover new avenues to prosperity
and comfort. Taken in connection they will have a tendency to
retain and increase our population and draw forth and distribute the
resources of the State which are just beginning to develop themselves.
When the different parts of the country shall be connected together
with water or other easy communication,* our limestone districts will
scatter their treasures to parts where they are needed in fertilizing the
soil, and the value of our iron regiong will be greatly increased.
Many of our mountains and valleys abound with hidden wealth,
which must seon be brought to light, and I have no doubt that if a
geological survey of our State, or parts of it, could be made, even
upon a limited scale, it would result in most valuable discoveries.”

No action was taken upon this portion of Governor Vroom’s
message.  But in his message to the Legislature, on the 30th of
October, 1834, he alludes to the subject again and says: “I am
induced to believe that such a [geological] survey would lead to the
discovery of valuable mineral and metallic resources. A small
appropriation will be sufficient to commence with, and I think it due

“The Camden and Amboy Railroad was then laid only from Bordentown to
Hightstown, and the Delawars and Raritan Canal was being constructed, though the
work was much delayed by the sicknesa among the workmen. The Morris Canal,
begun in 1825, was completed in 183].
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to the State, as well as to the age in which we live, that a commence-
ment be made.”

The Committee of the Assembly, through its chairman, William
Marshall, of Hunterdon, reported favorably upon this portion of the
Governor's message, saying such a survey “ would tend to develop
still further the wealth and resources of the State. It would have a
tendency to advance the progress of science, to exalt the character of
New Jersey, and to promote the growth and prosperity of her agri-
cultural and manufacturing industry.” And they further reported
the following bill :

4 To provide for a geological and mineralogical survey of the State of
New Jersey.

“That the Governor, or person administering the government of
this State, be and he is hereby empowered to employ some suitable
and scientific person or persons o make a geological and mineralogical
survey of the State, and make a report thereon to the next session of
the Legislature, and that he be authorized to draw upon the Treasurer
for any sum not exceeding in the whole one thousand dollars, in order
to defray the expenses of the same.”

This bill was passed February 26th, 1835.

Under this act Henry D. Rogers, professor of geology in the Uni-
versity of Pennsylvania, received the appointment to make the pro-
posed survey. He entered at once upon the work and evidently
prosecuted it with a systematic plan and enthusiastic earnestness. His
report was presented to Governor Vroom, 16th of February, 1836. It
is entitled “ Report on the Geological Survey of the State of New
Jersey,” and is an octavo of 174 pages, illustrated by a large plate of
five sections across the State. A map is also mentioned as aooomi'
panying the report, but it probably was not published at that time.

"The plan which he adopted for the year’s work was to “lay down
upon the map of the State (Gordon’s} a series of straight lines, five in
number, so drawn as to cross, nearly at the same angle, all the various
formations. The regions adjacent to these lines, embracing a width of
several miles on both sides of each, were then selected for more par-
ticalar and detailed examination; and the extent and boundaries of
the several formations, as far as determinable, were delineated upon
these portions of the map. '

“The five geological sections or profiles thus surveyed embrace all
the strata, and afford a general insight into the principal features of the
stratification, of the State.”

L

+
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The five profiles laid down and studied were :

“ First, a live of country extending across Bergen and Sussex coun-
ties, from the vicinity of Fort Lee, on the Hudson river, to near
Dingman’s Ferry, on the Delaware.

“Secondly, a tract stretching from the sea-shore, in Monmouth, to
the Water Gap of the Delaware, in Warren.

“Thirdly, a tract extending from the bend of the Delaware, at
Easton, parallel with the general course of the river to Trenton, and
thence prolonged to the sea-shore, south of Barnegat.

“Fourthly, a section across Gloucester, reaching from the Delaware
river, at Camden, to the sea-shore, near Leeds’ Point.

“ Fifthly, a tract traversing Salem, Cumberland, and Cape May
counties, from the Delaware to the sea-coast.”

‘This clear and easily understood plan of work was carried out, and

Nore.—Trof. Henry Darwin Rogers, the first State Geologist of New
Jersey, was born in Philadelphia, August 1st, 1808, He was educated in
Baltimore, and Williamsburg, Virginia. In his twenty-second year he was
clected Professor of Chemistry and Natural Philosophy, in Dickinson
College, Carlisle, Pa. He went to England, in 1831, and studied chemistry
in the laboratory of Dr. Edward Turner, and attended the lectures of De
1a Beche on Geuvlogy, He returned to Phitadelphia in 1833. In the
winter of 1583-4 he delivered lectures on geology in Philadelphia, and in
1835 the University of Pennsylvania elected him Professor of Geology and
Mineralogy. And the same year the Governor of New Jersey appointed
him to make a gcological and mineralogical survey of that State. His
first repurt was made in 1836, and his final report in 1840,

In 1836 Prof. Rogers was appointed Geologist of Pennsylvania. He
made gix annual reports on the progress of the survey of that State, when
the work wus suspended. Tt was resumed in 1851, and continued through
1832, 753 and '54.  And his final report, in two large quarto volumes, was
published in 1838.

In 1858 he was appointed Requis Professor of Natural History in the
University of Glasgow, and transferred his residence to that city. He
remuined in the discharge of his duties there till 1866—his health had been
failing fur some time—and in that year some obscure disorder of the brain
wus developed, and terminated his life on the 29th of May.

He was 2 man of great ability, and of very attractive powers of spenk-
ing, and held o prominent place among the geologists of the world. His
works on geolosy are admirably arranged and presented, and his general-
izations are remarkably clear and well sustained.*

*For biographical notices of Prof. Rogers and his three brot.hers;, sse Dr. Ruschen-
berger's sketch in Proc. Am. Thil. Soc., Vol. XXIII, pp. 104-148,
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has furnished the basis for all the geological investigations which have
since been made in the State.

In addition to studies made of the geology of the State, as shown
along these lines, much attention was given to the occurrence and
description of the useful minerals found in different parts of the State.
¢« This was done more especially in the survey made of the greensand
or marl formation, passing through Monmouth, Burlington, Glouces-
ter and Salem counties.”

This report was received with great satisfaction by the Legisiature
and by the people, and a further appropriation of $2,000 was made
for continuing the survey.

At the end of the year 1836 a very short report upon the progress'

of the survey was made to Governor Vroom by Prof. Rogers. It was -

presented to the Legislature by Governor Philemon Dickerson, Janu-
ary 3d, 1837, with the recommendation that a further appropriation
be made for continuing the survey another year, and, in accordance
with this, an appropriation of $2,000 was made.

The report for 1837 covers but two octavo pages. It was presented
as a separate document, and also as a document accompanying Governor
Dickerson’s message. It is entitled “A Sketch of what has been
achieved towards the Geological -Survey of New Jersey during the
past year.” The general plan sketched in the report of the preceding
year was followed, but the investigations “have been conducted with
an eye to more system and greater scientific accuracy. In place of
crossing the strata, as hitherto, in certain lines, with a view to detect
their more obvious contents and relative situation, they have this year
been traced, also, longitudinally, in order to delineate on the map,
with precision, their true boundaries, and to behold throughout their
entire area every modification their rocks or mineral deposits might
present.”

The larger portion of the work was given to the survey of the por-
tion of the State between the Blue Mountain on the northwest, and
the greensand marl formation on the southeast. Considerable chemical
work was done, and many specimens were collected “to form a cabinet
for the better elucidation of the final report and geological map.”

October 26th, 1837, Governor Dickerson, in his message, says that
he is “authorized by Prof. Rogers to say that no further appropria-
tions will be required, but in order to finish his survey and make a
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report in manner satisfactory to bhimself and useful to the public,
further time will be required.” *

October, 1838, Prof. Rogers made a short report to Governor William
Pennington, in which he says that all the field work is done except;
two or three small neighborhoods, but that the chemical work will not
all be done till in the winter. He also notices the different subjeets he
has under investigation, and finally states that he cannot complete the
printing of the final report for the present Legislature,

In 1840 Governor Pennington announced in his annual message
that Prof. Rogers’ final report was printed.

This report is entitled “Description of the Geology of the State of
New Jersey : being a Final Report, by Henry D. Rogers, State Geolo-
gist.” It is an octavo volume of 301 pages, with a geological map
of the State, on a scale of six miles to one inch; and a plate contain-
ing two sections across the State—one from New York to the Delaware
river at Dingman’s Ferry, and the other from the Atlantic ocean at
Long Beach to the Delaware Water Gap.

The report, though without index or table of contents, is carefully
planned, and is written in a clear and flowing style, so that it is read
with interest even by those least familiar with scientific geology. It
consists of an INTRODUCTION of 6 pages, in which the physical features
of the State are well presented and described. The geology of the
State is described in two PARTS, one of which is north of a line drawn
across the State from the Raritan, a little below New Brunswick, to
the Delaware, a little below Trenton. The Northern Division, or
Part I., occupies the report from page 9 to page 175, and the Soutliern
Division, or Part II., the remainder to page 301,

In the Northern Division he classes the rocks in three groups,
enumerating them in the order of the period of their formation.
They are:

“First. A group of primary rocks, confined to the Highlands and
the vicinity of Trenton.

“Seeondly. A group of older secondary strata, confined to the
northwestern portions of Sussex and Warren counties, from the base
of the Highlands to the Delaware river, and to most of the regular
valleys between the primary ridges of the Highlands,

“Thirdly. A group of middle secondary strata, lying in the broad

* Prof, Rogers’ time waa largely occupied in the Geological Sarvey of Pennsylvania
from early in 1836 to 1842,
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belt of country between the southeastern foot of the Highlands and
the boundary connecting Trenton and New Brunswick, including,
also, the red shale, red sandstone and conglomerate rocks of the Green-
Pond mountain. With the above third group are connected the trap
rocks, which are confined almost exclusively to the region of the mid-
dle secondary formation, just referred to.”

In each of these divisions the report takes up the rocks which
oceur in it, describes them, gives the geological strueture of the group,
then refers to the economical geology, giving account of the iron ores
and iron mines of the first, of the limestones and slates in the second,
and to the trap rocks and the copper ores in the third. There are
many chemical analyses of the iron ores and of limestenes, and much
effort is shown to make the results of the survey useful to the people
of the State,

In Part IT., the Southern Division of the State is described under
five divisions, viz.:

“ First. A group of sands and elays of several colors and of some-
what variable constitution, but frequently of extreme whiteness and
remarkable purity., Among these occur beds of pure potter’s clay.
This division rests along its northwest margin,” ete.

“Second. A somewhat mixed group, consisting of beds almost
wholly composed of greensand in a loose granular condition, alter-
nating with and oceasionally replaced by layers of a blue, sandy,
micaceous clay. This is the ‘greensand formation, properly so
called,” ete.

“Third. Immediately overlying the greensand formation, near its
southeastern border, we find several limited exposures of a yellowish
granular limestone of rather crystalline structure and frequently sili-
ceous composition,” ete.

“ Fourth. A yellow, very ferruginous, coarse sand, containing some-
times a small proportion of the green mineral,” ete.

“ Fifth. Resting upon the former and constituting the highest ascer-
tained member of the upper secondary series in the State, there occurs
a coarse, brown, ferruginous sandstone, sometimes passing into a con-
glomerate,” ete.

The whole of these he designates as the greensand series.

Each of these is described in succession, and every effort is made to
make its location and mode of occurrence understood. This is
specially true of the marl formation, on account of its usefulness in
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agriculture. He took great pains to get representative specimens
from all parts of the marl region, analyzed them, and then discussed
at lepgth the fertilizing qualities of the marl, and described its
remarkable etfects upon the sandy and exhausted soils of the country.
The earnestness and enthusiasm he shows in his description of the
marl and its effects upon farm products, was an attractive feature of
the report,

In the message of Governor Rodman M. Price, dated January 17th,
1854, he rays: “It is reported that valuable mineral deposits are
frequently discovered by foreigners, and lands purchased from our
landholders at nominal prices. A thorough geological survey of the
State would doubtless discover mineral deposits to the advantage of
our citizens and prevent the speculation now practiced upon them,
and increase the value of taxable property beyond the cost of the
survey and promote the great interest of agriculture. Fifteen years
ago a survey was made which does not meet the progress of scientific
discovery. The benefits and practical returns from that survey
greatly increased our agricultural productions. The value of marl
previous to the survey was unknown, and its use as a fertilizer has
greatly enhanced the value of lands, It is thought other natural
fertilizers, veins of phosphate of lime, are known to exist; vast beds
of peat and muck, which, if properly composted, would be of great
value to our farmers and which a survey would develop, and the
State be bencfited by the increased wealth of its citizens and value of
its lands. T express the hope that a geological survey may be ordered,
if a suitable person can be found to perform the service.”

In accordance with this recommendation, the following law was
passed on the 2d of March of that year, viz.:

“AN AcT to cause a geological survey,

“1l. BE 1T ENACTED by the Senate and General Assembly of the
State of New Jerscy, That the governor of this state be and is hereby
authorized to employ some competent person or persons to make
a geological survey of the state.

“2. And be it enacted, That the person or persons who may be
employed by the governor as aforesaid shall have the right, without
molestation or hindrance, to enter upon any lands within this state,
not doing any unnecessary damage thereto, with such others as
assistants as he or they may deem necessary, to make the required
investigations and to effect the objects of said survey.
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“3. And be it enacted, That it shall be the duty of the person or
persons so employed as the surveyor or surveyors, to make an accurate,
thorough and complete geological survey of the state; which survey
shall be made and described in sections of one township cach, accom-
panied by proper maps, diagrams, profiles and references, with a full
scientific and practical description of the rocks, minerals, ores, sands,
clays, marls, peat, fossils, soils and other substances, with a detailed and
alphabetical list of the principal localities of rocks, minerals, ores,
sands, clays, marls, peat, fossils, soils and other substances, which may
be valuable to the people, in the several townships of this state.

“4. And be it enacled, That the governor of this state shall have a
general supervision of said survey, the power to employ such person
or persons as aforesaid to make said survey, and to discharge and dis-
miss them as he may think right and proper to further and secure the
object of this act; to stipulate and agree with said person or persons
so employed, in regard to their compensation, allowance for stationery
used, the completion of said survey in manner aforesaid, at the earliest
period for the publishing of the work and securing the copyright of
the same to the state, and further, to cause a report of the progress of
the work to the legislature of this state at the anmual meeting thereof
until the same be completed and finished ; and the governor of this
state for the time being is hereby authorized, by his draft in favor of
such person or persons as may be employed as aforesaid, to draw on
the treasurer of this state for such sum or sums of money as may be
necessary from time to time to pay such persons employed as afore-
said ; provided, the several sums so drawn for shall not exceed the
whole amount hereinafter appropriated for the said survey; and the
said treasurer is hereby authorized to pay, out of any moneys not
otherwise appropriated, for the purpose and in manner aforesaid, any
sum not exceeding four thousand dollars. _

“5. And be it enacted, That it shall be the duty of the governor to
require of the surveyor or surveyors aforesaid to collect specimens of
the different minerals, rocks, fossils, marls, clays, sands, peats, and of
such valuable substances as may be found in the state, to be disposed
of in such manner as the legislature may hereafter direct; and also to
collect specimens of such substances as may be valuable and peculiar
to each county, to be disposed of in such manner as the board of free-
holders of the counties where collected shall direct.’

“8. And be it enacted, That when the survey of a county shall be
completed in manner aforesaid, it shall be the duty of the governor to
require the same to be published and bound in a strong and substan-
tial manner; and as the survey of the state shall progress by counties,
published and bound as aforesaid, it shall be the duty of the treasurer
to distribute duplicate copies of the same to each of the county clerks,
to be by them preserved and kept for the free use and benefit of the
people of said counties.

“A pproved March 2d, 1854.”

11
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Under this act the survey was organized in the summer of 1854,
by the following appointments :

Dr. Wu. KrrereLL, Superintendent and State Geologist, taking
charge of the Geological Survey of the Northern Division of the
State.

Prof. GEo. H. CooK, Assistant Geologist, in charge of the Geolog-
ical Survey of the Southern Division.

Dr. HExry WURTz, Chemist and Mineralogist.

Gen. Eanert L. VIELE, Topographical Engineer, to conduct the
Topographical Survey. :

Thexe officers all entered upon their duties at once, and the results
of the season’s work were given in a report to the Governor at the end
of the year. The first report is an octavo of 103 pages, and contains
short statements of the work begun in each department, and is illus-
trated by a plate of scenery on the Delaware, figures of some instru-
ments used, a plate of sections showing the structure and relations of
the three marl beds, and an illustrative triangulation map.

In the Northern Division geological work was begun by making

Notr.—Dr. William Kitehell, the second State Geologist of New Jersey,
was horn at East Madison, Morris county, New Jeraey, April 21st, 1827. He
entered Rutzers College, at New Brunswick, and remained there as a student.
in the Freshman and Sophomore classes, through the years 1845-6 and
1516-7. He left college to take up the study of medicine, and attended
Tectures at the University of New York., He did not engage in the prac-
tice of his profession, but became a teacher of Natural Sciences and a Pro-
fessor in the Newnrk Institute. In 1350 {?) he went to Europe and studied
in the Mining Schnol at Freiberg, in Germany, After his return home he
was uppointed Stute Geologist. This was in the Spring of 1854, He con-
tinued in charge of the State Survey through the years 1854, 1855 and
1856, when the work was closed on account of the failure of appropriations,
He made annual reports to the Legislature for each of those years,
and hed commenced a system of elaborate and detailed surveys of
the mining industries of the State, but, unfortunately, the work had to
he left untinivhed. In 1861 he, in connection with G. M. Hopkins, C.E,,
puablished & good geographical map of the State on a scale of 2% miles to
an inch,

Dr. Kitchell died of some acute disease December 29th, 1861. e was
an earnest worker in science and its applications to the useful arts. He
hrd made a special study of mining and metallurgy, and his plans com-
prehended important and useful work for the people of the State. Itis
greatly to be regretted that he couftf notb carry out his work to its comple-
tion, and to meet the high hopes which were centered in him.
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detailed surveys, measurements and other examinations of the iron
and zine mines, and of calcareous marl beds.

In the Southern Division the geological structure of the greensand
mar] beds was the principal subject of examination, and the location,
dip and strike of the three greater divisions were plainly made out
and described.

The Chemical and Mineralogical work was begun with a careful and
exhaustive examination of the calcareous marls of Northern New
Jersey,

The Topographical Survey was begun in Sussex county by the
work of two parties with plane-tables and 2 triangulation party.
Much of the county was gone over in that year, and a county map
was well advanced.

The work of this season of 1854 was highly satisfactory, and a
further appropriation of $20,000 was made for carrying on the survey
ag it had been begun,

In 1855 active work was prosecuted throughout the entire year,
and at its close a report upon the work done was submitted to the
Governor. This report is an octave of viii and 248 pages, with
an outline map of the State on a scale of g4gy, on which the trian-
gulation projected for the northern portion of the State wa laid down;
a large map and profile of the Hibernia iron mine, and numerous
illustrations of scenery, of geological formations, and of mines and
mining machinery. '

In the Topographical Department, General Viele reports that the
triangulation has been begun at 25 stations, and 460 observations have
been made. Plane-table parties were put in each of the counties of
Sussex, Morris, Salem, Monmouth, Hudson, Warren, Cape May, Cum-
berland and Atlantic. The surveys of Sussex and Cape May were
completed and the maps drawn, and good progress had been made in
several other of the counties.

In the Southern Division geological work was continued in tracing
out and describing the subdivisions of the greensand marl beds and
the Cumberland marls, in studying the geological structure of the beds
of fire and potters’ clay, and the geology of the formations on the sea-
shore and on Delaware bay, with the evidences of recent change and
subsidence. Chemical examinations of the marls, clays and other
substances were given, with much matter relating to the agriculture
of the country.
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In the Northern Division a detailed statement of the physical
geography of the country was given, with its mountains, valleys,
lakes, rivers, and then a resume of its geology, its rocks, minerals
and ores. Numerous local details of mines are also given, and with
it the work of Mr. Wurtz is included, where the latter describes
minutely the composition of the rocks in the mine walls, and the ores
themselves.

This report was received with much interest, and was printed and
widely c¢irculated. The appropriation of $25,000 was made at the
bepinning of the year for the work of 1856, and for the expenses of
engraving the maps of Sussex and Cape May, and printing 1,000
copies of the report and map of Sussex, and 500 copies of the report
and map of Cape May. Provision was also made for the distribution
of copies to various bodies of persons, amounting to 200 or more, and
the rext were to he sold at $3.00 a copy for that of Sussex, and $2.00
for that of Cape May.

It was early found, however, that the State funds were not availa-
ble for the sum uppropriated, and the work was greatly diminished in
its extent, and some portions entirely suspended. The limited amount
of’ work which was done, was by those in the service who were willing
to go on at their own charge, and trust to the succeeding Legislatare
to provide the means for reimbursing them.

The report for the year 1856 was made to Governor Price at the
close of his term of office.

This report was printed as an octavo of 79 pages, and contains an
account of the work done in the Geology of the Northern and
Southern Divisions of the State, and in its Topographical Survey,
It was also accompanied by a Catalogue of Plants of Monmouth and
Qcean counties, by Dr. P. D. Knieskern, of Shark River.

Dr. Kitchell reported that detailed surveys of the geology, scien-
tifio and economic, were about completed for the counties of Sussex
and Morris, and were considerably advanced in Essex and Hud-
son counties, He wrote out a fuller account than had been given
before of the magnetic iron ores and their occurrence and distribution
in the rocks, and in the use of the magnetic needle in searching for
new beds of that mineral ; he also wrote upon the methods and
economy of working the ores,

In the Southern Division the assistant in charge reported that the
geology of the county of Cape May was completed and the report
and map published. The county of Monmouth had been nearly all
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surveyed, and a considerable portion of Cumberland, and that much
of the chemical work connected with the analysis of soils, marls and
other fertilizers was done. The report also contained & full statement
of the agriculture of that portion of the State, the opportunities
offered for its farther development, and the natural advantages fur-
nished for its profitable pursuit.

It was the plan of the survey to publish its resulis, in county
reports, each of which was to be accompanied by a topographic map
of the county. The county of Cape May, in the Southern Division,
was the only county report that was completed and published. It is
a large octavo of 208 pages, and contains a folded map of the county
on a scale of yhyp. Italso contains numerous illustrative views and
sections. The geology is very simple, only the quaternary to be
found in the county, and the surface so uniformly level that there is
not an elevation 40 feet above the sea in it. Its sandy and gravelly
loams, its salt marshes, and its sand beaches are described, and the
wear of its shores, and the changes of level, for which it furnishes
remarkable proofs, are treated at length. Its climate and its agri-
cultural resources are given, and lists of animals, birds, fishes, flow-
ering plants and alge are also published; and a sketch of the
early history of the county of Cape May, by Dr. Maurice Beesley,
is included in it.

General Viele reported for the Topographical Department that worlc
on a diminished scale had been vigorously prosecuted, though under
discouraging circumstances, during the year, and that the following
was a summary of the work thus far accomplished :

County of Cape May.—Survey completed, map drawn, engraved
and published.

County of Susser.—Survey completed, map drawn and partly.
engraved.

County of Monmouth.—Survey completed and map drawn.

County of Morris.—Survey nearly completed and map partly drawn
(could have been completed in about three weeks).

County of Warren.—More than half surveyed.

County of Salem.—Half surveyed.

County of Cumberland.—Half surveyed.

County of Hudson.—This county could have been completed in
four weeks, with the aid (which had been offered) of the New York
Harbor Commissioners’ work.
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The work was not resumed in 1857. The property, unfinished
records, surveys and notes were collected together and all liabilities
discharged. The sum expended during the year 1856 was $16,902.69.

Much pood work had been done, and it was a great disappointment
to many that it was suspended and the half-finished work left in such
condition that it was liable to be entirely lost,

In 1860, the State Agricultural Society, in consideration of the
agricultural and other interests of the State, secured the passage of a
taw hy which I)r. Kitchell was allowed the free use of the property,
surveys, nups, notes and results of the late Geeological Survey, and
authorizal to complete and publish the report of the survey in one
book, and the survey to be shown in one map of not less than three
miles to an inch, and to be done at his own cost, and without charge
or expense to the State.  Tader this authority, Dr. Kitchell, in con-
nection with (. M. Hopkins, C.E., prepared and published a good
geographical map of New Jersey, on a scale of two-and-a-half miles
to one inch.

The death of Dr, Kitchell, in 1861, before he had written out any
full account of the geology of the State or of those mining interests
in which he was so heartily engaged, closed the hopes of friends of the
Survey in that direction.

In 1863 the State Agricultural Society obtained the passage of a
law authorizing its officers to receive the State property which had
been in possession of Dr. Kitchell, and transfer it to Professor George
H. Coak or some other suitable person, in order to complete the sur-
vey, as praposed in the original engagement with Dr. Kitchell.

During the season of 1863, a section across the State, from the
Atlantic shore at Shark River inlet to the Delaware Water Gap, was
earcfully vtudied and drawn, and a short report was prepared by Pro-
fessor Cook on the State surveys, as made by Professor Rogers and
Dr. Kitehell, and the benefits derived from them. This report e
was invited to read before the Senate and the Assembly in their regu-
"ar wessioms, ot was said that “ the importance of having the geo-
logical survey so cxceuted and published that all our citizens may
understand the geology of the State, can hardly be overestimated. To
the practical 1 it is of the first importance fo now that the mate-
rials 0" the grlohe are not jumbled together in a confused mass, where
any purticular substance can only be found by chance, but that there
v an orderly arrangement of them, and each is to be found in its
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appropriate place. The soils upon each rock formation have their
peculiar characteristics, and the farmer who wishes to devote himself
to dairying, to the.raising of stock, of grass, of grain, of fruits, or of
garden vegetables, will look for the rock formation and soil upon
which his special product is most profitably raised. Our iron need
only be looked for in one kind of rock, and that rock is confined to a
particular district of country. The limestones are all in regular layers,
traversing the country in a northeast and southwest direction, and never
in any other. OQur greensand marls are only found in one favored
portion of the State. The fire-clays are only in one belt of country,
which crosses the middle of the State from northeast to southwest. It
would be worse than useless to look for magnetic iron in Southern New
Jersey, marl in the northern part of the State, or coal-beds anywhere
within our bounds. Ttisonly by surveys of this kind, carefully carried
out over the whole country, faithfully described aud illustrated, and the
results brought within the reach of all our citizens, that we ean fully
and profitably make this arrangement known and appreciated. Our
abundant but undeveloped resources require from the State this kind
of survey and publication.”

Following the reading of this report, the bill for the completion of
the Geological Survey was prepared, passed by both houses and signed
by the Governor, the Hon. Joel Parker, It is as follows:

“AN Act to complete the geological survey of the state.”

“\Wuereas, The senate and general assembly of the state, by an
act passed March second, eightcen hundred and fifty-four, authorized
a geological survey of the state to be made, which survey was subse-
quently snspended by the state; and whereas, the state agricultural
gociety, under the authority granted to it by the act of February
twenty-fifth, eighteen hundred and sixty-three, has shown a landable
zeal in continuing the said survey; and whereas, it appears by the
report of Robert C. Bacot and Jacob Herbert {committee of the
legislature), made March eleventh, eighteen hundred and fifty-seven,
that of the former appropriations made by the state there was, at that
date, an unexpended balance amounting to eight thonsand and ninety-
seven dollars and thirty-one cents, which balance still remains to the
credit of that account; and whereas, it is the duty of the state to
develop and render available to the fullest extent the facts relative to
its great natural resources, as also of its agricultural, mining, mechan-
ical and other industrial interests ; therefore,

“1. BE 1T ENACTED by the Senate and General Assembly of the
. State of New Jersey, That the duty of completing the said survey be
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and is hereby resumed by the state, said survey to be completed within
a period not to exceed four years, and at an expense not to exceed the
sum of twenty thonsand dollars, aside from the cost of publication,
and all laws conferring on the state agricultural society authority to
continwe the survey, or transferring to it the state property used by
the survey, be and the same are hereby repealed.

“2. Aud be it enacted, That the sum of twenty thousand dollars,
of which the unexpended balance of former approptiations shall be
part, e and is hereby appropriated to carry out the provisions of this
act,

“3. And be it cnneled, That the appointment of George H. Cook,
by the state agricultural society, is approved of, and that the said
Georpe H. Couk is bereby appointed state geologist, with anthority
to receive from the state agricultural society the state properiy used
by the survey, and employ, control and use the same ; to cmploy sach
assistant or assistants as shall seem to him necessary for the proper
prosecution of the survey ; and it shall be lawful for the said George
H. Cook and the person or persons employed by him, to enter, with-
out molestation, upon any lands in this state which he or they may
deem necessarv to turther the object of the said survey ; and it shall
he the duty of the state geologist, on or before the first day of January
of each vear, to furnish to the president of a board of managers
{hereinafter to be created) a detailed statement of his expenditures,
with the vouchers therefor, and also a report of his operations for the
preceding year,

“ -t Aud be it enacted, That to promote the objects which this act
has in view, there «hall be a board of managers of the same, to con-
gist of eleven members, one of whom shall be the governor of the
state, who also shall be president of the board, and two members
from cach of the five congressional districts of the state ; and the
state geologist shall make his annual report to the president, who
shall appoint from the members of the board a committee to examine
the annual accounts of expenditure, and the president shall submit
the same and all matters pertaining to the survey at the first following
session of the legislature ; and it shall be lawful for the president and
board of managers, or a majority of them, to make yearly agreements
with the state geologist as to his own and the salaries of his assistant
or assistants, but such temporary assistance as may be needed, the
purchase of the necessary implements and materials, the means neces-
sary for transportation and all other incidental expenses shall be
under the control of the state peologist; and it shall be the duty of
the members of the board, in addition to those already specified, to
furnish from time to time to the state geologist, any and all informa-
tion which will contribute to the more full and complete development
of the facts relating to the agricultural, mining, mechanical and other
industrial interests of the state,

“b. And be it enacted, That the governor of the state is hereby
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authorized, by his draft in favor of the state geologist, to draw on the
treasurer of the state for such sum or sums of money as may be called
for by the state geologist; provided, the several sums so called for
shall not in any one year excced the one-fourth part of the appro-
priation made in section two of this act, to wit: twenty thousand
dollars,

“6. And be it enacted, That it shall be lawful for the state geologist
to take from the first yearly installment a sum not to exceed five
hundred dollars to reimburse himself for the expenses incurred in
prosecuting the survey the past year,

“7. And be it enacted, That the board created by this act shall be
a committee of publication, with authority to print and publish the
annual and final reports of the state geologist, and also to direct the
distribution of suites of the geological, mineralogical and other
specimens collected in the survey, to such literary, scientific and other
institutions as will best conduce to the interests of the citizens of the
state.

“8. And be it enacted, That the following named persons are
hereby appointed and shall constitute the board of managers of the
geological survey of the state, viz. : president, Joel Parker; managers,
David Potter, of Cumberland ; Andrew K. Hay, of Camden, in the
first district; William Parry, of Burlington; John A. Roebling, of
Mercer, in the second district; Teaac R. Cornell, of Somerset; Henry
Aitkin, of Union, in the third district; Abraham 8. Hewitt, of
Passaic, Andrew B. Cobb, of Morris, in the fourth district ; William
M. Force, of Essex; J. R. Wortendyke, of Hudson, in the fifth dis-
trict ; and power is hereby given to the said board, or a majority of
them, to fill any vacancies which may oceur,

“9. And be it enacted, That this shall take effect immediately.

“Approved March 30, 1864.”

Under this act work in the survey was resumed with the purpose of
collecting together all that could be found relating to the geology and
natural resources of the State in the four years allotted to the work,
and to prepare and put these in such form as might be most useful
and acceptable to the people. Short pamphlet reports of the condi-
tion and progress of the survey were made every year to the Governor.
That of 1864 contains 24 pages, with a colored geological map and a
profile of the rocks of the State, each in an octavo page. The report
of 1865 contains only 12 pages; the one of 1866 has 27 pages, and
that of 1867 has 28 pages. The matter in these, however, is all repro-
duced in the Geology of New Jersey, which was printed in 1868, and
is the only report of that year.

The organization of the Survey for those years was—
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George H. Cook, State Geologist.

John C. Smock, Assistant Geologist.

Major T. BB, Brooks was engaged in topographic and magnetic surveys
of iron mines and iron-ore lands in 1864.

Dr. David Murray was engaged in preparing projection for a new map
of the State, and in collating and revising in the field the materials
for such a map in 1864-5.

Dr, Charles C. Abbott voluntarily devoted himself to the preparation
of catalngues of the vertebrate animals of the State during the
yoars 186 1-5-6-T.

G. M. Hopkins, C.E., compiled the maps for the use of the Survey
and for pablication, using such material as was available from
former surveys and from old maps. He also surveyed and
drew a topographic map of about 80 square miles of the
district of Morris county in which the largest iron mines are
located.  His work was done in 1865-6-7.

Edwin 1. Bogardus was employed as chemist through the years
1866-7.

Francis C. Van Dyck was engaged in chemical researches during part
of the year 1866-7.

Paul Cook was oceupied in tracing lines of magnetic attraction and
beds of iren ore in 1866-67.

Lines of magnetic attraction were also traced by John Hance and
others,

The work of the four years was completed as prepared, and at an
expense within the appropriation made for it. The report, however,
was not ready for publication, and the section requiring its completion
in four years was repealed March 24th, 1868,

The year 1868 was devoted to the preparation of the general report.

‘This report, which was entitled ““ The Geology of New Jersey,” and
made to Governor Marcus L. Ward,'is an octavo of xxiv and 899
pagzes, and is illustrated by numerous explanatory sections and sketches,
aud i accompanied by a portfelio of 8 maps.

In this report was brought together the work of all those who have
Leen engaged, with recognition of their services; the geographical
material which could be made available; the systematic geology of
the State as given in four divisions, viz., the Azoic and Paleozoic,
Triassie, Cretaceous, Tertiary and Recent Formations; Historic
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Geology, Economic Geology, Fertilizers, Building Materials, Ores,
Manufacturers’ Materials and Useful Products; and in an appendix
are given a List of Invertebate Fossils, by T. A. Counrad; Lists of
Extinet Mammalia and Reptilia, by E. D. Cope; Lists of Minerals,
by Rev. E. Seymour; Lists of Vertebrate Animals, by Dr. C. C.
Abbott, and Lists of Elevations in New Jersey, from varicus sources.

The four general maps were on a scale of two miles to an inch
and covered the whole State, following the four divisions mentioned
above. The map of a group of iron mines in Morris county was
drawn to a scale of three inches to a mile. Those of the zinc mines
of Sussex county, of the Oxford iron mines and of the Ringwood
iron mines on a scale of eight inches to one mile,

Two thousand copies of the report and maps were printed and
mostly distributed gratuitously, a few only being sold at the cost of
publication,

This report presented the resources of the State in detail, and was
intended to give them in such words and such order that they could
be made use of for practical purposes, and it cited facts to prove that
the principle which had been followed in authorizing the surveys, and’
widely publishing their resnlts, had been profitable to the State.

A supplement to the “ Act to complete the geological survey of the
state” was passed April 1st, 1869, in which the survey was authorized
to be continued for a further period of four years, with an annual
appropriation of & sum not to exceed five thousand dollars.

AN AXNUAL REPORT FOR 1869 was made to Governor Theo.
F. Randolph. It is an oetavo of 57 pages, and contains: A map of
the tide marshes on Newark bay and the Passaic and Hackensack, on
4 scale of two inches to a mile, with the depth in feet of the marsh-
mud; a map of the tide marshes on the Delaware, in S8alem county,
on a scale of two miles to an inch, with the depth in feet of the marsh-
mud ; a map of the Passaic river, between Little Falls and Chatham,
with its branches, the Rockaway and Whippany, scale two inches to
a mile ; profiles of the Passaic river, from Little Falls to Chatham,
and its branches, the Rockaway and Whippany, horizontal scale two
inches to one mile, vertical scale one inch to forty feet.

Mr. E. H. Bogardus was engaged during the year in chemical
work., Prof. E. A. Bowser made the surveys for the maps with
reports upon them. The work of the survey was arranged under the
following heads:
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1. Fertilizers found in the State,-and the means of making them

more quickly and generally useful.

2. On the tide marshes and tracts of land subject to protracted

freshets, [Plans for drainage were prepared.]

3. Ou the soils of the State, their origin, chemical and physical
properties and  distribution, and suggestions for their most
produetive management.

. On the iron and zinc ores of the State,

3. Additions to the Scientific and Economic Geology of the State.

-

The topics ahove mentioned have been continued in successive years,
and have been the heginning of valuable and lasting improvements.

Tir Rerort For 1870 was made to Governor Randolph, and is
an octavo of 75 pages, and contains a profile of the Passaic river from
Chatbam to Millington, on a scale of two inches to a mile; a map of
the Great Meadows in Warren county, scale two inches to a mile; a
profile ot the Pequest river through the Great Meadows, horizontal
seale two inches to a mile, vertical scale 40 feet to an inch ; and a plate
showing the arrangement of Hoffman’s perpetual-burning brick-kiln.

The assistance of Mr, Bogardus and Prof. Bowser in the work of
the Survey was continued, and the State Geologist spent some time in
Furope, visiting reclaimed marsh lands in England and Holland, and
in visiting mines in Norway, Sweden, Germany and England. The
nateriul is arranged under the same heads as in 1869 ; plans for the
drainage of the flowed lands on the Passaic and the Pequest were pre-
pared ; and the results of the drainage works in Europe were reported
upon.

Tar Report ror 1871 was made to Governor Randolph, in an
octavo of 46 pages, and contains a map of the Drowned Lands on the
Wallkill river and its branches, in Sussex county, New Jersey, and
Orange county, New York, on a scale of one inch to a mile, and a
profile of the Wallkill river, from Lawrence’s Bridge, in Sussex
county, New Jersey, to the mouth of the canal, near Hampton, in
{)range county, New York ; horizontal scale one inch to a mile, verti-
cal scale 20 feet to an inch.

Prof. Smock resumed his connection with the Survey in June of
this year.

Mr. Bogardus continued his work in the laboratory as chemist.

Prof. Bowser continued work on surveys.

Geo, W. Howell, C.E,, also did work on surveys.
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The passage of a law by the Legislature at its session in the begin-
ning of 1871, entitled “An act to provide for the drainage of lands,”
required the managers of the Geological Survey, when petitioned, to
prepare maps and plans for drainage works, and, under this act, maps
and plans were prepared for the lands on the Passaic and Pequest,
and the preparatory notices, &c., were given for the appointment of
commissioners to execute the plans.

Much attention was also given to the agricultural and mining
interests of the State, and to their progressive development and im-
provement.

Tue ANKUAL REPORT FOR 1872 was made to Governor Joel
Parker, in an octavo volume of 44 pages. The work of the Survey
was continued, with the assistance of Prof. Smock, Assistant Geologist ;
Prof. Bowser, as surveyor, and Mr. Bogardus, as chemist. The pro-
jects for the drainage of wet and flowed lands occupied much attention
and labor, and their importance to the State was strongly presented.
The geological location and relations of the iron mines was presented,
and modes of searching for and opening new mines were deseribed.
Tlre condition of the business of producing and marketing the pro-
ducts of quarries, mines and soils was presented at length and discussed.
In the agricultural interest of the State the announcement was made
of the organization of a State Board of Agriculture, and the question
is proposed as to the transfer of those matters relating to agriculture,
from the Geological Survey to this new Board,

The Legislature, at the session of 1872, passed an act continuing
the appropriation of $5,000 a year for the Geological Survey for a
further period of four years.

THE ANNUAL REPORT OF THE STATE (GEOLOGIST FOR THE Y EAR
1873 was made to Govornor Parker, and printed in an octavo of 128
pages, and accompanied by a geological map of Northern New Jersey,
showing the iron ore and limestone districts; scale, 2 miles to 1 inch.

The working force in the Survey was continued the same as in
1872, In addition to the miscellaneous work of furnishing informa-
tion upon the numerous subjects and interests which come within the
special work of the Survey, the drainage works on the Pequest were
begun ; the resurvey of the northern boundary line was begin, and
some work was done in Warren county in surveying and leveling for
the purpose of making a topographic map of the county, in which
the elevation and outline of the hills and mountains and the lines of
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drainage would be accurately shown by means of contour lines. In
this report, too, the mines of magnetic iron ore are named in detail
with deseriptive notes, and the attempt is made to arrange them in
geologrical order, as they appear in somewhat parallel belts or ranges
which cross the State in a northeast and southwest direction. Two
liundred und twenty-three mines were included in this list. A descrip-
tion was also given of the methods of searching for iron ores by the
miners’ compass, which was accompanied by two small maps of actual
surveys to illustrate the method. The references are also given to
the growing industries of lime burning, marl producing, plumbago
mining, &c

Tne IREroRT ForR 1874 was made to Governor Parker, in an
octavo of 116 pages, and was accompanied by a map of the northern
boundary ol the State, to illustrate the survey of that line. It is
drawn ou a scale of one inch to a mile.

The work of the Survey was continued by the aid of the same
assistants as for the two preceding years, and the further assistance
of James K. Barton, who assisted in Prof. Bowser’s surveys, and
betran the topographic survey of the Middlesex clay beds.

The resurvey of the northern boundary furnishes remarkable illus-
trations of the errors of compass surveys. The line was run in 1774,
It is marked by mile monuments, of which there are 48. The line
was run by the surveyor’s compass, and was intended to be straight,
but there are no three monuments of the boundary which are in the
same straight line; there are great crooks in some parts of it, and the
whole is south of the straight line; in the middle it is nearly a half-
mile too far south,

The drainage works on the Pequest are in progress. Special men-
tien is made of the mines of hematite, of copper, and of zinc, and of
the methods of searching for hematite. The fire and potters’ clays
of Middlesex are here given, with their chemical composition, and, for
the first time, the geological position and subdivisions of the several
beds ot clay, sand, kaolin, &e., are laid down with definiteness. The
question of water-supply for the towns and cities of the State was
also presented fa this report.

Tur AxxvaL REPORT FoR 1875 was made to Governor Joseph D.
Bedle, in a report of 41 pages octavo, and an outline map ‘of the State,
on a scale of 4 's5w in which was shown the triangulation proposed
and partly executed by the U. 8. Coast Survey, to furnish a basis for
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accurate maps. The U. 8. Coast Survey was authorized, in 1871, to
determine triangulation points in each State in the Union which shall
make requisite provision for its own geological survey. Under this
act, the Coast Survey, in 1873, determined the latitude and longitude
of T'ri-States-Rock, which marks the western end of the boundary
between New York and New Jersey, and also the northern end of the
boundary between New Jersey and Pennsylvania. In the spring of
1875, Prof. Bowser was appointed assistant in the Coast Survey ser-
vice, with the duty of conducting and extending the triangulation
over Néw Jersey. This appointment he still holds, in 1885.

The other assistants continued in the service of the Survey, aund, in
addition, Ed. A. Reiley and Robert A. Meeker assisted Prof, Smock
in collecting geological specimens and minerals for the Centennial Ex-
position, in Philadelphia. Much time was taken up with this work
of collecting specimens. The survey of the clay district of Middlesex
county was completed in its field work, the drainage work on the
Pequest was continued, the question of water-supply was again
brought forward and examined further, and much miscellaneous
work was done in the laboratory to furnish information upon the
subjects in charge of the Survey.

The Legislature of 1876 made a further appropriation of $8,000 a
year for five years more.

ToHE ANNUAL REPORT FOR 1876 was made to Gov. Bedle in an
octavo of 56 pages, which was accompanied by a map of the Passaic
water-shed on a seale of two miles to an inch,

The assistants of last year were continued and George W. Howell,
C.E,, William E. King and William F. Gregory, surveyors, were
employed in surveyings for projects of water-supply in the area
drained by the Passaic and its branches. Wm. R. Whitehead and
Geo. McC. Taylor surveyed and mapped the Bear Swamp near Tren-
ton, in preparation for its drainage.

The Centennial Exhibit, at Philadelphia, was arranged and cata-
logued, and a highly satisfactory display was made of the agricultural
and mineral products of the State, and of the means provided to
make these products known to all our citizens, The catalogue is an
octavo of 111 pages, and contains lists of forest trees, soils, rocks,
minerals, building stones, ores, marls, lime, clay and miscellaneous
products.

The subject of water-supply from the basin of the Passaic above
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Little Falls, was presented in much detail, and clearly showed 2
source of supply sufficient for Jersey City, Newark and neighboring
cities and towns, that was pure and wholesome,—sufficient for the
largest population—and capable of being secured at a moderate cost.

Tue Rerort For 1877 is an octave of 56 pages, with a one-page
map of New Jersey on which the arca covered by the glacial drift,
together with it southern limit, is plainly marked. It was made to
Governor Bedle, The Geologist was assisted in the work of the sur-
vey by Messes. Smock, Bogardus and G. W. Howell. Prof. Bowser
continaed in the triangulation of the State at the expense of the U.
8. Coast Survey.

A large part of the work of the year was given to a study of the
fire and potters’ clays, both in the laboratory and the furnace. The
locating and tracing out of the southern margin of the northern
glacial drift was done this year, and the line was traced across New
Jersey, as shown on the map, and the examinations extended east
across Lony Island in its length, and in Pennsylvania westward to
Berwick on the Susquehanna. The clear definition of this southern
margin was recognized in the spring of 1877, and the record of it
was given in a paper presented to the Society of Mining Engineers
at their meeting at Wilkesbarre, in May of that year, and is published
in Vol. YL, p. 467, of the transactions of the society. The work of
drainage of the Great Meadows was continued, and testimony is
printed in regard to the sanitary condition of the country surround-
ing them. The topographic survey of the country between Orange
Mountain and the Hudson was begun this year by Mr. Geo. W.
Howell. The surveys were taken so as to construct a map of the
whole country and to put on it contour lines, so that an inspection of
it will enable one to see the form and elevation of the hills, and the
depth, direction and drainage of the valleys, It was the beginning
of a survey which is still continued and is intended to cover the
whole State. .

At the beginning of the year 1878 was published the “ Report on
the Clay Deposits of Woodbridge, South Amboy, and other places in
New Jersey, together with their uses for Fire-Brick, Pottery, &e.”
This was an octavo of viii and 381 pages, and was accompanied by
a topographical map of the clay district on a scale of three inches to
one mile, and by one large general section, showing the clay beds and
clay pits, with their proper location and elevation, The map was the
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first of those which have been prepared by the Survey with contour
lines of elevation npon it. This report contained a very full account
of the three most characteristically marked beds of fire-clay, and the
single bed of stone-ware clay. By the numerous openings which had
been made, and the contour lines upon the map, it was possible to
trace out the outcroppings of these several beds upon the uneven sur-
face of the district, and to give most valuable information to those
seeking for locations upon which to make new openings,

The assistants engaged in this work were Prof. John C. Smock, in
the geology; Edwin H. Bogardus, in the laboratory, and James K.
Barton, C.E., in surveying and drawing the map,

The chemical examinations of the fire-clays showed them to be
composed of silicate of alumina of almost unequaled purity, and pos-
sessing remarkable power to resist the action of intense heat.

The history and statistics of the working of these beds of fire-clay
show that their extraordinary development and use has been attained
since the year 1840, and that it possesses excellences which will cause
it to continue and increase in these respects for a long time to come,

TuE ANNUAL REPORT FOR 1878 was made to Governor George
B. McClellan, in an octave volume of 131 pages, and a map of the
State on o scale of six milesto the inch, and colored to show its surface
geology.

The corps of assistants remained the same as Inst year. The topo-
graphical surveys were continued by Mr. Howell, and extended nearly
far enough to get the material from which the map of Northern New
Jersey was afterwards drawn. Prof. Smock traced out the varieties
of soil in the southern division of the State, and examined the numer-
ous openings which have been made for clay and for glass-sand. Much
time wag given to collecting facts in relation to the glacial drift which
covers so much of the northern part of the State, and tracing out
minutely its southern limiting boundary. Mr. Bogardus examined a
great many soils and determined their chemical composition. The
miscellaneous work and correspondence of the office increases every
year, as the resources of the State come to be better known,

THE ANNUAL REPORT FOR 1879 was made to Governor McClellan,
and is an octavo of 199 pages, accompanied by a map of the State on
a scale of six miles to the inch, which is colored to show its economic
geology. The report, in addition to the usual matter, gives special
information in regard to the iron mines and their working, with maps

12
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of magnetic surveys, prosecuted in the search for new or undiscovered
beds of ores, and full accounts of the soils of the State, with analyses
showing their composition ; and a lengthy list of bored and dug wells
in various parts of the State and their geological relations, together
with some account of the success which has attended the efforts to get
a water-supply from them. A list of the blast furnaces in the State
is also given, and as complete a list as possible of the forges which
have been in operation in New Jersey at various times,

The Legislature of 1880 made an appropriation of $8,000 a year
for five years more. The assistants engaged this year were Professor
J. €. Smock, Assistant Geologist; E. H. Bogardus, chemist; C. C.
Vermeule, topographer and surveyor. Geo. W, Howell, C.E,, and
Prof. E. A. Bowser, were employed a part of the year in topographic
and geodetic work.

TuE ANNTAL REPORT FOR 1880 was made to Governor McClellan,
and is an octavo of 220 pages, with a geographical map of the State,
on a scale of six miles to an inch, entitled “A Map of Progress.” An
important part of the report is on the glacial drift and its distribution
over the northern part of the State. A few new mines of iron ore
are described ; a long series of experiments upon the refractory proper-
ties of the fire-clays of New Jersey, in comparison with those from
other well-known localities, with their results, are given; and in the
appendix there is given a series of tables upon the climatology of the
State. ‘

The assistants engaged in the work were Prof. J. C. Smock, Assist-
ant Geologist; Edwin H. Bogardus, chemist; C. C. Vermeule, topo-
grapher and surveyor. N. L. Britton was engaged in preparing a
list of the plants growing wild in the State. Prof. J. 8. Newberry
has in hand the description of the fossil plants and fishes of the
Triassic sandstone and the plants of the Cretaceous formation, And
Prof. R. P. Whitfield has begun the drawing and description of the
invertebrate fossils of the Cretaceous and Tertiary formations.

THE ANNTAL REPORT FOR 1881 was made to Governor Geo. C.
Ludlow in an octavo of 88 and 107 and xiv pages. The principal
topics treated of are the topographic survey, in which 1,260 square
miles are now surveyed and mapped with contour lines. Record of
a series of bench-marks made on a line across the State from Sandy
Hook to Easton, in Pennsylvania, all referred to the mean level of
the ocean at the former place. These benches were made by the U..
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8. Coast and Geodetic Survey. Notes of change in the level of the
gea and land in recent times, description of quarries and building
stones found in New Jersey, and an appendix containing carefully
digested records and tables upon the climatology of the State, by
Prof, J. C. Smock.

Prof. Smock, Assistant Geologist, was employed. Mr. Bogardus,
chemist, closed his work in April. Mr. Vermeule, with several
assistants, continued the topographic survey. Dr. Britton completed
a preliminary catalogue of plants, which was printed, and Profs,
Newberry and Whitfield continued their work upon paleontology.

THE ANNUAL REPORT FOR 1882 was made to Governor Ludlow,
in an octavo of 191 pages, and was accompanied by a geological map
of the State, on the scale of six miles to an inch. The topographical
map of a part of Northern New Jersey, was published this year. It
is on a scale of one mile to an inch, and includes 847 square miles.
The greater portion of the appropriation was expended in carrying
forward the topographieal surveys, and the whole area surveyed at the
close of this year was 1,740 square miles. A lengthy account was
given of the characteristic features of the red sandstone and trap-rocks
of the Triassic age, and some account of the igneous rocks in the
Kittatinny valley, in Sussex county; a few new iron mines were
described, and new developments and uses for the plastic clays were
noticed ; sea-shore changes were recorded, and a list of the new settle-
ments along the seaside was given. The agricultural development of
Southern New Jersey was also given a prominent place. The subject
of public water-supply occupied 78 pages of the work; the pollution
of many present sources, and their dangerous qualities, the sources of
better supply from lakes, ponds, streams, springs, artesian wells, driven
wells and dug wells, and rain-water cisterns, were presented, and a list
given of the water-works already in operation in the State. The geo-
logical structure of Southern New Jersey was described; the strong
probability of getting a supply of good water from artesian wells
bored along the sea-shore was pointed out, and lines were drawn across
the State maps to indicate the depth at which water-bearing strata
would probably be met.

The assistants employed were the same as at the close of last year,

THE ANNUAL REPORT FOR 1883 was made to Governor Ludlow,
in an actavo of 188 pages. The Topographic Survey occupied the
first place in it. The total area surveyed was then 2,856 square miles;
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1,893 square 1iles had been mapped, and 1,691 square miles had
been engraved, on a ~cale of one mile to an inch, The matured plan
for making the maps »0 as to cover the whole State was given; it
required 17 maps, each 24 by 34 inches, and maps Nos. 3 and 4 were
nearly rewdy for distribution,  The geology of southern New Jersey
was neain referred to, with a notice of some better observations on the
dip of’ the strata, and it was announced that in accordance with the
suggestions made in the report of the preceding year two artesian
weils had heen bored, the first at Ocean Grove, and the second at
Asbury Park, and that both were successful, the water in them
spoutimg up ~ome 20 or 30 feet above the surface. Some observations
upon faults in the red sandstone were recorded. The description of
the Archiean rocks was given at some length, with examples of different
kinds of rock, their strike and dip, and of pinches, folds, flexures and
fractures found in it. A full list of all the iron mines in the State
was priven, with references to descriptions in further reports. Some
account is also given of explorations for iron ore by means of the
diamond drill, and by the miner’s compass. Various matters con-
nected with economic peology are also treated of.

The assistants employed are still the same as those of the two pre-
ceding years,

THE ANNUAL REPoRT FOR 1884 was made to Governor Leon
Abbett in an octavo of 168 pages. The Topographic Survey is
reported to have extended over 4,438 square miles, and 2,910 square
miles are mapped and ready for engraving, Maps 3, 4 and 7 are
done, and 2, 6 and 16 were to be printed very soon. Sections were
also given to show the stratification of various deposits beneath the
surface, and extending out under the ocean, The geological age of
the Green-Pond mountain range has been a subject of question ever
since its first examination by Prof. Rogers. This year’s work has
determined the rocks to be Silurian, and in their newer parts, perhaps,
Devonian., Some further examinations were made upon the geologi-
cal structure of the Archman rocks. In addition to the record of
dips, strikes and kinds of rock, it was noticed that considerable belts
of the rocks in the mountain ridges were massive and unstratified.
A full record of the iron mining industry was also made, A history
was also given of the drainage of the Great Meadows in Warren
county, including the plan, the effects, the crops in them, the litiga-
tion and the total expenses. An account was given of the successful
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boring of a number of artesian wells in the Cretaceous and Tertiary
strata of Southern New Jersey. The results of the surveys by the
State Water-Supply Commission were also given, and an article on
the chemical purification of water by alum, by Prof. P. T. Austin.

The assistants were continued the same as in former years, but the
pay and expenses of Mr, Vermeule and his assistants in the topo-
graphic survey were, after the 15th of July, borne by the United
States Geological Survey, Major J. W. Powell, director. The
work is condueted by the same persons in the same way, and by the
same methods and instruments as before, The United States Geolog-
ical Survey gets the maps made, by this means, for its general
United States map. The State of New Jersey only pays for copying
the maps and field-book notes, for its own records, and has the
remaining part of its appropriation for its proper geological work.

The Legislature of 1885 made a further appropriation of $8,000
a year, for 5 years, for completing the geological survey.

THE ANXNUAL REPORT FOR 1885 is made to Governor Abbett in
the usual form. It is accompanied by several geological sections to
illustrate the Archman and the Quatenary Geology, and to show the
relations of artesian wells to geological structure; and by maps, to
show the changes which have taken place in the location and outline
of the beaches since the first surveys were made. The geodetic
work has been completed upon 2 primary stations, and nearly fin-
ished on a third one, and observations have been completed on 27
tertiary points, and the work on the whole State approaches comple-
tion. The topographic survey now covers 5,828 square miles, and
475 square miles additional have been partially surveyed. In addi-
tion to maps 2, 3, 4, 6, 7 and 16, which werc issued last year, maps
1, 9, 13 and 17 are engraved and ready to be printed, and the
mapping of 8, 11 and 12 is in progress. The study of the geology
of the Highlands, with their Archewean rocks and their iron ores, is
now begun with the aid of the topographic maps, and several sections
across them have already been studied. The study of the detailed
geology of the Quaternary formations along the seashore has also
been begun, with the purpose of making the full and final report
upon them. The demand for fuller information in regard to artesian
wells has been answered in an account of the wells bored in the
differcnt geological formations of the State, with illustrations of gev-
logical structure and of the success which has attended such bored
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wells in the different sections of the State. Various minor particulars
of theoretical and cconomic geology are also treated of, and a histor-
ieal rketeh of the 3 geological surveys of the State, and their influ-
ence upon its prosperity, is also given.

The ussistants in the survey have been Dr. N, L. Britton and
Mr. ¥. J. H. Merrill, in the department of geology; Mr. C. C.
Vermeule has had charge of the topographic surveys, with several
assistants, and Prof. Edward A, Bowser has conducted the geodetic
work.

DIRECTION AND CONTROL OF THE SURVEY.

The Board of Managers of the Survey was named in the act of the
Legislature of 1861 It consists of the Governor of the State, who is
ex-officio President of the Board, and of two members from each Con-
gressional district.  The first members were named in the act, and
vacancies in the Board are filled by the remaining members. The
origiral members were: General David Potter and Hon. Andrew
K. Hay, from the IPirst district; William Parry and John A. Roeb-
ling, from the Second district; Isaac R. Cornell and Henry Aitkin,
from the Third district ; Hon. Andrew B. Cobb and Hon. Abram S.
Hewitt, of the Fourth district; and William M, Force and J. R.
Wortendyke, from the Fifth district. The vacancy caused by the
death of General DPotter, in 1865, was filled by the appointment of
Hon. Mr. Matlack, of Woodbury ; and on his decease, in 1867, by
Charles E. Elmer. 8. T, Scranton was appointed to fill the place of
d. R. Cornell, who had removed from the State in 1866. Hon. H, S.
Little was appointed in 1869, to fill the vacancy caused by the death
of John A. Rocbling. Hon. Jos, P, Bradiey was appointed in 1869
to fill the vacancy caused by the death of Mr. Wortendyke. Thos.
T. Kinney was appointed in 1870 to fill the vacancy caused by the
removal of Judge Dradley from the State. Hon. Aug, W. Cutler
was appointed in 1872 to fill the place left vacant by the death of
Judge Cobb.  Benj. Ayerigg was appointed in 1874 to fill the vacancy
caused by the removal of Hon, A. 8. Hewitt from the State. In
1875 the State was divided into seven Congressional districts, which
made necessary tlie appointment of four new members, viz.: Dr, John
Vought, of the Third district; Hon. Thos. Lawrence, of the Fourth
district, and Benj. G, Clark and Wm. W. Shippen, of the Seventh
district. Hon. Clement H, Sinnickson was appointed in 1881 to fill
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the place vacated by the death of Mr, Hay., Wm, H. Hendrickson
was appointed in 1882 to fill the vacancy caused by the death of Dr.
Vought., George Richards was appointed in 1885 to fill the vacancy
caused by the resignation of Col. Aycrigg. Rev. Samuel B. Dod was
appointed in 1885 to fill the vacancy caused by the death of Mr.
Shippen ; and Lebbeus B, Ward, C.E., was appointed in 1885 to fill
the place left vacant by Mr. Clark. Wm. M. Force, of Newark, is
secretary of the Board.

OFFICERS OF THE SURVEY.

Geo. H. Cook was appointed State Geologist by the law originating
the Survey. John C. Smock has been Assistant Geologist from 1864
to 1869, and again from 1871 to the beginning of 1885. Mr, C. C.
Vermeule has had charge of the Topographical Survey from 1879,
and still continues in the work. Numerous other worthy assistants
have been engaged in the work for longer or shorter times, and their
names are given in full in the reports for the years in which they
swere employed.

PUBLICATIONS.

The Board of Managers is by law a board of publication, with
authority to draw from the State treasury such sums as may be needed
to pay the expenses incurred in printing and publishing the reports
and maps prescnted by the Geologist. This authority was exercised
in the publication of the Geology of New Jersey in 1868, and in
engraving and printing maps, and also in some expenses of distribu-
tion, but most of the printing is done by order of the Legislature, by
the State Printer, and the expense is a part of the charge for public
printing. Some monographs, like those containipg the fossils of ihe
Cretaceous and Tertiary periods, are of general interest and will be
engraved and published at the expense of the U. S, Geological Sur-
vey, and the New Jersey Survey gets such copies as may be ordered
for it at the cost of paper, printing and binding.

DISTRIBUTION,

The Board of Managers of the Geological Survey are authorized to
distribute the results of the Survey, its reports, maps and collections,
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and some attempts were made to sell the publications at the cost of
paperand printing. But the Legislature, in assuming the publication
of the reports as a part of the State printing, have also the right to a
free distribution of thera among their constituents, which right is
exercised liberally. This, of course, prevents all sales, and nothing
has been attempted in that way for several years, The result is a
wide distribution amony the people of the State. The expense of
this has not been felt as a burden, and the educating influence of the
publication, or, as it may be called, advertising the resources of the
State, has been attended by the happiest effects upon the material
interests of the State, as will appear farther in the statements of its
development and growth.

The editions of the annual reports have varied from 3,000 to 8,000
copies each, and the final reports and maps have been printed in edi-
tions of from 1,000 to 2,000 copies each,

COLLECTIONS,

An excellent collection of the minerals, fossils, building stones, rocks,
woods, and everything to represent the natural products of the State,
was placed in a museum in the State House, at Trenton, The best of
these specimens had been lent to the New Orleans Exposition, in 1884.
The fire which burnt the State building in the winter of 1885,
destroyed most of the specimens left. But space is left in the new
building for 2 geologicul museum, and it is intended to make as full
an exhibit of the natural products of the State as the means provided
will allow. Suites of specimens, representing the rocks of the State,
have been sent to the colleges, and a further distribution is still to be
made.

METHODS.

The method pursued in the work of the Survey has been such as to
keep its practical objects and applications prominently in view. Its
systematic and theoretical prosecution has not been lost sight of, and
while mining, quarrying and farming have held the foremost places
for the people of the country, and water-supply, drainage, forestry,
&c., have interested the people of the towns and cities, the structure
of our mar] and fire-clay beds, the changes of our shore, the limita-
tions of our glacial deposits bhave been facts added to geological
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seience, and the geological structure of the country has been a con-
stant subject of study, though no attempts have been made to force
conclusions as long as further points of inquiry or investigation
remained unsettled, The accumulation of facts bearing upon geologi-
cal science has been steadily continued, and as fast as unquestionable
evidence can be found, conclusions will be announced. It has been
the practice to publish the work done, fully, and at the earliest possi-
ble time, and with such illustrations as may be needed, to make it
instructive to the people of the State who read it.

TOPOGRAPHICAL SURVEYING.

The need of topographical surveys is sometimes looked on as re-
cent, and a demand created by our advanced civilization, but while
it is true that topographical surveying as we know it to-day, is almost
a new science, the need of it has been felt since very early times.

The rapid development of the last century has nevertheless ren-
dered indispensable what had long been regarded as a luxury, and all
Europe has bestirred itself to supply the want. From the wealthiest to
the poorest; from the little principalities to the great Russian empire;
all the nations of Europe are either now engaged in prosecuting or
have just completed extensive and costly topographical surveys of
their territory, as well for a measure of defense as of promotion of
improvements and discoveries. These European surveys range in
cost from $200 per square mile in England to $6 or $7 in Russia.

The United States, although not usually deficient in enterprise, is
very much behind other nations in this matter, and thus far the car-
tography of even important and populous sections of the country is
lamentably deficient. The cause of this is not difficult to trace. Here
the governments, both State and national, which alone can prosecute
a work of so great magnitude and of indirect benefit, so far as indi-
viduals are concerned, are in the hands of the whole people, who ulti-
mately direct all expenditure. In every community there are a large
number who do not use maps and, naturally, have no conception of
their value to those who do. The proportion of this class is increased
in the United States from the fact that the people have never had ac-
curate maps, and have, therefore, had no opportunity to learn their
uses. Just here it may be noted that those States which are foremost
to-day in the movement for accurate topographical surveys are those
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which have had the best maps in the past, and have felt their educat-
ing influences. New Jersey has the honor to lead the States, the pres-
ent survey, now nearing completion, having been begun in 1877, and
she is followed by Massachusetts in 1884. No other States have suc-
cossfully inaugurated, as yet, a thorough topographical survey of a
elraracter suited to the present needs of the Eastern States.

The first mup of New Jersey, embracing the whole State, was
probably that published by Adrian Van der Donck in his “Descrip-
tion of New Netherlands as it now is,” in 1656. This map was
subsequently referred to as Vischer's map by the commissioners
appointed in 1769 to settle the disputes as to the boundary between
New Jersey and New York. Its errors of location range as
high as 21 miles, of distance 100 per cent. It was probably used by
the Duke of York in 1664 in describing the bounds of the province,
and its errors led to a misunderstanding of that description which
involved the colonies of New Jersey and New.York in disputes
which lasted nearly n century. It is also probable that to it was
due the unequal division of the province into East and West Jersey,
whick also gave use to long disputes between the proprietors of the
two divisions.

A map was published in 1749, on a scale of about 15 miles to one
inch, which is one of the earliest printed in this country, and is a con-
siderable advance on anything which had preceded it. It is entitled
“A map of PENNsYLvANIA, NEw JERsEY, NEW YoRK and the
THREE DELAWARE CoUNTIES, by Lewis Evans, MDCCXLIX.”

The next map was made by Bernard Ratzer, Lieutenant in the
60th Regiment, R, A., in 1769, to assist in settling the disputes
caused by the first. It is a great improvement on the previous one,
but still very incomplete.

All later maps have used two surveys, which had been made up to
this time and were regarded as official. These were Lawrence’s
survey of the East and West Jersey line, of 1743, crossing the State
tor a distance of 120 miles and giving much useful information as to
the topography, but having errors as great as 25 per cent. in some
places in chaining, and of three miles in a total distance of seven
miles in “triangulating” across Little Egg Harbor Bay; and the
survey of the New York line in 1774, the position of the ends of
which were determined with remarkable accuracy by Rittenhouse, of
Yhiladelphia, but the Jine itself was surveyed with the old surveyors’
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gompass, and instead of being, as intended, a straight line, it approx-
imates a rhumb line, but as no precautions were taken to eliminate
the effects of local attraction it is very crooked. The divergence from
a straight line amounts to 2,415 feet at Greenwood lake, and in
consequence all maps made since have been erroneous by half a mile
in the location of the lake and surrounding localities. The errors of
chaining amount to 12 per cent. in places.

The map of 1777, entitled “ THE ProviNce oF NEW JERSEY,
Divided into Easr and WEsT, commonly called THE JERSEYS,”
published in London, December, 1777, drawn from the survey of
1769, and from another map of the northern part, in possession of
the Earl of Dunmore, by Gerard Banker, scale about seven miles to
.one inch, familiar to all from its reprint, issued in the Centennial
year, 1876, was a decided step in advance, and, althongh it has errors
«of location, amounting, in one extreme case, to twelve miles, it repre-
gents much detail and the relative positions of the various settlements,
with the leading highways, and must have been of great service to
the British army. It was made by the English and published in
Loundon,-compiled, no doubt, from the material which Ratzer used in
the previously-mentioned New York and New Jersey boundary map,
with some other military and property maps of limited districts.
About this time, the British officers prepared several of these mili-
tary charts, covering small areas, particularly in the vicinity of New
York harbor,

Our Legislature first recognized the importance of good maps in
1822, when a loan of $1,000 was made to Thomas Gordon, a sur-
veyor conversant with the State and with existing surveys, ““to ena-
ble him to obtain additional surveys, for the purpose of making a
State map.” Gordon’s bond was afterward canceled, and 125 copies
of the map subscribed for, and still later the Governor was author-
ized to subscribe for 125 copies more, at $1,000. Its title is, “A Map
of NEw JERsEY, with part of the Adjoining States, compiled under
the patronage of the Legislature of said State, by Thomas Gordon.
1828." Scale, three miles to one inch. The map was largely com-
piled from existing records, but some field-work must have been done,
for the greatest error in latitude is but three-quarters of a mile, and
in longitude five-eighths of a mile, for all places of importance. Con-
sidering the means at hand, the work was very ereditably performed,
and this map continued to be the only authority as to the surface
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features and areas of the State until 1858, It was the basis for the
geological survey by Prof. Henry Rogers, in 1836—40.

In 1851 the State began a systematic triangulation and topograph-
ical survey, which was actively prosecuted until 1856, when, the
treasury having become depleted, the work was suspended.

A map of New Jersey on a scale of 24 miles to 1 inch was pab-~
lished in 1860. Tt was compiled from all the materials available in
the United States Coast Survey publications, and in the manuscript
maps and records of the Geological Survey of 1854-6. The work
was done by G. M. Hopkins, C.E., under the direction of Dr.
William Kitchell, Superintendent of the Geological Survey, and was
published by them, the State giving the use of the maps and records
of all warveys made. This is an excellent map and greatly in
advunce of all which precede it.

The Geological Survey was resumed in 1864, and as it was found
impassille to proceed without better maps, a compilation was again
resorted to, but this time with increased materials to work with.
The available material was found to be :

(1) A triangulation by the United States Coast Survey. The main
chain of primary triangles crossed the State from northeast to south-
west its entire length, and a tertiary system had been run down the
Atlantic coast and up Delaware bay to Trenton.

(2) Plune-table sheets of the United States Coast Survey, extending
along the entire castern side of the State, and up Delaware bay and
river to Lambertville, in a belt from 2 to 4 miles wide.

(3) Plane-table sheets of the State Survey of 1854-56, covering
some 2,000 square miles of the interior.

(1) County and city maps, and various other local surveys, not
entirely relinble but answering a fairly good purpose when adjusted
to the foregoing work, and reduced to the small scale of 2 miles to
an inch.

The result of this work was a map which, while necessarily defi-
cient in muny respects, was nevertheless a decided advance over the
average State map, and has answered a very useful purpose during a
peried of rapid development.  No doubt it was an educating influ-
ence which led up to the present undertaking.

In 1877 it was found that the geological work could proceed no
farther without more satisfactory topographical delineation, and as
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population was becoming dense, public works were being projected
and undertaken on a rapidly-increasing scale, and questions affecting
important interests, which could only be satisfactorily settled by such
a survey, were constantly arising ; a new and complete topographical
survey was then undertaken. The cobperation of the Coast Survey
was sccured and the triangulation was proceeded with by that organ-
ization in advance of the topography. It was at first supposed that
enough good surveys existed to allow a considerable part of the State
to be compiled, but as the survey proceeded it became evident that but
little really existed which could be used without affecting the accuracy
of the work to a degree incommensurate with the slight saving effected
thereby. It was decided to make use of only the following material :

(1) The triangulation of the U. 8. Coast and Geodetic Survey, still
being prosecuted in advance of the topography.

(2) Plane-table sheets of the same survey, covering about 440
square miles of the coast from the head of Barnegat bay to Town-
send’s inlet, and the shore line of Delaware bay and river, from Cape
May to Camden.

(3) Some recent surveys of citics and towns, giving the street lines,
and some of the better class of railroad surveys for alignment of
roads.

Excepting the above, all of which has been carefully revised and
improved, an entirely new and complete survey has been made. The
triangulation has been extended by filling in the larger gaps, a total of
105 stations having thus far been located by the topographical survey.

From what has been said it may be readily seen why the maps of
the State have been unreliable and insufficient. It is simply because
no actual survey has ever been made. Originally compiled from dis-
connected, inharmonious and largely uureliable sources, they have
been copied and recopied, a certain class of errors being each time
increased, and many important details being necessarily omitted
because no surveys including them were at hand.

Yet the condition of the maps of this State is much better than that
of most of the other States. If the location of the Delaware river, the
line between New Jersey and Pennsylvania, is erroneous to the extent
of a mile in some places on our maps, much greater errors must
exist in the maps of Pennsylvania, for the compilation there has
been adjusted to our map of 1868, which was regarded an excep-
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tionally reliable authority, and in New York also the only existing
maps are unofficial compilations, which have been shown by the State
Survey to be very erroneous.

But in the United States the topographer is beset with other diffi-
culties than those of topography. The first question which muss
usually be confronted is that of cost. It must be known approx-
imately what degree of expenditure will best meet the case in hand.
On the one hand he has the scientific world, which knows well that
an expenditure of 850 per square mile would be wise and profitable,
but usually on the other hand he knows that no such expense will be
practicable, and if attempted will only result in failure. He must
therefore ascertain what rate of expenditure will be practicable and
will give results sufficient for the end desired. This question of cost
determines the methods which should be used, and in fact the whole
plan of work, and the cost can only be fixed by deciding beforehand
the material to be represented, and the limit of accuracy necessary to
be attained in representation. Thus we come to the plan of the
survey.

The selection of material to be represented, accuracy required and
the scale of the map are interdependent. It will sometimes be neces-
sary to fix the scale of the plot first, as, when it is desirable to repre-
sent a certain amount of country on a single sheet or in a single atlas,
ton large a scale will make a work so unwieldy as to impair its use-
fulness. On the present survey it was determined that a scale of
three inches to o mile would be suitable for the original plot, and a
scale of one inch to a mile for the printed map for general use. By
choosing a large scale for plotting the notes and then reducing this.
plot by photography, increased accuracy is attained, and the original
is also available for use for special maps of important districts on a
larger scale when required.

The scales which give a simple relation between inches and miles
seem the best for general use, for they give the larger units, in which
approximate measures are always desired, directly; and it should
always be remembered that, on account of the varying condition of
the paper, the more exact measurements, which are desired in smaller
units, should never be taken from a map by means of a detached
scale, but by the scale engraved on the map. No matter what the
scale of the map may be, this engraved scale may always be drawn to-
give any unit desired, as feet or yards. For this reason it seems ob-
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jectionable to resort to scales of feet to the inch, etc., and compel the
ordinary observer to divide by 5,280 to obtain his approximate
measures in miles, since there is no offsetting advantage reaped by the
exact measurer.

It might seem best to fix the limit of aceuracy of location to be-
attained, and select material to be represented, and then choose that
scale for the map which will be just sufficient to exhibit the results..
This is not always practicable, however, and especially when the cost
is limited the reverse course seems as good. It is usually as well to-
have the scale for plotting rather in excess of the requirements of”
accuracy as greater ease in plotting will result. The hundredth of an-
inch is about the smallest distance which can be realized in ordinary
plotting; now on a scale of 1 inch to a mile this will represent 53 feet ;
of 2 inches to a mile, 26 feet, and of 3 inches to a mile, 18 feet.
It is therefore uscless to locate any portion of the topography more-
exact than within about 20 feet for a 3-inch scale, or about 30 feet
for a 2-inch scale, but if the latter be adopted as the limit of accuracy
desired, it will still be best to choose a scale of 3 inches to a mile, for-
then the desired accuracy can be attained by plotting to the closest
fiftieth of an inch, and the draughtsman will be able to proceed
more rapidly and easier.

Now in the field surveys there is often a misapprehension of what
constitutes true accuracy. The survey cannot cover every one of the
myriads of topographical lines with an actual traverse. ‘The magni-
tude of such an undertaking is not generally understood. In the
case of the present survey of New Jersey, the surveys of road-lines
alone now aggregate a length of 13,000 miles, and the lines of levels-
about 14,000 miles, with over 600 miles more of transit lines for
topography, not to speak of the many thousand miles of streams,
swamp-lines and other detail traced up with the pocket compass. It
may therefore be accepted as a fact, that a certain number of stations
will be determined within the limits of accuracy and the intermedi-
ate detail sketched in by eye, or by pacing. A survey, then,
which locates 2 stations to a square mile, within an error of 1 foot,
leaving all the intermediate detail to be sketched, while it may lay
claim to accuracy, and, no doubt, be allowed to be remarkably
accurate by the inexperienced, is really much less accurate than one
which locates 20 stations on the same area with a possible error of 30-
feet. Instances are know where surveys have been made by locating.
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a small namber of points with the precision which could by no means
be realized in plotting them, and then, the means available having
been nearly expended in reaching this useless refinement, the details
were filled in about these points by compiling from inferior and
antrustworthy majps, or by sketching., This fanlty distribution of
work is by no means uncommon in topography. The other question,
as to what material should be represented, is also important in
derternaining the cost,  With g fixed limit to the cost of a survey, it
will be found impos<ible to show all details of topography, nor should
it be attempted to show too much, for by sacrificing the less import-
ant matter incressed accuracy may be secured in delineating the
remainder.  Again it is easy to overcrowd maps with detail and
thereby obscure important material and impair the usefulness of the
work.

In the present work the material selected as most useful and suffi-
cient for erdinary purposes, is highways and streets, railroads, streams
and waterways, swamps and marshes, timber, mines, quarries, clay
and marl pits, political divisions and contour lines to accurately
determine the shape of the surface and its elevation,

Having determined the scale of the map, and thereby the accuracy
necessary to be realized, we proceed to a choice of methods. It is
believed to be a mistake to assume that because a method has shown
itself to be well suited to a survey, to cost $50 per square mile, or
even £20, it is equally applicable to one to cost but $5 or $10, or that
any one method of surveying will prove eflicient in all kinds of
topography. The methods most in use are the plane-table method,
the transit and chain, or compass and chain method, now nearly obso-
lete ; and the transit and telemeter, or “tachometric method.” That
most in favor of late appears to be the plane-table method, for an
account of which the reader is referred to the excellent treatise on
“The Plane-Table and its Uses in Topographical Surveying,” pub-
lished in the U7, 8. Coast Survey Report for 1865.

The special advantages claimed for it are (1) that it enables the
topographer to dispense with taking notes. This, however, is not
strictly true, and far from true, where the vertical element of the sur-
vey iy important, (2) The map is made in the field while the ground
is under the eye of the topographer. This is true to a very limited
extent, and only in open country. (3) It dispenses with the errors
incident to plotting in the office with protractors, as the angles are
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1aid down directly in the field. There is an element of trath, in this,
but there are few who will claim that, as a whole, the work can be
more carefully plotted in the field, under exposure to heat and cold,
sun and wind, than under the more favorable conditions existing in
the office; and it seems almost certain that there can be no economy
in plotting in the field, often while the entire party is kept waiting,
and in the time when the heavier field rate of expenditure obtains.

The objections which have been decisive in choosing the methods
for the Topographical Survey of New Jersey are (1), that it is essen-
tially a fair-weather method, and great expense is incurred through
loss of time when the party is in the field in this latitude. (2) It
crowds the entire work of the year into about six months, since field-
worlk and plotting are done simultaneously ; and, therefore, to accom-
plish a given amount of work, the force must be doubled, and this
increased force must be disbanded at the close of the working season,
and another, probably untrained one, organized for the next year, a
process fatal to that esprit du corps so essential to all good work.

For a reconnoissance of mountain country, to be plotted on a small
seale, or for expensive detailed surveys of open country, such as the
marshes of our coast, or some portions of Northern New Jersey, it
may be an excellent method, but for general application to our topog-
raphy it is wholly unsuited.

‘The tichometric method has been well described by Mr. George J.
Specht, in Van Nostrand’s Engineering Magazine, Vol. 22, p. 134,
and useful tables have been computed from his formula by Mr.
Arthar J. Winslow, of the Second Geological Survey of Pennsyl-
vania, which are published in a convenient form in No. 77 of Van
Nostrand’s Science Series. A diagram by which distances and eleva-
tions may be readily obtained accompanies Mr. J. B. Johnson’s Topo-
graphical Surveying. :

This method has been used with great success for surveys of
important rivers, the tide-marsh, bays, ereeks, channels and beaches
of the coast, and wherever great precision was required, or where the
method most in use was not applicable. For these surveys the wires,
which are movable, are set so that the outer ones cover 1 foot ata
distance of 100 feet, and the central wire, the horizontal spider line
of the transit, is set exactly midway between them. For the more
important work the maximum range of sights on transit points is
1,300 feet, ordinary Philadelphia leveling rods, fitted with an extra

13
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target af the foot, being used, and the targets being set to coincide
with the outer wires, if too distant for the readings to be taken with
the telescope from the face of the rod. For topographical stations,
the errors of location of which will not be cumulative, the targets
are set to coincide with one outer and the central wire, the possible
range of xight being thereby increased to 2,600 feet, allowing a belt
of country a mile in width to be worked up from a single transit line,
with transit stations 1,300 feet apart. In this way it is possible to
run the main traverse lines with an error not exceeding 1 in 800.
The cost of this work diminishes with increase of range of sight,
This may be secured by using longer rods, by using wires set closer
than above, or what is the same thing, using the middle and one outer
wire instead of the two outer wires in reading, but always at the
expense of accuracy, The latter method has been adopted for
work the importance of which would not warrant the use of the
shorter sight, or where frequent checks eould be secured by triangu-
lation. The practice in such cases has been to read the distance
with the lower and middle wires, and repeat with the middle and
upper wires, the maximum length of sight being 2,600 feet, a
13-feet rod being used. The error by this method may reach 1
in 300. The cost of field-work, using the 1,300-feet sight, has
been sbout $15 per square mile, against $10 with the 2,600-fect
sight. It not unfrequently occurs that some loeal ecircumstances
compel the use of the longer sight, as in rugged mountain topography,
one such instance having occured in Northern New Jersey, where the
sight had to be increased to a mile in order to make any progress
whatever. In such cases, where great accuracy is required, it is
necessary to throw a tertiary triangulation over the area, with stations
at intervals of about 33 miles,

The organization of the party for stadia surveying depends on the
length of sight employed. The most economical adjustment is that
which keeps the transit observer wholly employed in instrumental
work and in directing the movements of the party. That usually
employed in this survey is a transit-man and two topographers, each
accompanied by a staff-man. If the work is on the water, a boatman
will be necessary, or, if in the woods, one or two axemen. Supposing
the trausit to occupy a station, the transit-man selects the point which
appears to be most favorable for the next instrument station (on this
selection success largely depends), and a topographer is sent off on
either side to sketch the topography, until he comes to a point the
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location of which is desired to check his sketch, when the staff-man
obtains the reading, while the topographer proceeds with _his sketeh.
As soon as the reading is obtained, the topographer can locate him-
self near enough for sketching purposes by taking the direction back
to the transit with his pocket compass. He then proceeds, traveling
over the ground and sketehing details, for 300 or 400 yards, when he
again obtains his location, and thus gradually works toward the point
selected for the new instrument station. The frst staff-man to reach
this point takes the readings for the new station, the instrument
moves up and the work proceeds, The stations being all showa on
the sketches, these sketches are adjusted to the accurately plotted
points in the office.

It has not been found that any increase of sight over 2,600 feet has
improved the economy of the work, and greater sights should not be
resorted to unless unavoidable.

The above method is one which is captivating in its theory and
excellent in its practice when conditions of topography are favorable
and when its cost is permissible. Tt is applicable wherever the plane-
table method is applicable, excepting for rapid reconnoissance, and, in
the writer’s experience, has been found more economical. Tt gives more
accurate results for elevations, and, where the vertical element of the
survey is of importance, it should always take the place of the plane- -
table. It is, nevertheless, open te many of the same objections as the
plane-table, in actual field-work. Its cost is too great,

From what has been said, it may be inferred that the New Jersey
survey has not adhered rigidly to any one method. Kach has been
used in its place, where it was peculiarly adapted to the circumstances,
but one method has been mainly in use, and has allowed the end to
be attained by a moderate expenditure. This I shall proceed to
describe, giving, first, 2 brief outline of the method as a whole, and
then taking up the various parts in turn,

The aim has been to use the simplest of the standard forms of
engineering instruments and the simplest methods, as far as possible.
A few special forms have suggested themselves, however, and have
been adopted in the interests of economy and accuracy, as the work
proceeded.

THE METHOD,

The underlying principle of this method is division of labor rather
than an attempt to corplete the whole survey at one operation. Its
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elasticity is such that it adapts itself equally well to the pine plains
of Southern New Jersey or the wooded highlands of the north.

As already noted the principal triangulation is done in advance of
the topography by the United States Coast and Geodetic Survey, but
for the method in use it became necessary to increase the number of
points by tertiary triangulation, gaps of over 20 miles being found
sometimes in the older triangulation, while an average distance of five
miles from point tu point has been adopted as suitable for this method.
This is done by the topographer in charge, independently of other work.
The instrument used for angnlar measurements i an excellently gradu-
ated engineer’s transit of the ordinary pattern. A side of one of the
Coast Survey triangles, convenient to the area to be filled in, iz chosen
as a base and a series of triangles with sides from 5 to 20 miles in
length are selected by reconnoissance.  For stations, commanding hill-
tops destitute of timber, church spires, towers and other structures are
selected, since the building of observatories must be avoided as too
expensive, When it is impossible to accomplish this an inexpensive
scaffold in the form of 2 tripod is erected, but thus far this has been
necessary in but two cases, and then the scaffolds (with signals) were
erected twenty-five feet high at a cost of about §$15 each, The
instrument has been set up in a great many church spires, on house
roofs and like structures of ordinary stiffness, and observations of
angles made successfully. In this way areas of from 400 to 700
square miles have been triangulated from a single base with no error
greater than one-twenticth of a second in latitude or longitude of any
point, this being determined by checking back on the Coast Survey
primary triangulation. The cost of this work has ranged from 50
cents to TA cents per square mile.

Next, a careful survey is made of all the roads of the district with
odometer and compass; and, as the purpose of this survey is not
merely to secure the location of the highways, but to furnish a net-
work of reference-lines for the use of the topographer in locating his
level stations and sketching topography, the aim is to secure a uniform
distribution of these lines, and if highways are not sufficiently
pumerous for the purpose, by-roads, wood-lanes or even paths are
thus surveyed. A series of lines, always readily found by the
topographer, are thus secured. These lines are plotted at once by
assistants in the office and from them field sketch-maps are prepared, .
showing the lines and all the points at which streams, railroads, etc,, ‘
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are intersected. If well done the odometer work furnishes a valuable
instrumental reconnoissance for the topographers.

The topographer takes the field, accompanied by an aid, and fur-
nished with a light Y level (Gurley’s architect’s), 2 Hutchinson pris-
matic compass, protractor and scale, and, if in very hilly country, an
aneroid barometer and Abney clinometer are added to his outfit. IHe
is furnished with the previously-prepared sketch-map, which has
compass meridians drawn on it, and is mounted in such a form that any
part of it is readily accessible, while the unused folds form the tablet
on which to work. The level is provided with a specially designed
range-finder attachment, by which distances less than half a mile may
be determined, with an error of not more than one and one-half per
cent., in less than five minutes. Thus equipped he proeceds to level
over the country and sketch the shape of the surface, tracing up
streams, swamp lines and all topography met with, and determining
the elevation of all points necessary to show the shape of the surface,
locating the more important with the range-finder, and plotting all the
results on his sketch, )

In the office, during the portion of the year unsuitable for field
operations, the work is plotted. The triangulation is computed and
the stations plotted in their true geographical positions on a projection
of the earth’s meridians and parallels for every minute, made on a
seale of 3 inches to a mile, by the polyconic method used by the
United States Coast and Geodetic Survey, These stations haviag
been also connected with the odometer survey, that survey is next
laid down, being adjusted to fit the triangulation. The sketches are
then worked over and adjusted to the corrected odometer survey, all
the horizontal element of the survey being laid on the map. The
clevations taken from the level books are next plotted in their true
positions, and, lastly, the contour-lines are interpolated between these

.level stations by the aid of the sketches. The inking and lettering of
the sheet being completed, the map is ready for the engraver. The
various operations of this method may now be briefly considered
singly.

THE ODOMETER SURVEY,

The odometer has been long in use in a variety of forms, P’robably
the most noteworthy instance was its use by Fernel, who, in 1525,
rolled a wheel from Paris to Amiens to determine the length of a
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degree of latitude. 1t has for years been used by the county map-man
with poor fielld-work, worse plotting and no triangulation or other
check to eliminate the error~. It has also had an extensive use in
route surveys for running rough meander lines under circumstances
where accuracy wus impussille.  Henee, it appears to have been lost
sight of as an (tlcient aid to the topographer for work of a better
class than the ahove, yet it possesses advantages peculiar to itself, and
will, no doubt, in time prove indispensable whenever good surveys are
desiredd ot 2 innderate cost, Odometer work carefully done, with the
ordinary precuntions ob<erved in other kinds of surveying, and well
checked hy triangulation, Las proved a simple, inexpensive and very
efticient methidd in 1he Topographical Survey.  When so used, every
change of ilireetion is carelully taken with a small 31-inch compass.
It must be remembered that in this case the compass merely becomes
a ready mean~ of owasuring angles, and altimate direction does not
depend on it. It may, in all ordinary country, be relied on within
ahout 175 minutes, and this is quite near enough for the short courses of
topography.  The lives are closed in short circuits, which allows the
detection of’ accidental errors in reading either compass or index.

One class of errors incident to ordinary odometer work are much
overrated by ordibary observers, viz., those resulting from measurement
along the ~urface instead of on a horizontal line, The levels allow a
correction to be applied for this when necessary—as it rarely is—for it
is to be remembered that the measurements are made along the high-
ways, and in but onc instance in the State does the grade reach 600
fect per mile, and as this is barely surmountable with an empty
vehicle it will rarely oceur anywhere. A grade of 600 feet gives an
excess of length of 34 feet per mile; one of 400 feet, 15 feet per
mile, and one of 200 fect only 3 feet per mile; but the ordinary
errors of the odometer from slipping are more than enough to neu-
tralize any of these, and it therefore not unfrequently occurs that the.
best results are reached in hilly country.  The ordinary error of a
large numbher of comparisons of odometer work with triangulation,
mea-ured on the odometer plot and including the error of plotting, a
pumher of ~hort courses has been ascertained to be, in level country,
Iin 125 with the ordinary barrow odometer in use until the present
season. It is believed that this error can be considerably reduced by
improved construetion. Being invariably in one direction it is easily
rectified by distriluting the error uniformly throughout the runs.
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A two-wheeled odometer was constructed and used on the survey
during the last summer. The form presented many advantages, such
ag greater stiffness, greater ease of operating and more reliable recording
than the barrow form, but no opportunity for thoroughly testing the
results has yet occurred. Although the barrow form is very objec-
tionable in some respects it is probable that it will prove best for some
kinds of topography.

The value of the odometer survey as a reconnoissance is so great
that the small expense necessary to make it would probably be repaid
even should other methods be thought necessary in working up the
details of topography, but as used, it is a convenient and rapid means
of obtaining the location of about 2} miles of lines per square mile
of territory with sufficient accuracy for the scale used. One recorder
can run at least 10 miles of lines daily.

Plotting the odometer work was at first a tedious labor and a draw-
back to the method, as an ordinary day’s run embraces about 200
courses and distances. The substitution of a specially-devised pro-
tractor, which combined parallel rules, scale and angle protractor in
one instrument, greatly lessened the labor; probably to the extent of
one-third, at least,

LEVELING.

This constitutes a large part of the work of a survey made by this
method. It is the most accurate known method for ascertaining
elevations, the vertical element is therefore more than usually reliable.

In leveling for topography the observer’s attention is so largely
taken up with studying the ground and sketching, that it is impos-
sible to secure the highest grade of accuracy in leveling, especially
since, in order to make suitable progress with the topography, the work
must be hurried. It therefore becomes expedient to cover the area
with a system of carefully leveled primary lines, which serve as a
basis for the topographical levels. These primary lines are run in
closed circuits of about 100 miles, and carefully checked. The equip-
ment in use is a 15-inch Y level, and, for the more important lines, a
New York rod with target, although a self-reading Philadelphia rod
has been also used with slightly inferior results. The rate of run-
ning is about 4 miles per day, and thus far with the New York rod
and target, reading to .001 foot the error has not exceeded the square
root of distance in miles X.02 feet, and very long lines have been
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loveled with un error of the square root of the distance in miles X.005
foet,  The greatest error with the self-reading rod, read to nearest
005 feet, was equal to the square root of the distance in miles X.03
foet, Thesc lines are permanently monumented on the plan deseribed
in the report of operations of the survey for 1885, and frequent
temporary hench-marks on trees, buildings, etc., are left for the use
of the topographers.

The eyuipment for topogwphical leveling is a light Y level, with
11-inch telescope and a self-reading rod, which is read to .01 foot.
The lines are closed in short ecircuits of from five to ten miles, and
any accidental crrors are thus detected. Tt is possible to close the
five-mile circuits when moving about five miles per day, and sketch-
inge topography with an error not exceeding 0.25 feet. Supposing the
instrument to be in good order, which should be made certain by a
most rigid examination by the observer, the precautions most strictly
vhrerved are to keep it in good adjustment ; to always read the bubble
after reading the rod, and if it has moved from the center to repeat the
reading, to carcfully equalize fore and back sights, and to provide
solid supports for the leveling-rod. An ordinary iron spike, driven
firmly, is mostly used for the last purpose.

SKETCHING TOPOGRATHY.

This is an important feature of all topographical work. To do it
well requires no mean skill. The faithful representation of forms so
intricate and of so vast size as those which form the subject of the
topographer’s sketch, requires a minuteness and scope of observation
unknown to any other kind of sketching. Topography is, in truth,
both a science and an art. A trained and accurate cye and a hand
schooled to follow its direction are essentials to success. At every
glance lie must gather some knowledge of his model ; he can only see
a limited part of it at once, and his mind must retain these separate
parts and blend them in one harmonious sketch, with each occupying
it relative size and position. More than this, his subject will deceive
him unless he learns to guard against it. He sees a hill of intricate
form, and may think he sees its true profile, but it is only the line of
tangeney of the visual cone whose vertex is his eye; the form changes
at every change of the point of sight, and it is only by retaining them
all and utilizing them in his sketch that he can represent the true form,
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The perspective makes some distances appear greater than other equal
distances ; the state of the atmosphere makes a distance appear greater
at one time and less at another; the surroundings, particularly the
background, have the effect of increasing or decreasing the apparent
steepness of slopes, or may even make a descending slope appear to
ascend. Thus, nature hersclf seems to oppose him, and only long
experience will arm him against these deceptions.

Equipped, as previously described, the topographer proceeds to level
over the surface and trace its form. In moderately level country he
usually traces the actual contours at once, ten feet apart, working up
his level notes as he goes, and studying the relative heights of the
ground as he proceeds. In hilly country he does not attempt to sketch
actual contours, but only close approximate contours showing the
direction which the true contours should take. The latter are after-
ward worked in from the elevations.

The level is kept swinging around the horizon, and is a great aid
in sketching. When he finds that the level-plane just cuts some
neighboring point, the elevation of which is desired, the topographer
notes the fact, and when convenient, locates the point on his sketch.
Nearly all the roads are leveled over, not because they are of special
importance, but because they furnish convenient avenues by which to
reach all parts of the district under survey. When it is necessary, in
order to obtain the elevation of important points of the topography,
side runs are made to such points. The principal points of the surface
to be represented may be enumerated briefly as (1} summits or peaks,
from which the ground descends on all sides, (2) passes, gaps or saddles,
from which the ground ascends in two opposite directions and descends
in the other two directions. (1) and (2) oceur alternately along ridge
lines. A special and very important case of (2) is the divide in a
valley where its drainage turns in opposite directions. The above two
classes of points are indispensable to an accurate knowledge of a sur-
face. (4) Lowest points of depressions, such as eraters or sinks, This
class of points is common along the glacial moraine which crosses
New Jersey from Belvidere to Amboy. (5) Points of change in the
inclination of slopes, such as the brow of a plateau, the foot of an
escarpinent, the front or rear of a terrace on a hillside, the head or foot
of the rapids in a stream. As no rule can be given to cover all cases,
the judgment of the field topographer must be exercised in determin-
ing how many of these latter points are worth leveling to, and which
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may be safely left to the eye and sketch ; but on the number actually
determined, hoth in position and elevation, will depend the faithful-
ness of representation,

In the mountainous portions of the State, where a great amount of
leveling and undue expenditure of time wonld have been required to
determine ull these minor points in this way, a small aneroid was used
for the le<~ iportant ones, The method of using it was to take its
reading ut the instrument where the elevation was known, then to pro-
cecd to the point desired, and after sketching the surroundings, to read
azaip, and on returning to the instrament read a third time. In this
way, when the interval did not exceed about an hour, the difference
of elevativn was wsually determined within 10 feet,

These points, as previously remarked, may be located by the range-
finder, where a clear line of sight can be secured to any point of the
road-lines already plotted on the slketch-map, or, as the distance of
any of them irom u road very rarely exceeds half a mile, an accurate
pacer cun step a randon to them through the timber with sufficient
aceuracy {or all purposes. The range-finder in use is constructed on
the principle employed in the Pratt instrument, but utilizes the point-
ing power of the level telescope, and is much more accurate, A pair
of sights are attached to the top of the telescope, at an angle with its
collimation of 87° 8. The telescope, at the point A, is set with its
vertical wire on the object, C, to be located. The rod-man is sent off
on the line indicated by the sights, with a right-angle mirror, to
some point B, where the image of the sights coincides with the image
of the object C. A B C is then a right-angled triangle, with A C
equal to twenty times A B, the distance from instrument to rod. The
rod-man having carefully ascertained the point B, holds his rod there,
the telescope is revolved and the distance A B read with the stadia
wires, with which the levels are provided, and multiplied by 20 for
the required distance A C,

In hilly eountry, it is possible for a topographer to greatly econo-
mize his work with no falling off in results. To do this effectually,
he muxt he able tu predict, by inference from his surroundings, what
topograply will be found ahead of him. Close observation will soon
enable him to do this with remarkable accuracy, and he will thus be
ahle to approach every puint in the most direct and easiest way. He
will not be cuught leveling through the timber up a slope 1,000 feet
high. to obtain the elevation which he might obtain later from the
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top of the plateau, with one-twentieth of the labor; or, if compelled
to level to the summit of a peak, he will do so from a side which
commands the neighboriog elevations, each of which he will obtain
as he raises the plane of his instrument to its height, thus saving,
perhaps, days of labor.

The power of foreseeing the outcome of certain topographical con-
ditions will also emable the surveyor to give increased fidelity and
expression to his sketches.

The prepared sketch maps, showing the routes of travel and
approximate drainage lines, are a great aid to the exercise of this
power. They also allow the topographer to approximately locate any
notable feature of the surface as soon as it comes into view, although
still some miles distant, and thus to study its form and relations to
surrounding topography more satisfactorily and intelligently than
would otherwise be possible. The advantage of sketching in this
connected way, on a map of some extent, over-sketching detached
parts in a sketch-book and afterwards joining them together, is very
great.

All sketches are made on the scale of the final plot, 3 inches to a
mile. The supposed advantage of sketching on a larger scale and
afterward reducing has been found to be more than neutralized by the
errors incident to reducing the sketches a considerable amount. So
far as possible, ene scale is nsed throughout for sketching, as the topo-
grapher soon learns to think in this scale, so to speak. A distance
comes to represent not so many yards and feet, but so many inches or
parts, corresponding to the geale of the sketch.

Sketching from too great distances is not safe, as the illusions of
perspective rapidly increase with the distance, and the topographer
is expected to travel over and inspect the surface at short range.
The stations at which elevations are determined are indicated on the
sketch by a small cross with a station number corresponding with a
number opposite the elevation in the level-book.

By means of the above method of surveying, topographical maps
have been secured at the following cost for field-work and plotting,
not including expenses of organization and general superintendence,
the topography being classified to correspond with the geological
formations: Archxan and Paleozoic topography, $7.80 per square
mile; Triassic, Cretaceous and Tertiary topography, $6.12 per square
mile, and it is not expected that the average cost per square mile for
the entire State will exceed $6.50.
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CONCLUSION.

There remains now the pleasing work of showing that the surveys.
have accomplished the ends for which they were designed. 1. To.
encourage our people to remain in New Jersey and not emigrate. 2.
To develop our agricultural resources. 3. To explore and utilize our
mineral wealth, § To improve our advantages for manufactures.
5. To publizh our remarkable means of communication, advantages in
location, elinate, and its salubrity.

POPULATION.

There were a few scattered settlers in New Jersey before 1664, when
the English took possession of it. The increase of its population
from that time on to 1790 is only to be gathered from incidental
records and estimates.  The following, however, is probably the near-
est that can at present be given:

Year, Populution,

106 nenes 2500 estimate ; East Jersey under the Proprietors.
1652 iieeee U0 estimate; Enst Jersey under the Proprietors,
1693 annnee 10,000 estimate ; Enast Jersey under the Proprietors.

1700 veseee 10,000 estimate by Governor Hamilton,
IT20 L. 32,442 New Jersey Archives, Vol. 5, p. 164,

1737 7,560 Smith’s History of New Jersey.
1745 e 61,4083 Smith’s History of New Jersey.
1735 ciieiennns 100,000 estimate by Smith,

1776 cceeee... 150,000 estimate.

In 1790 the census was taken by the general government, and has
been taken every ten years since. A census was taken by the State
government in 1855, and this also has been taken every ten years since.

Percentage
Years. Population, of increase

cach 10 yrs,
179000 vt ereressinrrsiarnrn 184,130 ...
RN, ooneiens vvevesssavnvensasraenasses tansenrs sosussronne 211,149 14.6
B [ Uy crerres saaes 245,562 16.2
18200, eaereensrarasnrranene srvevanat vesresenes 277,426 129
1=350., seatrssrbiaasannnninrans 320,523 15.6
1840 e eere vvreranennsasentenireeessnenenene 373,806 164
18, eais cirevsasasrneeenenns 489,555 31.1
Tt s e arraneneaes seeessansrsasesresersns verersnerennernans 569499 ...
P 672,035 37.2
TRED o vvvrsvrvseonceasarirassanasasinsn vear 773,700
1571 eee 906,006 34.8
S Ty TS rtrees ennrvesenieenaes 1,020,684 ...
THR, covieee conraivacasairantrisrsiarsrranns seasmasnsrans 1,131,116 24.8
TG v eeisrnesenssncsnens cevessesreae st rers o] 278,102 enee
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An inspection of this table, both in the column of population and
in that of percentages, shows a rapid increase since 1840, and also
that the rate of increase has been greatly enlarged since that time.
But this will appear more plainly when the rate of increase in New
Jersey is compared with the rates in the States immediately around it,
and with the increase in the whole United States,

PERCENTAGE OF INCREASE OF POPULATION AT THE SEVERAL DECENNIAL
PERIODS.

1790 | 1800 1810
{io to
1800, 1510. 1820,

|
|
! |
l

1820 180 | 1840 1850 1560 1870
1o to to 1o to
1830. 1840, 1850. 1560, 1870 1850,

M:\ssachusetlsi 116 | 11.6 10.8l 166 | 205 | 348 | 237 | 183 | 223

Connecticut... 54| 48| 50 81| 41 1961 240 168 158
]

New York ... 731 | 628 | 43.0 | 598 | 265 | 27.5 | 252 | 129 | 159

New Jersey.....| 14.6 | 162 | 129 | 156 163 | 311 37.2 | 348 | 248
Pennsylvania..! 38.6 | 344} 20.3 087 | 278 | 840 | 857 | 211 | 216

Delawsre....... l 871130 01| 54| 17| 172 225 | 114 17.2
Maryland....... 68 1] 114 7.0 97| 51| 240 178 136

-
-t

9
United States.| 35.0 | 36.4 | 83.1 | 335 | 327 | 35.9 | 856 | 226 | 301
]

The conclusion, necessarily reached by a comparison of these records,
is that for the last thirty years New Jersey has increased in population
at a more rapid rate than any of the adjacent States which are in
somewhat similar circumstances, and that its rate of increase does not
now differ materially from the rate of the whole United States. And
we also conclude that the State is not losing by emigration.

AGRICULTURAL DEVELOPMENT.

New Jersey was settled as an agricultural State, and all the land
within its bounds, which was thought to be worth farming without
first enriching it, was cleared at an early day. In 1833 Gordon esti-
mated that 76 per cent. of all the land in the State was in farms. In

NEW JERSEY GEOLOGICAL SURVEY



206 ANNUAL REPORT OF

the census of 1880 the amounrt of lands in farms is only GO per cent,
of the area of the State. DBut as this does not include the lands oceu-
pied by cities, towns and villages, or house-plots of less than three
acres, it is plain that no close comparison can be made. But generally
it may be considered that the whole amount of cleared land has not
varied much in the last fifty years. In some of the northern counties
it has diminished, and in some southern counties it has increased
largely. But the value of the lands in farms has increased to a re-
markable extent, and its estimated value per acre is greater than in
any of the adjacent States; and this relative value it has maintained
now for several decades.

VALUATION O} FARMS PER ACRE, COMPUTED FROM THE UNITED
STATE® CENSUS REPORTS OF 188(.

MassaehUSEt, Luuie v it e eeecesen et s oo e 843 52
COnNECICUL 1ot ivieeriesneris st e ereeses srosnsns oo, 49 34

New York ..... eresasnnee errrerarerninas . v 4045
New Jursey..iciin criinmnenans cevmennes e G5 36
Pennesyivania ..cvcvvennniiiinneeenennnn. e e 49 65
DElaWare .ovees vvvvee cveeviciiccee s eeeeranannn Veernernrersiaay s 33 74
Maryland....cu vevvenes et rr vt e ey sraes ermrerrrassanes 32 32

In the stock on the farms there has been a notable increase:

1830, 1850, 1880,
Nimber, Number, Number,
Horsex and mules...,, 53,865 67,044 97,147
Cattle 122,805 211,261 228,886
Bheep PR 160,488 177,020
BWINe v e avvaaan 250,370 219,089
Farm products: .
Bushels, Bushels,
Indian corn .oviennen, . 8,759,804 11,150,705
WHE e e e e e ceme st 1,601,190 1,901,739
Rye.. s 1,255,578 949,064
Oats veiieies vieen o peteenere crtmetrsrsiraraen 3,378,063 3,710,063
Polatoes.ciininns veccinninee. v 3,207,236 8,563,703
EWert POILOB . it i ss esereene 508,015 2,086,731
Tons, Tons.
Hay wvverennennae. 435,950 518,990
Values.
Market gardens........ s e e s neaee 81,841 863

Orchard produets.. e cocveeiiiisiiecivsssaennesees coevsees 860,000
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MINING STATISTICS.

Tons,
1833. lron ore mined yearly.....coooocveverens voreens veann 20,000
Zinc ore mined Yearly...ooccrvevevirionrersisiiaiinnn none.

Tons Value

1830, II0OD OF€ .cevriiiriieeensrennnncssesnnnnnnas 20,000  $657.000
1880. Irom ore......cococciiiimiisiinecenrs veninnn 754,872 2,000,442
ZiNC Ore. veiiirnveeeirrannns ... 89,881 451,070

Minor minerals......cccervveriivenrenenn.ns 33,828 40,270

Total value....ccoviveeirenneciicrieeeninne i, $3,391,752

Value,
Building stone... .....oovniins e vierrenne.. §514.420

MANUFACTURES.

The following statistics, taken from Gordon’s History of New Jer-
sey, are estimates made in 1833, and are probably the best that can
be got at this time. They are very incomplete, as there was no public
provision for collecting statistics of manufactures at that time :

Yearly Product.

Iron manufactures... cooeeevoveievvvinneise e v, $1,000,000
Glass manufactures...........,. 0,060
Delf ware....ocoiiiii i 50,000
Woolen manufactures e eeeeennnns oo 250,000
Cotton MANUIACHITES. v reiersviaeeeesirissossos oo 1,733,721

" It is probable that the value of all the manufactures of the Siaie
at that time did not exceed $5,000,000 or $6,000,000 a year.

Of the manufactures above enumerated, the products for the year
1880 were:

Iron manufactures..........cccvvveviereeecerersseeesees oo, 310,341,896
Glags MANUIACHITES. ..couvees veccrririerens v 2,810,170
Pottery manufactures. ..o uivieeeece oo 3,030,000
Woolen MANUIACLULEE wevievvecerriininearassrs oo o 5,008,907
COLOD MANUIACIUTES. e.veecreeneriiiieneesisaros oo s 4,548,275

But the growth of manufactures in the State is better shown by the
statistica of manufactures, as published in the United States census
reports for 1850, 1860, 1870 and 1880 :
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Capital, Annual Product,
18500 o ereeerieens seessnsnssesserssssnmsranas 20003958 $39,851,256
I800. et crrrscsrm e ceava st e nrererans 40,521,048 76,306,104
1870........ strarisensiansasinarraer Chemtsisaer 70,606,719 169,237,732
1830....... feruenn srnanaasuserssinny [ 106,226,593 254,380,236

RAILROADS.

The miles of railroad in the State are 1,918, which is 1 mile for
every 3 27 square miles in the State, This represents the greatest
number of miles of railroad, in relation to the area of the State, of
any in the Union.

Table showing comparison of railroad facilities to a square mile of

territory, and square miles of territory to 1 mile of railroad :

T Ty
Qune rquare mile of One mile of railread to—

tercitory to—

New Jersey....... erre vaerm e 0.233 miles R. R. 395 sq. miles of Tert'y.
Aassachiusetts, . vvcorennenene B34 Y “ 408 1 “
New England States. w0006 4 % 1043 “ "
New York, Pennsylvania, Dela- ‘[ .

ware, Maryland,Ohio, [ndiana, " o i“ “

Michigan, New Jersey, District 0114 ! 8.78
) nt'C(_)'lumbia: ......... PP e |

CANALS

There are 158 miles of canals in the State.

[n concluding this account of the condition of New Jersey, at the
present time, it may be stated, in short, that while she is the

a5th State in size, she ia the
1%th in pupniation,
95th in value of agricultural products,
6th in products of manafacture,
Tth in produets of mines,
sti in vatluation of real and personal property,
1st in means of communication by railrords, roads and canals.

Many cireumstances have contributed to favor this singularly rapid
increase in popalation and wealth, It is situated between the two
ereat cities of the continent, and has the advantages of the markets
in both. Its soil is specially well adapted to garden and fruit cul-
ture, and to high farming. Its numerous and rich mines are so near
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to the great markets that they offer special attractions for working,
Its facilities for transport render it peculiarly favorable for the loca-
tion of manufacturing cstablishments. Its climate is mild and
healthy at all seasons, and its long line of seashore offers a standing
and attractive invitation to throngs of people to come and find relief
from the summer heat of the crowded cities and towns.

The policy of the State in deseribing and publishing its natural
resources and advantages in this survey, is justified by the prosperity
which has attended it from the beginning. And while it is not to be
supposed that this is the chief cause of its prosperity, it may safely
be aid that it has done its share, and that the liberal course pursued
in sustaining the survey, distributing its reports freely among the
people, has had a material influence in supplying information and
quickening enterprise.

14

NEW JERSEY GEOLOGICAL SURVEY



210 ANXNUAL REPORT OF

V.
MISCELLANEOUS PAPERS.

PURBLICATIONS OF THE SURVEY.

THE ANNUAL REPORTS OF THE STATE (GEOLOGIST are printed by
order of the Iegislature, and as part of the legislative documents.
They are distributed largely by the members of the two houses. Extra
copies are supplied to the Managers of the Geological Survey and the
State Geologist, who distribute them to libraries, public institutions,
and, as far as possible, to any who may be interested in the subjects of
which the report treats. Most of the reports of former years have
heen distributed, and the editions are exhausted.

Tur REPORT o¥ FIRE AND PoTTERS’ CrLAYS OF NEW JERSEY
has been widely distributed. Of the copieg which were left, most of’
them were lost in the burning of the State House, last winter, and but
few copies are remaining.

THE PRELIMINARY CATALOGUE OF THE PLANTS of the State has
been generally distributed among botanists, so as to get in return reports
of the localities of plants, and to thus have the assistance of botanists
in making a complete list of all our plants. The revision is going on ;
several new plants have been discovered during the last year, and many
new localities of well-known plants have also been found. A few copies
of this preliminary catalogue are still on hand, and the codperation of
botanists in getting new species is earnestly solicited. It will be one
or possibly two years before the revised edition will be completed so
as to be published.,

A TorograpiicAL Mar oF 4 Part oF NORTHERN NEw JER-
EY, on & scale of one mile to an inch, is printed, and has been dis-
tributed to some extent. In addition to the delineation of boundaries,

Y
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streams, roads and geographical matter, it has on it contour lines of
level, so that the elevations of the surface above mean-tide are acen-
rately marked on all parts of it. This map has been very gencrally
approved, and is in demand for laying out drains, ditches, water-works,
roads and railroads, and for selection of building-sites, and as a study
for drives, bicycle excursions, ete.

Tue Arras or NEW JERSEY is now in course of preparation, and
several sheets are done. These sheets are each 27 by 37 inches, includ-
ing margin, and are intended to fold once across, making the leaves of
the atlas 18} by 27 inches. The completed work will be made up of
seventeen of these maps, on a scale of 1 mile to the inch, and one map
of the whole State, on a scale of 5 miles to the inch. The location
and number of each map is given on the reference map, on page 11
of this report, and is printed on the paper cover of the atlas, Num-
bers 2, 3, 4, 6, 7 and 16 are done, and numbers 1, 9, 13 and 17 will
be ready in March, 1886. The other numbers will be issued, proba-
bly, in 1887 and '88.

The following is a list of the titles of the sheets, with their
numbers :

New Jersev Srate Map. Scale, 5 miles to an inch.

No. 1. Kittatinny Valley and Mountain, from Hope to the State
line, :

No. 2. Southwestern Highlands, with the southwest part of Kitta-
tinny valley. '

No. 8. Central Highlands, including all of Morris county west of
Boonton, and Sussex south and east of Newton,

No. 4. Northeastern Highlands, including the country lying between
Deckertown, Dover, I’aterson and Suffern.

No. 5. Vieinity of Flemington, the country from Somerville and
Princeton, westward to the Delaware,

No. 6. The Valley of the Passuie, with the country eastward to
Newark and southward to the Raritan river.

No. 7. The Counties of Bergen, Hudson and Fssex, with parts of
Passaic and Union.

No. 8. Vicinity of Trenton, from New Brunswick to Bordentown.

No. 9. Monmowth Shore, with the interior from Metuchen to Lake-
wood.
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No. 10. Vieinity of Salem, from Swedesboro and Bridgeton, west-
ward to the Delaware.

No. 11. Vieinity of Camden, to Burlington, Winslow and Swedes-
boro.

vo. 12, Vicinity of Mount Holly, from Bordentown and Burling-

ton, southward to Winslow.

No. 13. Vicinity of Burnegat Bay, with the greater part of Ocean
county.

No. 14. Vicinity of Bridgeton, including the country from Alle-
waystown and Vineland, southward to the Delaware Bay Shore,

No. 15. Southern Iaterior, the country lying between Atco, Mill-
ville and Fgg Harbor City.

No. 16, Egg Harbor and Vicinity, including the Atlantic Shore
from Barnegat to Great Egg Harbor.

No. 17. Cape May, with the country westward to Maurice River.

GEOLOGICAL Mar o NEw JERSEY. Scale, six miles to an inch.
The improvements going forward in the State call for a revision of
our map very often. The one which was printed with the annual
report of 1882, and was corrected up to that date, had some correc-
tions in railroads, some minor improvements in the geological color-
ing, and much was added in new places along the sea-shore, and the
life-saving stations were all located. A few copies are still on hand.

The results of the Survey are intended for the benefit of the citizens
of the State, and the Board of Managers have charge of and direct
the distributions of its collections, reports, &e. The addresses of the
members of the Board are given on page 3 of this report, and appli-
cation made for publications to them, or through them to the State
Geologist, will be received and given due attention,

EXPENSES.

The annual appropriation of $8,000 a year has been sufficient to
meet the expenses, and all bills are paid in full to date.

The expense of topographical surveys paid by the United States
Geological Survey was:
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From July 16th, 1884, to December 31st, 1884......... $5,208 85
From January lst, 1885, to December 31st, 1885...... 10,385 53
Appropriated for the survey from December 3lst,

1885, to June 50th, 1886...iccvivriiriicranivssrnnnnnes 5507 24

Total from United States Geological Survey..... 821,191 62

The expense of the Geodetic Survey, which is paid by the United
States Coast and Geodetic Survey, is, for the fiscal year July 1st,
1885, to June 30th, 1886, $2,000.00, and the total expense for that
survey since 1875, which has been paid by the United States Coast
and Geodetic Survey, is $21,379.76.

PERSONS EMPLOYED.

My own time and attention has been given to keeping the survey,
in all its departments, in operation. The triangulation, the topog-
raphy, the works of drainage, the questions of water-supply, the
agricultural improvement of our lands, the progress of our mining,
quarrying and other industries of like character, demand attention,
and the systematic resurvey of the geology of the State, with the
aid of our completed topographic maps has been begun.

Pror. Joux C. Smrock, who bas been the faithful and efficient
Assistant Geologist since the resumption of the survey in 1864, con-
tinued in the service of the survey for a few weeks at the beginning
of the year, when he left to accept an appointment at the Museum of
Natural History, of New York State, in Albany, and to take charge
of the Economic Geology of that State.

Dr. Nar. L. Britrox, of Columbia College School of Mines, has
been engaged in surveying and constructing a series of sections across
the Archeean rocks of the Highlands, and in eollecting the character-
istic rocks. This service was begun the first of June, and with some
interruptions is coutinued to the present time. He still has the revi-
sion of the New Jersey Flora in hand.

Mge. Frep. J. H. MERRILL, I’H.B., was engaged with Dr. Brit-
ton in constructing the cross sections of the Highlands, and in the
latter part of the season has been occupied in examining the geolog-
ieal features of the Atlantic coast of the State from Sandy Hook to
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Cape May, in collecting the statistics of iron production in New
Jersey and in some general work.

Pror. R. P. WHITFIELD is still engaged in figuring and describ-
ing the Cretaceous invertebrate fossils of New Jersey, and for the last
season has been occupied with the Gasteropoda.

Dr. J. 8. NEwBerRry has continued his paleoutological work of
describing and figuring the fossil flora of the Triassic and Cretaceous
periods, and the fishes of the Triassie.

Mg. C. CLarksox VERMEULE, Topographer in Charge, has been
prosecuting the Topographical Survey steadily throughout the year.
He has been aided by the following assistants :

Mgz. FrepErick W. BENNETT, Assistant Topographer, has been
engaged in running primary levels, and leveling and sketching for
topography. He has also had charge of the transit parties at Sandy
Hook and along the Delaware river.

MR. Purnip H. BEVIER, Assistant Topographer, has been prinei-
pally occupied with setting bench-marks and running primary levels
along the coast.

Me. WiLriam H. LUSTER, JR., Assistant Topographer, was em-
ployed in surveying roads until July. Since then he has been level-
ing and sketching for topography.

Mgr. Cyrus F. SprouL, Assistant Topographer, was employed in
the office until October 8th, and has since been leveling and sketching
for topography.

Mgr. PETER D. StaaTs, Assistant Topographer, has been engaged
in surveying roads during the early part of the season, and later in
leveling and sketching for topography.

Mgr. GeorcE Hivy, Assistant Topographer, was engaged in level-
ing and sketching topography until the date of his resignation,
November 1st.

All of the above assistants, except Mr. Bevier, were on duty in the
oftice, mapping, until May 1st.
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MRg. ASHER ATKINSON, Odometer Recorder, has been surveying
roads since July 1st.

Mg. Wirriam F. MarviN, Odometer Recorder, has been employed
as dranghtsman, rodman, and later in the season in surveying roads.

Mgessrs, Jouxy E. HiLn, FrRaxk Vay BrakiLg, GEorcE E.
JENKINS and WiLLiaM H. BARNES, have been occupied with map-
ping, furnishing necessary data to the field topographers, and other
office duties during portions of the year.

Mgssrs. Joun G. Tart, JoserH B. REYxoLDs, GEORGE . EARL,
Leaming M. Rice, Jr., HARRY S. Srrour, Harry J. SHERMAN,
and THoyas T. WaTsox, have been employed as field aids during
the season,

STATISTICS OF IRON AND ZINC ORES.

IRON ORE.

The output of the iron mines of the State for the year 1885, as
shown by the shipments of iron-ore from stations in the State and the
amounts used at furnaces which do not come in the tonnage of the
railroad lines, aggregated 330,000 tons—a deficit of 63,710 tons as
compared with the production of 1884. IFor the convenience of
reference the statistics of iron-ore mined in the State for the years
1870-1885, inclusive, are here inserted in a tabular form. Estimates
and U. S. census figures at intervals back to 1790 are also given at
the head of the column :

1790......... 10,000 tOnS.cciicrnnee Morse’s estimalte.

1830 ....o.e 20,000 tons ...oveeens Gordoun’s Gazetteer,

185540000, 100,000 tons.......o.e. Dt Kitchell's estimate.
1860.........164,900 tons .. ...U. 8. census.

1864... ... 226,000 tons... ...Annual Report State Geologist.
18670000 275,067 tONS.ciiuiienras i “ v
1870........ 362,630 tON8.cveiireenn. U. 8. census.

1871....uune 450,000 tons............Annual Report State Geologist.
1872......... 600,000 LtONS...cisiernns " o u
1873 ceunies 665,000 tons....ovvueee “ “ #
1874......... 525,000 tON8..iiriiienns H “ “
1875.cueeees 390,000 tons..cceeeenses ‘e " e
1876......... 285,000 tons*..........

1877.........315,000 tons*..........

* From statistics collected later,
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1675 40U 674 tons ..., Anpual Report State Geologist.
1879 e 485,023 tons...vaieenens “ i “
1880........ 740,010 tons...corimuas “ “ P
188100000l 737,032 tons vaveneenns - “ i’
1882 ..., W32,762 tons..coveiennsn 1 . ‘
1883, . W021 416 ton8.erenes H “ “
T894 000 193,710 LONSiiiinnies W “ 0
1885000 00re 330,000 toDS.0usienee. “ . “

This tabular statement shows that from 1870 to 1874 there was a
gradual and steady inerease in the annual production. The financial
depression in the latter part of 1873 marked a turn in the rate of
production, and the lowest output for the decade was reached in 1876.
The product for 1877 was slightly in excess of that of 1876, and from
that year onward there was a gradual rise to the boom of 1879, which
showed itself in the large increase in 1880. The maximum was
attained in 1882, The decline since has been marked.

ZINC ORE.

The product of the zinc mines for the year 1885, as shown by, the
shipments over the transporting lines, was 38,526 tons,

The following tabular statement shows the production of the zinc
mines of New Jersey for a number of years:

Estimated tons,
vveee e Annnal Report State Geologist.

------------

1878 1vmienees covee 14467 vvirinens “ “
1879 veverennes e 21937 . “ “
1880.0e.en IOV 71§ B “ “ “
1881 eeeireirne e ne 9178 “ “
1882 1ovurrerreresnes 40,188 veereeenne “ ‘“ “
1883 eevericeeereenn. 56085000 rereens " “ &
1884 vend009% oovenne “ u N
1885..vereeunnnn ver 385260000 cenn « “ “
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—a-

COMPARISON OF TIDES—ADDENDA,

Page 35, table. Later and fuller information from the office of the
United States Céast and Geodetic Survey gives as the result for ele-
vation of tides at Cape May Landing, instead of the figures followed
by interrogation marks in the table, the following: 2.05, -0.15,
-2.35, showing a difference of fifteen-hundredths of a foot between
mean-tide at Sandy Hook and at Cape May. These figures are
obtained from a series of tidal observations covering only six high
and eight low waters in August and September, and a longer series
would probably still further reduce the difference.

Page 13, table. Figures after Ocean View should read 17,677,
17,628, —.049. .
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