* GEOLOGICAL SURVEY OF NEW JERSEY.

ANNUAL REPORT

R or THE

FOR THE YEAR

1885.

TRENTON, N. J.:
Joun L. MORPHY, BTATE PRINTER.

1885.

NEW JERSEY GEOLOGICAL SURVEY




A ——

NEW JERSEY GEOLOGICAL SURVEY

WL W 0 ¥ Beag SR
e o= T A e
T
i . e
| M.KJQN - . - - - - o
Telole LIRS e et o S . w48t - " Cooes oz (e fesaiea
i MO gpang jo amos O o G e e 9LR! Addang 2500y ' - - B ek =
. N%h% ._U.w.:_ur_. hnwh.m\ﬁ.uxg_.\;_wﬁ_?‘.:‘ 2 y . aresianeinenasesitn st
CANTT MHOHS AL NI " (H9L 72 aa...i&ﬁ_.i&, SPINSIMDY WP < - 2 i M. L gl
SHONVHD HAISSHEOOMS HONLMOHS 1y c891 S R A L A
SLLVA 0L €891 KON SAMANAS DLLNAHLAY il . L SRy iy deoles e
SA0IIVA 10 NOSTHVAIO2 LI 4 . 4 B oo v oo o s oo oy
- e i e L - ; o - ek 4 rUD, P} DAY AdIAD JOL NATJGA Ly
€A1 NI HAVIN. SAHAHNS TTVNIOTHO WO = == o 7 b 0 SaUTY Waw preny z:m_..uqh\ ) xc.yn._:aw YL MoN
Ty ;
MOOH AANVS
d0 dVIN
-] n ﬂ
H ”.r -N
4 L)
»
R R
W
L "
s
B
B ‘o
N )
= O Y o
o' are
. hi ) o A y
A Qi n
R i
L4 } A
.L.. %
T e i
-—




BOARD OF MANAGERS.

His Excellency Lrox Apserr, Governor and ex officio Presi-
dent of the Board.......ooveeeee Gerane veverrerens crrresererana JTrenton.

1. CONGRESSIONAL DISTRICT,
CHarLES E. ELMER, Esqoeriiiireirannn, cretrn e, . Bridgeton.
Hox, CLEMENT H. SISNICKSON.. triiiiiicrniirre cerenssieraninssenisonse e Snleni,

1. CONGRESSIONAL DISTRICT.
Hox., WiLLiAM PARRY..... s .os
Hox. H. 8. LITTLE cviveeveiinee cevnenens

.Parry.
...Trenton,

HexkY AIMEIN, BSqo s deveraeesieraens Elizabeth,
Haox, Wy, H. HESDRICKSON .oovvvn s veevanans B, ... Middletown.
IV, CONGRESSIONAL DISTRICT.

SELLEN T, BeRANTON, ESQuan covvriniiinnannns eerrrerrrer e Oxford.
Troxas Lawresce, Esq...... eertt et e esaenee veeseneee HRMbUTE,

V. CONGRESSIONAL DISTRICT.
Hox, Araistis W, CirTLER v vvresvrieeenees cerrererenn verreeens snene e MOrristown,
GroGE RICHARDE, BSfiiiiiins eviiis ceerinriiiesseeesceees ae reren .Dover,

VI. CONGRESSIONAL DISTRICT.
WILLIAM M. FORCE, BS(lieetreaiin cermeiecreeiinineeieresenrnes s Newark,
THOMAS T, KINNEY, ES(iirniiiiiinieereieeiees seree cvverem veessenenne ... Newark.

) VIl CONGRESSIONAL DISTRICT.
Lussers B, Wagn, CE........ R RN - T - 1
Rev, BamuerL B, DoD i, v ranarae cerna ....Hoboken,

GEOLOGISTS.

Gronrsk H. Cook, State Geologist......oeeerneae. -....New Brunswick.
C. CLARKSOX VERMEULE, Topographer. ...u..covveeeeeeemnnennr.. New Brunswick,

(3)

NEW JERSEY GEOLOGICAL SURVEY



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

\
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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,
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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.
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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,
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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

NEW JERSEY GEOLOGICAL SURVEY




o4 ANNUAL REPORT OF

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

NEW JERSEY GEOLOGICAL SURVEY




f
L

|

H

Henta of Yurds

poam e it — — M pce
MAP SHOWINC CHANCLS or THE SHORE LINE
FIVE MILE BEACH

177211888

NEW JERSEY GEOLOGICAL SURVEY




T
- k}’ﬂvhﬁmriu‘-\\,‘{’
Dota Nué'}.

o

L)
L

-

L
A
MAP SHOWING
_b BHANCES oF THE SHORE LINE *
LITTLE EGG HAREQR INLET
1B4111BBS
]

Seale of Yards

T.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 61

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
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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

NEW JERSEY GEOLOGICAL SURVEY



92 ANNUAL REPORT OF

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.
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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