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REPORT. 1

'_ The act of the Legislature autborizing the present Geological
Survey of the State was passed at the session of 1864.* !
A supplementary act authorizing its continuance was passed

at the session of 1869.'1" J
o At the session of the Legislature of the present year, and in

accordance with the recommendation of the Board of Managers
another supplementary act was passed providing for its farther
continuance.

Under this authority the work has been continued through I

the past season, and the following persons have been engaged 1
in different branches of the Survey : _1

PROF. Jons C. S_OOK, _ssis[ant Geologist, has been in active 4
duty a part of the year, during which he has visited many of
the iron mines, has pursued studies of the rock structure of the

Highland Range of Mountains, and more especially of the rocks,

. ores and minerals of tile Jenny Jump and Marble Mountain
ranges.

EDWIN H. BOGARDUS,C],emlst, has been constantly engaged
in the laboratory analysing ores, minerals, rocks, soils and ferti-

lizers, and in testing mineral substances sent by citizens, or
collected for purposes of inquiry and investigation.

PROb'. EDWARD A. BOWSER, Engineer and Surveyor, has J

been
occupied a part of the season in making a topographi. ]

cal map of the country in which Jenny Jump and Marble q
Mountain lie, and in completing an examination of the menu.

* There_ullsofthoSurveynnder this act were 1 s ed nann a re!acr_for 18_4 I_¢_.i_
sndlS67.whichwereprintedbytho Loglslatureandl_s rib tedwithlho]e[[iaa vndoc 'rgensnn
Ihe Ge°l°gY °f New 'le .l._e_,_,_,an °ctavo volume of X XIV and _!_ pagee w lh a port f_ o of 6 map_ ¢
which was published in I_t,9 by the Board of _*Iana ors of h_ S rvey See de_r :'e st of p l
llcanon_ of the Geological Survey at tile end of h_ re!c_rt.

t The results of this continuation of the Geological Survey have been g yen n t _ annual
reportsof theState Geologist priuled by the I,egitllatur_ in _6P _7(} _7 a d _72, ad 4 t,tr bu
witl he legisla lye dc_umea
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ments marking the boundary between New Jersey and New

York. Wm.'A. Chapman and Elbridge Van Syckel, Jr., graduates

in the engineering department of Rutgers College, have assisted
Professor Bowser in surveying and mapping the mountains, and

James l(. Barton, another graduate, has assisted him in survey-

ing and mapldng that portion of country about the Great
-Meadows of Warren county.

My own time has been taken up with the miscellaneous work ._
of the survey--the drainage projects, the examination of the

northern boundary line, the various departments of laboratory,

field and surveying work, and in answering numerous and per-
tinent letters of inquiry. 1 have found great satisfaction in

visiting some of the new iron mines, and in tracing out with
Professor Smock the lines of division between several well
marked belts of the Azoie rocks.

- There is a great increase in the number of applications for ,_information in regard to mines, minerals, mineral waters, ores,
building stones, clays, sands, marls, and other natural products,

which we answer as far as the time and means at out' disposalwill allow.

The work done is given in detail under the following hcads:

1. The Drainage Works.

2. Survey of the Northern Boundary.. t"
3. Subdivision of the Azoic region into four oblique belts,

with a map of Northern New Jersey, and a Topographical

Map of Jenny Jump Mountain, with its Iron Mines.

4. List of Mines of Magnetic Iron Ore, with notes.
5. Searching tbr Iron Ore.

i 6. Zinc and other Ores.7. Building Stones.

8. Clays and Sands.
9. Limestones.

10. Marl.

11. Graphite.
12. infusorial Earth.

13. Roads and Road Material.

14. Soils and unimproved Lands.
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I.

Drainage of Lands.

The law to provide tbr the drainage of lands, which was

passed by the Legislature of 1871, put the plans for draining

tracts of wet and marshy land under the direction of the Board
of Managers of the Geological Survey. It required them, " on
the application of at least five owners of separate lots of land

included in any tract of land in this State, which is subject to
overflow from freshets, or which is usually in a low, marshy,

boggy or wet condition," to examine such tracts, and if they

judged it for the public interest, to survey, and make a plan for
the drainage of the tracts, and to submit the same to the

Supreme Court and ask tbr the appointment of commissioners

to carry out and execute tile works of draitiagc, and to assess,

collect and pay tile expenses incurred. Under this act your

Board has prepared plans for the drainage of the tract of land
subject to overflow, bordering the Passaic river, between Chat-
ham and Little Falls, in ._[orris, Essex, and Passaic counties i

and for tile tract of land on the Pequest, in Warren county,

between Vienna and the Sussex county line. Commissioners
were appointed for each of these works, and they have entered

upon their duties. These enterprises inrolve the interests and
rights of a large nnt_ber of persons, and tile mode of proceeding

'_ to carry them out is new and untried. Hence the Commissioners

have thought it prudent to proceed with great care--which of
course, has required time. The securing titles to the lands and

property which have to Im taken for the widening of streams,
the deposit of excavated material, or the lowering or removal

of dams, has been the first work of the Commissioners i on the

Pequest this work is done, and on the Passaic it is in progress.

The work of clearing tile streams might have begun this fall,
but the liuaneial difficulties of the country compelled them to
defer it. They are of the opinion that the expenses of the work

will be least burdensome to land owners, if instead of being

assessed for full payment at once, they can he divided and paid
in several yearly installments--and the Commissioners have

prepared the draft of a bill for the purpose, and ask this Board

to recommend its passage.
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The c(,mpletion of the_e works of drainage will add largely
to the productiveness and wealth of the State, and will remove

fruitful sources of insalubrity and sickness; and while a just

compensation must be made for any properly taken or injured,
the expense will be so provided for as not to be burdensome to
the land owners.

l[. '*

The Northern Boundary Line. '_

The division line between New Jersey and New York is
marked by monume_ts on the line, at the distance of one mile

from each other. Some of these monuments have been destroyed,

others are said to have beeu moved for fraudulent purposes, and

it was judged expedient by your Board to have the line examined,

after which, if found necessary, the State of New York can be
asked to join in restoring it to its true place, and in establishing

permanent and easily verified monuments upon it. The first
thing to be done in this examination is to determine the true

latitude and longitude of Carpenter's Point--which is the

extreme western end of the boundary, and then to compute the
precise bearing of the straight line from the western end to the
monument at the eastern end, which already has its latitude and

longitude determined. By running this line through with the
proper hearing, the true condition of the monuments will be _"
found.

In accordance with the directions of this Board [ applied to
Professor Pierce, Superintendent of the United States Coast

Survey, {o determine these particulars, viz., the latitude and
longitude of Carpenter's Point, and the azimuth of the division

line, for us, and have great pleasure in reporting that Pl'ofessor
Pierce consented to have tile work done by the officers of the

(;east Survey, and directed it to be begun at once. An assist-
aut was sent to Carpenter's Point where he established an

observatory, set up the necessary instruments, and spcn_ almost
the whole of 3Ia_" and June in taking obserwltions from which

to make the proper computations. The work of computation is

sti'.l in progress at the office of the Coast Sux'vey in Washington,
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and we are intormed that it will be completed and reported to
us by the close of the year. The enlightened liberality shown

in doing this very nice and expensive work for us is worthy of

high praise, and it is but just to give this public expression of it.
By the next meeting ol" the Board I hope to be able to report

the condition and place or the monuments in relation to the

straight division Iine.
I]I.

Subdivision of the Azoic Region into Belts; with a Map of
Northern New Jersey.

The Azoic rock.q of New Jersey are nearly all included in

the mountainous district of country which lies in the northern

part of the State, occupying the northwestern parts of Bergen,
Passaic, Morris, Somerset and Huntordon counties, and the

southeastern parts of Sussex and Warren. Ramapo, Trowbridge,
Mine and Mnsconetcong mountains, mark its southeastern, and

Pochuck mountain, Pimple Hill, Jenny Jump and Marble moun-
tain its northwestern border. This whole belt of mountain

ridges is part of the chain of mountains which is known in New

York as the Highlands, and in Pennsylvania as thcSouth moun-
tain.

The extreme length of this region from the Delaware on the

southwest to the New York boundary line, on the northeast is
sixty miles ; its breadth at the Delaware is ten miles, and at the

New York State line is twenty.two miles, and its area is about

nine hundred square miles, exclusive of several tracts of country
which though included in the above boundaries are underlaid by
newer rocks.

In this whole region very little bare rock is to be found.

AlmosL everywhere it is covered with a heavy body of drift
eart&, and much more than half of it has the surface thickly
strewn with loose rocks and stones. This condition of the sur-

thce has rendered it much more favorable for the growth of
wood, than for cultivation i and a large part of it is in forest.*

* :that portion of the Azoi_: region embraced within e n g of $u_x, Pa_stt c and Bergen
coalition4, 8ltd that part of _Iorns connty rtorlh ol the _ or • 8 and F_aex R d road h ts a4 per c( nt.
of its area in tbrest. _lorria COllllI_ soll|_l of |hit $Kille FoRd itn(_ llunterdon county n .rthof thcJ
Uentrtd ltail_mtd of New Jer_e_ have39 per oen , forest, n'erre co y and at l_a t of Hun
/_'rdon Ionth of the Central Ratlroad have 45 per cent. it* fore_t. TakeEt tore er he are covered
b lore_tttalitloo_ert;SOpercen,o bewholv,
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On this account it has been found extremely difficult to make

any clearly defined and easily understood subdivision of this

formation. The difficulty is still further increased by the pecu-
liar circumstance that while the whole belt or strip of Azoio

rocks crosses our State in a general direction of north fifty

degrees east, the strike of the rocks: which is only the direction

of the upturned and exposed edges of the strata is about north
forty-three degrees east. So that any natural subdivision of
the Azoic formation of our State must I)e into narrower belts

which cross the whole formation obliquely and come to an end
in the blue limestones on the northwest border of Ihe region,
and in the red sandstones on its southeastern border. The

tludson river cuts through the /_zoic formation from Stony

Point to Cornwall, and the rocks are finely exposed for study,

hut if one were to examine them with the expeetatiou of learn-
ing the character and structure of New Jersey rocks of that

age, he would be entirely at fault; for the Hudson river section
mainly exposesaeingle one of the four belts into which we now
divide our Azoic rocks. In the same way the Delaware cuts

through the formation, but it only exposes two of the four
belts into which the rock is divided.

BEI,TS.

For convenience of reference, tile following provisional names
have been given to these belts; and they are put down in the

order of their occurrence beginning with that on the southeast
a*_d, going on to the northwest; and in any descriptions of a

single belt, the southwest points arc named first, and those
farther towards, the northeast in succession.

I. The Ramapo Belt.
2. The Passaic Belt.

3. The Museoaetcong Belt.
4. The Pe,luest Belt.

1. The Ram_q)o Belt begius near Peapaek, in Somerset county,

and extends on in a northeast direction by Pompton to the State
line, and in the State of New York to and heyond the l:Iudsoa.
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[t is about two miles wide at the southwest end, and at the

State line its width is five miles. Mine mountain, Trowbridge

mountain, Watnong mountain, the isolated low mountains

between Deuville and Boonton, the mountain ridge extending

from Boontou to Pompton, and the l_amapo mountains are all
in this belt. Its southeast border is characterized by its meet.

ing the red sandstones and conglomerates of the Triassic Form-
ation, and its southwest end is likewise in these rocks. Its

northwest border is marked by a characteristic white crystalline

limestone containing serpentine in grains, large masses, and

fibrous forms us chrysotile. An outcrop of this limestone is to.

be seen at the Sanders property, a mile fl'om Mendham, on the
right of the road to Morristown; another is a mile and a
half north of Montville, where there arc quarries of limestone ;

still another is about two miles northeast of Bloomiugdale, and

a half miIe west of the Wynokie road, on the DeBow prop-

erty ; farther on, limestone crops out at the west foot of Wind-
beam mountain at the roadside, near G. Monk's house ; and again

on the side of the road from Boardvillc to Greenwood lake, and

a half mile from the former place ; further on, in the tunnel to

the Old Blue mine, at Ringwood a bed of limestone is cut
across; and near the State line and just west of the road from

Ringwood to Sterling limestone is found in small quantity;
further on, in New York, in the extension of the same line, it

is touud a quarter of a mile east of the northeast end of Truxedo

pond. Other outcrops of limestone are seen east of the road at

Wynokie, on Mr. Rhiuesmitb's land, and at Boardville, near
the dwelling of J. W. Schcrmerhoru. But after examining the

country, it was thought best to draw the division line along the

most westerly of these outcrops of limestone, and to consider it

all as belonging to the Ramapo belt. Tile line is drawn on the-

map between these outcrops, according to the best of our judg.
ment now, though iurther examination may lead to its being

slightly changed.
The Passaic Belt is the next belt on the northwest, and the

Line just described, is its southeast boundary. It begins at Clin.
ton, in Hunterdon county, at the southwest, and extends on by
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])over and Riugwood to the State line, and beyond to Stirling

aud Turner_s Station_ where it ends. Its breadth is nearly uni-

form, and about five miles. ]ts surface is high and undulating,

but it has no conspicuous mountain ridges or elevations, and
its hills have only local names. On its southeast border from

Peapack to Lebanon, it is bounded by the Triassic sandstones
and conglomerates ; nearer Clinton, it is limited by the Magne-
sian limestone ; and at its southwest end, at the valley of the

South tlrauch of the Raritau, and of Spruce run, it is lost from
sight under the Triassic rocks. Its northwest border is defined

hy a continuous vadey through its whole extent. This valley

begins at the Spruce run, above Clinton, where its first eastern
branch comes in, and follows up the valley of that branch, and

over tlm depression of the ridge at its head, into German Val.

leT; and up that valley to Naughtrigbtsville, Bartleyville,
Plunders, Suecasnuny, Berkshire Valley, Longwood Valley,
Petersburg, Newfoundland and West Milford, to Greenwood

Lake and the State boundary. Beyond this it continues on, by

Bellevale to lhlonroe, in New York. This valley contains Pots-
dam sandstone, magnesian limestone and Hudson river slates,

throughout its whole length: and, from Flanders on to the

northeast, it is characterized by extensive ridges of Greeu Pond
mountain conglomerate. No crystalline limestone has been
tbund in this belt, but it is remarkable for its rich mines of

magnetic iron ore.

3. The Muscouetcong Belt, is northwest of, and adjoining
the Passaic Belt. The valley just described is its southeast

boundalT, as far as it goes to the southwest. From the Spruce

run to the Delaware, it is bordered, principally, by red sand-
stone rocks, or as at Little York by magnesian limestone, or as

at Amsterdam by quartzose rock. The southwest end is at the

Delaware, where it descends to pass under the river, and in

Pennsylvania it extends on to near Reading. Its northwest
boundary is marked, as it runs from the Delaware by Lowm"

Harmony up Harker's Hollow, and over the mmmtainous divide

near Mount No-More to Oxford Furnace ; thence, up the valley

of the Pequest to Vienna, and then up Bacon's creek to War-



7
15

renville and Allamuchy; along the east foot of Allamuuhy
mountain, and east of the Cranberry reservoir, and the Roseville

iron mine, to the high dividing ridge between tile streams run-

ning into tile Musconetcong, and those running into the Wall-

kill ; from this divide it descends into the Wallkili valley, and
follows along the east border of that valley by Franklin, Ham-

burgh, Vernon, and on to the State line. Musconetcong,
Pohateong, Schooley's, Hamburgh, Wallkill and other mountain

ridges are in this belt and a large portion of it is an elevated
table land. It continues quite across our State and ends near

Newbm'gh, in New York, and near Beading, ill Pennsylvania.

In breadth it is h'om six to eight miles, including several long

and wide valleys underlaid by magnesian limestone. No crys-

talline limestone has been found in it, in which respect it differs

,_ from the belt next adjoining on the northwest.4. The Peqaest Belt, includes all the Azoiu rocks northwest
•,,4of the boundary just described. It extouds quite across the

State but on the northeast it passes ouly a Ibw miles beyond the
SLate line, and in Pennsylvania it ends a tbw miles northeast of

Bethh.dlem. Its northwestern edge is everywhere overlaid by
Palaezoic rocks. Scott's mountain, Marble mountain, Jenny
.lump, Pimple Hill and Pochuck mountain arc in this belt. It is

• very irregular ia width, being entirely lost in some parts of i_s
_, length, and widening out to three miles or more in others.

Crystalline limestone is very abundant in this belt, and it is also

characterized by its rich zinc mines, and by its iron ores con-
taining manganese.

AGE O]_"THE ROCKS.

in this division into belts, we have not been able as yet, t'o
find any means of identifying our hzoic rocks with either the

Laurentiau or Huronian rocks into which the Canadian geolo-
gists have divided theirs.

The rocks of the Pequest belt have most resemblance to the

typical Laurentian rocks of Canada, and the Green Pond moun-

tain conglomerates have many characteristics in common with the
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Huronian rocks of the Canadian geologists. There is a pecu-
liar bluish gray slate which crops out iu the bed of Ringwood

river, just on the upper side of the bridge at Pompton, and has

been tbund in one or two other places on the southesst border
of the Ramspo belt, which is identical in appearance with the
lluronian slates of Canada, but any positive conclusions would

be unwarranted in the present state of our knowledge.
Structure.--The structure of the rocky materials of this

formation has been given with many illustrations in the "Geology "
of New Jersey," and for full details reference must be made to

that work. it is suff_ient to say here, that all tile rock of the
tbrmation is stratified ; that the strata are not horizontal but

are highly inclined, and in some cases vertical, that inclination

which is called the dip is, with some exceptions, towards the

southeast ; that the direction of the edges of the upturned strata, ,_
called the strike of the rock, is northeast and southwest. The

accompanying map sho_'s the location and general direction of .
these rocks and their subdivision into belts, and gives at. u-_"

glance what pages of text cannot convey.

Though the dip is usually in one direction, and tha| to the

southeast, it has been found in mining explorations that the
strata do not continue on downwards iu the same direction of

dip always, but that in many cases they bend round in a fold

and return to the surface again ; that in fact they are folds, and

the parallelism of the layers is caused by the two sides of tile "
fold being pressed powerfully together. The axes o! these
folds, or the lines about whieia they have been bent are not

usually horizontal, but are much inclined from twenty.five

degrees to fifty degrees to the horizon. This inclination of the

axes of folding is always downwards in the direction of the
strike towards the northeast. This inclination is, among our
miners, called the pitch. The strata are not perfectly even and

straight in their strike, but are commonly wavy, and instances

are occasionally found in which the strike is changed from its
usual northeast and southwest direction to nun northwest and

southeast, as if, in addition to being compressed on the sides,
the strata had also been subjected to a p_werful compressing

L, _- __J
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force between their two ends, which had caused them to shorten

in their length by bending sidewise around vertical axes
and forming a curve somewhat like the letter S. In addition
to these folds and bends, the rock is broken aei'oss in various

directions by vertical cracks or joints, and it is not uncommon
to find that the rock layer oa one side of a joint has been moved

away trom the corresponding layer on the other side, and that

they are now separated by an interval or offset of greater or
less extent, amounting in sore9 instances to a hundred feet or
more. The direction of these offsets does not conibrm to any
known law, but is in some eases in one direction and in others

directly opposite.
The beds of roak are not uniform, some being very thin and

others thick and massive. Sometimes the same bed is found to

vary much in thickness, being many feet thick in one part and

thinning out to almost nothing in others--this is specially true
of the iron ore beds.

Rocks.--Tho greater portion of the Azoic rock is syenilic

gneiss, being composed of crystalline grains of quartz, feldspar
and hornblende, like syenite, and being stratified like a true

gneiss. Mica is found in it in some parts, bat it is not abundant,
and in many layers of the rock it can not be found at all.

Feldspar, which is the most abundant mineral in the rock, varies

¢ much in color ; in some strata it is white, in others flesh colored,

and in others bluish or grayish white, and it imparts its own

shade of color to the whole rock. It varies remarkably in its
power of resisting decomposition, in some places the rock

appears solid and incapable of decay, whiln in others the feld-

spar has decomposed, and become chalky in appearance, and
soft and earthy in its substance.

Hornblende is very abuedant in some beds of the rock, and

imparts its own characteristic black color to the mass, and in

some cases it has been mistaken for iron ore by explorers. It
has been fancied that this kind of rock has some connection

with tbe beds of magnetic iron ore, but its true relation in that

respset is not yet demonstrated. Like the feldspar it is found
2
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much decomposed in some places, and the material produced by
its decomposition is remarkable for its deep reddish yellow
color.

In some localities the stone splits freely and can be dressed
well under the hammer, while in others the rocky mass is too
hard and stubborn to be worked to any advantage. Localities

of this rock can be found along any of the railroads crossing it,

and great quantities are taken out of some of the iron ore mines.

Quarries have been opened at Bloomiogdale, Charlotteburgh,
Franklin, Dover and Port Murray. Some beds of the rock are

so peculiar as to be identified in hand specimens ; but generally
there is so much uniformity that hand specimens from the differ-

ent belts and from different localities cannot be locally identified.

White crystalline limestone is found in the Ramapo and

Pequest belts. That in the latter is in large _luantity, and is

interesting for its many and useful applications in agriculture _-
and the arts, as well as for its rare and beautiful minerals. It

is in such extensive beds that it is marked on the accompan_,ing

map by color, and ithas been fully described in the "Geology of
New ,}'ersey." The white crystalline limestone of the Ramapo
belt is not so well known, and is in much more limited quantity.

it is remarkable for containing serpentine everywhere, and in

some localities in such large proportion as to be almost worth-

less for making lime. The localities at Moatville and at the

De Bow property near Winokio are interesting to the mineral.

ogist on account of the beautiful specimens of_ibrous serpentine
or chrysotile found in them. The massive serpentine is also

very pure and handsome. Montville has long been famed as a

loca!ity for these minerals, but Winokie has not been heretofore
noticed for them, though it has specimens quite as fine as those

at the former place.
Magnetic iron ore is also found in regular and conformable

beds between the layers of gneiss or liamstone. The only
difference between this ore and the other rocks among which it

is found, is, that its beds are limited in extent, either thinning

out or gradually changing in character until the ore is entirely
replaced by rock--though this may not occur in hundreds or
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even thousands of feet. Tile mineral is easily recognized by its

being attracted by the magnet, and some specimens are them-

selves magnets. Its powder is black and it has the color and
lustre of iron. In some beds the ore is granular and crumbles
so much as to be called shot ore, while in others it is extremely

tough and hard. It contains some rocky impurities mixed with

it in variable but snlall quantity, such as quartz, hornblende,

feldspar, phosphate of lime, titanic acid, iron pyrites, &e.
Origin.--The rocks of this formation arc now conceded by all

geologists to be of sedimentary origin. They were originally
deposited from water as sand, earth, clay, shells and corals or

marl, and oxide of iron. Under tile influence of pressure and

heat, long continued, these deposits hardened to stone or rock.
Under the prolonged and powerful influence of the same
ageneiel the rocks were torced from their original horizontal

_ position, turned up, heat and folded as we now tlnd them, and

the material of the rocks separated into distinct minerals, and
changed from its earthy appearance to the crystalline structure

which it now has. Examples to illustrate the possibility of these
different changes might be cited, but they would hardly bein

place in this report. In regard to the iron ore however, it may "]

be said that we have in New J .rsey deposits of yellow oxide of

iron now going on ; that they re in wet places, and are limited
in the areas they cover. I ha re, in one instance at least, had a
fossil from the northern part of the State of which the centre

was red oxide of iron and the outer and main part was magnetic

iron ore. Along our own shores too, we are having ehange_ of

level decided enough; and we have only to imagine them con-
tiuued lon_ enough to put oar present level grounds iu just as

inclined positions as the Azoic rocks now have.

Description of the Geological .Map.--This map is prepared

specially to show the crystalline or Azoie rocks of the State,
and the location of the different belts of those rocks, and the

ranges of the iron ore mines. JBut it is also of general interest,

and a short account of what it shows is accordingly presented.
It is on a scale oi two miles to one inch, and all the cities, towns

and villages of the northern p_rt of the State are on it, also the

k_ J
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roads, railroads and canals. There is no attempt at shading
the hills or mountains, but the high and low surfaces are to
some extent shown by the location and direction of the streams,

which, of course, must always be on the lowest ground, and

their small blanches must always descend from the higher to

the lower pisces. The colors on the map are mostly lithologi.

cal in their indications, some approaching the true colors, and
others being only conventional. The crystalline or Azoic rocks

are indicated by the crimson lake, gneiss being colored full,

serpentine with horizontal bars, end limestone of a purple color,

made by crimson underlaid by blue. The iron mines are fullblack. The sandstones and quartzoso conglomerates by a

brown or umber color, numbers being used to designate those
of different geological ages, and a much deeper shade of the

same being used to show the trap rocks. The limestones by a
cobalt blue color, and of different shades for those of different

ages. The slates are of a gray color, and arc also shaded to
show different ages.

The columnar section on the west side of the map shows the
different geological epochs of the New Jersey rocks, arranged

[ in order, the oldest being at the bottom, that next to it immedi.

ately above, and so on to the topmost, which is of the present
time. The rocks in their natural places are not, however, as

level and regular in their order as this section would seem to
show, but are found lying at all the different angles of eleva-

tion, and in some places many of the rocks in our series are

wanting. The hzoic rocks are the oldest in our series, and the
sandstones, limestones and slates which occur on the northwest

side of them, are of the palaezoi¢ age, being Lhe oldest of the fos-
sil-bearing rocks. Those nearest the Azoic are the oldest, and

those farther off are newer, the rocks dipping to the northwest.
The rock on the southeast side of the Azoic is of the mesozoic

or secondary age, in the series of fossil-bearing rocks. The dip
of this rock is towards the northwest. The other rocks shown

on the-columnar section do not occur ia Northern New Jersey,

but are found in the middle and southern parts of the State.
From this it will be seen that wo have rocks of all ages,
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except the coal bearing or carboniferous. The accompanying

section across the State, from Dingman's Ferry, on the Dela-
ware, to Jersey City and the Hudson river, exhibits all the

large rock formations found in Northern New Jersey, in the

same relations to each other in regard to location and direction
of dip, which they really have. The elevation of the country
above the sea level is also shown. The iron mines are marked

- • upon the map in their proper places. The location of these is very

interesting to those looking for new mines. The exhibition of

the tracts in which no mines are marked, together with the
ranges of those now in operation, must stimulate to greater and

better directed efforts to explore the, as yet, undeveloped dis
tricts. The color of the limestone marks the localities of tha t

rock plainly, and the lines of railroad show how both iron ore
and limestone can easiest find their way to market.

IRON _IINES.

The iron ores of the Azuic region have been mined almost
ever since the English settlers came into the State. Governor
Robert Morris bad iron works at Tinton Fails, Monmouth

county, in 1685. The Dickerson mines at Succasunny, Morris

county, were bought in 1710; and a forge was in operation at

Whippany, in the same notinty, in 1716. There was also a forge
in Upper Freehold, Monmouth county, in 1716. The Oxford

fnrnance, in Warren eounty_ was built in 1742.; and furnaces

and forges near High Bridge, Hunterdou county, in 1754.
Ringwood furnace, in Passaic county, was built in 1762 ; and

those at Charlotteburg and at Long Pond, in the same county,
in 1763. Numerous other forges and some furnaces were in

operation before the Revolution. The amount of iron made
must have been small, though no statistics of the production are
now at band. Morse's Gazetteer for 1821, says that two thou.

sand five hundred tons of iron were then made yearly in

New Jersey. Gordon's Gazetteer, in 183l, puts our annual

product at one thousand six hundred and seventy.one tons .of

pig iron end three thousand tons of bar iron. At that time
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the iron wa_ reduced from our ores by charcoal made in the

vicinity of the works. With the application of anthracite coal
to the reduction of iron ore, which began soon utter this, and

the opening of canals and railroads to furnish abundant and

cheap transportation, the mining of our iron ores increased
rapidly. Dr. Kitchell, in 1855, estimated the whole amount of

iron oJe mined in northern New Jersey that year, at one hun-
dred thousand tons, In 1864, the estimate made for our annual

report was two hundred and twenty-six thousand tons. In

1_67, the estimated product was two hundred and seventy-five
thousand tons. For 1871, the estimate was carefully prepared,

and its result was four hundred and fifty thousand tons. The
amount of iron ore mined in northern New Jersey in 1872,

according to the returns obtained, was six hundred thousand

tons. The amount mined the present year, as estimated from

information furnished by the transportation companies and by
individuals, is :

423,682 tonscarried on the De]., Lack. aud Western R. R.
196,000 .... )Iorris canal.

13,970 ...... N.J. Central R. R.
27.000 ,, mined and worked at Oxford.

5,000 ........ Ringwood.

665,652 tons total product of New "Jersey mines in 1873.

The value of this ore at the mines'is not less than $5 a ton, or
$3,328,260.

LIST OF IRON MINES_ WITH NOTES.

The description of new mines and notes upon the older ones
as here given are not complete in any of the features ssumer.

ated, but only notices of the mining operations of the past few
years, particularly since the publication of the ,, Geology of
New Jersey " in 1868. Au attempt is made to mention all the

new mines and ore localities, and to note any important changes

in the development and working of those described in that J

report. This enumeration is necessarily incomplete, owing to I




