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By Prestox E. Horz

ABSTRACT

The magnetite deposits of northern New Jersey are in rocks of pre-Cambrian
age, which include igneous rocks, igneous and metasedimentary gneisses, and
some belts of marble. The metasedimentary rocks were formed by metamorphism
of a predominantly calcareous sequence of rocks, which was converted to
amphibolite, skarn, and small amounts of marble. Some biotite-quartz-plagio-
clase gneiss, in places containing garnet and sillimanite, was formed from
alumino-siliceous sedimentary rocks interbedded with the calcareous rocks.
Igneous rocks, including granite, related alaskite and pegmatite, some syenite,
and granitic quartz-plagioclase gneiss, invaded the metasedimentary rocks, in
part at least contemporaneous with the folding and metamorphism’ of the sedi-
mentary rocks. In many places, intimate penetration and modification of the
metasedimentary rocks by granitic material has formed migmatites and mixed
rocks.

In general the rocks strike northeast and dip moderately to steeply southeast;
the gneissic foliation is parallel to the strike of the rocks. The rocks have been
complexly folded, locally causing departure of the gneissic foliation from the
general northeast trend. The folds are mainly isoclinal; they plunge gently
to moderately northeast and are overturned to the northwest. The linear strue-

' ture of the gneisses plunges northeast and is essentially parallel to the plunge

of fold axes. Very few faults have been recognized except where they are ex-
posed in underground openings and where diamond drilling has indicated their
presence.

The magnetite deposits were formed by replacement of metasedimentary and
granitic rocks and marble. Few are known to occur in marble, and most of the
deposits described in this report are in amphibolite and skarn. The deposits
are tabular or veinlike bodies, lenses, and pods that conform with the structure
of the enclosing rocks; they may have a shoot structure that plunges parallel to
the lineation of the adjoining rocks. The deposits are composed of magnetite
and a mixture of gangue minerals. Most of the gangue is composed of unreplaced
minerals of the gneisses, but some gangue minerals were formed during deposi-
tion of the magnetite.

The magnetite deposits, which were studied as part of the U. S. Geological
Survey’s strategic minerals program during World War II, are described. The
studies'were made in conjunction with dip-needle surveys and diamond-drill-hole
exploration conducted by the U. S. Bureau of Mines. All the deposits described

~are small and generally low in grade ;' none is being mined at present. The

principal purpose of the report is to present the new data on the possibility that
the deposits may at a later time be considered as potential sources of iron ore.
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202 CONTRIBUTIONS TO ECONOMIC GEOLOGY
INTRODUCTION

From 1943 to 1946, as part of the strategic minerals program of the
United States Government, several magnetite deposits in New Jersey
(fig. 30) were studied by the U. S. Geological Survey in conjunction
with a program of drill-hole exploration and dip-needle surveys coi-
ducted by the U. S. Bureau of Mines. Members of the Geological
Survey prepared geologic maps of the more important deposits and
studied and interpreted drill cores in an effort to guide exploration and
to obtain new information on the occurrence and origin of the magne-
tite deposits.

A. F. Buddington was responsible for general supervision of the
work done by the Geological Survey. Members of the Geological
Survey who took part in the study were P. E. Hotz, H. E. Hawkes, and
B. F. Leonard.

Port Jervis

“‘“e’d \ v

WELLING-W/?IGHT

& FARM AREA ,%/
Ny
¥ .
o I
6/ H] s /' o FnGwoo!
4 / .
S\ ST J /AN
7/ L ~
< g \ ’/: 7/ ] / \
\ g T\
- \\ \ \l g \
Ve BER G EN
H !
CUMMINS N { oPaterson
: > wARREN 2’ < BERIL oPovr 2 T
< & RPEQUEST MO R R I S \i N.e 7
DISTRICT ) Hackettstown / N, \)'
> J R anLEs P
" <
J ,f\JWoshmqtono /./\ A !' ESSEX ,\6\/90
'/' \_... T 2 Newark (a2
hillpsburg ./ “‘f’ - \ A
peburs b -~ s
Eos'on ) / .

»

§ 7
? Ve »Z,:;;-m?a’gug 4 (/’Ln-/) UNIT O N
_\/' 4
R

z S o )
5 osomewmea’/'-—’

TN

(Ve \
-4 Q "NTERBON f— oM ERSET
S /
§ / \.
w 3 [\ P
S /

P
-
4
\
)

]
2\
o
~
m
w
m
x

\__

s [} 45 Mil .
Liassd L A ) N’e"’” //

FIGURE 30. Index map of northern New Jersey, showing location of magnetite deposits
discussed in this report.
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The most authoritative published work on New Jersey magnetite
mines is by W. S. Bayley (1910), and much of the historical data
included in the present report is taken from this publication. Recent,
more detailed studies have been made by Sims (1954) in the Dover
district and by Hotz (1953) in the Ringwood district. A report on the
Edison district by Buddington and Rogers is in preparation.

The results of drill-hole exploration and magnetic surveys of all the
deposits investigated by the Bureau of Mines have been published in
U. S. Bureau of Mines Reports of Investigation by Botsford (1948),
Troxell (1948), Lynch (1947), Neumann and Mosier (1948), and
Stampe and others (1949). '

Meredith E. Johnson, New Jersey State Geologist, and Tom Myners
made maps and other useful information available. The assistance
and cooperation of the following engineers of the U. S. Bureau of
Mines is gratefully acknowledged: G. B. Botsford, P. W. Jackson,
G. L. Neumann, J. A. Stampe, J. R. Troxell, and Lloyd Williams.

GENERAL GEOLOGY

All the deposits of magnetite in New Jersey are in rocks of pre-
Cambrian age. The pre-Cambrian rocks occupy a prominent belt that
trends northeast through the northern part of the state, a region locally
known as the New Jersey Highlands. This belt is bounded on the
southeast by Triassic sedimentary rocks (the Triassic lowlands) and on
the northwest by sedimentary rocks of Paleozoic age (the Ridge and
Valley province). Within the area of pre-Cambrian rocks are several
narrow belts of Paleozoic rocks bounded on the sides by faults.

The rocks of pre-Cambrian age include gneisses of igneous and meta-
sedimentary origin and some belts of marble. Those of igneous origin
are represented by a variety of granitic rocks including granite and
related alaskite, and granite pegmatite, some syenite and granitic
quartz-plagioclase gneiss.

The metasedimentary rocks were derived in part from calcareous
sedimentary rocks that may have included some limestone or dolomite,
but which probably originally consisted mostly of calcareous shales
and impure carbonate rocks. Metamorphism converted most of these
to amphibolite and skarn, though some of the limestone was recrystal-
lized to marble. Some of the amphibolite may have been formed by
metamorphism of mafic volcanic rocks. Alumino-siliceous rocks were
metamorphosed to biotite-quartz-plagioclase gneiss and garnetiferous
and sillimanite-bearing biotite-quartz-plagioclase gneisses, or were
locally granitized, yielding a sillimanitic microcline-quartz gneiss with
much associated granite pegmatite.
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The sedimentary rocks were highly folded, metamorphosed, and
intruded by granitic rocks. In part, at least, the folding and meta-
morphism was penecontemporaneous with the emplacement of the
igneous rocks. Although the relations between the igneous rocks are
not completely clear, granite and alaskite are apparently the youngest
of the gneissic igneous rocks. Granite pegmatlte was the latest pre-
Cambrian rock of igneous origin.

DESCRIPTION OF THE PRE-CAMBRIAN ROCKS

The pre-Cambrian rocks associated with the magnetite deposits are
similar throughout the Highlands of New Jersey and have been de-
scribed in the Passaic (Darton and others, 1908), Franklin Furnace
(Spencer and others, 1908), and Raritan (Bayley and others, 1914)
folios of the Geologic Atlas of the United States, and by Bayley (1941,
p. 9-52) in a report on the Delaware Water Gap and Easton quad-
rangles. More recent reports by Sims (1953), on the Dover district,
and by Hotz (1953), on the Ringwood district in New Jersey and the
Sterling Lake district in southern New York, also describe the rocks
in detail.

The following descriptions refer to the rocks of the districts in
which lie the magnetite deposits described in this report, and not to
the Highlands as a whole.

METASEDIMENTARY ROCKS
Limestone.—Limestone is not commonly encountered in the pre-
Cambrian areas of New Jersey. In the western part of the High-
lands, however, limestone underlies several areas and is mapped as
the Franklin limestone. Franklin limestone occupies areas about
the Ahles mine and south of the Pequest district, which are de-

scribed in this report.
All the limestone is more properly termed marble because of its
moderately to coarsely crystalline character. Most of it is gray to

white, but some of it has a handsome salmon-pink color. Some of it
1s composed entirely of calcite, but most of it contains visible gran-
ules of silicate minerals, including green pyroxene and dark green-
ish-brown olivine. Grains of magnetite may also be present. This
silicated- marble represents the first step of the transformation of
marble to pyroxenic and amphibolitic gneisses.

Texturally, the marble is crystalloblastic. With the addition of
silicate minerals the texture may be termed porphyroblastic due to the
presence of individual metacrysts and aggregates of silicate minerals.

Following are the modes of specimens of silicated limestone (mar-
ble) in a drill core from the Ahles mine:

*
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Modal composition of silicated limesione, Ahles mine

Sphene...
Tourmaline. .
Epidote...ceecceceuaaa-

Skarn—Skarn is an old Swedish mining term for aggregates of’
dark silicate minerals rich in iron, magnesia, and lime (Holmes, 1928,
p- 211). In the pre-Cambrian rocks associated with the New Jersey
magnetite deposits, rocks composed principally of coarsely crystalline
© pyroxene, with or without accompanying hornblende and garnet, are
called skarn. Bodies of skarn are interlayed with the other meta-
sedimentary gneisses, and are mostly thin and lenticular, though there
are a few fairly continuous layers or zones.

Much of the skarn is composed mostly of pyroxene, and two kinds
of pyroxene skarn have been recognized: dark pyroxene skarn, in
which the pyroxzene is dark green augite; and light pyroxene skarn,
composed of pale green diopside. Some skarn contains notable
amounts of plagioclase; in some, scapolite may be abundant. The
pyroxene in many specimens is partly replaced by hornblende; some
shows incipient serpentinization.

Relict grains of calcite in some specimens indicate that the skarn
was formed by the metamorphism of limestone accompanied by the
addition of iron, magnesmm, and silica.

Most of the skarn is medium- to coarse-grained and granular.
Gneissic foliation and lineation are obscure or absent in most speci-
mens.

The following table hsts the modal composition of typical speclmens

of skarn :
Modal composition of skarn

Potash feldspar....coo..... 286  |ooa.-o R
Plagloclase._...... 3.9 (Angs) [coccomen|omommmafamm e femea s
Scapolite.._.._ ) U - S R AR, 5.9 40.1
Quartz ...
Pyroxene...... 12.2 92.2 38.4 88.7 57.2
Hornblende_ ... ool 51 59.8 4.8 |ooeeeoan
Magnetite, . .

Apatite
Sphene

alcite...
Epidote.......
Serpentine.
Chlorite....

1. Cummins mine, drill hole 3, depth 331 feet.

2. Swayze mine, drill hole 1, depth 176 feet.
3. Turkey Hill mine, drill hole 7, depth 114 feet.
4. Turkey Hill mine, drul hole 9 depth 215 feet.
5. Ahles mine, drill hole 1 .
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Amphibolite and pyroxene amphibolite—Probably the most com-
mon kind of metasedimentary rocks are amphibolite and pyroxene
amphibolite, which occur as bodies that range in size from thin layers
and lenses enclosed in granitic rocks to individual units hundreds of
feet wide and thousands of feet long. ;

Typically, these rocks are dark gray, greenish gray, or black, with
an equigranular medium-grained crystalloblastic texture. Foliation
is best revealed in varieties that contain biotite, especially where the
biotite is concentrated in thin laminae. Where platy minerals are
absent the foliated structure is not readily seen, but parallel layers
differing slightly in mineral composition may reveal the gneissic
structure. ‘

The principal mafic minerals are hornblende and pyroxene, which
may occur separately or together, plus plagioclase feldspar and pos-
sibly some quartz. Biotite is an important mafic constituent of
some of the gneisses. The usual minor constituents are magnetite,
apatite, and sphene. Some specimens contain small amounts of
tourmaline, which probably was introduced after the rock was formed.
Scapolite may also occur in widely variable amounts. Relict grains
of calcite in some specimens attest to the original calcareous nature of
the rock.

The mineral composition of typical specimens of amphibolite and
pyroxene amphibolite is given below :

Modal composition of amphibolite and pyrorene amphibolite

1 2 3 4

Potash feldspar. . . -ooofooocooooooofe 110.8 0.
Plagioclase.-_ . .| 21.3 (Anz)| 53.9 (Anss)| 44.4 (Ansg) 24.
Scapolite. 233.2  |ecmcecmcceco]eemcmmmm e e e
Quartz__. % IEORESRPRIPI FSPRPIPUI NN P,
Pyroxene___. .

Zircon.
Tourmaline. ..

! Microcline microperthite; replaces plagioclase in one part of thin
section.

2 Scapclite replaces plagioclase.

s Biotite, in part introduced.

1. Ahles mine, drill hole 1.

2. Ahles mine, drill hele 1.

3. Turkey Hill mine, drill hole 8, depth 483 feet.
4. Cummins mine area. outcrop.

Biotite-quartz-feldspar gneiss.—Biotite-quartz-feldspar gneiss is
perhaps less abundant than skarn and amphibolite. Generally, rela-
tively thin sheets of biotite-quartz-feldspar gneiss are interlayered
with amphibolite and skarn; in places it is interlayered with the

gneissic granitic rocks.

A
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Biotite-quartz-feldspar gneiss has a crystalloblastic texture and
well-developed gneissic structure. The essential minerals are quartz
and feldspar (both plagioclase and potash feldspar, generally micro-
perthite) ; biotite is never more abundant than in accessory amounts.
Sillimanite and garnet (almandite) are rather common accessories in
addition to biotite in many places and apparently are most commonly
formed where the gneiss has been penetrated by granitic material.
Locally, as near the Henry tunnels in the Pequest district, tourmaline
is an important constituent of the gneiss. Magnetite is mostly a minor
accessory, but in the Henry tunnels area it is so plentiful that the
garnet-sillimanite-biotite-quartz-feldspar gneiss is a low-grade iron
ore.

The following table gives the modle composition of some specimens
of biotite gneiss:

Modal composition of biotite-quartz-feldspar gneiss

1 2 3

Potash feldspar. .ccceeenaoo 34.
Plagioclase. .-

15
.9 (Anz)| 42.3 (Ang)
30.2

1. Welling-Wright farm area.
2. Welling-Wright farm area.
3. Pequest district, Henry tunnels, hole 11, depth 96 feet.

GRANITIC ROCKS

Granitic rocks, in the broad sense of the word, are interlayered with
the gneisses of metasedimentary origin throughout the New Jersey
Highlands. Probably more than one-half of the total bulk of pre-
Cambrian rocks in the region is granitic. The bodies of granitic
rock range in size from thm sheets a few feet wide interlayered with
the metasedimentary gneisses, to great bodies thousands of feet wide
and as much as several miles in length. The bodies are in general
conformable with the structure of the older country rocks except in
a few places where they show cross-cutting relationships on a small
scale. Structural relations other than conformity between the
granitic rocks themselves are very difficult to recognize.

Under the heading of granitic rocks are: granitic quartz-plagio-
clase gneiss, gneissic hornblende granite and related alaskite, and
pegmatite. These look like and have the composition of true granitic
rocks. The quartz-plagioclase gneiss, however, cannot be certainly
distinguished from some facies of amphibolite or pyroxene amphibolite
or from a similar rock of metasedimentary origin.
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Age relationships between the granitic rocks are not definitely es-
tablished, but all are certainly younger than the gneisses formed by
‘metamorphism of the sedimentary rocks. The oldest of the granitic
rocks is presumably the granitic quartz-plagioclase gneiss, although
-relations between it and the hornblende granite are not completely
clear. Granite and related alaskite are next oldest, and granite peg-
matite is the youngest.

Granitic quarts-plagioclase gneiss.—The quartz-plagioclase gneiss
is in general a light-gray to greenish-gray granitic rock and is
characterized in many of its exposures by dark mafic schlieren and
‘large inclusions of mafic gneiss, particularly amphibolite and pyroxene
amphibolite. The content of mafic minerals in the quartz-plagioclase
gneiss is variable, and in places the rock is difficult to distinguish from
amphibolite or pyroxene amphibolite. The rock is moderately foli-
ated, and the gneissic structure is most apparent where the rock con-
tains darker schlieren. In some exposures, however, foliation and
lineation are difficult to recognize.

The quartz-plagioclase gneiss is medium grained and typically has
a granitoid texture, though some specimens have a granoblastic ap-
pearance. Plagioclase, of about the composition of oligoclase, and
quartz are the essential constituents. The plagioclase commonly has
some blebs and rods of exsolved potash feldspar. Minor quantities of
potash feldspar—microcline and microcline microperthite which ap-
pear to have partly replaced the plagioclase—may be present. The
most common accessory mineral is pyroxene, represented by two
species, augite or diopsidic augite, and hypersthene. The two varie-
ties of pyroxene may occur singly, though more commonly both are
present. Hornblende may also be an accessory mineral, though in
amounts subordinate to pyroxene. Minor accessories include biotite,
magnetite, apatite, sphene, zircon, and tourmaline.

Modal compositions of some specimens of qualtz plagioclase gneiss.

are listed in the following table:

Modal composition of granitic quartz-plagioclase gneiss

1 2 3 4

. Tr. 3.3
Plagioclase.. .7 157.6 (Angy) | 013 (Anxn)
37.4 32.8
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Apatlte ...........
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1. Cummins mine area.
2. Highway 206, north of Flanders.
3. Cummins mine area.
4. Cummins mine area.

1 Mostly after byroxerie.
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Syenite—~A syenitic rock is encountered in a few places but has not
been mapped separately. The rock is granitic in appearance both meg-
ascopically and under the microscope, and may have a visible planar
structure. The most abundant minerals are potash feldspar, which is

" microperthite or microcline microperthite, and plagioclase, which has

the composition of medium to calcic oligoclase (Ang.,s). The amount
of potash feldspar is greater than plagioclase. Quartz is absent or in
relatively small quantities. Hornblende is the common mafic acces-
sory, and some biotite and, uncommonly, pyroxene may also be present.
Magnetite, apatite, sphene, and zircon constitute the usual minor

accessories. _
Following are modal compositions of some specimens of syenite:

Modal composition of syenite

1 2 1 2
Microperthite...._........ 65 39.0 Magnetite. ... 3.5 6.0
Plagioclase.- . .| 25 (Ang) | 32.8(Angs) || Apatite. . Tr. 1.9
Quartz...._. 1.2 Sphene.. Tr. Tr.
Hornblende. 3.5 12.0 ZArCOM oo e feaaa Tr.
Biotito. w oo faoaceaos 6.6 Pyrite et .4

1. Ayres mine, Cummins district.
2. Cummins mine, drill hole 2, depth 328 feet.

Hornblende granite and related alaskite—~Characteristically, fresh
exposures of the hornblende granite and alaskite are pink, although
some varieties are white or light gray. Most commonly they are me-
dium- to coarse-grained and have a massive appearance; planar and
linear structures are difficult to recognize. In many specimens, how-
ever, a definite parallel elongation of quartz is apparent. Unlike the
granitic quartz-plagioclase gneiss, most outcrops are devoid of
schlieren and inclusions of dark gneiss; in some, however, there is a
segregation of the mafic minerals into poorly defined layers. The
texture of most of the granite and alaskite is typically granitoid
though there may be some tendency towards an elongation of the
quartz and a roughly parallel orientation of the hornblende. A few
specimens, however, have a true granoblastic texture due to recrystal-
lization of the rock.

All varieties of the granite and alaskite are composed of potash
feldspar, quartz, hornblende, magnetite, apatite, and sphene in vary-
ing proportions. The potash feldspar is microcline or microcline
microperthite; orthoclase is generally absent or occurs in smaller
amounts than microcline. Sodic, generally antiperthitic plagioclase
feldspar varies rather widely in amount. Besides hornblende, the
granite may contain subordinate amounts of augite and biotite. Vari-
eties of the granite that contain less than 5 percent of mafic accessory
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minerals have been classed as alaskite. No attempt has been made to
separate granite and alaskite on the maps.
The model composition of some typical specimens follows:

Modal composition of granite and alaskite

1 2 3
Microcline and microcline | 55.4 70.7 | 34.7
microperthite.
Orthoclase

5.0 .
Plagioclase 11.5 (Ann)
36. 4

Quartz_____..
Hornblende 3
L L e ) P

Biotite.

1. Hornblende granite from Pequest district.
Mghyll\{oatl?:gs({:isgficgighway 206—Flanders road junction,
3. Alaskite from Pequest district.

Pegmatite—~Some of the alaskite is very coarse-grained and there-
fore has been designated as pegmatite. The pegmatite bodies are
commonly thin and lenticular and apparently are most common in the
vicinity of some of the magnetite deposits.

A pink color is characteristic of the pegmatite on fresh and weath-
ered surfaces. The texture ranges from coarse grained to pegmatitic
with subhedral to idiomorphic, roughly tabular crystals of perthitic
microcline and irregular bodies of white quartz. A trace of mag-
netite is the only visible dark accessory mineral in most specimens,
though some may contain small amounts of hornblende 4nd pyroxene.
Narrow selvages of biotite may occur at the contact between pegma-
tite and mafic gneiss. Most of the pegmatite has no apparent gneissic
structure, although in some places a faint sheeted structure and some
alinement of the quartz can be seen.

Another type of pegmatite commonly occurs in the granitic quartz-
plagioclase gneiss as veinlets. Quartz and white, or greenish, some-

what perthitic potash feldspar (microcline, uncommonly orthoclase),
with some sodic plagioclase are practically the only mineral constitu-

ents. Some hornblende, pyroxene, or biotite, possibly derived from

reworking of mafic minerals in the wall rocks, and local concentrations
of magnetite have been seen in a few of these pegmatite veinlets.

MIGMATITE

At many places the metasedimentary rocks are interlayered with
granitic material, and the mixture of metamorphic and granitic mate-
rial may be so intimate that the rock is a migmatite. No attempt has
been made to show the mixed rocks on the geologic map. Depending
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‘'on the predominant component, general appearance, and relations to
the surrounding rocks, migmatites were mapped as one of the meta-
sedimentary rock units, or as granitic quartz-plagioclase gneiss,
granite, or alaskite.

Many of the migmatites are mixtures of granitic quartz-plagioclase
gneiss with amphibolite and pyroxene amphibolite, less commonly
skarn and biotite gneiss. Migmatitization of the dark mafic rocks re-
sults in a gray gneiss having a streaked appearance due to the alterna-
tion of layers and folia of light granitic material with darker, mafic-
rich layers. Much of the garnet-sillimanite-quartz-biotite gneiss in
the Pequest district is migmatitic, and the granitic material, which
contains potash feldspar, is regarded as belonging to the hornblende
granite-alaskite unit. Most of the garnet is in aggregates next to and
within the granitic leaves, where it appears to have formed by reaction
between the biotite of the gneiss and the granitic material.

STRUCTURAL GEOLOGY

The gneisses generally strike northeast and dip moderately to
steeply southeast; the foliation is parallel to the strike of the rock
units. Many foldlike features have been recognized ; locally the folia-
tion departs from the general northeast trend. The folds, mainly
isoclinal, plunge gently to moderately northeast and are overturned
to the northwest.

Most of the rocks have visible foliation and lineation, though in
some of the more massive types of granitic bodies either one or both
structural features may be difficult to recognize. Foliation, which
parallels the rock layers, may be due to (1) a rearrangement of min-
erals by recrystallization, resulting in parallel orientation of the platy
and tabular minerals; (2) compositional layering that reflects the
original bedding or layering in the sedimentary rocks; (3) migma-
titic interlayering of granitic and metamorphic material; (4) flow
layering induced in partly crystalline magmatic material during crys-
tallization. Lineation in the gneisses is due to a parallel orientation
of needlelike or prismatic minerals within the plane of foliation and
may be due to primary flow or secondary recrystallization. At most
places the lineation plunges to the northeast and is essentmlly parallel
to the plunge of fold axes. :

Joints are prominent in most places. Most common are transverse
joints that are oriented about at right angles to the strike of the folia-
tion and the plunge of the lineation and hence, in general, strike
northwest; they are vertical or dip very steeply southwest. Joints
that are parallel to the strike of the foliation but whose plane makes
an angle with the plane of foliation are also common.

279478—54——2
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All the faults that have been recognized are postmineralization
faults and can be divided into two main types, longitudinal and cross
faults. The longitudinal faults are mostly high-angle faults that are
parallel to or cut across the strike of the gneisses at a small angle.
Cross faults likewise dip steeply, making large angles with the strike
of the foliation. Faults are not easily recognized at the surface but
are seen in underground workings.

MAGNETITE DEPOSITS

The deposits of magnetite were formed by replacement of preexist-
ing rocks. Nearly all types of gneisses may act as host rocks for the
magnetite, and deposits are found in limestone, in gneisses of meta-
sedimentary origin, and in granitic gneisses. Few are known to occur
in the pre-Cambrian limestone or marble; some of the most common
and largest deposits have been in amphibolite and skarn derived from
calcareous sedimentary rocks; and several important deposits are
found in granitic quartz-oligoclase gneiss.

FORM AND STRUCTURE

The magnetite deposits are tabular or veinlike bodies, lenses, and
pods that are conformable with the structure of the enclosing rocks.
Some ore bodies have definite shoot structure and are lath, pencil,
cigar, or sausage shaped with the long axis parallel to the lineation
of the adjoining rocks. The bodies pinch and swell. Deposits in
granitic gneiss may be more irregular. Generally, the contacts be-
tween the magnetite bodies and wall rocks are fairly sharp, though
some may be abruptly gradational, and a few may have indefinite or

“assay” walls.
MINERALOGY

The mineralogy of the magnetite deposits is simple, and the mag-
netite-bearing rock has the same general features in all deposits. Mag-
netite is the only important ore mineral, though hematite is found with
the magnetite in some deposits. Blades of exsolved ilmenite and
minute rods of spinel can be seen in some polished surfaces of

magnetite.
The deposits are typically composed of magnetite and a mixture of

gangue minerals, most of which are original constituents of the_ rock
that is replaced. IHigh-grade deposits are compoced of practically
solid magnetite and only scattered grains of silicate gangue minerals.
In deposits of lower grade, gangue minerals are more abundant and
magnetite may occur as single grains.

The most common gangue minerals are hornblende, pyroxene, feld-
spar, quartz, apatite, pyrite, and pyrrhotite. In addition, biotite, gar-
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‘net, sillimanite, calcite, and serpentine are abundant locally, and
chlorite, tourmaline, epidote, fluorite, chalcopyrite, and molybdenite
have been found in a few deposits. Apatite, some chlorite and biotite,
tourmaline, epidote, fluorite, and the sulfide minerals formed later
than the other gangue minerals and were associated with the solutions
that deposited magnetite. Apatite and possibly biotite were deposited
before the magnetite.

AHLES MINE

LOCATION

The Ahles mine, one of the few iron deposits that occur in lime-
stone in New Jersey, is in Warren County (fig. 30, pl. 26) 11,
miles northwest of Oxford, 1 mile southwest of Buttzville, and
about 5 miles north-northwest of Washington, the county seat. The
property is readily accessible from State Route 30 by a hard-surfaced
road and a short stretch of unimproved road. It can be reached from
Oxford by going north on Route 30 for one-half mile to the first road
on the left, thence 1 mile to a lane on the right. Three-fourths of a
mile down the lane on an unimproved road, a right turn is made into
a short trail that ends near the property.

A branch of the Delaware, Lackawanna, and Western railroad goes
through Oxford. The old roadbed of a spur track to the nearby lime-
stone quarry goes through the property. The rails and ties have been
removed, but the grading is still in fair condition.

HISTORY AND PRODUCTION

The date of discovery of the Ahles deposit and the conditions under
which it was found are not known. In 1901 a shaft was sunk in the
footwall about 30 feet from the ore body to a depth of 168 feet, and
two crosscuts at 75 and 128 feet were run southwest to the ore. Two
other shafts and a slope were sunk a few years later, and the ore body
was thoroughly developed along its strike for about 1800 feet (Bay-
ley, 1910, p. 210-212). Apparently, four levels were developed to a
depth of about 200 feet below the surface by 1916, when operations
ceased. Much of the ground above the old workings is caved, and
several ponds, the largest of which is about 700 feet long and 200
feet wide, have formed above the stopes. All the shafts are flooded
to their collars. All plant installations and buildings have been
removed.

According to Bayley (1941, p. 69), the mine was in operation con-
tinuously for nearly 15 years and was closed down, not for lack of
ore, but because of the rising costs of mining and preparing the ore
for market. During its operation the mine produced about 800,000
‘tons of ore. Much of it was soft and consisted of soft limonite mixed
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with magnetite. . After washing, many tons of the “hard” ore was

stockpiled and the “soft” ore sold for paint pigment. In 1923 ore-

from the stockpile was being shipped at the rate of about 800 tons per
day to the Eastern Steel Co. at Pottstown, Pa. (Bayley, 1941, p. 69).
At the time of exploration in 1944 the stockpile on the property
amounted to about 30,000 tons (Troxell, 1948, p. 3).

EXPLORATION

In 1944 the U. S. Bureau of Mines explored the down-dip extension
of the Ahles deposit with two diamond-drill holes (Troxell, 1948, p.
6-8, fig. 3). Hole 1 was drilled from the footwall side 160 feet east
of no. 3 shaft to a depth of 640 feet. The second hole, 616 feet south-
west of hole 1, was drilled in the hanging wall and bottomed at 834 feet.
No dip-needle work was done here.

GEOLOGY

The Ahles magnetite deposit is unique in that, unlike most New
Jersey magnetite deposits, it is entirely within the Franklin limestone
of pre-Cambrian age. The limestone is a lenslike body that trends
northeast and is surrounded by gneiss (see inset, pl. 26). There are no
exposures at the mine, as most of the region is mantled with glacial
deposits which conceal the bedrock. Exposures are found in the lime-
stone quarries northwest of the Ahles mine and in a small quarry
northeast of the mine. Coarsely crystalline gneissic granite crops out.
at the top of a low ridge west of the mine.

The rocks of the hanging wall consist of interlayered amphlbohte
pyroxene gneisses, and skarn in the upper part of drill hole 1 (pl. 26).
Granitic pegmatite layers containing some magnetite interrupt the
sequence in places, and there is some coarsely crystalline limestone
containing scattered granules of silicate minerals. In the lower part.
of the drill hole (the section closest to the ore zone) the rock is pre-
dominantly coarsely crystalline limestone with some interlayered

pyroxene amphibolite and skarn in which scapolite is abundant in
places. There is a negligible amount of granite pegmatite. Most of

the limestone contains disseminated granules of pyroxene and olivine.
No chondrodite, which Bayley (1941, p. 68) reports as being present,.
was identified; the olivine in the limestone does not resemble
chondrodite, and optical data indicate that it is an iron-rich olivine.

The rocks of the footwall, as indicated by the core from drill hole
2 (pl. 26) are predominantly lightly silicated limestone, most of which
is dark gray in color. Toward the bottom of the drill section coarsely
crystalline white to pink limestone free-from silicate minerals, is
prominent. No core was obtained in the upper part of the drill hole.

o
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STRUCTURE

In the limestone at the quarries northwest of the Ahles mine fairly
prominent color banding, which may represent bedding, strikes N.
75°~80° E. and dips steeply north or is vertical. In the small quarry
northeast of the mine the limestone strikes nearly east and dips steeply
south or is vertical. The foliation of the coarse-grained granite on
the hill southwest of the'mine also strikes nearly east and is essentially
vertical. Measurements of the foliation angle in the drill corss in-
dicate that the rocks are steeply dipping. In hole 1 the predominant
direction of dips appears to be northeast; in hole 2 the dip is south-
west. The attitudes derived from foliation measurements on the drill
core in hole 1 may not be too reliable because there was some difficulty
in drilling this hole and no measurements of the inclination of the
hole were made.

According to Bayley (1941, p. 68) the ore body has a northwest
trend (N. 60° W.) and dips about 80° southwest. It is noteworthy
that all the exposures of limestone and gneiss have a foliation which
strikes a little north of east, whereas the trend of the ore body is
north-northwest. The question arises whether the ore body reflects
a change in strike of the foliation or bedding of the rocks, or whether
there is no change of strike of the rocks and the ore follows a trans-
current fracture zone. Plate 26 (inset) shows an abrupt change of
direction in the contact between gneiss and limestone near the Ahles
deposit as if there was a change in strike.

ORE DEPOSITS

From Bayley’s descriptions (1910, p. 210-212; 1941, p. 68-69) and
the writer’s observations of drill-core and dump material, the ore
occurs as a replacement of the limestone. It does not occur, except
as accessory magnetite, in the amphibolite and pyroxene amphibolite
or skarn. Bayley (1910, p. 210-212) describes the deposit as a tabu-
lar body that was continuous throughout its mined length and dipped
southwest at a steep angle. No plunging shoot structure, such as is
characteristic of the magnetite bodies in gneiss elsewhere in the
Highlands, is indicated by the shape of the ore body either in plan
(pl. 26) or in the way it apparently was developed in mining ; neither
does Bayley make any mention of a shoot structure.

The ore that was mined was a soft brown limonite containing nod-
ules of pyrolusite and crystals of magnetite, and in many instances
enclosing boulders of limestone and masses of chert or cherty limonite
(Bayley, 1941, p. 68). The small amounts of ore in the drill core
from hole 1 consisted of magnetite and some soft brown limonite as
veinlets in the limestone. Some disseminated grains of magnetite
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were also seen in the limestone. No manganiferous ore mineral was
identified. Apparently the pyrolusite-bearing ore occurs only in the
soft, weathered ore near the surface.

Drill hole 2 penetrated soft ore just below the overburden. This
material is probably similar to the weathered ore described by Bay-
ley as being mined from the Ahles deposit.

Incomplete analyses of the ore, after Bayley (1910, p. 212), and
an analysis of a stockpile sample prepared by the lessee in 1944 are
as follows:

Analyses of iron ore and stockpile samples from the Ahles deposit

[In percent]
1 2 31 1 2 31
47.6 49.30
4.3 4.00
15.7 11.00
1.3 1.51
1.3 1.40
1.6 .97

1. Sample of ore mined in 1902 (Bayley, 1910, p. 212).
2. Sample of ore mined in 1904 (Bayley, 1919, p. 212).
3. Trench sample weighing 4,080 pounds mined in 1944 (Troxell, 1948, p. 5).

1 Total(?) Fe,

‘When piled on the dumps the mixed hard and soft ore “ * * * rap-
idly disintegrated * * * leaving a soft mass of limonite and pyro-
lusite enclosing the hard lumps of magnetite” (Bayley, 1941, p. 67).
Washing yielded a hard and a soft ore which in the sample analysed
below consisted of 63 percent hard, 15 percent soft, and 22 percent of a
mixture of the two.

Analysis of “hard” and “soft” portions separated from ore of Ahles mine,
Warren County, N. J.

. [Analyst, E. C. Sullivan, U. S. Geol. Survey 1]

Hard ore | Soft ore Hard ore | Soft ore
2.55 7.16
s |
50. 91 Tr. 1.32
---------- .1 .
1.54 4.4? 11.44
.66 .06 .20
.08
.20 99.81 100.04

1 After Bayley, 1941, p. 67.
RESULTS OF EXPLORATION
Neither drill hole encountered ore beneath the bodies outlined on the

map (pl. 26) except for a showing of magnetite, of no economic inter-
est, in the lower part of drill hole 1. It must be assumed, therefore,
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that the ore terminates between the lowermost drift and the drill holes
in the area explored. The drilling was not extensive enough to dis-
prove the downward continuation of the ore in the area to the north-
west beyond drill hole 2 or southeast beyond drill hole 1.

. Nomagnetic data are available for this property. Before additional
drﬂhng is done a dip-needle survey of the area should be made.

The presence of a body of ore southwest of the main ore zone in the
section of drill hole 2 is indicated. Beneath an overburden approxi-
mately 160 feet deep a true thickness of about 25 or 30 feet of soft,
weathered ore was encountered. Sludge samples were taken through-
out the entire zone of soft material and analyzed by the Bureau of
Mines (Troxell, 1948, p. 8). Analyses indicate a range from about
7 percent to nearly 52 percent iron. Inthe uppermost 65 feet the range
is from about 11 percent to 52 percent iron, the average is 27.57 percent
iron, and there is 0.10 percent phosphorus. The material was not
analyzed for manganese. This 65 feet is drill thickness, corresponding
to about 25 feet true thickness.

Further exploration might show a continuation of this body in depth
and along the strike. This deposit bears the same spatial relationship
to the main ore zone as does the lenticular body near the southeast end
of the deposit that lies southwest of the main body.

The economic possibilities of this deposit cannot be assessed ade-
quately without further exploratory work.

PEQUEST DISTRICT

The Pequest district includes the Pequest mine, Henry tunnel area,
Hoit mine, and the Hoit farm explorations.

LOCATION

The magnetite deposits of the Pequest district (fig. 30) occur in a
belt that trends north to north-northeast on the western and southern
slopes of Mount Mohepinoke, north of the Pequest River and about
three-fourths of a mile east of the hamlet of Pequest, Warren County.
Hackettstown, the nearest large town, is about 9 miles to the east on
U.S. Hmhway 46. The properties are close to U. S. nghway 46 and
the Lehigh and Hudson River railroad.

The opencut of the old Pequest mine is only about 300 feet from the
highway and is easily accessible. The Henry tunnel property is on the
steep southern slope of the mountain about 800 feet northeast of the
opencut and 250 feet in elevation above the highway. It canbereached
either by climbing the slope or by driving around to the Hoit mine and
walking south along the top of the mountain and part way down the
slope. The Hoit mine is about 900 feet north of the Henry tunnel area
on a broad rolling upland. - It is easily reached by a road that turns
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north from Highway 46, 0.8 mile west of Pequest. A farm road turns
east from this road about a mile from Highway 46, and after about
0.3 mile ends at a farm, from where it is a short distance on foot to the
portal of the Hoit mine. The pits of the Hoit farm exploration are
northeast of the Hoit mine.

HISTORY AND PRODUCTION

The following historical data are from Bayley (1910, p. 257-260).
The first discovery of magnetite in this area was in 1869 at the
Pequest mine. The mine was operated successfully for a few years but
the ore was exhausted, and after unsuccessful attempts to locate more

ore in depth the mine was permanently closed.

At about the same time as the discovery of the Pequest mine the
original Henry “Tunnel” was opened. It was driven 650 feet into the
hill, supposedly along the footwall of a 15-foot “vein” that dipped to
the east. A second drift about 50 feet below the first was reported
to have struck the vein at greater depth, and a raise was put up
from the northern end of the drift to the first tunnel. A third drift,
near the foot of the hill, cut across the rock structure and entered the
vein about 100 feet below the uppermost workings. So far as is
known, no ore was produced or shipped from this property.

The Hoit mine was first opened in 1870 by a short slope that fol-
lowed down the dip of a magnetite body. A drift about 70 feet long
followed the ore to the southeast. This deposit was worked until
about 1875. The amount of ore removed is not known. The portal is
open but the workings are flooded to within a few feet of the surface,
though they were pumped out for a short time by the Bureau of Mines
while the mine was being sampled. |

The Hoit farm exploration consisted of a shaft and a series of pits
on a line of attraction northeast of the Hoit mine. The ore which
was exposed by the.shaft was too lean to be considered worth working.

EXPLORATION

A dip-needle survey conducted by the Bureau of Mines covered a
continuous belt about 7,100 feet long and roughly 2,000 feet wide
across the mountain nOI’thWﬁ,rd fI'OIIl Un S' nghway 46 (Neumann
and Mosier, 1948, fig. 4, 5) . Following the magnetic survey, the Hoit
mine and Henry tunnel areas were drilled; four holes were drilled at
the Hoit mine and one at the Henry tunnel property, a total of 1,076
feet. In addition, the two upper adits at the Henry tunnel property
were repaired and samples were cut. The Hoit mine was pumped out
and sampled, and six shallow pits were excavated and sampled. The
writer prepared a geological map of the area, a log of the drill core,
and a map of the underground workings for the U. S. Geological
Survey (pl. 29).
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MAGNETEC SURVEY

The belt of attraction outlined by the dip-needle survey is fairly
continuous for a distance of 4,600 feet (pl. 27). In general the read-
ings are not high, seldom much above 30°. Readings outside the belt,
however, are all less than 10°. The readings above 20° are obtained in
two narrow elongate belts. The zone of attraction in the vicinity of
the Henry tunnel area is 1,600 feet long and averages about 125 feet in
width ; the other zone starts south of the Hoit mine and is 2,700 feet
long and about 75 feet wide. A third small area about 400 feet long
and 50 feet wide occurs over the underground workings of the Hoit
mine. The elongation of the anomalies closely parallels the gneissic
structure and distribution of the rocks. The belts of attraction are
confined almost exclusively to a layer of garnet- and sillimanite-
bearing gneiss.

GEOLOGY

The ore deposits in the Pequest district are distributed along a belt
of garnetiferous biotite gneiss, part of which carries sillimanite (pl.
27). On the east this belt is limited by gneissic alaskite and horn-
blende granite. On the west, in the southern part of the district, the
biotite gneiss is bordered by a belt of amphibolite which on its western
side is in contact with another mass of granite. Farther north, in the
vicinity of the Hoit mine and beyond, there is no intervening belt of
amphibolite; the belt of biotite gneiss narrows to a thin strip bounded
by granite on the east and west. On the south at the base of the slope
the pre-Cambrian gneisses terminate against Cambrian and Ordovi-
cian sedimentary rocks. The contact possibly is a fault. On the north
side of the mountain the pre-Cambrian rocks are covered by glacial
deposits. .

Gramitic rocks—The granitic rocks are mostly alaskitic, though in
places they contain some hornblende and biotite. Slightly perthitic
microcline is the principal feldspar, though there is a little sodic pla-
gioclase which appears to be partly replaced by the microcline. The
rocks are massive to moderately well foliated, and the texture is gra-
nitic, though there appears to have been some recrystallization.

Belt of biotite-quarta-feldspar gneiss—Biotite-quartz-feldspar
gneiss without garnet or sillimanite, garnetiferous biotite gneiss, and
sillimanite-bearing garnet-biotite gneiss constitute the main rock types
in the belt of biotite gneiss. In addition some very local areas in the
vicinity of the Henry tunnels contain tourmaline as an important con-
stituent of the garnet-biotite gneiss. Some biotite-pyroxene gneiss,
with interlayered garnet-biotite gneiss and a little granitic material,
occurs in the eastern part of the belt in the Hoit mine area. None is
exposed at the surface, but it appears in the core from drill hole 5.
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The biotite gneiss is light colored, well foliated, and locally migmati-
tic. Quartz and plagioclase are the principal constituents; garnet,
sillimanite, and biotite are the main accessory minerals. In addition
the gneiss contains magnetite which locally is sufficiently abundant
for the rock to have value as ore. '

Belt of amphibolite—The rocks of this zone are not well exposed,
but, judging from one outcrop and pieces of float at the surface, the
belt apparently consists principally of dark amphibolite. A specimen
from the only outcrop in the area consists principally of quartz and
plagioclase, with hornblende as the principal accessory mineral. The
amphibolite 1s medium grained and well foliated, and lineation of the
hornblende needles is readily observed. Much of the rock is migmatitic.

.The amphibolite belt may have some associated pyroxene skarn.
Dark pyroxene skarn is exposed on the east wall of the Pequest mine
opencut. No skarn was seen elsewhere in the belt.

STRUCTURE

Beginning at the south end of the area the foliation of the rocks
strikes N. 5°~10° W. and in the vicinity of the Hoit mine strikes be-
comes slightly east of north. Beyond the Hoit mine the foliation
continues to become more easterly and strikes N. 25°-30° E. The dip
is consistently east and southeast. In the southern part of the area
dips are moderate to steep and become gentler around the Hoit mine
where they are 20°-25° E. '

The eastern contact between the belt of biotite gneiss and granitic
rocks is essentially concordant and dips east. In the vicinity of the
Hoit mine and to the southwest the granite west of the belt cuts across
the biotite gneiss and thins it down to less than half its width at the
south. This granite also cuts off the body of amphibolite, which does
not continue beyond the Hoit mine.

The lineation of the gneiss plunges east-southeast to southeast at
angles of 55°-70°. In the sillimanite-garnet-biotite gneiss west of
the Henry tunnel area the plunge of the lineation is the same as the
dip of the foliation to the east and southeast. It should be noted that
this condition is somewhat exceptional in the pre-Cambrian rocks. of
northern New Jersey. In most places the trend of the lineation is at a
considerable angle to the direction of dip and plunges northeast.

A fault is postulated at the south end of the area where, at the
bottom of the slope, the pre-Cambrian rocks are in contact with Pale-
ozoic sedimentary rocks. A small fault in a pit of the Pequest mine
cuts off the skarn from the rest of the amphibolite.
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MAGNETITE DEPOSITS
OCCURRENCE

The magnetite deposits are confined to the belt of garnetiferous
biotite gneiss. At the Henry tunnel area the magnetite is restricted
to the west central part of the belt where much of the rock is sillima-
nite-bearing garnet-biotite gneiss. At the Hoit mine the magnetite is
in garnet-biotite gneiss, which has some layers of sillimanitic material.
North of the Hoit mine the local areas of weakly mineralized rocks
are also in garnet-biotite gneiss. With the exception of the Pequest
mine where the magnetite was in pyroxene skarn, there is no mineral-
ized rock outside the belt of biotite gneiss.

The bodies of magnetite are not solid except for local thin high-
grade seams. No well-defined body of magnetite was found in the
Henry tunnel area. At the Hoit mine the magnetite body was a small
lens with indefinite boundaries, except where pegmatite forms part of
the wall rock and the distinction between “ore” and country rock is
fairly sharp. Shoot structures have not been recognized, unless the
small lens at the Hoit mine can be considered a shoot.

So far as could be determined, the deposits and zones of magnetite
are concordant with the foliation of the host rocks. Drilling was not
extensive enough to determme the continuity of the magnetite laterally
or vertically.

MINERALOGY

Magnetite is the only ore mineral. The magnetite is somewhat
unusual in that it seems to be almost free of titanium. Polished speci-
mens of ore show very few exsolved blades of ilmenite, and there are'
no intergrown bodies of pure ilmenite. The magnetite has, however,
an abundance of small rods and blebs of exsolved spinel.

Pyrite, the only metallic gangue mineral, is present in small amounts.
The other gangue minerals are the normal constituents of the host
rock and include biotite, garnet, some sillimanite, quartz, and plagio-
. clase. Tourmaline, green spinel (pleonaste?), mica, and some apatite
may be present as minor accessory constituents.

GRADE

No reliable analytical data on the ore of the district was available
previous to the exploration by the Bureau of Mines. The results of
sampling and analyses show that the ore is marginal to submarginal
in grade. Phosphorus is rather high; titanium and sulfur are low.
Analyses are published in Bureau of Mines Report of Investlgatlons
4225 and are summarized in table 1.
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TaABLE 1.—Analyses of drill core, Pequest district, Warren County, N. J.
[After U. S. Bureau of Mines 1}

Sample
(feet)

Total Fe
(percent)

Magnetic
Fe
(percent)

Hoit deposit:
Drilthole 1. __._.______._.
Drill hole 2....
Drill hole 3____

Henry tunnel area:
Drill hole 11...
Henry tunnel.___.._.___...__.

212.8
213.8
219.4
825.1

216.0
520.3

* 1 Data from Neumann and Mosier, 1948, p. 23-27, 33-34.

3 Weighted average.

3 Average of 16 samples.

¢ Average of 2 composite samples.
8 Average of 39 samples.

¢ Average of 6 composite samples.

DESCRIPTION OF PROPERTIES AND RESULTS OF EXPLORATION

HENRY TUNNEL AREA

The main zone of mineralized rock at the Henry tunnel area is
approximately 1,100 feet long and averages 75 feet in width. In the ~
only hole that was drilled east of the zone the rocks also contain a
small amount of magnetite. A small lenticular body of magnetite-
rich sillimanite-garnet-biotite gneiss crops out about 150 feet west of

the main zone.

The tunnels were reopened and the deposits sampled by the U. S.
Bureau of Mines (Neumann and Mosier, 1948, p. 33-34).

ground workings were examined also by the writer. The length of
+the workings in the upper adit is 362 feet and in the lower adit is 319

The under-

-4

feet. A raise connects the two levels. Plate 29 is a plan of the

workings.

The rock from the mineralized zone is a foliated garnet-biotite
gneiss, some of which contains sillimanite. Magnetite is dispersed
throughout the rock, though there are some layers and folia that are pi
richer in magnetite than the rest of the rock. Some of the rock con-
sists of a mass of finely crystalline magnetite accompanied by biotite,
a little quartz and feldspar, sillimanite, and knots of pink garnet. No
massive solid magnetite was seen. Granitic material is very rare,

though in a few places some thin layers are interleaved with the biotite
gneiss. Some thin pegmatite bodies are present parallel to the folia- v

tion of the gneiss.

The average dip of the foliation of the magnetite-bearing rock is
about 55° E. The attitude of the foliation is fairly consistent
throughout the underground workings. There is, however, some
evidence of folding in the lower adit at the end of the west drift, where

the dip of the foliation is gentle and the strike is more easterly. On

the west wall, near the forks of the adit, some small drag folds in the
weathered gneiss can be seen. Two directions of faulting are seen



SOME MAGNETITE DEPOSITS IN NEW JERSEY 223

underground. One system strikes and dips roughly parallel to the
foliation. A second direction of faulting is represented by small,
steeply dipping or vertical zones of shearing, whose strike is nearly
normal to the strike of the rock foliation. The amount of movement
on the faults is not known but possibly is-not large. The time of
movement was later than the formation of the magnetite, and in some
‘places was certainly later than the forination of the pegmatite.

Grade.—All the material analyzed is of submarginal grade. Total
Fe content ranges from 12.2 to 25.2 percent, and in composite samples
magnetic Fe content ranges from 13.1 to 19.9 percent. The average
content of P is 0.21 percent, TiO,, 0.32 percent; S, 0.07 percent; and
Mn, 0.19 percent (Neumann and Mosier, 1948, p. 33).

HOIT MINE

The principal working at the Hoit mine is an underground develop-
ment on a small lenticular magnetite body. A short distance north
a small-dump in front of & cut-may indicate another small caved open-
ing. Several other shallow pits are scattered about the area, but none
of these shows any ore.

The Bureau of Mines 1nvest1gators partly dewatered the shallow
‘workings of the accessible opening and cut several samples (Neumann
and Mosier, 1948, p. 34), and the writer mapped the geology. A plan
of the workings is shown in plate 29.

The magnetite is in garnetiferous biotite gneiss that contains a little
sillimanite. The body is a thin lenticular sheet on the eastern flank
of a small anticlinal roll whose axis is roughly north-south. In the
upper drift, the body of magnetite pinches out against a wedge of
pegmatite that comes in from the west. A wedgelike tongue of pegma-
tite also occurs along the northern wall of the slope. The downward
.continuation of the magnetite body was not recognized in any of the
drill holes to the east and southeast.

Four vertical holes were drilled east and southeast of the Hoit mine
shaft. Several thin mineralized zones were cut in drill holes 1, 2, and
" 3;hole 5 was barren. Individual seams of magnetite de not have good
.continuity from hole to hole, but possibly the general zone of mineral-
1zed rock in which they occur is a continuation of the zone that con-
‘tains the magnetite lens at the Hoit mine (pl. 29).

Grade.~The material from the Hoit mine is of slightly higher grade
‘than that from the Henry tunnel area. The total Fe content ranges
from 17.5 to 30.5 percent; magnetic Fe is about 20.9 percent.

HOIT FARM EXPLORATION

No magnetite-bearing rocks are exposed in this area, and the few
-old pits do not reveal any. No drilling was done by the Bureau of
-Mines'in this area.
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CUMMINS DISTRICT

The Cummins district includes 4 magnetite deposits of which only
the Cummins deposit has been actively mined. The rest, including
the Ayres mine, Green farm exploration, and Scranton’s lease, have
attracted little attention since their initial discovery.

LOCATION

The properties of the Cummins district are in Independence Town-
ship, Warren County (fig. 30), and are alined in an east-southeasterly
direction on the western ridge of Cat Swamp Mountain, about 4 miles
northeast of Hackettstown, and 1 mile north of the village of Vienna
on U. S. Highway 46. The Green farm exploration, Scranton’s lease,
and Cummins mine are easily accessible from the paved road between
Vienna and Allamuchy, and the Ayres mine is about 4,000 feet east-
southeast of the Cummins, within a few hundred feet of a paved road
that crosses the ridge in the eastern part of the district (pl. 30).

HISTORY AND PRODUCTION

The following historical data were taken from Bayley (1910,
p. 260-262).

The initial discovery of magnetite in this district was in about
1868 in the vicinity of the Shaeffer farm explorations southeast of
the mapped area. Apparently little work was done there and only
a small amount of ore was found.

Further exploration led to the discovery of the Cummins mine
about 1882 on the north side of Cat Swamp Mountain. A shaft was
sunk that exposed a breadth of from 10 to 15 feet of magnetite-bearing
rock that was generally lean but contained a few rich streaks.
About 20 tons a day of 40-percent ore was mined in 1882. By the
end of the year (1882) the shaft had been sunk to a depth of 80 feet
and 3,000 tons had been shipped. There are now two shafts and
two small opencuts on the property. Apparently little or no addi-
tional work was ever done here. The two shafts are now flooded
to within a few feet of their collars but the Opencuts are still
accessﬂ)le

Magnetite was discovered about the same time (1881) at the Ayres
mine, 4,000 feet east-southeast of the Cummins, a locality situated on
the extension of a belt of magnetic attraction. No record is available
of the amount of work done and ore mined from here. Judging from
the number of openings (4 shafts, caved or flooded, and 4 shallow
opencuts) and the small size of the dumps, the work was mostly
exploratory.

The Scranton’s lease property consists of two caved shafts at the
north base of the mountain, located on the north side of the road about

s
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2,400 feet west of the Cummins mine. Bayley has essentially no
information concerning this property except that activity here
probably coincided with that at the Cummins.

~ The Green farm exploration consists of a shaft and two shallow pits
on top of the ridge at the west end of the mountain 4,500 feet south-
west of the Cummins mine. It has been referred to as the Carrol place
exploration. Bayley (1910, p. 260) states that “a shaft 90 feet deep
was sunk in 1882, and a vein of good quality ore 6 feet wide was found.
Nothing further is known of the place.” Some low-grade ore was
found on the dump of a small shaft on the south side of the road about
700 feet northwest of the Green farm exploration.

‘EXPLORATION

A dip-needle survey of an area more than 12,000 feet long and from
about 500 feet to 2,000 feet wide was made in the Cummins district by
the U. S. Bureau of Mines (Neumann and Mosier, 1948, figs. 2, 3).
Several minor magnetic anomalies were outlined ; two of them showed
a sufficiently strong attraction and were extensive enough to warrant
exploration by diamond drilling. These were at the Cummins mine
and the Ayres mine.- Six-holes that have a total footage of 2,423 feet
were drilled at the Cummins anomaly, and 3 holes with a total footage
of 624 feet at the Ayres.

MAGNETIC SURVEY

The largest magnetic anomaly is near the Cummins mine. Within
a belt 2,500 feet long and about 400 feet wide dip-needle readings are
20° or greater. Readings over a large area south of the anomaly range
between 10° and 20°, with an average of about 12°. The anomaly
trends almost due east. Two fairly distinct zones of stronger attrac-
tion are found within the belt. The highest dip-needle values are at
the west end over a broad area of attraction, 750 feet long and about
200 feet wide, that trends west-northwest. Readings within this area
range from 30° to 60°. Another ridgelike zone of attraction that
trends nearly east lies to the northeast and, beginning about at the
shafts and dump of the Cummins mine, continues within the 30° con-
tour for about 1,175 feet with a width of 100 feet. Two small “peaks”
where readings of more than 40° were obtained are found at the west
and east ends of this “ridge.”

The anomaly next in importance is in the vicinity of the Ayres mine,
about 1,300 feet east-southeast of the Cummins anomaly. The zone of
attraction is a narrow belt about 150 feet wide and 1,750 feet long,
within the 10° contour. In the central part of the belt there is a zone
900 feet long where dip-needle readings between 20° and 30° were
taken, and in one very small area the readings attain a maximum of
55°. Over the surrounding area the magnetic attraction is very low.
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GEOLOGY

The pre-Cambrian gneisses in which the magnetite deposits occur -
can be separated into three general lithologic units (pl. 30). These
units form belts that trend in a general easterly direction. These are
(1) a belt of medium-grained, well-foliated hornblende- and pyroxene-
quartz-plagioclase gneiss-that contains layers of metasedimentary rock
and associated layers of syenite; (2) a belt of gneissic hornblende
granite and alaskite; and (3) a belt of medium- to coarse-grained,
slightly foliated to massive granitic quartz-plagioclase gneiss. The
principal magnetite deposits are confined to the first unit where they
occur in zones of skarn and amphibolite.

Sandstone beds of the Hardyston quartzite of Early Cambrian age
unconformably overlie the pre-Cambrian rocks in a small area at
the extreme west end of the ridge.

A rather extensive mantle of glacial debris as much as 15 feet thick
coversthe top and northern slope of the ridge in the central and eastern
parts of the district. Alluvium and probably glacial material cover
the surrounding lowlands.

Belt of metasedimentary rocks.—At the east end of the mapped area
north of the Ayres mine a variety of gneisses is exposed, of which
perhaps the most abundant types are granitic hornblende gneiss and
pyroxene-quartz-plagioclase gneiss. Amphibolite, some skarn, and
garnetiferous biotite-quartz-plagioclase gneiss are interlayered with
these rocks. The amphibolite and skarn commonly occur as schlieren
within the granitic quartz-plagioclase gneiss. Migmatites formed by
intimate interlayering of granitic quartz- -plagioclase gneiss and am-
phibolite are also seen. Some syenite is exposed in the southern part
of the belt near the Ayres mine, and several layers of syenitic gneiss
were revealed by drill cores. On the whole the rocks in this belt are
well foliated. The gneisses are cut by thin veins and veinlets of
granite pegmatite that are generally conformable to the foliation but
cut across the gneissic structure in some places.

The belt of metasedimentary rocks cannot be traced continuously

westward to the Cummins mine, because the intervenillg area 1s con-
cealed by a cover of glacial material. A few exposures in the vicinity
of the Cummins mine and the sections revealed by the drill cores

indicate, however, that this general unit is probably the same as that
in which the magnetite deposits occur.

Belt of gramitic quarte-plagioclase gneiss.—A belt of granitic quartz-
plagioclase gneiss occupies most of the top and all of the south side Of
the ridge. This rock forms prominent cliffs all along the southern
slope of the mountain. The rock is medium- to coarse-grained and
massive to slightly foliated. Some schlieren and larger lenticular
bodies of amphibolite occur within it, and veinlets of granite pegmatite
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cut it in places. In general the rock is alaskitic, the dark minerals
seldom accounting for more than a few percent of the mineral content.
Pyroxene and hornblende may be present as well as magnetite. At
places this rock is weakly magnetic, owing, probably, to an increase
in the amount of accessory magnetite or, possibly, to small concealed
lenses of mineralized amphibolite or skarn.

Belt of hornblende granite and alaskite—A belt of gneissic horn-
blende granite and alaskite is fairly well exposed in the vicinity of
the Green farm exploration and at the northwest end of the ridge.
Depending on their content of mafic accessory minerals, the rocks
range from hornblende granite to alaskite. The rock contains
abundant thin hornblende-rich streaks or schlieren, and some of the
gneiss appears to be contaminated by the incorporation of amphibolite.
In general the granite and alaskite are well foliated and under the
microscope crushed and granoblastic textures are visible.

Pegmatite—Granite pegmatite is fairly common but is erratically
distributed, and individual bodies are too small to be mapped sepa-
rately. In a few places it contains coarsely crystalline magnetite.
A pink pegmatite containing coarse, shreddy pyroxene is exposed
along the road 2,000 feet west of the Green farm exploration, where it
intrudes hornblende granite and alaskite.

STRUCTURE

The strike of the foliation ranges from west to west-northwest.
The distribution of the lithologic units conforms to the foliation
trends. An exception to the persistent westerly trend is found in
the western part of the area where the foliation has an east-north-
east to northwest strike. Over most of the area the foliation dips
steeply south or is essentially vertical. In the western end of the
ridge the foliation dips 45° to 50° in a southeasterly direction. Linear
structures that are shown by alinement of prismatic minerals in the
plane of the foliation plunge southeast to east-southeast at an average
angle of 45°. '

MAGNETITE DEPOSITS

OCCURRENCE

The host rock for the magnetite deposits is amphibolite and pyroxene
amphibolite. The deposits are not massive bodies but are character-
istically streaked. Thin, magnetite-rich layers alternate with weakly
mineralized or barren rock. The deposits are restricted to zones of
mafic pyroxene gneiss and skarn. In addition, there are some inter-

-laminated thin sheets or lenses of granite pegmatite. Footwall and

hanging-wall boundaries cannot be clearly delimited. The rocks out-
side the mineralized zones, however, include a greater amount of
granitic gneiss and pegmatite.

279478—54——8
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The magnetite layers and the enclosing rocks are nearly vertical or
dip very steeply north or south. They strike nearly east or slightly
north of east. The general form of the deposits is that of tabular zones
of mineralized rock in which magnetite-rich layers alternate with
barren or weakly mineralized rock. The presence of shoot structures
has not been definitely established in this district.

‘MINERALOGY

Magnetite is the only ore mineral. No hematite was seen in polished
specimens. Under the microscope a very few exsolution blades of
ilmenite were seen in the magnetite. Some of the magnetite contains
minute oriented rods of an undetermined nonmetallic mineral, possibly
spinel.

Some pyrite and chalcopyrite usually accompany the magnetite.
Pyrite ranges in amount from less than 1 percent to 5 percent, with
a possible average of 2 percent. Chalcopyrite is much less abundant
and more sporadicin distribution.

Other gangue minerals are the normal constituents of the host rock—
feldspar and pyroxene, less commonly hornblende, and a little biotite.
Apatite, most of which probably was introduced during the period of
mineralization, is associated with the magnetite and may. occur in
amounts greater than 3 percent by volume.

GRADE

Previous to the drilling on the Cummins and Ayres properties by the
Bureau of Mines investigators, no good analytical data on grade were
available. Bayley (1910, p. 262) gives the following analysis of
“an average sample of the washed ore” from the Cummins mine : SiO,,
16.31; Fe, 56.54; Mn, 1.77; S, 2.80; P;0;, td.; TiO,, 0.0.

During the recent investigation no material approaching this in
possible Fe content was seen on the dumps, in the old openings, or in
the drill core. Possibly it represents ore from a local high-grade seam,
or the sample may have been taken from ore hand plcked for shipment.

Analytical data from the drill cores at the Cummins mine are given
by Neumann and Mosier (1948, p. 722) and are summarized here in
table 2. These analyses show that the grade of ore in the drill holes
is low to submarginal. No data on the sulfur, phosphorous, manga-
nese, or titanium content are available.

DESCRIPTION OF PROPERTIES AND RESULTS OF DRILLING

CUMMINS MINE

‘In the small opencut a little less than 400 feet east of the shafts
and just south of the road, the foliation of the gneiss strikes east and

<
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dips very steeply south or is essentially vertical. The mineral lineation
plunges 45° ESE. Amphibolite is on the footwall while the hanging
wall is a medium-grained gneissic hornblende-biotite granite. A dike
of granite pegmatite 2 feet wide transects the amphibolite at a slight
angle. The mineralized zone is from 2 to 3 feet wide and is a garnet-
iferous biotite-hornblende-pyroxene skarn containing more or less
evenly disseminated magnetite that amounts to approximately 20 per-
" cent of the rock. The zone is stained with iron oxide caused by oxida-
tion and leaching of pyrite, which is present in small amounts.

The rock on the dumps at the shafts is mostly dark, medium-grained
pyroxene gneiss with a little magnetite. A less abundant rock is
coarse-grained garnet-biotite skarn in which some magnetite is present.

Massive medium-grained altered granite gneiss with conspicuous
pyrite is exposed in a cut on the north slope, about 400 feet south-
southwest of the shafts. Megascopically and under the microscope
it can be seen that the rock has been somewhat crushed and rather
strongly chloritized. Some of it contains disseminated magnetite.
Pieces of hornblende-pyroxene skarn containing some magnetite cecur
on the dump. A thin section of a specimen of feldspathic skarn
showed complete serpentinization of the original pyroxene.

The two magnetic anomalies at the Cummins mine suggest the
presence of two mineralized zones—a western one that strikes about
N. 60° W. and an eastern belt that trends nearly east. This sugges-
tion is borne out by the differences in the rocks exposed by the drill
holes. The footwall rocks north of the western ore zone are pink
gneissic granite. On the north side of the eastern zone there are
several garnetiferous units, amphibolite, and thin skarn layers in
addition to layers of granitic rock.

Results of drilling.—Holes 1, 2, 3, and 6 were drilled to check the
western anomaly at the Cummins mine. Of these, only hole 2 (pl. 31)
intersected material which was of sufficient grade and thickness tc be
considered marginal. In hole 2 a mineralized zone was encountered
that was about 60 feet thick and had an average total iron content of
about 25 percent. The zone consists of layers of magnetite-rich gneiss
2-5 feet wide that alternate with mixed pegmatite and barren or
weakly mineralized pyroxene gneiss. Such material might be of
economic importance if the zone has sufficient vertical and lateral
continuity. Hole 1, however, drilled at a lower angle in the same
vertical plane as hole 2, cut only a small amount of magnetite, part of
which appears to be continuous with the magnetite zone in hole 2.
Hole 3 was drilled to explore the same anomaly at a greater depth and
should have intersected the extension down the plunge of the zone
found in hole 2. A zone of pyroxene gneiss, amphibolite, and skarn
was encountered that is probably the same as the mineralized belt in
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hole 2, but on the whole the zone was weakly mineralized, the average
total iron content being only about 21 percent. Of course it is pos-
sible that drill hole 3 passed above or below a small shoot.

Hole 6 encountered a zone of weakly mineralized gneiss. This is
probably the same zone that was cut by holes 1, 2, and 8, but, owing
to the plunge of the linear structure, the section drilled would be above
the downward extension of the zone in hole 2. .

Holes 4 and 5 were drilled to test the narrow east-west anomaly
east of the Cummins mine. Hole 4 intersected a zone about 50 feet
wide thdt contained several layers of magnetite-bearing gneiss 2 to 5
feet thick, separated by thicker layers of barren or weakly mineralized
rock. This mineralized zone is undoubtedly the continuation of the
belt on which the Cummins shafts were sunk. Drill hole 5 cut a 80-
foot zone of slightly mineralized rock and a few thin weakly mineral-
i1zed layers.

TABLE 2.—Analyses of drill core, Cumming mine, Warren County, N. J.
[After U. S. Bureau of Mines ]

Thickness (feet) Magne- Ma, .
5 gnetic
Depth fromfsurface (feet) ’I(‘Sg?éeg‘z)z txt&;; g);r- Fe? (per-
Apparent True weight) | lcent)
Drill hole 1:
164-159.5 oo oo 5.5 3.2
224-239. _ - 15.0 1.7
240-242.5 - 2.5 1.9
243.5-256.5. - - - 13.0 11.0
256.6-275__.. - - 18.5 14.4
280.0-288.0- - s e e 8.0 6.2
Drill hole 2:
30.0 15. 4
16.3 8.3
28.0 14.4
Drill hole 3:
815.3-345.3. oo 30.0 22.3
g;g.gjgg.% - 22.0 16.4
Drill hole 4: 86.8 64.5
272~ 5.0 3.9
15.0 11.7
20.0 15.6
5.0 3.9
25.0 19.5
30.0 21.2
20.0 14.1
10.0 7.1
25.0 14.7
20.0 11.8
5.0 2.9

! Neumann and Mosier, 1948, p. 7-19.

2 Weighted average.

¢ Based on visual estimates of magnetito in gore.

+ Based on sludge analyses because of poor core recovery.

AYRES MINE

The mineralized zone at the Ayres mine trends nearly east, accord-
ing to the shape of the magnetic anomaly and the distribution of the
pits and shafts, and is in general agreement with the strike of the
foliation in the adjacent gneiss, which ranges from N. 80° E. to N.
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80° W. From data on the foliation angle observed in the drill cores
and observations on surface exposures the dip is vertical or very
steeply inclined (85°-90°) to the north. Lineation is well shown in
the cut on Ryan road at the east end of the belt where it plunges 45°-
50° S. 60° E.

Drilling shows the magnetite to be in a zone of skarn and pyroxene
gneiss 20 to 50 feet thick with granitic gneiss containing schlieren of
amphibolite on the hanging wall and footwall. Tourmaline is abun-

-dant in two layers of syenitic gneiss near the ore zone in Ayres drill

hole 1.

The mineralized zone consists of thin layers of rock 1-3 feet thick,
which contain as much as 25 percent magnetite, and, locally, a rare
high-grade seam of magnetite. Analyses of drill-core samples by
the Bureau of Mines show a consistently low total iron content. The
highest analysis was 22.9 percent total iron from a 0.4-foot sample;
other samples are considerably lower. Furthermore, pyrite is abun-
dant in all specimens in the mineralized zone, ranging in amount from
5 to 20 percent by volume. A little chalcopyrite is also present.
Judging from the material on the dumps the ore taken from the old
openings was generally of this kind, though a few small fragments of
coarse magnetite were also seen.

GREEN FARM EXPLORATION

The dumps at the Green farm exploration show mostly amphibolite
and some coarse-grained gneiss that carries a little magnetite. In a
shallow pit, hornblende granite and amphibolite are cut by a narrow
pegmatite in which there is magnetite.

SCRANTON’S LEASE

There are no exposures here. Some magnetite in pyroxene gneiss
and some amphibolite were seen on the dumps.

MOUNT OLIVE DISTRICT

The Mount Olive district (fig. 30, pl. 32) includes a large area in
southwestern Morris County, within which there are two general
belts of magnetic attraction and, according to Bayley’s report on
the iron mines of New Jersey (Bayley, 1910, p. 324-331), at least 12
known magnetite deposits. The U. S. Bureau of Mines made an ex-
tensive dip-needle survey of the district and selected one area for drill-
hole exploration (Neumann and Mosier, 1948, p. 27-32, fig. 6).
Private companies have also conducted magnetic surveys of many
parts of the area and have done considerable diamond drilling. Geo-
logic mapping of the area, examination of the old mine pits and
dumps, and logging of drill core were done by the U. S. Geological
Survey.
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LOCATION

The Mount Olive district includes parts of Mount Olive, Roxbury,
and Washington Townships, Morris County, and is south-southwest
of Lake Hopatcong and southeast of Budd Lake. The area trends
about N. 40° E. and extends nearly 7 miles southwestward from U. S.
Highway 46 near Ledgewood. It is from 0.75 to 2.25 miles wide,
with the villages of Mount Olive and Flanders on the northwest and
southeast boundaries, respectively (pl. 32). All parts of the district
are easily accessible by automobile. U. S. Highway 206 passes
through the middle of the area, and there are many other paved and
hard surfaced dirt roads lacing the district. Flanders is a station on
a branch of the Central Railroad of New Jersey, and the main line of
the Delaware, Lackawanna, and Western Railroad runs within a half
mile of the northeastern end of the district. Dover and Hackettstown
are the nearest large towns.

HISTORY

According to Bayley (1910, p. 324-331) the initial discoveries of
ore in the district were made about 1848, when several deposits were
opened. Subsequently, shallow shafts were sunk on the more promis-
ing properties and considerable activity was seen until about 1880
when exploration and development virtually ceased. Practically no
production data are available for the district, but apparently the
properties referred to by Bayley as the Mount Olive mines were the
most vigorously exploited. Total production to 1880 was about 22,400
tons.

The ore encountered was reportedly in ¢‘veins” 3 to 15 feet wide, the
majority being between 5 and 10 feet.  The veins dipped southeast at
moderate to steep angles, and a plunging shoot structure was recog-
nized in some of the deposits. The plunge of the ore bodies was to
the northeast.

The Mount Olive district apparently was never a large producer of
iron ore. The ore bodies on which openings were made, though of a
good grade, were all small. It seems doubtful that the production
from the entire district exceeded a few hundred thousand tons.

EXPLORATION

The dip-needle survey of the Mount Olive district conducted by the
Bureau of Mines covered two previously known belts of magnetic
attraction. The total length of the area covered was approximately
37,000 feet and the width ranged from 500 to about 1,500 feet.

Four drill holes, which had a total footage of 1,412 feet, were drilled
by the Bureau of Mines at the east end of the north belt in the vicinity
of the Baptist Church and Hilt mines (fig. 31). Private companies
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have also drilled several thousand feet of holes elsewhere in the
district.
MAGNETIC SURVEY

Earlier dip-needle surveys outlined two parallel belts of attraction in
the district and exploration and mining were conducted along these
zones. The mugnetic survey by the Bureau of Mines was confined to
these belts. The northern belt trends roughly northeast; it has a
fairly continuous width of about 800 feet and is about 5 miles long,
extending from near the South Branch of the Raritan River, 1.25 miles
northwest of Bartley to about U. S. Highway 46 northwest of Ledge-
wood. The second belt is roughly parallel to the northern belt; it
has an average width of 1,000 feet and extends from about 1.5 miles
southwest of Bartley to a point just south of the Baptist Church mine,
a distance of about 4.75 miles.

The general attraction over the northern belt is considerably greater
than over the southern belt. Both are characterized by dip-needle
readings above 10°, ranging from 10° to 90°. Within each belt are
many small areas of strong attraction, generally 40° and higher in
the northern belt, and greater than 30° in the southern belt. Such
areas of attraction constitute small “prominences” within a region
of lower attraction. Many of the old mines and prospects are within
these local areas of higher attraction which have served to guide the
location of drill holes. The prominences are from 100 to about 500
feet long and from 50 to 150 feet across, and they are generally
symmetrical about the longer axis. In general the elongation is at
an angle to the northeasterly trend of the belt. In the northern belt
the prominences strike north-northwesterly at an average angle of 40°
to the strike of the belt. In the southern belt they trend about north,
making angles of about 30° to the trend of the belt except in the
central part, where they trend northeasterly and are parallel with

the belt.
GEOLOGY

Bed rock exposures are scanty in most of the Mount Olive district
because of the deep cover of soil and glacial debris. Along the steep

slopes in the eastern edge of the district good outcrops can be found.
There are also a few exposures in road cuts along U. S. Highway 206
near Flanders, on U. S. Highway 46 northwest of Ledgewood, and
along the road a half mile northwest of Bartley.

The district is entirely within an area of pre-Cambrian gneisses
forming a broad, gently rolling upland that trends northeast and is
bounded on the southeast by a lowland underlain by Paleozoic rocks.
The southeast boundary is marked almost everywhere by a steep
slope. :
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Hornblende granite and alaskite.—The predominant rocks exposed
at the surface and in drill holes are hornblende granite and alaskite.
These are pinkish to buff granitic rocks ranging from medium- to
coarse-grained and, in most exposures, are only slightly foliated to
massive. Most of the rock outside the ore zones is alaskite with less
than 5 percent of mafic accessories. Locally, however, it may contain
a few percent of dark minerals of which hornblende and magnetite
are the principal minerals.

Belt of gramitic quartz-plagioclase gnezss and mafic gneisses.—Near
Bartley and Flanders and at the northern end of the district near
Ledgewood there are some outcrops of granitic hornblende- and
pyroxene-quartz-plagioclase gneiss associated with amphibolite and
pyroxene amphibolite. A layer of garnetiferous biotite-pyroxene-
quartz-plagioclase gneiss was also seen near Flanders. These more

- mafic gneisses apparently are in a belt that more or less conforms to

the southern belt of magnetic attraction.

Granitic quartz-plagioclase gneiss is not plentiful in the Mount
Olive district. The amphibolitic rocks occur as layers and schlieren
in the granitic quartz-plagioclase gneiss and locally in hornblende
granite and alaskite.

A narrow layer of biotite-quartz-plagioclase gneiss with conspicu-
ous metacrysts of pink garnet occurs in the zone of mafic gneiss and
granitic quartz-plagioclase gneiss near Flanders.

This belt of mafic gneisses, in part at least, probably is a remnant
of metasedimentary rocks that were preserved in a large body of
granite and alaskite. -

Diabase.—Some diabasic dike rock has been cut in the drill holes,
and diabase float is found near the Hopler mine at the south end of
the district.

STRUCTURE

. The strikes of the foliation, which are more or less parallel to the
trend of the magnetic belts, range from about N. 50° E. to N. 25° E.
Dips are consistently to the southeast and east-southeast and range
from 55° to vertical; the average is about 65°. Lineation, where ob-
servable, plunges about 30° NE. (pl. 32).

The eastern boundary of the district marked by the contact be-
tween pre-Cambrian and Paleozoic rocks is probably a fault. No
faults were recognized within the pre-Cambrian rocks, though they
may well be present.

MAGNETITE DEPOSITS
OCCURRENCE

No ore is exposed and the nature of the deposits must be inferred
from material on the dumps and from drill-hole data.
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The predominant rocks of the ore zones, as in the rest of the area,

are granitic. In the Baptist Church and Hilt mine areas hornblende
granite and alaskite, pegmatite, some granitic quartz-plagioclase
gneiss, and a little syenite occur with the ore. A few thin layers of
biotite gneiss and amphibolite also are present. At the Hopler mine,
near the southwest end of the southern belt, biotite gneiss and garnet-
iferous biotite gneiss are plentiful, and some pyroxene amphibolite is
present; but granitic rocks are rare in core from holes drilled by the
Pittsburg Coke and Iron Co.

In places where there are layers or lenses of amphibolite and pyrox-
ene amphibolite the magnetite apparently tends to-be concentrated
in the mafic zones. The granitic rocks also contain magnetite, how-
ever, and it may be present in sufficient amount to constitute ore. In
the area drilled by the Bureau of Mines the magnetite is in gneissic
granite. :

Bayley’s description (1910, p. 324-331) suggests that the deposits

are discrete ore bodies. The drilling has shown that the ore seldom.

has sharp boundaries with the adjacent rock. Several layers or zones
of magnetite-bearing rock may occur together, separated by barren or
weakly mineralized rock. The layers of magnetite lack good continu-
ity down dip and along their strike. Nothing is known about possible
shoot structure.

MINERALOGY

Only ore from the drill cores in the area drilled by the Bureau of
Mines was studied in detail.

The magnetite is fairly pure and has only a few blades of exsolved
ilmenite. Some microscopic blebs, dashes, and laths of a nonmetallic
mineral, possibly spinel or rutile, can be seen arranged along octa-
hedral planes in the magnetite.

Besides the exsolved laths of ilmenite in magnetite, the ore contains
considerable pure ilmenite. The pure ilmenite has the same habit
as the magnetite and may be intergrown with it or may occur
independently.

Pyrite is present as irregular masses and less commonly as veinlets.
MOStly it occurs in the silicates where it typically enters on or near

the border with magnetite, and some apparently occurs along bound-
aries between silicate grains.

A very little Ch&lCOpyI‘ ite is present in tiny irregular bodies. The
age relationship with respect to pyrite is not known.

The silicate gangue minerals are the normal rock constituents of the
host. In the ore from the Baptist Church and Hilt mines microper-
thite, quartz, and lesser amounts of plagioclase and mafic minerals are
the principatl silicates. The mafics include biotite, pyroxene, and horn-
blende. Apatite, normally amounting to little more than a fraction of

‘(
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one percent, is commonly present. In addition there may be some
chlorite and a little epidote in the magnetite-bearing rocks. Else-
where, as at the Hopler mine, where the host rocks are gneisses, the
chief gangue mineral may be pyroxene.

GRADE

In Bayley’s (1910, p. 324) account of the Mount Olive mines he
states that in the north belt “* * * on the whole the ore was
lean * * *? though “* * * some of the openings were important
mines * * *”, QOre found in the south belt “* * * was so lean as to
be unmerchantable * * *”, This is in accordance with the results of
drilling by private companies and by the Bureau of Mines. Although
all the analyses given by Bayley of ore from some of the early mines
indicate around 60 percent iron content, these were probably from
small, extremely local, rich seams or pockets of ore. Analyses of ore

“intersected in the holes drilled by the Bureau of Mines at the Baptist
Church mine and Hilt mine properties are given in the Bureau of
Mines Report of Investigation 4225 and are summarized in table 3. On
the average the ore is of marginal to submarginal grade, seldom ex-
ceeding 20 percent total iron, which is somewhat less than the magnetic
or recoverable iron. Although the Bureau of Mines analyses do not
show it, some of the ore contains considerable sulfur in the form of

pyrite.
TABLE 3.—Analyses or drill core, Baptist Church and Hilt mines, Mount Olive
district, Morris County, N. J.
[After U. 8. Bureau of Mines 1]

Thickness (feet)}] Total Thickness (feet)] Total
Depth from surface Fe? Depth from surface Fe3
(feet) (per- (feet) (per-
Appar-| True cent) Appar-| True | cent)
ent ent
Drill hole 1: Drill hole 3—Continued
57.0-72.0. ... 15.0 14.3 27.0 270-290 20.0 15.1 17.2
82-97 el 15.0 14.3 20.2 18.0 13.6 22.4
Drill hole 2: 5.2 3.9 15.6
1-90.5. oo 19.5 17.7 19.1 5.0 3.8 23.5
Drill hole 3: 4.0 3.0 28.3
44-54 _.__ 10.0 oo .. 18.2 18.0 13.7 21.4
173-183 10.0 joooooo. 16.7
200-203 3.0 [eamaaaas 19.6 26.0 18.4 28.2
244-270 26.0 19.5 4.0 10.0 7.1 21.3

1 Neumann and Mosier, 1948, p. 7-22.
3 Weighted average.

DESCRIPTION OF PROPERTIES AND RESULTS OF DRILLING

During the preliminary study of the Mount Olive district the
sites of most of the old mines were visited. All of them are now
represented by overgrown pits and dumps and a few open shafts from
which very little important geologic data can be obtained. Descrip-
tions of the old mines, more complete than it is now possible to give
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are available from Bayley’s account of the Mount Olive district
(Bayley, 1910, p. 324-331). As only the Baptist Church and Hilt -
mines were drilled by the U. S. Bureau of Mines, discussion here will
be limited to these properties.

Bedrock does not crop out in the Baptist Church-Hilt mine area,
but all the surface float is gneissic granite and pegmatite. The rock
on the dumps appears to be mostly granite and pegmatite containing
20-30 percent of accessory magnetite and considerable pyrite. There
are also a few fragments of biotite-rich gneiss. It is impossible to
obtain any structural data, but according to Bayley (1910, p. 330)
a 5- to 6-foot vein at the Hilt mine dipped 75° SE.

Results of drilling.—Holes 1 and 2 were drilled to check the Baptist
Church mine anomaly; hole 3 was drilled on an anomaly midway
between the Baptist Church mine and Hilt mine; and hole 4 was
drilled at the Hilt mine (fig. 31). All 4 holes were drilled due west
at an inclination of 45°, the assumption being that the strike of the
ore zones, as indicated by the trend of the anomalies, was north.

Some ore was encountered in each of the drill holes ( pl. 33). The
rocks penetrated by the drills are mostly granite and alaskite, syenite,
and some granitic quartz-plagioclase gneiss. In addition, there are
some thin layers of biotite gneiss and amphibolite. Diabasic dike
rock occurs in core from holes 1, 3, and 4.

Syenite is possibly more plentiful than granite or alaskite. Both
types occur together, but syenite is commonly associated with the ore
though it also occurs away from the mineralized rock. In the few
available exposures, most of which are outside the ore zones, no syenite
was recognized. Possibly, considering that all the rocks intersected
by the drill holes may be within a general belt of mineralized rock,
the syenitic gneisses occur only in the ore zone. Much of the granite
and syenite appears to be contaminated and has blotches and streaks
of hornblende and pyroxene. Some granitic quartz-plagioclase gneiss
was recognized, but it does not seem to be plentiful.

Magnetite is a minor constituent of the granitic rocks, but where
it is locally abundant the rock is considered low-grade or marginal
ore. The boundaries of the ore layers are seldom well defined; the
magnetite content gradually decreases away from the orc inte the
country rock. Seams of nearly pure magnetite are rare. Much of the
rock in which the ore occurs is chloritized.

Ore was encountered in each of the 4 drill holes. The drilling
was not extensive enough, however, to delineate any definite miner-
alized zones. The dip of the foliation and the ore layers, as indicated
by the angles in the core, is steeply inclined in hole 2 and 1s essentially
vertical in holes 1, 3, and 4. It appears that the whole area is miner-
alized and the rock contains magnetite-rich zones which are probably
discontinuous vertically and horizontally.
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WELLING-WRIGHT FARM DEPOSIT
LOCATION

The Welling-Wright farm deposit is in Vernon Township, Sussex
County (fig. 80) on the east side of the Upper Greenwood Lake road
(pl. 34). Some of the old shafts are as far north as 1,000 feet south
of the New York-New Jersey State line. To reach the Wright farm
from State Route 45, turn right 2.3 miles north of the New York-New
Jersey line or 1.7 miles north of New Milford, N. Y. A farm road
turns left from the Upper Greenwood Lake road, 1.8 miles from the
junction with Route 45. The deposits are easily reached on foot by
an old road and trails from the Wright farm.

HISTORY

Little is known of the history of this area. Bayley (1910, p. 317)
says in regard to the Welling mine that “* * * a strong line of at-
traction was opened at five points about 1855, and a lean ore was un-
covered at each. Some of it was sent to the Wawayanda furnace.
Additional exploratory work was done between 1873 and 1876. In
1879 a number of new openings were made in the neighborhood of the
old ones and 400 tons of ore was mined. It was, however, not shipped.”

The Wright farm property was discovered and operated about the
same time as the Welling mine. The belt of attraction was explored
with prospect pits, and several shafts were sunk to mine the ore. The
extent of the workings and amount of ore shipped is not known, but
it is doubtful if any extensive operations were carried on.

EXPLORATION

A dip-needle survey by the U. S. Bureau of Mines covered an area
about 5,800 feet long and 2,000 feet broad (Stampe and Mosier, 1949).
No drill-hole exploration was carried on in the area.

MAGNETIC SURVEY

Two general belts of attraction that strike slightly east of north
were outlined by the dip-needle survey and are shown on the geologic
map (pl. 34). The eastern and western belts are about 1,200 feet
apart. Low and negative dip-needle readings were obtained in the
intervening area except for a few local anomalies in the central and
northern part.

Of the two belts, the eastern one is the more continuous. Beginning
about 800 feet south of the New York-New Jersey State line, dip-
needle readings along the eastern belt are consistently greater than .
20° for a distance of over 2,000 feet. Two other anomalies, 1,000 feet
and 600 feet long, give readings higher than 20° south of the eastern
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belt. The average width of the belt is nearly 200 feet. In it are
magnetic peaks that give dip-needle readings as high as 80°.

The western belt is less sharply defined. In it are several anomalies
more or less alined but separated from one another by distances of
from 100 to 200 feet. The individual anomalies in general have a
weaker attraction (20°-60°) and are narrower (seldom more than
100 feet) than in the western belt. The zone over which the anomalies
are found is from 200 to 500 feet wide. In contrast to the eastern belt,
the areas of magnetic attraction are in the granitic rock close to the
west contact of the mafic rocks.

The two belts are connected at their north ends by a broad zone of
attraction. There is no similar connecting belt of attraction at the
south end.

GEOLOGY

About half the area is covered by stream and glacial deposits as much
as 10 or 15 feet thick, which conceal much of the bedrock.

Most of the exposures are of pinkish to.white alaskitic granite that
apparently occupies the area between the two magnetic belts and ex-
tends an unknown distance to the west. Within the granite are thin
discontinuous inclusions and schlieren of biotite gneiss and amphibo-
lite. In placesthe granite contains fragments of dark green pyroxene
skarn. .

Within the granite in the western part of the area and bounding it on
the east are two narrow zones of skarn and amphibolite. No outcrops
are found along these zones, but boulders and dump material indicate
the presence of rocks of this type. These belts of mafic rock follow
closely the eastern and western belts of magnetic attraction. The
western belt is marked by a narrow trenchlike topography ; the limits
of the eastern zone are vague.

Biotite-quartz-feldspar gneiss lies east of the eastern skarn-amphib-
olite belt. Itseastern limitisnot known. Some layers of alaskite and
granite pegmatite occur in the biotite gneiss parallel to the foliation.
Locally the gneiss is migmatitic. Another area of biotite-quartz-feld-
spar gneiss borders the granite in the northwestern part of the area.
This gneiss is similar in appearance to the gneiss in the eastern belt;
but when the rocks are compared in thin section, it is seen that the
gneiss from the eastern belt contains potash feldspar and plagioclase,
in contrast to that from the northwestern area, which contains only the
plagioclase feldspar. A small body of biotite gneiss apparently occurs
as an inclusion in alaskite at the Welling mine.

STRUCTURE

The structure cannot be clearly delineated, but it appears to be an
asymmetric syncline plunging gently south. A broad zone of mag-
netic attraction at the north end of the area may be continuous with the
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eastern and western zones of attraction, and the two belts of skarn and
amnphibolite may be continuous to the north beneath the cover of
alluvium.

Over most of the area the gneissic foliation dips 50°-60° E., but the
foliation of the biotite-quartz-feldspar gneiss east of the eastern skara
and amphibolite belt dips west. In the northern part of the area, near
what may be the axis of the syncline, the foliation dips east more gently
(20°). In exposures northwest of the Welling mine the strike of the
foliation in the alaskite and the northwest area of biotite-quartz-feld-
spar gneiss becomes more easterly and dips southeast. The plunge of
the structure is not known.

MAGNETITE DEPOSITS
OCCURRENCE

Information on the mode of occurrence of the magnetite was gained
entirely from observation of material on the dumps around old shafts
and pr ospect pits. The magnetite apparently has two modes of occur-
rence: in the skarn-amphibolite belts and in biotite-quartz- feldspar
gneiss inclusions in the alaskite.

The eastern belt of mineralized rock, which includes the Wright
farm deposits, appears to be entirely within the skarn-amphibolite
belt. The magnetite on the dumps is coarse grained and granular and
the host rock is green pyroxene skarn. Coarse-grained, biotite-rich
rock is apparently associated with the ore. Judging from one or two
poor exposures in shafts and from the size of the prospect pits, the
magnetite bodies are no more than 5 or 6 feet wide. Possibly they are
discontinuous bodies of different size and grade. Foliation attitudes
in gneisses adjacent to the mineralized zone indicate that the zone
dips steeply west in the central and southern parts and is vertical or
dips steeply east at the northern end. The strike of the zone is about
N. 15° E. except at the north end where it is approximately north.

The western skarn-amphibolite belt apparently contains very little
magnetite, but it is characterized by pyrite in several places. The
magnetite is mostly in small bodies in the alaskite outside the belt.
Some of the magnetite occurs as thin seams and lean disseminations
in the alaskite. Coarse, disseminated magnetite in pegmatite also
occurs locally along this zone. At the Welling mine and a few other
places in the northern part of the area magnetite is associated with
biotite-quartz-feldspar gneiss inclusions in the alaskite. The biotite
gneiss in this association exhibits more or less chloritic alteration of the
_ mica. The deposits are erratic and probably have little lateral or
vertical persistance.

In the extreme southwest part of the district some magnetite occurs
in folia of pyroxene skarn in the alaskitic granite.
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MINERALOGY

Magnetite is the principal ore mineral. No hematite has been seen
in the specimens collected. Polished surfaces indicate that some of
the magnetite is pure; ilmenite is intergrown with it in other speci-
mens. Locally pyrite is abundant. Other gangue minerals are those

of the host rock.
GRADE

No data on the tenor of the “ore” are available. Some high-grade
material can be found on the dumps, but much of it contains a high per-

centage of silicate gangue. Two analyses of samples from the Welling
mine are given by Bayley (1910, p. 317) as follows:

Fe P 8i0; Ti Mn 8
| 33.91 ¢ 0.028 | !e¢.a. 50 .
2 54.23 033 |oceamaeans Tr. Tr. Tr.

1 Estimated.
SUGGESTIONS FOR EXPLORATION

The persistent eastern belt of magnetic attraction is the most favor-
able area for diamond drilling. Over the rest of the area mineralized
zones are extremely local, and there is no indication that the deposits
persist either laterally or vertically. The broad area of lower mag-
netic attraction at the north, between the Welling mine and the eastern
belt of anomalies, should be investigated to discover if the magnetite
that causes the anomaly is present in commercial quantities.

It seems doubtful that a continuous belt of commercial ore under-
lies the eastern anomaly. Probably there are several bodies or shoots
of ore. Drilling in the area of the magnetic peaks along the min-
eralized zone would afford evidence as to the presence of ore of
commercial grade. Further drilling would then be necessary to test
the extent of any ore bodies, laterally and in depth, and to determine
their structure. '

WEST PORTAL DISTRICT

The SWayze and Turkey Hill magnetite mines near West Portal,

Hunterdon County (fig. 30) were explored by the U. S. Bureau of
Mines from August 1943 to April 1944, (Botsford and Mosier, 1948,

p. 5-11). In addition to dip-needle surveys, 11 diamond-drill holes,
which have a combined depth of 4,910 feet, were put down to explore
the property. H. E. Hawkes of the U. S. Geological Survey was
responsible for most of the geological studies and interpretation of
the drill core during the exploration. Much that follows was taken
from an unpublished report by Hawkes on the results of exploration.
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LOCATION

The Swayze and Turkey Hill mines are on the summit and north-
west slope of Musconetcong Mountain, near West Portal, Bethlehem
Township, Hunterdon County. West Portal is 12 miles east of
Easton, Pa., and about 60 miles west of New York City. The Turkey
Hill deposit is approximately 114 miles S. 65° W. of the Swayze mine
(fig. 32). The magnetite deposits are accessible all year, by dirt and
graveled roads leading from U. S. Highway 22, from Easton, Pa.,
and Phillipsburg, N. J. The area is served by the Lehigh Valley
Railroad and the Central Railroad of New Jersey.

HISTORY AND PRODUCTION

The Swayze mine, formerly the Bethlehem mine, was operated prior
to 1868, idle from 1868 to 1871, and was operated again from 1871
t01875. It wasreopened in 1879, operated for 10 years, and abandoned
in 1889. The history of production is very hazy, but the total ton-
nage shipped from the Swayze mine was about 253,000 tons.

The Turkey Hill mine, formerly the West End mine, was dis-
covered in 1872 and was operated intermittently until 1884 when a
labor strike and mine fire resulted in its closing. In 1885 the mine
was reopened, but in 1887 it was closed again. The total production
(1872-1887) was 184,000 tons. In 1939 the West Portal Mines, Inc.,
H. M. Roche, president, was organized, and a magnetic concentrator
was erected in 1941 to work the dumps. Some concentrates were
shipped, but the amount is not known.

EXPLORATION

The U. S. Bureau of Mines madé a dip-needle survey of a belt
approximately 10,200 feet long and from 600 to 2,000 feet wide con-
necting the Turkey Hill and Swayze properties (Botsford and Mosier,
1948, fig. 2). Eleven diamond drill holes, which had a total footage
of 4,910 feet, were put down to test the extent of the magnetite
deposits beyond the old mine workings. Five holes were drilled
at the Turkey Hill mine and five were drilled at the Swayze mine.
No areas of magnetic attraction that seemed to warrant exploration
by drilling were found in the belt joining the Turkey Hill and
Swayze mines.

GEOLOGY

The Turkey Hill and Swayze deposits are in the northeast-trending
belt of gneiss that makes up Musconetcong Mountain. The Musconet-
cong Valley on the northwest is in sedimentary rocks of Paleozoic age,
and Triassic red beds limit the gneiss on the southeast. Exposures are

279478—54——4



CONTRIBUTIONS TO ECONOMIC GEOLOGY

244

L "N ‘£3Uno) TwopIdUNE ‘JOTIISIP [BHOJ 359N 9y} FO dBy—'gg @unolg

V-EVET SAR 3 W &G 2ooe) ' S0 NEANE S 1 AQ VI D-puduing

X
g
8

LHag __“
INIW TUH AT N1 Ntsﬁu*

. £ 1IVHS || .
6 Haa, mtﬁ% 1
b LIVHS MIND e a0 1]

ra 7
HHaa j.oulm waa 7
§ Lavus@

A
)
(] TN

prsd 1] Dﬁ

AT TIA HINIT T @

INIW WEVA FZAUMS

§& s zzsa uogeaur] jo sdunjct
o 798 “UORRIO} 3O dip pUB YIRS
/ n.t%% ° % o g
do ° wopsyo; 40 dIp pus POAS:
—~

&Haa d o . oz
NOILVNV1dX3




SOME MAGNETITE DEPOSITS IN NEW  JERSEY 245 .

scanty and poor in the vicinity of the mines because of an overburden
of glacial deposits and alluvium as much as 30 or 40 feet thick. The.
magnetite deposits apparently are along a zone of metasedimentary
rocks interlayered with gneissic: granite and alasklte, and . granite
pegmatite. . w

The strike of the mmerahzed zone at Turkey Hlll when extende d to
the northeast, passes very closeto'the Swayze mine. Prospéct pits and
minor magnetic anomalies are also situated along the line between the
two mines. Possibly the two deposits are joined by a continuous belt
in which scattered mineralized zones occur. There is; however, a
difference in the attitude of the gneisses at the two deposits. The,
average strike of the gneissic foliation and layering is N. 65° E. at_
Turkey Hill and the dip is 50° SE. (fig. 32) ; whereas at the Swayze
mine, as indicated by drill-hole data, the gneissic foliation and layering.
is about N. 70° W. and the dip 83° N. . Lack of outcrops prevents.
detailed structural analysis in this area.

Observations at the surface and data from the d11]1 hole exploration
suggest that these deposits may conform to.the idealized pencil- or
cigar-shaped shoot structure that is characteristic of many of the New
Jersey magnetite bodies. More detailed analysis of this structural:
possibility is reserved for discussion under the descriptions of -the
individual mines, but, in general, the data suggest that at the Turkey
Hill mines a well-developed ore shoot may be found which plunges east
or slightly north of east at about 33°, more or less in conformity with
the plunge of the lineation in the gneiss. The evidence is less definite-
for a similar structure at the Swayze mine.

TURKEY HILL MINE

Prospect pits and old shafts are situated along the strike of the
Turkey Hill zone for a distance of more than one mile, indicating a
mineralized belt of considerable persistence. Deposits along this zone
probably are small and spotty, however, except at the southwest end at
the Turkey Hill mine (fig. 32) where information from old reports
and the arrangement of pits and shafts indicate that a fairly continu-
ous body of magnetite extended from shaft 1 as far as the large caved
pit at shaft 4. Apparently this part of the belt marks the trace at the
surface of an ore shoot whose bottom is about at shaft 1 and the top
of which is at shaft 4.

According to a private unpublished report the thickness of the “vein”
ranged from 12 feet to 15 feet and the ore lay in “pockets.” Whether
the 12- to 15-foot thickness applies to the ore in the pockets or to the
average thickness is not known, but it is reasonable to assume that the
thickness is variable. By analogy with other New Jersey deposits, the
pockets probably are shoots elongated in the direction of plunge of
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the lineation. The large caved pits in the vicinity of shafts 3, 34, and
4 probably reflect an especially large pocket or “swell” in the ore shoot
that is immediately beneath the top rock. ,

* From: a study of the drill core it was possible to recognize several

rock units which enabled correlation between drill holes (pl. 35).-

The most distinctive lithology is in a unit that is characterized by
pyroxene skarn and some marble. This unit is above the zone in
which magnetite occurs and is separated from that unit by a layer
of predominantly light-colored gneissic granite and pegmatite. Be-
neath the magnetite-bearing zone the gneiss consists of mixed or inter-
layered amphibolite, granitic quartz-plagioclase gneiss, and biotite
gneiss, with some pegmatite. The zone or unit in which the magnetite
deposits are found is characterized by an abundance of amphibolite
and pyroxene amphibolite in which there is some interlayered granite
and granite gneiss, and pegmatite. Magnetite is not found through-
out this zone but occurs as local concentrations or layers or as scat-
tered granules. The skarn and light gneiss unit above the “ore”
zone are thickest northeast of hole 9. To the southwest they become
thinner ; the skarn and marble unit, which is about 110 feet between
holes 9 and 11, is only about 40 feet thick in hole 7; the unit between
the ore zone and the skarn is from 120 to 130 feet thick in holes 8,

10 and 11, but in hole 9 it 15 63 feet and in hole 7 only 15 feet thick.
The magnetite-bearing unit likewise becomes thinner to the south-
west; it is about 80 feet thick in holes 8, 10, and 11; 65 feet in hole 9,
and 10 feet in hole 7.

The average strike of the gneiss measured on outcrops southwest of
shaft 1 is N. 65° E.; the dip is 50° SE. The average strike of the
gneiss as determined in the drill holes is N. 60° E.; the dip is 47° SE.

The probable plunge of the ore structure is indicated by the Plunge
of the lineation in the outerops southwest of the Turkey Hill workings.

The lineation in these exposures plunges toward the east at a gentle
angle, the inclination from the horizonval ranging from 207 1o 80°.

Mylonites and breccias encountered in the upper parts of holes 8 and
10 indicate a certain amount of faulting. The lithologic units do

not appear to be appreciably dieplaced. howevar, and the componens
o e O eh T T The planar structure of the rocks 1§ app&renﬂy

neghglble The amount of movement parallel to the layering may
have been large but cannot be determined without more data.

RESULTS OF EXPLORATION

Although all the drill holes intersected the zone or unit in which
magnetite deposits occur, ore was encountered only in holes 9 and 10
(fig. 33; pl. 36). Hole 7 (fig. 34) appears to have been drilled

through an old stoped area. Hole 9 cut a thick section of magnetite;
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Projection of new
shaft 4

fom

|Predominantly iight-colored gneissic granite
and pegmatite

Interlayered granitic gneiss, amphibolite, and
some pegmatite

Amphibolite and some pyroxene amphibalite,
some interlayered granite, granitic gneiss
and pegmatite

Pyroxene skarn, some interlayered
amphibolite and marble

Magnetite deposits

Contact, approximately located

For location of drill hole,

see fig. 32
Diamond-drili hote by R Geology by H.E. Hawkes,
U.S. Bureau of Mines Nov.1943
Vertical and horizontal scale Lo
00 S 150 Fen

FI1GURE 33. Section through diamond-drillnh?'le 9, Turkey Hill mine, Hunterdon County,
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and in hole 10 a smaller amount of magnetite, about 5 feet thick, was
penetrated by the drill. Analyses of core samples are as follows:

TABLE 4.—Analyses of drill core, Turkey Hill mine, West Portal district,
. Hunterdon County, N. J.

[After U..S. Bureau of Mines!)

. Thickness (feet){. Chemical ‘composition (percent)
Depth from surface (feet) } )
| pabi| True | Fe | P | Si0s | Ti0s [1Ca0 | MgO | S
Drill hole 9: .
3 5 3.47 17.7 | 0.055
3 2.08 48.2 .014
4 2.77 54.0 .024
5 3.47 56.5 .008
5 3.47 55.0 .010
5.6 3.9 52.7 . 004
27.6 | 19.16
5 3.47 18.4 11030 SRR ERPRIIIO FPIPRIPRPR ORI ISP
4 2.7 24.5 (1727 PR DRI NSRRI PRI R
: 6.24
Total thickness..._... 7311 I (R FRRRSOR (ISR ARIION SRR RIS R,
Drill hole 10:
308.3-314.00 o cooeaeneo 5.7 5.4 50. 4 .008 13.6 .1 .b .b .033
! Botsford and Mosier. 1948, p. 9.
D.D.H. 7

EXPLANATION

tl
" Overburden

No core, probable stope. > B ' m

light-

8l i ic granite
and pegmatite

Interlayered granitic gneiss, amphibolité, and
some pegmatite
-

Pyroxene skarn, some interlayered

For location of drill hole,
see fig. 32

~¢ amphibolite and marble
el e — —
\\\ Contact, approximately located
I h - —— -
Digmond-drill hole by Geology by H.E. Hawkes, lpfe"ed contact
USS. Bureou of Mines oct. 1943 o
50 \./oe-rtlicol and horizontal scole 150 Feet
[ ol l L !

Figure 34. Section :tprough diamond-drillNh%le 7, Tul’key Hin mine, HUI]tel’dOIl COUI]ty,

‘The Section of magnetite cue in hole 0 is in_te.rprelted to be a “swell”
on the Turkey Hill ore shoot. In all pI"Obablllty the large caved pIES
at shafts 3 and 4 are located at the outcrop of a swell on the ore shoot—
now mined out an indefinite distance. If it is assumed that this swell
plunges eastward in the same direction as the observed lineation, its

*,
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downward extension passes directly under the site of hole 9 at a depth
corresponding closely with the magnetite encountered at about 400
feet. The orein hole 9, therefore, is probably the downward extension
of that mined in shafts 3 and 4. Measured in a vertical section
through shaft 3 and hole 9, the plunge of this swell is 33° E. These
features are shown on the block diagram (pl. 35) of the Turkey Hill
mine.

Holes 8 and 11 intersected the “ore zone” but did not ercounter any
mineralized rock, apparently because they cut the zone in the area
above the “top rock” of the main ore shoot. The smaller section of
magnetite cut in hole 10 is probably part of an isolated deposit or shoot
not, connected with the main body. The absence of anomalous dip-
needle readings in the area where the assumed plunge of this body
projects to the surface indicates that it probably pinches out between
the intersection of hole 10 with the ore and the surface.

SWAYZE FARM MINE

As no bedrock is exposed within a half mile of the Swayze farm
mine, all geological deductions are based on interpretations of drill
core, study of the arrangements of old pits and shafts, and information
obtained from discussions with individuals who have had personal
knowledge of the mine.

Apparently, there were two ore bodies in parallel zones about 150
feet apart, striking about N. 70° W. and dipping steeply northeast to
vertical. The north ore body contributed the bulk of the production,
though the south ore body was also extensively explored and mined.
The inferred outline and position of the north ore body based on
meager data is shown in plate 37, a section drawn through diamond-
drill holes 1and 5. No information concerning the plunge or direction
of elongation of the ore shoot is available but in accordance with the
general behavior of the New Jersey deposits it is assumed that the body
plunged gently eastward.

The purpose of the drilling campaign was to explore for possible
downward or lateral extensions of the mined-out ore body.

Drilling revealed a characteristic rock assemblage which enabled the
establishment of distinctive units that could be correlated from hole
to hole. The zone containing the north ore body is a unit that consists
predominantly of amphibolite and pyroxene amphibolite with some
interlayered pegmatite and light granitic gneiss. The unit inter-
preted as the south mineralized zone is characterized by an abundance
of pyroxene skarn, considerable amphibolite and some pegmatite and
granitic gneiss. Between the zone of skarn and the zone of amphib-
olite is a unit containing granitic rocks and interlayered amphibolite
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and some pegmatite. The unit north of the amphibolite zone is com-
posed predominantly of pegmatite and light-colored granite. The
zonie of amphibolite is 25 to 35 feet thick, the skarn zone is 75 to 95
feet thick, and the 1nterven1ng unit ranges f1 om 95 to 130 feet in thick-
ness.

The strike and dip of the gneiss as determined from study of the
drill core is about N. 70° W.,83° N. The dip was obtained by measure-
ments on sections constructed from the drill-hole data and from
measurements of foliation angles on the drill core. The strike was
derived by projecting the various units to the surface along the dlp,
and joining the points thus established.

An important feature is the failure of the fmmphlbohte—-the zone
contalmno the north ore body—to appear in hole 2. Correlation with
the stratigraphy in holes 1, 5, and 6 fails to apply below a depth of 357
feet in hole 2. High core loss at this depth in hole 2 indicates a zone
of broken or weakened rock. These facts indicate a fault at this place
which brings a thick section of light gneisses into the position where
the amphibolite would be expected. No inferences as to the strike, dip,
or relative displacement on this fault can be made on the basis of
information available. Perhaps it is significant, however, that the
lateral termination of the north ore body is close to this drill section.
The possibility remains, therefore, that the north ore body on the

southeast end was faulted off rathep than pinched out. A possible in-

terpretation of the structure at the east end of the Swayze deposit is
offered in the generalized block diagram, plate 38.

RESULTS OF EXPLORATION

Results of drill-hole exploration at the Swayze mine were disap-
pointing. A little magnetite was cut in the skarn zone in drill holes

Land 2. Analyses of core samples of magnetite from these holes are
recorded in table 5. The downward extension of the north ore body
was not discovered.

TABLE 5.—Analyses of.drill core, Swayze farm mine, West Portal district,
Hunterdon County, N. J.

[After U. S. Bureau of Mings |

Th(}ce’gg)m Chemical composition (percent)
Depth from surface (feet) Apper-
ent | 110 | Fo | P.| 8i0s | Tios | CaO | Mz0
Erﬂl 130;911490 ______________ 25| 18] 50| ooos| zos| ozl La| 945| 03
BI-185. 81 .50 3.5 .o11| 20.6) -.08| 10.7 7.8 027

1 Botsford and Mosier, 1948, p. 6.
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The north ore body may have beern a simple kidney-shaped pod that
did not. continue in depth. . A characteristic.of the Highlands.type
magnetite deposits, however, is that they extend in depth. along -the
plunge for con31derable dlstmnces with not much change m cross
sectlon

P0551bly, the plunge is such that the extensions of tlie oré body were
not, explored ‘by drilling ; the plunge is not accurately known, and no
indication of the. ‘tndle of plunge could be obtained from measure-
ments of lineation in the enclosing gneiss because there are no outcrops
in the mine area. If the plunge were horizontal, hole 6 might have
gone under the ore body, this is not likely, as dip-needle observations
east_of the .east drill section failed to disclose a sufficiently intense
magnetic effect. If the plunge were steep to the southeast, hole 1
might have gone under the ore body while hole 2 went over it; this is
not likely in view of the limited space allowed in this section and the
lack of any indication in hole 2 of the amphibolite zone above the shoot.
If the plunge were to the northwest, all the holes would have missed
the ore body ; this is not likely inasmuch as reports of the shape of the
north ore body, as it was deve]oped suggest a progressive shallowing
of the deposit west of the main shaft; this is also contrary to observa-
tions of plunge on outcrops within a three-mile radius of the mine,
which are consistently inclined to the east at a gentle angle.

- It seems most likely that the north ore body is cut off on the east
by a fault. As described previously, there is considerable evidence
that hole 2 encountered a fault at depth. The persistence of mod-
erately high dip-needle readings (5°-10°) east of the east drill section
indicated that the horizontal component of the displacement is prob-
ably not more than 100 feet. A fault of this magnitude would still
be sufficient to account for the absence of the amphibolite zone in hole
2. On this assumption the gneiss below 375 feet in hole 2 must corre-
spond with the gneiss in the hanging wall of the amphibolite zone
(pl. 38), and the relative movement of the fault is right-handed—
the east segment moved south relative to the west.

Even though the apparent horizontal separation at the surface were
only 100 feet, the vertical displacement parallel to the dip of the
gneissic layering might be very great, and the extension of the amphi-
bolite zone that contains the north ore body might be located a con-
siderable distance from the surface.
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