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URANIUM IN Tm PHILLIPS MINE-GAMP SMITH AREA, 

PUTNAM AID WESTCHESTER COUNTESS, NEW YORK

*>y

Harry Klemic, John H. Eric, James R. McNitt, and Frank A. McKeown

ABSTRACT <

Uraniferous rock was discovered in the Phillips mine-Gamp Smith area 

in 1953« Precambrian rocks of the Hudson Highlands of the New England 

physiographic province underlie the area* Hornblende pegmatite intrudes 

hornblende gneiss and diorite. The hornblende pegmatite and diorite are 

conformable with regional structures in the gneiss. Cross-cutting bodies 

of oligoclase-quartz pegmatite intrude the diorite and hornblende gneiss.

Uraninite occurs in hornblende pegmatite and in adjacent hornblende 

gneiss and diorite in an elongate zone that is mineralized with magnetite 

and iron sulfides* The mineralized zone strikes northeast and dips steeply 

northwest. The Phillips pyrrhotite-pyrite ore body at the northeast end of 

this zone plunges northeast. The uraninite is in crystals and grains, most

of which range from a millimeter to a centimeter in diameter- Subhedral•,

uraninite crystallized from the pegmatite magma. The isotopic age of a 

crystal of uraninite from the hornblende pegmatite is about 920 million 

years.

Magnetite is believed to have been emplaced during the latest stages of 

the consolidation of the hornblende pegmatite and is associated with 

secondary augite resulting from the alteration, possibly pneumatolytic, 

of hornblende in the pegmatite and adjacent rocks, The solutions that 

deposited magnetite and altered hornblende to augite embayed and rounded



some of the uraninite crystals. Iron sulfides are believed to have been 

deposited by hydrothermal solutions that followed the main channels through 

which the hornblende pegmatite magma and the magnetite solutions had "been 

introduced. Later^ oli^oelase-quartz pegmatite intruded the area discord 

antly, « The lead-alpha age of zircon from the oligoclase-quartz pegma 

tite is about 620 million years.

Results of exploration suggest that the deposits are submarginal under 

1955 marketing conditions for uraniumo

INTRODUCTION

The Phillips mine-Camp Smith area is in the Hudson Highlands, a hilly 

belt of igneous and metamorphic Precambrlan rocks that forms part of the 

Reading Prong of the New England physiographic province. The area is in the 

Peekskill Yll-Biinute quadrangle (fig. l). About l|r miles west of the Phil 

lips mine, the Hudson River with its surface at sea level cuts through the 

Highlands. Erratic boulders at altitudes of 800 feet and higher indicate 

that this part of the Highlands was once covered by glacial ice. The area 

included in figure 2 lies between 560 and 900 feet above sea level. In 

valleys and near the bottoms of hillsides in the mapped area, as much as 

k feet of soil and overburden covers the bedrock. Although the overburden 

is thin on the upper parts of hills, outcrop of bedrock probably constitutes 

less than 25 percent of the area in these places.

The Phillips mine, owned by Mrs. Lucius Boomer of New York, is an old 

sulfide mine in Putnam County, about l|- miles east of the Hudson River along 

the boundary between Putnam and Westchester Counties. Camp Smith, a military 

reservation owned by the State of New York, is in Westchester County just 

south of the county line.
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The Phillips mine is accessible by a dirt road south from Manitou Road 

which connects U. S. Highway 9 with State Highway 9D about l|- miles north 

east of Bear Mountain Bridge. Gamp Smith is reached from U. S. Highways 

202 and 6. Peekskill is about three miles to the southeast.

The date of discovery of the Phillips sulfide ore body is not known to 

the authors, but the mine was opened shortly after the Civil War. Credner 

(1865) refers to deposits of magnetite with pyrite and pyrrhotite in this 

area but does not refer specifically to the Phillips mine. Credner (3.866) 

gives, in German, the following information; "A mine shaft on the north 

slope of Anthony's Nose is about 100 feet deep, and the operators intend to 

process the ore for sulfuric acid, copper, and nickel." This information 

suggests that the mine had been worked for only a short time before 1866.

Kemp (189^) gives the first reference that specifically mentions the name 

Phillips mine and the time of its opening. He states:

"The ore-body was opened shortly after the war, and was known 

as the Philips mine....It,was operated for ten or fifteen years-" 

after this, but for sulphur fumes and not for its metallic contents, 

which proved too low for profit."

Raymond (189*0 in discussing the description of the Phillips mine by 

Kemp in 189**- stated:

"...I had occasion nearly thirty years ago, ... to examine 1iie 

deposit, to assist in certain experiments performed upon the ore 

and to Join in the advice given to the Hudson River Copper Company 

which then owned the property,... A small experimental furnace 

on Staten Island made some sulphuric acid from the ore, and, 

finally, the chemical works...to which Professor Kemp has alluded,
«»

employed it for a considerable period...."



Recent investigations for uranium

Pitchblende was reported by Zodac (1939) about a mile south of the 

PMlllps mine-Camp Smith area. McKeown (1951) defined a radioactive 

province in the Hudson and Housatonic Highlands. Uraniferous rock was 

found on the dump of the Phillips mine in Putnam County, and in adjacent 

areas in Camp Smith in Westchester County, N. Y. in 1953 fcy Edward J. 

Chalmers of Glenville, Conn, Walthier (1955) mentions uranium in the 

Phillips mine-Camp Smith area and in other places in the Hudson Highlands,

In 1953 Mr. Chalmers filed notices of discovery of uranium on the 

Camp Smith military reservation and in 195^- made arrangements with Mines, 

Inc., of Hew York, subsidiary of Ventures, Ltd. of Toronto, Canada, for 

the exploration of his claims. Mines, Inc. mapped the outcrops, trenched 

and stripped in selected areas, made a detailed Geiger-couoter survey of 

their workings, sampled the radioactive rock, and prepared a plan for 

exploratory drilling, Mr. Chalmers presented this proposed plan to the 

Defense Minerals Exploration Administration and was granted an exploration 

contract under which eleven diamond-drill holes were put down early in 1955*

These investigations show the uraninite to occur in hornblende peg 

matite and adjacent hornblende gneiss and diorite in a zone that has been 

mineralized with magnetite and iron stilfides. The mineralized zone is 

elongate, strikes northeast, and dips steeply northwest. The Phillips 

pyrrhotite-pyrite ore body within this zone strikes and plunges northeast 

and dips northwest. The results of exploration suggest that the deposit 

is submarginal under 1955 marketing conditions for uranium.
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Previous work

The geology of the sulfide deposit at the Phillips mine was described 

by Loveman (I91l)« Berkey and Rice (1921) in their comprehensive report on 

the geology of the West Point quadrangle summed up the earlier geologic 

information that had been compiled about this portion of the Highlands 

and added much new information from their own studies. The magnetite 

deposits of southeastern Hew York were described by Colony (1923)* 

Thompson (1936) described the geomorphology of the Hudson Hiver gorge* 

Low® (1950) described the petrography, petrology, and structure of the 

Storm King granite in the Bear Mountain area to the west*

Preliminary examinations of the area to evaluate its potential for 

uranium were made in 1953 by the U. S. Geological Survey and the U, S. 

Atomic Energy Commission, In 195^ the U. B» Geological Survey, on behalf 

of t&6 Division of Raw Materials of the U. S. Atomic Energy Commission, 

made a more detailed geologic study. A geologic and topographic map on 

a scale of 1:2,*KX> was made of an area about il-,500 feet by 1,800 feet. 

Samples of the radioactive rock were assayed and mineralogic studies were 

made in the U. S. Geological Survey laboratories, A radioactivity survey 

was made with a scintillation counter and a magnetic survey was made with 

a dip needle in part of the area.
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GEOLOGY 

General statement

The Hudson Highlands are a northeast-trending belt of Precambrian 

crystalline rocks bounded on the northwest and southeast by faults. A 

great variety of rock types is exposed in the Highlands. Those most 

abundant in the area within the West Point quadrangle have been described
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by Berkey and Eice (1921)* and include metamorphosed Precambrian sedimentary 

rocks, diorites and granites, mafic dikes, and mixed types consisting of in 

trusive and metamorphic rocks*

iFbr mapping at a scale of 1:2,J*OQ, the rocks in the Phillips mine-Camp 

Smith area were divided into five lithologic units. The oldest unit is 

hornblende gneiss, which is intruded by diorite in the central part of the 

area and by biotite diorite along the northwestern and southeastern boun 

daries of the area. The youngest rocks are hornblende pegmatite and oligo-* 

clase-quartz pegmatite which intrude the hornblende gneiss and diorite.

The hornblende gneiss is similar to the Pochuk injection gneiss, and 

the diorite and biotite diorite are probably the Pochuk diorite described 

by Berkey and Rice (1921).

Within some lithologic units there are local variations in texture and 

composition. Coarse-grained hornblende-rich facies of hornblende gneiss 

resemble hornblende pegmatite in hand specimens. The rock mapped as diorite 

has granodioritic and granitic facies.

In most of the area the diorite is massive; but, in places where biotite 

is abundant, it is distinctly gneissic. Likewise, there are facies changes 

in the pegmatites, but the gross features of each of these units as mapped 

are distinct.

The Phillips pyrrhotite-pyrite ore body is similar in some respects to 

some of the sulfide*.rich magnetite bodies of southeastern New York as des 

cribed by Colony (1923). In general these ore bodies are along north 

east -trending zones, are roughly lenticular, dip steeply southeast, and 

plunge northeast. The Phillips ore body, however, dips steeply northwest. 

Some of the magnetite bodies contain practically no sulfides, whereas others 

are rich in sulfides.
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Hornblende gneiss .

Several bands of well foliated hornblende gneiss underlie about one- 

third of the area mapped (fig* 2), Contact relations indicate that horn 

blende gneiss is the oldest unit and that diorite and pegmatite were in 

truded into it.

Distribution

Three parallel bands of hornblende gneiss strike about N. ^0 E, 

(fig, 2). Three small, lenticular bodies of hornblende gneiss parallel 

these bands j one on the southwest margin of the map area, one near trench 

T-13, and the other south of the Phillips mine shaft. The hornblende gneiss 

bodies are interlayered with diorite and cut by pegmatite. In several 

places, especially along the northwest boundary of the area, partly as 

similated bodies of hornblende gneiss with gradational contacts are enclosed 

in diorite. The foliated structure of the partly assimilated bodies, which 

were not mapped, is still preserved by thin bands of mafic minerals which 

are parallel to the large bands of hornblende gneiss.

Petrography

The hornblende gneiss is composed of alternating layers of light feld- 

spathic material and dark hornblende-rich material. These layers are com 

monly an eighth of an inch to an inch thick, but many are a foot thick and 

a few are as much as h- feet thick. The boundary between the layers is sharp 

and the individual layers commonly retain the same thickness for 20 or 30 

feet along their strike. Because platy minerals are absent^ foliation is 

revealed only by the alternating layers of ligfrt and dark material, The 

alinement of minerals is planar but not linear.



The light layers of the hornblende gneiss are medium grained, have a 

granitic texture, and contain about 75 percent oligoclase, 10 percent quartz, 

10 percent green hornblende, and 5 percent orthoclase. The feldspar crys 

tals have a wavy extinction and traces of their twin planes are distorted. 

Minor sericitization has taken place along the edges and fractures of the 

feldspar crystals. !Ebe dark layers of hornblende gneiss are also medium 

grained and consist of about 65 percent green hornblende and 35 percent 

feldspar in crystalloblastie intergrowth. The feldspar in the dark bands 

has been so highly sericitized that its original composition could not 

readily be determined. The hornblende crystals are idioblastic and have 

been slightly altered to epidote. Some sections of the dark layers show 

subhedral grains of unaltered oligoclase embaying the hornblende crystals.

Where hornblende gneiss is associated with a pegmatite intrusion, the 

grain size of the hornblende gneiss is commonly increased from the normal 

diameter of 2 or 3 ram up to 6 mm. The composition of the dark layers in 

this coarse phase approaches 100 percent hornblende and the gneiss becomes 

difficult to distinguish from the hornblende pegmatite unless it can be. 

traced into the normal, medium-grained phase of the hornblende gneiss.

Origin

Recent studies (Hotz, 1953j Sims, 1953) have shown the association in 

the Precambrian Highlands, or amphibolite with skarn, marble, and other 

metasedimentary rocks. This association suggests that these amphibole- 

rich rocks are probably regionally metamorphosed calcareous sediments. 

The hornblende gneiss described in this report may have undergone even - 

further modification, as suggested by the difference in texture and degree



of alteration between the ligiht and dark layers of hornblende gneiss. The 

dark amphlbole-rlch layers are believed to represent an originally calcareous 

sediment, and the light layers a dioritic magma that was injected into the 

metasedimentary rocks. In places, projections of diorite cut across and 

terminate hornblende-rich layers, and merge Imperceptibly into the light 

layers, which suggests strongly that the hornblende gneiss Is a mixed rock 

formed by llt-par-lit injection of the hornblende-rich rock by diorite. 

To what extent this dioritic magma is responsible for the metamorphlsm 

of the calcareous sediments is not known. The severe serlcitlzatlon of the 

feldspar, the fact that serlcite is not oriented parallel to rock foliation, 

and the seemingly later growth of oligoclase in the hornblende-rich layers 

may be due to the diorite injection rather than entirely to regional meta- 

morphism. The rock resulting from this process is similar to the "injection 

gneiss" in the West Point quadrangle described by Berkey and Rice (1921, 

p. 59)• The later intrusion of pegmatite into the hornblende gneiss Is 

probably responsible for developing the coarse-grained facles in the dark, 

hornblende-rich layers because the coarse facies and pegnatlte are spatially 

associated. The concentration of hornblende in the coarse-grained facies 

could have been accomplished by the mobilization and removal of the original 

feldspathlc material during recrystallization.

Dlorltic rocks

Dioritic rocks, which underlie about two-thirds of the area mapped, 

are interlayered with the hornblende gneiss. These bodies of diorite 

range from umall lenses 30 feet wide to a. large continuous band 500 feet
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vide. In general, the diorite bands are conformable to the hornblende gneiss, 

but email-scale cross-cutting features indicate the intrusive nature of the 

diorite.

Two types of diorite are represented in figure 2 as diorite and biotite 

diorite. This field distinction is based on a difference in mineralogy 

and on a weak gneissic structure caused by oriented biotite in the biotite 

diorite.

Diorite

Distribution* —The largest body of diorite is a layer about 500 feet 

wide that crops out across the middle of the mapped area. Several isolated 

lenses of diorite, about 30 feet in width and 150 feet in length, intrude 

the hornblende gneiss on both sides of this main body. These lenses, like 

the largest diorite body, conform to the strike, and probably the dip, 

of the g&eiofi.

Petrography. —The diorite is a very light gray, massive rock w^Lth a 

medium-grained, equigranular texture* The diorite is coarse grained in 

places but at a scale too small to be shown on figure 2. Although the 

nonbiotitic diorite is generally massive, weak foliation parallel to the 

regional structure is locally apparent.

Examination of thin sections reveals both granitic and granoblastic 

textures and shows that the rock mapped as diorite grades from diorite 

through quartz diorite, granodiorite, quartz monzonite, to granite. The 

latter is rare. Diorite and quartz diorite are the most common facies and 

consist of plagioclase (chiefly oligoolase and some andesine), 60-90 per 

cent) quartz, a trace to 20 percent; potash feldspar (which may be
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orthoclase or microcline or both), a trace to 10 percent J and amphibole, a 

trace to 20 percent. The microeline and quarts are both interstitial to 

and included in the plagioelase. Some of the microeline inclusions appear 

to be exsolution products from the plagioclase. Most of the plagioclase 

and orthoclase has been moderately sericitized, and the plagioclase has 

been intensely epidotized near zones of later mineralization* Biotite, 

zircon, and rutile are minor accessory minerals.

Biotite diorite

Distribution*—A body of biotite diorite, at least kOQ feet wide, crops 

out along the northwest side of the mapped area. It includes a thin horn 

blende gneiss layer that pinches out to the southwest. Another mass of 

biotite diorite, about 100 feet thick, was mapped in two places along the 

southeast boundary of the area but probably extends the full length of the 

area* Unlike the diorite, no small lenses of biotite diorite were found 

intruding the hornblende gneiss.

Petrography*—The biotite diorite is a light gray, medium-grained rock 

which is massive except in the biotite-rich layers. The attitude of the 

foliation in the biotite-rich layers conforms, in general, to that of the 

surrounding gneiss.

Study of many hand specimens and one thin-section indicates that the 

rock has a granoblastic texture and the ma^or mineral percentages in the 

biotite diorite are similar to those of the diorite. Quartz and feldspar 

are highly sutured and quartz fills fractures in the feldspar grains. 

The accessory mineral assemblage differes in several respects from that 

of the diorite. Biotite, which constitutes about 5 percent of the biotite
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diorite, forms well defined layers and in places penetrates the feldspar 

and quart z grains * Brown subhedral grains resembling sphene make up a"bout 

1 percent of the rock. Green hornblende occurs in fine-grained aggregates, 

and the feldspars have been extensively altered to sericite and epidote. 

Zircon is another minor accessory mineral.

Relation "between hornblende gneiss and diorites

The area mapped is characterized "by alternating bands of hornblende 

gneiss and diorite. "The larger diorite bodies are continuous and have 

a fairly constant thickness. The narrower gneiss layers, however, pinch 

and swell, in places grading into diorite or biotite diorite for many feet 

along their strike. 'She large layers and small lenses of both diorites 

conform to the regional structure of the gneiss, but in detail atfew 

cross-cutting projections of diorite are visible. The diorite in large 

mappable bodies and small crosscutting projections is essentially the 

same rock as the light-colored bands of the hornblende gneiss.

In places the contacts between the diorite bodies and hornblende 

gneiss are transitional over a distance of several feet. The alternating 

layers of diorite and hornblende gneiss in this zone are each 2 or 3 feet 

wide,*-, The diorite is essentially concordant with the structure of the 

gneiss except for a few cross-cutting veinlets connecting two diorite 

stringers* At places where the layers are thinner the contact is transi 

tional in a distance of 1 or 2 feet in the dark layers of gneiss. Such 

contact features as drag folding, fracturing, inclusions and chill zones 

were not observed at the contact between diorite and hornblende gneiss.
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The relations between the diorite and biotite diorite could not be 

established in the mapped area because the two units were not found in 

contact.

Origin of diorites

The shape of the diorite masses, and the structure, microscopic tex 

ture, and contact relationships suggest to the authors that the diorites 

probably crystallized directly from a magma that was intruded into the horn 

blende gneiss. The range in composition may be due, in part, to assimi 

lation and in part to later addition of material during emplacement of 

pegmatite. There are few structural features in the diorite as ,com* - 

pared to the gneiss, but the general conformity of the diorite bodies to 

the structure of the gneiss, as well as the absence of fracturing, inclusions, 

drag folding, and chill zones, suggests that the intrusion took place during 

the closing stages of metamorphism. At that time the temperature and 

pressure may have been great enough to minimize discordant intrusion but 

insufficient to produce strongly gneissic structures in the diorites. 

Epidotization and sericitization of the feldspar, granoblastic textures and 

the late development of oriented biotite and perhaps sphene in the diorites 

may have been due to concomitant metamorphism and igneous intrusion during 

the late stages of the tectonic activity that deformed the hornblende gneiss. 

An alternative interpretation—that the diorite may represent metamorphosed 

sedimentary rock—is supported by general conformity of diorite to regional 

structure of the gneiss, gradational contacts in places between diorite and 

gneiss, and weak foliation of biotite diorite.
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Pegmatite

Several "bodies of pegmatite, the youngest rock mapped in the area, 

intrude the gneiss and diorite. These "bodies have the typical mode of 

occurrence and large crystals of common pegmatite* , but their composition 

is more dioritic than granitic. Two types of pegmatite have "been mapped: 

hornblende pegmatite and oligoclase-quartz pepiatite*.- Hornblende peg 

matite, as mapped (fig. 2), contains a facies of oligoclas@*quartz pegmatite. 

Oligoclase-quartz pegmatite also forms separately mappable units that are 

"believed to be younger than the oligoclase-quartz facies of the hornblende 

pegmatite. Hornblende pegmatite is the principal host rock for uraninite.

Hornblende pegmatite

Distribution*'—Hornblende pegmatite crops out in isolated, elongate 

bodies that range from about 50 to 750 feet in length in a zone 3*200 feet 

long. This zone strikes roughly northeast and cuts across a gneiss-diorite 

contact at a very low angle. (See fig. 2.) The elongation of the horn 

blende pegmatite bodies generally is parallel to the regional structure.

The largest body of hornblende pegmatite mapped in the area is at . 

least 500 feet long and 100 feet -wide. It is bounded by gneiss in most 

places on the northwest and northeast sides, and by diorite on the south 

east; the southwest side is covered by the Phillips mine dump. Two hundred 

feet farther southwest, stringers of hornblende pegmatite are exposed in 

the walls of the Phillips mine shaft and in the small, inclined shaft close 

by. The strike of these hornblende pegmatite stringers suggests that they 

are probably extensions of the southwest end of the large pegmatite body.
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The large quantity of hornblende pegmatite found on the mine dump also 

supports this conjecture , If the pegmatites exposed in the shaft openings, 

as interpreted on figure 2, are connected with the main body, the total 

length of hornblende pegmatite northeast of the Phillips mine is 750 feet.

Several sheets of hornblende pegmatite, about 5 feet wide, crop out 

on the diorite hill just southwest of the Phillips mine shaft. Their 

extent and outline were inferred from exposures in old pits P-l and P-3> 

from float blocks, and from small isolated outcrops, as well as from a 

few shallow pits dug by the authors and by Mines, Inc. The dumps of pits 

P-2 and P-5 contain many pieces of hornblende pegmatite.

A hornblende pegmatite body apparently crosses from diorite into 

gneiss about 200 feet southwest of the junction of Mine Eoad and Iron 

Mountain Roado From this point southwestward to the end of the pegmatite 

zone the remaining bodies are confined to the hornblende gneiss belt. 

Because both the gneiss and the hornblende pegmatite are highly sus 

ceptible to weathering and decomposition, natural exposures of these 

pegmatite bodies along Mine Road are scarce. Recent trenching in the area, 

however, has made possible the accurate location of at least parts of these 

bodies.

One small body of hornblende pegmatite is associated with oligoclase* 

quartz pegmatite on Riquier Trail, but the contact is not exposed and the 

relations between the two types of pegmatite at this locality were adt 

established.

Petrography.--The coarse grain size and peculiar structure of the 

hornblende pegmatite make accurate laboratory grain counts impractical 

for determining its percentage composition. Bough estimates during 

field study showed the unit as a whole to contain about kO percent 

hornblende, to percent oligoclase, and 20 percent quartz. Probably there
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is very little rock ¥ith this composition, however, for the hornblende 

pegmatite bodies are not homogeneous throughout but are made up of a 

hornblende-rich facies and an oligoelase-quartz-rich facies.,

The hornblende facies consists of about 90 percent dark green horn 

blende crystals that average 2 inches in length but in places range from 

|r to 8 inches in length* In a few places hornblende crystals are 2 feet 

long* The chemical composition of the hornblende is given in table 1,

About 10 percent of the hornblende facies is made up of quartz and 

oligoclase crystals about 1 inch in diameter. The quartz and feldspar 

are irregularly distributed between hornblende crystals and in places form 

discontinuous stringers„

Except for the larger size of its crystals, the oligoclase-quartz 

facies of the hornblende pegmatite is similar both in composition and 

texture to the separately mappable oligoclase-quartz pegmatite described 

in the next section, and to the quartz and feldspar that occur as stringers 

in the hornblende gneiss*

In some outcrops irregular masses of the hornblende facies of the 

hornblende pegmatite, ranging from 3 to 25 feet in diameter, are sur 

rounded by the oligoclase-quartz facies. In other outcrops equally 

large masses of oligoclase-quartz facies are surrounded by hornblende 

facies. The contact of one facies with the other is marked by mutually 

interpenetrating and cross-cutting stringers of hornblende, and quartz 

and feldspar. Although the relations between these facies are not 

entirely clear, the mutual interpenetration and constant association of 

these units suggest that they were intruded as one igneous body, and 

they were mapped as one geologic unit.
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Table 1.—Chemical analysis of coarse-grained hornblende 

and coarse-grained augite

FeO

CaO

K2° 

TlOg

P2°5 

MnO

Hornblende 
JM-5* 

(percent)

50,2

5,4.

3.0

10.0

14.8

11.6

1.6

.65

•76

.0?

.14

1.2

«c.Q5

99*47

Aiagite 
AL-1* 

(percent)

51.4

1.7

4.5

6.6

12.3

20.3

1.5

.06

.09

.06

.06

• 59

^.05 

99.21

Analysts: H. F. Phillips, L. D. Elmore, and K. E, White, 

U. S. Geological Survey. 

* Lot no. 1967

Lab no. Field no.

139246 JM-5

139247 AL-1



Northeast of the Phillips mij*e, the hornblende pegmatite is unaltered. 

In and southwest of the Phillips mine, epidote and augite have formed in 

the hornblende pegmatite, especially near concentrations of magnetite and 

sulfides, vhere the pegmatite is abnormal ly radioactive because of its 

uraninite content. The epidote and augite are thought to be alteration 

products connected with introduction of magnetite and sulfides.

Age.--Age determinations of a sample of uraninite from a specimen of 

hornblende pegmatite on the dump of the Phillips mine, made by L. R, Stieff 

and T. W. Stern, U. S. Geological Survey (Stieff and Stern, written com-> 

munication, Isotopic age report No. 1, July 8, 1955) > indicate a Pfo /u 

age of about 920 million years.

Oligoclase-quartz pegmatite

Distribution. —Nine bodies of oligoclase-quartz pegmatite were mapped 

in the area. Seven of these bodies are in gneiss, one is in diorite, and 

one cuts across a contact between gneiss and diorite. The pegmatite forms 

lenses, sheets, and irregular bodies, ranging in length from 50 to 300 feet, 

and in width from 10 to 70 feet.

Where the oligoclase-quartz pegmatite is surrounded by gneiss, it 

weathers in small rounded knobs. Where surrounded by diorite, which is 

much more massive than the gneiss, the pegmatite weathers at about the 

same rate as its country rock. This may account partly for more pegmatite 

having been mapped in the gneiss than in the diorite. The structure of the 

gneiss had little effect on the intruding pegmatite, for in plan, the long 

dimensions of most of the oligoclase-quartz pegmatite bodies are not ; • . 

parallel to the foliation of the gneiss (fig. 2).



Petrography.—The oligoclase-quartz pegmatite is light gray to pinkish. 

In the oligoclase-quartz facies of the hornblende pegmatite the crystals 

average about an inch in diameter; in the separately mappable units the 

crystal size is smaller. About 90 percent of the pegmatite is composed of 

subhedral crystals of oligoclase and the remaining 10 percent is made up 

of quartz, both in irregular grains and as graphic intergrowths in the 

feldspar. Local concentrations of magnetite occur as subhedral to euhedral 

crystals I/k to 1 inch in diameter. Hornblende in small amounts, probably 

less than 1 percent, is probably a primary accessory mineral, although it 

may be an incorporation from the surrounding hornblende gneiss. No 

elements of foliation or lineation are visible in the oligoelase-quartz peg 

matite, and no recognizable inclusions of country rock were seen. Scintil 

lation-meter surveys of the oligoclase-quartz pegmatite indicate that at 

least three of the nine bodies contain radioactive minerals; they are the 

two bodies on Iron Mountain Eoad in the area shown near the bottom of 

figure 3 and the long thin body that crosses the diorite-gneiss contact 

in the northeast part of the mapped area .(See fig. 3«?t Inasmuch as the
;<»..

radioactivity of oligoclase-quartz pegmatite is weak and local compared to 

that of hornblende pegmatite, the minerals causing this radioactivity,

other than zircon, were not identified. * <»

Age.—'The oligoclase-quartz pegmatite in separately mappable units is 

believed to be the youngest rock in the area because it is unmetamorphosed 

and intrudes diorite and gneiss discordantly* A grab sample of coarse 

grained rock, probably oligoclase-quartz pegmatite, containing zircon was 

taken from a slightly radioactive outcrop on Mine Mountain* Some of the 

zircon was separated, and its lead-alpha age, as determined by :., .
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David Gottfried of the U* S* Geological Survey, is about 620 million years. 

This age may possibly be too young, however, because age determinations on 

Prftcambrian minerals by the lead-alpha method commonly are low compared to 

age determinations by i so topic methods j only rarely are they too high 

(David Gottfried, written communication).

Relation of pegmatites to diorites and gneiss

The elongation of the hornblende pegmatite bodies, unlike that of 

the oligoclase-quartz pegmatite, is chiefly parallel or subparallel to the 

structure of the gneiss* Even where hornblende pegmatite bodies are 

surrounded by the almost structureless diorite, their strike parallels 

the regional strike of the gneiss* In places small stringers of horn 

blende pegmatite penetrate gneiss at the contact zone, follow the foli 

ation of the gneiss and only rarely cut across foliation from one band to 

another. The contacts between hornblende pegmatite and diorite normally 

are abrupt, but in a few places small stringers or veinlets of hornblende 

pegmatite penetrate diorite for several feet*

No country-rock inclusions were found in the oligoclase-quartz pegma 

tite, but two of the hornblende pegmatite bodies contain xenoliths* The 

oval-shaped hornblende pegmatite body near the northeast end of Iron 

Mountain Hoad contains a xeaolith about 3 feet in diameter which has 

a foliation similar to that of the hornblende gneiss. Many coarse crystals 

of tourmaline in the xenolith parallel the planes of foliation and may 

be the products of reaction between the xenolith and the pegmatite magma.
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Pit P«12 exposes xenoliths in another hornblende pegmatite body. 

These xenoliths consist of coarse-grained calotte. The largest block is 

about 10 feet long by 3 or k feet wide. Several small, rounded bodies of 

coarse calcite are embedded in the hornblende pegmatite only a few feet 

from this large xenolith. These smaller calcite bodies are surrounded 

by a weathered zone about an inch thick, rich in mica which, like the 

tourmaline^ may be a product of reaction between the xenoliths and the 

pegmatite magma. The calcite contains a minor amount of coarse, subhedral 

magnetite crystals and finer-grained sulfides.

The oligoelase-quartz pegmatite is generally discordant with the 

structure of the gneiss. An example of this discordance may be seen on 

Riquier Trail (fig. 2), about 150 feet south of the diorite-hornblende 

gneiss contact. The body of oligoclase-quartz pegmatite exposed here can 

be followed from a point about 80 feet west of Riquier Trail, eastward 

across the trail to where it swings northward for another TO feet. The 

pegmatite, exposed on the west side of Riquier Trail, is thin and essential 

ly conformable with the surrounding gneiss which dips about 77 HW. On 

the east side of Riquier Trail, where the same pegmatite begins to swing 

northward, its dip changes from HW to SE and decreases abruptly to 30 . 

Fifty feet north of here, also on the east side of Riquier Trail, the bottom 

surface of the oligoclase-quartz pegmatite is exposed. This contact forms 

a gentle arch—the base of the pegmatite cuts directly across the underlying 

steeply dipping foliation of the gneiss. There is no evidence of disturb 

ance in the gneiss such as drag folding or fracturing, and the contact is 

sharp. The oligoclase-quartz pegmatite-diorite contact on the northeast 

end of this body, on tjie other hand, is gradational over a distance of 

several feet.
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Origin of pegmatites

The texture,,, grain size^ and mode of occurrence of the pegmatites in 

the Phillips mine-Camp Smith area suggest late-stage crystallization from 

magmatie solutions high in volatiles. The solutions must have been dioritic 

or quartz dioritic in composition but they were more mafic than the magma 

that formed the dierite*

The relation between the hornblende facies and the oligoclase-quartz 

facies in the hornblende pegmatite is perplexing. The pegmatite is not 

zoned by layers of different composition; instead^ masses of hornblende 

facies and oligoclase-quartz facies are interspersed in a manner that 

suggests simultaneous crystallization, with some injection of liquid 

phases of each facies into crystallizing masses- Similar mixtures of 

material of different composition might be obtained by crystal settling 

in a cooling magma. The speculation that settling of hornblende did 

occur is suggested by the fact that the largest crystals of hornblende are 

congregated at the northeast end of the pegmatite zone., which may thus be 

the exposed bottom of a southwest-plunging pegmatite body. The southwest 

end of the pegmatite zone> which may be the top of the pegossefcite body, is: 

largely granodioritic (oligoclase-guartz) in composition along the diorite 

contact. That the pegmatite (and other structures^ may plunge to the 

southwest is also suggested by the apparent southwest-plunging major fold 

axis near the northeast end of the main body of pegmatite> and by the 

southwest-plunging minor fold near Mine Road. (See sections on Folds and 

Lineation, below«,)



The absence of deformational features in the pegmatites indicates that 

they were emplaced after the major deformation in the area.

In an attempt to explain some of the relations between the hornblende 

facies and the ollgoclase-guartz facies, an alternative explanation of the 

origin of the unit mapped as hornblende pegmatite was considered. This ex 

planation, that the hornblende facies may have formed by contact metamorphism 

of calcareous rocks, represented by hornblende gneiss, intruded by ollgo-

clase-quartzi pe^natlte, is considered unlikely for the following reasons:
•

1. Bodies of pegmatite consisting of interspersed masses of horn 

blende facies and oligoclase-quartz facies with highly irregular 

contacts between facies parallel the foliation in gneiss and 

form units that seem to have intruded the gneiss.

2. Much of the uraninite is in the hornblende facies of the pegma 

tite. The uraninite is crystalline and contains thorium. 

Uraninite in pegmatites generally contains thorium.

3. If the hornblende facies of the hornblende pegmatite had resulted 

from contact metamorphism of hornblende gneiss by Intrusion of 

ollgoclase-MCjuartz pegmatite, the resulting pegmatite and adjoining 

gneiss should be more felsic than the original gneiss. Such en 

richment in felsic material has not occurredj on the contrary, 

parts of the gneiss adjacent to hornblende pegmatite have been 

enriched in mafic constituents.
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Structural features 

Foliation

Foliation is best developed in the hornblende gneiss, but the biotite 

diorite also shows weakly developed planar structures. The weak planar 

structure in the biotite diorite is due to the parallel arrangement of 

biotite-rich layers. Foliation in the gneiss consists of alternating 

layers of hornblende-rich material and feldspar-rich material. The attitude 

of this foliation is everywhere parallel to the trend of the rock unit which, 

in this area, averages about N, kO E. and dips about TO N¥, although in 

other parts of the Highlands southeast dips are common. The granitic tex 

ture and fresh appearance of the feldspar-rich layers as contrasted with 

the granoblastic texture and altered feldspars in the hornblende-rich 

layers suggest that the gneiss is a migmatite, resulting from the lit- 

par-lit injection of a dioritic magma into a calcareous rock.

Lineation 

The only linear element that was measured in the area mapped is a small
i O

drag fold that plunges 45 SW. This fold is in hornblende gneiss west of 

Mine Road near the west end of trench T-9. Ihis linear feature may ind£ae&e 

the plunge of local structures in the mapped area. The ore body at the 

Phillips mine, on the other hand, plunges northeasts
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Folds

the area mapped is so small that any major folds cannot "be 

demonstrated with confidence, the manner in which the hornblende gneiss pro 

jects into the diorite "band at the northeast end of the mapped area (fig. 2)

suggests the presence of a fold axis, The abrupt change in strike of the
o 

gneiss from KB. to E. and the change in dip from an average of TO W,
sO O

to 76 SS», then to 30 S. at this same point suggest that if there is 

a major fold axis here, the embayed area is the northeast end of a south 

west-plunging sync line.

The rather symmetrical arrangement of lithologic types as shown in 

figure 2 (diorite in the center, followed outward "by hornblende gneiss, 

biotite diorite, and more gneiss) suggests possible repetition due to 

folding.

Faults

Evidence for faulting in the Phillips mine area is meager, but near 

the mineralized rock a few feet from the Phillips mine shaft slickensides 

were found, as well as highly fractured pegmatite. Pit P-3 also exposes 

fractured diorite and gneiss, but it is not known if these two localities 

of fractured rock actually represent shear zones.

According to Lowe (1950) a major northeast -trending southeast-dipping 

thrust fault passes about a fifth of a mile northwest of the Phillips 

mine area. Possibly this fault extends undca? the. area. -



Joints

Joints are absent in gneiss and pegmatite and only a few were seen

in diorite. Strike directions are not consistent enough to classify joints
o rt o 

in diorite into sets. The majority of joints dip between TO and 80 .

In a few localities vein quartz, two or three inches thick, fills these 

joints.

MINERAL DEPOSITS

Pyrrhotite, pyrite, chalcopyrite, magnetite, and uraninite are distri 

buted in an elongate zone in the Phillips mine-Camp Smith area. Hornblende 

pegmatite is the principal host rock for these minerals, but diorite and 

hornblende gneiss adjacent to the pegmatite also have been mineralized. 

The greatest concentration of sulfides in the area is at the northeast 

end of the mineralized zone where the Phillips massive pyrrhotite-pyrite 

body has been mined. Smaller amounts of sulfides are disseminated through 

out the mineralized zone. Magnetite is abundant throughout the mineralized 

zone. It forms small concentrations of ore grade in Pit P-2 and at the 

Phillips mine. Unexposed ore-grade concentrations of magnetite are 

suggested in areas of anomalous magnetism shown on figure 3» No large body 

of magnetite-rich rock of ore grade is known within the area.

Uraninite also is widely distributed in the hornblende pegmatite and 

adjacent rocks. The largest bodies of uraniferous rock are in the sites 

selected for core drilling in the southwest part of the area, but strongly 

radioactive rock crops out in widely separated places in the mineralized 

zone, as shown by radioactivity anomalies on figure 3> &m3- is also found 

on the dump of the Phillips mine.



33

Mineralogy and paragenesis 

Uraninite

Uraninite in the Phillips mine-Camp Smith area occurs as subhedral 

crystals, as highly embayed and irregular grains, and as small rounded 

to spherical disseminated grains. Of the three types of occurrence, tjie 

large subhedral crystal type is the least common. The crystals are 

restricted to hornblende pegmatite and do not seem to "be associated with 

areas of magnetite or sulfide mineralization. Aggregates of two or three 

subhedral crystals are common. The diameters of the individual crystals 

commonly are in the range of 2 to 10 mm. Some crystals are much smaller, 

and a few as large as 2.5 cm were seen.

The embayed grains and smaller disseminated grains of uraninite occur 

in both hornblende pegmatite and its adjacent wall rock. Magnetite com 

monly is associated with occurrences of these types. Many of the embayed 

grains have an overall rectangular outline in thin section which suggests 

that originally they may have been subhedral or euhedral. The embayed 

grains of uraninite average about 2 mm in diameter. The spherical grains 

are about 0.1 mm in diameter.

The embayed uraninite grains are the most common type found in the 

area, and the uraninite which occurs in hornblende gneiss wall rock at pit 

P-2 is of this type. The most common mineral filling the embayments is 

aujgite, but feldspar and magnetite also fill some of the embayments. 

Wherever augite is in contact with uraninite a small brown reaction rim 

has developed in the augite. Augite is the only mineral that shows this 

reaction rim. Whether this rim is due to chemical reaction between uraninite 

and augite or to a physical breakdown of augite by radiation is not known.
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Uraninite in hornblende pegmatite is older than magnetite and conse 

quently older than the sulfideso Uraninite in hornblende gneiss is older 

than the sulfides, and probably older than magnetite, but a paragenetic 

relationship between uraninite and magnetite in this environment could 

not be established.

The approximate isotopic ages of a uraninite crystal from hornblende 

pegmatite from the dump of the Phillips mine, as reported by L. R. Stieff 

and To W. Stern (written communication, 1955) are given in table 2.

Table 2. — Isotopic age of uraninite (in millions of years) 

Pb206/U238 920

Pb207/U235 928 

pb207/pb206

Pb2°8/Th232 960

In connection with the age-determination work, some physical and 

chemical determinations were made of the uraninite.

The uraninite has a specific gravity of 8.9f*« X-ray analysis of the 

uraninite by D. D. Riska, U. S. Geological Survey, showed a unit cell size 

of 5.46±0.02 A.

Chemical analysis of the uraninite by Glen Edgington and R. A. Powell, 

U. S. Geological Survey, gave the following results, in percent:

Pb 8.50 

U 59.18 

Th 5.49
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Semiguantitative spec tro graphic analysis of the uraninite by 

C. S. Annell, U. S. Geological Survey, showed, in percent:

>10 U, Pb 0,1 - .5 Ce, Y, Nd, Al, Gd 

5-10 ——— 0,05 - .1 Dy 

1-5 Fe, Ca, Th 0.01 - .05 Mn, Er, Yb, Lu 

0.5 - 1 Mg, Si

An isotopic analysis of the lead in the uraninite, as reported by 

the Mass Assay Laboratory, Y-12 Plant, Union Carbide Nuclear Company,

Oak Ridge, Term., to Stieff and Stern, is given below, in percent:

20 k Pb ^ Not detected

90,73

Fb207 6.*5 

Pb208 2.81

Stieff and Stern (written communication, Isotopic age report No. 1, 

July 8, 1955) make the following observations on the uraninite crystal.

"The uraninite was hand picked and crushed. The magnetite was 

removed with a hand magnet. Galena was not noticed during preparation. 

The sample was assumed to be in radioactive equilibrium because of the

absence of secondary uranium minerals or other evidence of alteration.
2Qk 

The absence of Pb in the lead of the uraninite made corrections for

common lead unnecessary. Ho corrections were made for original radiogenic 

lead. The uraninite was fresh and the sample was excellent for age 

determination.

"The Pb /IT age of approximately 920 million years for the 

uranimite from the Phillips mine is considered to be the most reliable of 

the Pb/U, Fb/Th, and Fb /Pb ages. The higher Pb^/Pb206 age



probably is the result of several factors, such as instrumental errors,

minor losses of radon, and the presence of minor amounts of original
2Q8 

radiogenic lead for which corrections have not been made* The Fb /Th
208, 232 

age may reflect minor errors in the analysis of thorium* Fb /Th

ages usually are lower than Fb/U ages*"

Magnetite

Magnetite occurs as irregular masses or small grains in mineralized 

hornblende pegmatite and adjacent wall rock in the Phillips mine-Camp 

Smith area. These masses or grains are interstitial and tend to conform 

to the structure of the host rock. In pegmatite they range from 1/2 to 

6 inches in diameter and conform to the boundary of the hornblende or 

feldspar crystal that they replace. In diorite they average about 2 mm . 

in diameter and show no preferred orientation. In hornblende gneiss they 

also average about 2, mm in diameter but are elongate parallel to the 

foliation of the gneiss. Coalescence of these masses in the gneiss may 

result in massive blocks of magnetite up to a foot in diameter. Some of 

the magnetite has euhedral outlines, especially in hornblende pegmatite; 

but smooth-bordered, irregular grains are the most common. Less commonly, 

magnetite is in veinlets and stringers in the host rock.

Magnetite replaces hornblende, feldspar, and augite, which is the most 

abundant gangue mineral. Magnetite is definitely older than the sulfides 

and is probably younger than uraninite, although the time of emplacement 

of some of the magnetite and uraninite may overlap. Some magnetite may

been in the gneiss prior to the pegmatite intrusion.
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Pyrrhotite, pyrite, and chalcopyrite

Pyrrhotite is the most abundant sulfide occurring in the mineralized 

zone, but minor amounts of pyrite and chalcopyrite are associated with the 

pyrrhotite.

The ore body of the Phillips mine is composed essentially of massive 

pyrrhotite, which replaced large hornblende crystals of the hornblende 

pegmatite* Several stages of this replacement may be seen in "blocks of 

ore from the mine dump. In the early stage pyrrhotite replaced hornblende 

crystals along border and cleavage planes and filled fractures across the 

crystals. As replacement progressed further, the structure of the horn 

blende crystals was nearly obliterated. Fine lines visible on some of the 

massive sulfide blocks appear to mark the cleavage trace of original horn 

blende but may be imprints from adjacent hornblende crystals. The chalco 

pyrite and pyrite associated with the massive pyrrhotite body occur more 

commonly as veinlets and stringers in hornblende pegmatite rather than as 

massive replacements of hornblende crystals, Pyrrhotite seemingly is the 

youngest of the sulfide minerals deposited in the mineralized zone, for it 

embays, engulfs, and fills fractures in the other sulfides and in magnetite 

and uraninite.

Pyrite and chalcopyrite in massive ore at the Phillips mine are minor 

compared to the total volume of pyrrhotite, but elsewhere in the mineralized 

zone, where sulfides are disseminated in wall rock adjacent to hornblende 

pegmatite "bodies, they are more abundant than pyrrhotite. Sulfide grains 

in the wall rock average about 2 mm in diameter; but, where the wall rock 

is gneiss, sulfide grains may coalesce into masses that are parallel to
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the gneissic structure and are 5 to 10 mm long. Pyrite is more abundant 

than ehaleopyrite and commonly forms euhedral to subhedral crystals where 

as chalcopyrite occurs only as•small anhedral grains.

Pyrite is younger than magnetite and older than pyrrhotite. Chalco 

pyrite is definitely younger than pyrite and is thought to be older than 

pyrrhotite, "but this relation was not definitely established.

Augite and other minerals

Unreplaced hornblende, plagioclase, and quartz are the chief gangue 

minerals and have been discussed in descriptions of the rock units. Other 

minerals that are associated with uraninite, magnetite, and sulfides are, 

in the approximate order of abundance, augite, epidote, apatite, sphene, 

caleite, biotite, and molybdenite.

Augite is most abundant near the mineralized zones in hornblende 

pegmatite and in mineralized gneiss and diorite wall rock but is also 

found in smaller amounts throughout the hornblende pegmatite bodies. 

Prominent parting planes in the augite indicate that it is a diallage 

variety. Some crystals are as much as 2 feet across. The chemical compo 

sition of the augite is given in table 1.

Augite in the hornblende pegmatite bodies is invariably closely 

associated with hornblende. According to John J. Prucha of the New 

York State Science Service (oral communication, 195*0> augite in the Hudson 

Highlands tends to be light green, whereas hornblende usually is dark 

green; this color difference proved to be very useful in distinguishing 

the minerals megascopically. Augite commonly is in medium- to fine 

grained aggregates fingering into hornblende crystals along their
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cleavage planes. Small stringers of augite penetrate the hornblende 

parallel to its cleavage and a short distance from the main augite- 

hornblende contact* Small islands of hornblende that have optical con 

tinuity, also are in the augite near these contacts. A narrow, "bleached" 

rim of hornblende is present along the contact of these two minerals. 

Another relationship found in the pegmatite bodies is a vermicular inter- 

growth between the hornblende and augite. In this relationship the horn 

blende and augite have optical continuity; and, although the texture is 

difficult to interpret, hornblende appears to be the host mineral. Crystals 

of augite, up to 2 inches across, which have the crystal habit and cleavage 

traces (but not the actual cleavage) of hornblende were also found in the 

pegmatite bodies.

Only the magnetite-bearing portions of the hornblende gneiss contain 

augite. It occurs as anhedral grains averaging 2 mm in diameter. Aggre 

gates of these grains are elongate parallel to the foliation of the gneiss. 

The gneissic rock exposed at pit P-2 consists essentially of augite, magnet 

ite, and feldspar; and it is believed that the augite is secondary and has 

completely replaced the original hornblende of the gneiss. Such thorough 

replacement of hornblende in gneiss has not happened throughout the min 

eralized area. At a hornblende peg^tite-hornblende gneiss contact exposed 

in pit P-8, the hornblende of the gneiss has been replaced by augite in a 

zone not over an inch wide that parallels the border of the pegpsatite.

The augite in diorite adjacent to mineralized hornblende pegmatite 

also appears to be a secondary mineral and has replaced quartz and feld 

spar and filled graim interstices. As in hornblende gneiss, augite in 

diorite occurs only in areas of magnetite mineralization.



Some specimens of augite-rich rock show minor uralitization along 

partings,, fractures, and cleavages of augite. Uralite was seen only near 

pit P-8, where the rock is highly weathered.

The evidence outlined above leads the authors to believe that augite 

is associated with magnetite mineralization. It is believed that pneuma- 

tolitic fluids, probably related to but slightly younger than the horn 

blende pegmatite, have altered the hornblende to augite. Augite has not 

been found as a primary mineral in the rocks of the area, but only in 

mineralized parts of the rocks, and therefore its presence can not be 

explained as a recrystallization of augite already existing.

The pneumatolytic solutions, which deposited magnetite and altered 

hornblende to augite, were moderately oxidizing. The ratio of ferric to 

ferrous iron is greater in augite than in hornblende, as shown in table 1. 

Under oxidizing conditions small subhedral uraninite crystals might be 

partly dissolved, resulting in the observed spherical grains and anhedral 

grains of uraninite embayed by augite and magnetite.

Summary of paragenesis

The paragenesis of the minerals is shown in table 3»

	Table 3*~-Paragenetic sequence 

Uraninite _____ 

Magnetite _? -____ 

Augite ____ 

Pyrite ___ 

Chalcopyrite _ _ _J? 

Pyrrhotite ___



Distribution of uraninite

Radioactive rock is found on the dump of the Phillips mine and in 

.almost all of the old test pits that were dug in limonite-stained rock 

southwest of and approximately along strike with the Phillips mine. !Ehe 

zones of radioactivity are in hornblende pegnatite and in mineralized 

portions of the rock adjacent to pegmatite, as shown in figure 3-

In areas where background radioactivity is less than 0.03 milli- 

roentgens per hour, and in some areas where background is between 0.03 

0.10 mr/hr, much of the radioactivity may be attributed to minerals other 

than uraninite such as zircon, sphene, allanite, and apatite. These min 

erals may contain both uranium and thorium. Assays of most samples of the 

weakly radioactive rocks show that the uranium content is insufficient to 

account for all the radioactivity. The excess radioactivity in these 

samples is probably due to thorium. Thorite has been identified by D. D. 

Riska of the Geological Survey in one sample taken from the upper adit of 

the Phillips mine (fig.. 2).

Almost all the radioactivity of the more strongly radioactive rock is 

due to uranium. Uraninite is the only uranium-bearing mineral found in 

significant quantity in these rocks. Uraninite occurs at the surface of 

bedrock and, except for some loss of luster, has been virtually unaffected 

by thousands of years of post-glacial weathering under humid conditions. 

A possible explanation for the preservation of uraninite is that a mantle 

of humus maintained reducing conditions at the surface of bedrock 

(R. G. Schmidt, U. S. Geological Survey, written communication), A yellow 

mineral that resembles uranophane has been found in exceedingly small 

amounts in weathered uraninite-bearing rock.
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There appears to be a close spatial relation between uraninite and 

magnetite, but in some of the rocks these minerals occur .separately.

The greatest concentrations of uranium in the Phillips mine-Camp Smith 

area are in rock rich in hornblende and magnetite. Selected specimens of 

such rock contain as much as 2,6 percent uranium. Magnetite-rich rock, 

similar in appearance to magnetite ores from other mines in southeastern 

Hew York and northern New Jersey, but with a noticeable amount of sulfides, 

averages about 0.08 percent uranium in three samples taken from the dump 

of pit P*-2 (fig. 2), A veinlet of magnetite, about 2 mm wide, cuts 

uraninite-bearing hornblende pegmatite in this pit. Magnetite is seen to 

have penetrated and engulfed crystals of uraninite.

Coarse crystals of uraninite, up to 2.5 cm in diameter, were found in 

hornblende pegmatite and in coarse-grained amphibole-rich layers on 

blocks of hornblende gneiss on the dump of the Phillips mine. Although 

sulfides were found in almost all samples that contain uraninite, no 

uraninite was found with very coarse-grained pyrrhotite, 2 or 3 cm in 

diameter, that may be typical of the massive sulfide ore of the Phillips 

mine.

The largest exposure of strongly radioactive rock is in the stripped 

area about 1,*JQO feet southwest of the Phillips mine. The rock here is 

altered hornblende pegmatite, consisting of epidotized pale tan oligoclase- 

quartz facies and pyroxenized greenish hornblende facies, and inclusions 

of hornblende gneiss. A 3-foot channel sample cut across a mafic portion 

of this rock and a 5-foot continuation of this channel cut across the 

epidotized feldspathic pegmatite assayed 0.1^ percent and 0.02^ percent



uranium respectively. A 3»3-foot channel sample cut across epidotized 

feldspathic pegmatite a few feet from and parallel to the sample of the 

mafic portion assayed 0.058 percent uranium. SmaH grains of uraninite 

can "be seen in some of this rock with the aid of a hand lens. Magnetic 

anomalies occur along both the northeast and southwest sides of this zone 

of uraniferous rock.

Another exposure of strongly radioactive rock is in the stripped area 

(fig. 2, sketch) about 800 feet northeast of the site where the channel 

samples were cut and about 600 feet southwest of the Phillips mine at the 

junction of Mine Road and Iron Mountain Road.

Phillips ore body

The Phillips sulfide ore body is part of a mineralized zone that is 

about 2^,200 feet long and in places as much as 250 feet wide. The miner 

alized zone trends northeastward in conformity with the strike of the 

surrounding rock units. Boundaries of this zone have not been mapped, 

but the test pits and trenches and the Phillips mine shafts and adits, 

as shown in figure 2, are within the mineralized zone and indicate roughly 

its extent.

Most of the Phillips mine is inacessible and descriptions given by 

earlier writers are the main source of information about the workings. 

Material on the mine dump and mineralized rock in the accessible parts 

of the mine and in numerous test pits and trenches near the mine were 

studied for more detailed information about the ore body.
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The lenticular ore body at the Phillips mine is at the northeast end 

of the mineralized zone* It dips about 70° HW« and strikes and plunges 

northeast. The only first-hand description of the ore in place, known to 

the authors, is given in German by Credner (1866), who states that the ore 

body is "...an apparently lens-shaped deposit of pyrrhotite and cnalcopyrite 

which at the locality of the mine workings reaches a thickness of 50 feet. 

Very light colored pyrrhotite, tarnishing brown in the air and carrying 

about 3 percent nickel, is the predominant ore which encloses cnalcopyrite 

and near this, crystalline masses of black hornblende, and also apatite 

and quartz crystals. These last have a flowing appearance, but their 

crystal forms can be definitely recognized. The chalcopyrite lies in great 

bunches up to several cubic feet in size, in pyrrhotite, yet it seems to 

be confined to the gangue zones on both sides of the ore deposit, while 

the middle of the same is almost solely pure pyrrhotite."

Credner (1866), as mentioned previously, stated that the ore has a 

maximum thickness of 50 feet. Loveman (1911) states that the thickness 

of the ore body is fairly constant, ranging from 15 to 25 feet, that it 

thins out and disappears to the southwest, and that the northeast end has 

not been uncovered. Kemp (189^) reports that the mine was worked to a 

depth of 300 to 1*00 feet, and that in depth the workings extend several 

hundred feet along the strike. The stope, as seen from the end of the 

upper adit, seemed to be as much as 40 feet wide; as seen from a ledge 

in the inclined shaft, the width was estimated to be from 15 to 25 feet.

The part of the mine below a depth of about 100 feet is now flooded and 

inaccessible. Most of the part above this depth is stoped and is also

inaccessible. In none of the references cited is there any suggestion 

that the entire pyrrhotite body was removed.



The Phillips ore consists essentially of massive pyrrhotite, and minor 

amounts of pyrite and chaleopyrite. The minerals associated with the ore 

are magnetite, quartz, feldspar, hornblende, augite, caleite, epidote, 

apatite, and sphene. Uraninite occurs in the zone of sulfide and mag 

netite mineralization. Study of dump material shows that pyrrhotite 

occurs as a massive ore replacing the hornblende facies of hornblende 

pegmatite and its wall rock.

Kemp (189^) reported that the ore yielded 30 percent sulfur, 0.5 

percent copper, and 0.3 percent nickel, and was free of arsenic. That the 

ore contained only small percentages of copper and nickel is confirmed 

by Raymond (189*0, who wrote that nearly thirty years earlier he had 

assisted in experiments in roasting the ore in an attempt to concentrate 

the copper and nickel. He stated that the product was not valuable enough 

to be profitably treated because the sulfur was lost in the process. These 

descriptions suggest that the upper portion of the ore body may have been 

richer in nickel, and possibly copper, than the deeper portions.

Origin

The sulfides, magnetite, and uraninite in the Phillips mine-Camp 

Smith area are believed to be genetically related to the same magmatic 

source.

A simplified Interpretation of the sequence of events leading to the 

emplacement of the minerals, as suggested by observations in the field and 

laboratory, may be summarized as follows:
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Precambrian sedimentary rocks, in part calcareous, were regionally 

metamorphosed and were intruded "by dioritic magma during the late stages 

of their metamorphism to hornblende gneiss. The hornblende gneiss and 

diorite "bodies were then intruded by magmatie solutions that formed the 

hornblende pegmatite. Uraninite crystallized within the pegmatite and in 

adjacent host rocks into which some of the solutions penetrated. During 

a late, possibly pneumatolytic stage of the intrusion, hornblende in 

parts of the hornblende pegmatite and adjacent rocks was altered to 

augite, and magnetite was deposited, accompanied by embayment of some of 

the uraninite in the altered rocks. Sulfides were then deposited from 

hydrothermal solutions that in general followed the channels through 

which hornblende pegmatite magma and augite-magnetite solutions had 

moved. At some later period, when this sequence of metamorphism, intrusion, 

and mineralization had ceased and the channels through which these 

materials had entered were closed, oligoclase-quartz pegmatite magma was 

intruded through new channels,

The order of emplacement of the two types of pegmatite, as determined 

by field observations, confirms the laboratory determination that uranin 

ite in hornblende pegmatite is older than zircon in oligoclase-quartz peg 

matite .

The origin of the mineral deposits as postulated by the authors 

agrees in general but differs in a few details with that proposed by 

Loveman (1911).



Loveman suggested that the diorite in the vicinity of the Phillips 

ore body was a pyroxene dierite, and that some of the amphlbole in the 

wall rocks of the ore body was derived from pyroxene. He also stated that 

magnetite is intermediate in age "between pyrite and pyrrhotite. It is pos 

sible that the diorite was a pyroxene diorite locally, and that the for 

mation of coarse hornblende pegmatite and emplacement of magnetite and 

sulfides was favored in this portion of the rock* This possibility,, 

however, does not account for the coarse-grained augite in the hornblende 

pegmatite, and the relations of augite to hornblende as previously described.

The differences between the relative ages of magnetite and pyrite, as- in 

terpreted by Loveman on the one hand and as suggested in the present study 

on the other, may be due to overlapping of these stages of mineralization. 

In none of the samples examined by the authors, however, was pyrite seen 

to occur in a manner that would suggest emplacement earlier than magnetite. 

It seems reasonable to expect that the various sulfide minerals would be 

precipitated during a general stage of sulfide mineralization. Inasmuch 

as pyrrhotite, which makes up the bulk of the sulfides, is definitely 

younger than magnetite, the main period of sulfide mineralization may be 

considered to have followed the main period of magnetite deposition.
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EXPLORATION FOR 

Magnetic and radioactivity surveys

Magnetic and radioactivity surveys were undertaken to obtain information 

about the occurrence and distribution of magnetic and radioactive minerals 

in the Phillips mine-Camp Smith area. A scintillation counter and a dip 

needle were used to detect radioactivity and magnetic anomalies. Results 

are shown in figure 3«

Background radioactivity ranged from less than 0*01 milliroentgen - 

per hour •fmr/hr) to 0.03 mr/hr. Readings were taken with the scintillation' 

counter held about 6 inches above the surface of rock or ground. Areas of 

anomalous radioactivity were mapped as zones in which the radioactivity 

was in the following ranges:

milliroentgens per hour:

less than 0.030

0.030 to 0.099

0.100 to O.ij-99

0.500 to 5«00

The dip needle was set to read zero at a station on an outcrop of 

diorite near the fork in Riquier Trail. Traverses were made along north 

west-trending lines that were 100 feet apart, except that the last four 

traverses on the southwest were 200 feet apart. Readings on the swinging 

needle were generally taken at 10-foot intervals. The instrument was held 

so that the needle swung in a vertical plane parallel to the magnetic 

meridian. The number of degrees that the north end of the needle dipped 

below the horizontal was recorded as a positive angle. Deflections above
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the horizontal were listed as negative angles. In figure 3 the locations 

and relative intensities of magnetic anomalies are indicated "by the traverse 

lines, and by the amount and direction of deflection of the curves from 

the traverse lines. Positive angles of dip are indicated "by deflection of 

the curves to the northeast side of the lines that show the location of the 

traverse. For example, near the center of line 900, the north end of the 

dip needle had a maximum positive dip of 69 near the hornblende pegmatite*- 

hornblende gneiss contact.

Because of the occurrence of uraninite with magnetite,, it was con 

sidered possible that magnetic anomalies might be used as guides in 

locating subsurface concentrations of uranium* Magnetic and radioacti 

vity anomalies were found to be distributed in areas underlain by gneiss, 

diorite, and hornblende pegmatite, along the zone of mineralization that 

extends southwestward along Mine Boad, and near the junction of Riquier 

Trail and Mine Boad. Some of the magnetie anomalies along adjacent traverse 

lines show a general alinement with the regional strike. Others, such as 

those on lines 2100, 2200, and 2300, near Riquier Trail are alined diagonal 

ly across the strike. Some areas of magnetic anomalies are also areas of 

radioactivity anomalies. Other magnetic anomalies are not accompanied by 

radioactivity anomalies, perhaps because the magnetic minerals are at such 

depths that the overlying rock would prevent any detectable amount of 

radiation, caused by accompanying radioactive minerals, from reaching the 

surface.

Hbe radioactivity anomalies are surface or near-surface phenomena. 

If the uraninite - magnetite association persists, radioactivity anomalies 

should be coincident with magnetic anomalies caused by near-surface sources.



In practically every place where a dip-needle traverse was made across a 

zone of radioactive rock, magnetic anomalies were detected. In some places 

the magnetic anomalies are weak, and in most places the strongest part of 

the magnetic anomaly does not coincide with the most strongly radioactive 

rock.

In general, it appears that, within the zone of mineralization, 

magnetic anomalies indicate mineralized rock "but do not necessarily 

indicate uraniferous rock.

Drilling

The zone of magnetic and radioactivity anomalies on Camp Smith, 

about midway between State Military Road and the Phillips mine, was selected 

for exploratory drilling. (See fig. 2.) Eleven size AX holes totaling 

1,6^7 feet in length were drilled along a line that roughly parallels 

Mine Road. The holes are inclined ^5° to 62 from the horizontal. Holes

I to 9 are spaced approximately 100 feet apart. Hole 10 is collared at a 

point about 110 feet northwest of the collar of hole 9 and extends beneath 

hole 9. Hole 11 is midway between holes 7 and 8.

Holes 1 to 10 were drilled in the first stage of exploration, Hole

II in the,second stage.

All of the drill holes were collared in areas underlain by hornblende 

pegmatite or hornblende gneiss. In general the drill cores consist of 

hornblende gneiss with intervals of hornblende pegmatite (some of which is 

the oligoclase-quartz facies) in the upper part; below this is a predom 

inantly pegmatitic zone with smaller amounts of gneiss, then diorite with 

minor amounts of pegmatite, and massive diorite in the lower portion of
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the cores. The hornblende pegmatite zones and some of the gneiss with thin 

zones of hornblende pegmatite contain variable amounts of sulfides, magnetite., 

and uraninite. Smaller amounts of sulfides and magnetite are in the diorite.

Assays of core and gamma-ray logs of drill holes

Results of assays of selected portions of drill core, as reported by 

Mines, Inc. are given in table k» Lithologic logs of drill cores and gamma- 

ray logs of drill holes are shown in figure k. The assays of core show 

close agreement between chemical and radiometric uranium determinations, 

which suggests that the uranium in these rocks is in equilibrium with its 

daughter products and that thorium is of minor abundance. The crystal of 

uraninite selected for age determination contained 5-^9 percent thorium. 

A comparison of the location of portions of core that were selected for 

analysis with zones of radioactivity shown in gamma-ray logs of the drill 

holes suggests that the drill core is not of adequate diameter to be 

representative of the rock. Some portions of core from, zones of radio 

active rock were not sufficiently radioactive to warrant analysis for uranium; 

for example, a portion of drill core from a radioactive zone in Hole 11 

-showed enough radioactivity to justify analysis, but the core from two more 

strongly radioactive zones in the same hole apparently was not sufficiently 

radioactive to warrant farther assays.

Allowance must be made for possible errors in correlating radioactive 

parts of drill cores with zones of radioactivity found in the drill holes, 

due to problems of measuring cores, loss of cores, and errors in measuring 

positions of anomalies in the gamma-ray logs. If the cores were a repre 

sentative sample of the rock, however, each radioactivity anomaly in a



Table 4.—Drill core assay data*

Hole

8

6
9
11
4
4
3

10
6

11
7
7
9

Depth
No. ( feet)

37-0 - 50.0
68.5 - 82.0
11.7.5 - 48.0
79.0 - 83.0
46.0 - J^.O
68.0 - 81 .a ^
77.0 - 83.5
96.0 -106.0
57.0 - 72.0

131.5 -133-5
50.5 - 52.0
68.0 - 81.-
43.5 - 45.0
69.5 - 71-0
21.0 - 23.0

Length
(feet)

13.0
13-5
0.5
4.0
3-0
13.0
6.5

10.0
15.0
2.0
1.5

13.0
1.5
1.5
2.0

Chemical
Assay**

UoO& (percent)

Q l44

.0742

.198

.0820

.146

.,

Radiometric 
Determination 

(percent) eUoO (percent)

Hole No.
Depth 
(feet)

11

3
10

6
8

68.0 
68.0 
77.0 
96.0 
57-0 

131*5

- 81.0
- 81.0
- 83.5
-106.0
- 72.0
-133-5

50.5 - 52.0
47.5 - 48.0

Length 
(feet)

13.0 
13-0
6.5 

10.0 
15.0
2.0

-1.5 
0.5

Au .% 
( pa/ton )

0.005
0.005
0.005
Nil 
Nil 
Nil

0.025
0.025
0.025
0.025
0.030
0.165

0.005 0.0*10 
Nil 0.055

Q.14
.071
.185
.080
.150 ,
.028^
,006
.005
.009
.05
.005 / .050-7
.017
.019
.042

Co
(percent)

ox>45
.045
•013
.072
.0*10
•003

.240

.093

0.
,
.

,
.

Cu
(percent)

0*066
.066
.-330
.198
.030

1.52

.030

.066

14
07
18
08
15

Ni
(percent)

0.109
.109
.016
.154
.134
Not de
tected

0*0^3
.321

* Assay report furnished by Mines , Inc. 
Percent soluble in HNO^. 
Splits from same sample.



drill hole should be represented by .radioactive parts of the core, and any 

errors in measurement could be corrected by shifting the lithologic log to 

fit the gamma-ray log. The gamma-ray logging equipment appeared to be 

functioning properly, and each hole was logged twice. Therefore, the 

radioactivity anomalies are real and their locations are reasonably accurate< 

Because of the inhomogeneous distribution of uraninite some of the cores 

might be expected to contain more or less than a representative amount of 

uranium.

For these reasons, it is difficult to evaluate the assays and the 

gamma-ray logs, and to interpret the gamma-ray logs on the basis of assays. 

The gamma-ray logs represent much greater volumes of rock than do the drill 

cores. Practically all the radioactivity that is measured, however, is 

from sources that are within a foot or two of the drill holes. The gamma- 

ray logs and the assays of drill cores, if evaluated together, are believed 

to furnish sufficient information about the rock within a foot or two of the 

drill hole. In addition to radioactivity measurements, other geologic 

evidence, such as continuity of zones of radioactivity in outcrop, must 

be considered in extrapolating the extension of a zone of radioactivity 

beyond this distance.

Interpretation of gamma-ray logs

An interpretation of the radioactivity anomalies found in the drill 

holes, and results of assays of matching portions of core are given in 

table 5.
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Table 5»—Comparison of results of assays of drill core and
estimated grade of rock 

(based on interpretation of gamma-ray logs of drill holes)

Ratio of assay
Sample length Estimated grade* Assay grade grade to esti- 

Hole No. (feet) eIL>Og (percent) eUoOg (percent) mated grade

7
7
9
9
6
8
8

11

1.5
2.0
2.0
3.0
4.0

13.5
13.0
13.0

0.132
.130
.095
.086
.120
.121
.116
.027

0.017
.019
.04
.146
.082
.074
.144
.028

0.12
.14
.42

1.69
.68
.61

1.24
1.03

* Estimated grade based on interpretation of radioactivity anomalies using 

information furnished by K. G. Bell, U. S. Geol. Survey, written communication,

K* G. Bell of the U. S.. Geological Survey has estimated the thickness and 

grade of uranium ore, uniformly disseminated in sandstone, that would give 

similar gamma-ray anomalies on a similar instrument. These estimates are 

shown in figure 4. It is impossible to interpret accurately the thickness 

and grade of the zones of radioactive rock that cause the radioactivity 

anomalies in the drill holes, because of differences in the distribution of 

radioactive minerals in sandstone-type deposits and in pegmatites. The 

estimated average grade of the thin zones of radioactive rock plus barren 

rock between the zones, as given in table 5> is based on comparison of 

anomalies measured in drill holes with similar anomalies associated with 

sandstone-type uranium deposits. The correlation of the estimated grade 

with the assay grade is poor in detail but good in general. The discrepancy
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between estimated grade and assay results is greatest in the thinner zones 

of radioactivity. The -weighted assay grade is a little more than 90 per 

cent of the estimated grade in the thicker zones.

Samples of outcrops

The radioactive rock is in two major zones that have "been sampled in 

drill holes 6, 7, 8, 9, 10, and 11, and at the outcrop in the area be 

tween lines 600 and 1300 (fig. 3)» These zones are believed to extend 

along planes that are roughly parallel, and about 30 feet apart -where cut 

by the drill holes. Within these zones, the distribution of uranium is 

extremely inhomogeneous,

Seven channel samples of radioactive rock were cut by Mines, Inc«, 

and three samples were cut by the authors, in the stripped area between lines 

1100 and 1300. These ten channel samples total 31.7 feet in length. 

The weighted average of these samples is 0.069 percent UoOg. The extreme 

variability in the distribution of the uranium minerals in the rock limits 

the accuracy of estimates of grade based on assays of channel samples. 

The zone of strongly radioactive rock (Q.l-p.O mr/hr) is fairly continuous 

for about 100 feet in this area. The average width of the more strongly 

radioactive and continuous portions of this zone may be about 3 feet with 

an average grade of about 0.03 percent 1^0o.

Radioactivity measurements made in a trench on line 1000 (fig. 3) 

indicate a zone of rock about 3 feet thick that may contain about 0.05 

percent U^OQ. A channel sample k- feet long cut by Mines, Inc. in a 

radioactive zone in a trench on line 900 assayed 0.12 percent UoOo.



These zones of radioactive rock are near the diorite-hornblende pe^aatite 

contact and probably correlate with the radioactive zones in the deeper 

parts of Holes 8 and 9, near the diorite footwall. The radioactive rock 

in the stripped area between lines 1100 and 1300 probably correlates with 

the upper zone of radioactive rock in Holes 6, 7* ancl 11.

Evaluation

The potential value of the uranium deposit in the Phillips mine- 

Canrp Smith area cannot be calculated precisely on the basis of the sampling 

that has been done. Evaluation of gamma-ray logs of drill holes and assays 

of samples from drill core and samples taken from outcrop., however^ indicates 

that the deposit is submarginal under 1955 marketing conditions for uranium. 

Although the area between the drilling sites and the Phillips mine shaft 

has not been tested, further exploration does not appear tc be warranted 

at this time. If marketing conditions for uranium become more favorable, 

the uranium deposit in the Phillips mine-Camp Smith area should be 

reappraised.
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