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RADTOACTIVE RARE-EARTH DEPOSIT AT THE SCRUB OAKS MINE,

MORRIS COUNTY, NEW JERSEY
By Haryy Klemic, A. V. Heyl, A. R. Taylor, and Jerome Stone
ABSTRACT

A rare-eanth deposit in the Scfub Oaks iron mine, Morris County,
New Jersey, was mapped and sampled in 1955. Tpe rare-earth _minera.ls are
mainly in coarse-grained magnetite ove and in pegmatite adjacent to it.
Discrete bodies of ra.xje»earthnbearing magnetite ore apparently follow’the
Iilpnge of the main mg@aetite ore body at the north end of the ming.
Ra,d.iolactivit& of the rare—earthobea.ring ore is aﬁout 6.2 to 0.6
!ﬁillimggtgens, per hour.

The prinéipa.l minerals of the deposit are quartz, magnetite,

‘hematite, albite-oligoclase, perthite and antiperthite. Xenotime and

doverite aggregates a.nq‘bas’c.naesite with int,emixed. },eucoxene are the.

most abunq‘ant ra.re-egrth minera,lg , and zircon, sphene, chevkinite, apatite,
and monazite are éf minor abundance in the ore. The ra;’e-earth elementé
are partly differentiated itto cerium-riech bastnaesite, chevkinite, and
monazite, and yttrium-rich xenotime and doverite. Apatite, zircon, and.
sphene contain boﬁh cerium-and yttrium-group earths.

Eleven samples of radicactive ore and rock average 0.009 percent
uranium, 0.062 percent thorium, 1.51 perceﬁt combined rare-earth oxides
including Y203 , and ‘21L.8v pemenf ;1ron. Scatter diagrams of ;ample data
;how a diréét correlation between equiva;ent uranium, uranium, thorium,
and qox;bined ra.r"e-eart,h oxides. Both cerium- and yttrium-group earths

are abundant in the rare-earth minerals.



Thg¢;are-earth4bearing radioactive magnetite ore is believed to have
formed as a variant of the magnetite mineralization that produced the
main iron ore of the Scrub Oaks deposit. The rare-earth mine?als and the
iron ore were depogited contemporaneously. Zircqn crystals, believéd to
have been depogited at the same time, have been determined by the Larsen
method to be sbout 550 to 600 million years old (late Preceambrian age).

Urgnium, thorium, and rare-earth elements are poteptia; byproaucts

of iron in the coarse-grained megnetite ore.

INTRODUCTION

A deposit of rare-earth-bearing radioactive minerals in the Scrub
Oaks mine in the quer magnetite district, Morris County, N. J. (fig. 1),
was disclosed in 1954 aﬁter a specimen of radioactive}rock foﬁnd on thel
fifth level of the mine by Charles Weiler and Edward Osetek of the Alen
Wood Steel Company was given to the senior suthor and anélyzed in the
u. S. Geological Survey laboratories. Bastnaesite, xepotime, and doverite
(a2 new mineral species) were identified in the rock (Smith and others, 1955).

The deposit was studied by the authors as part of the Geological
Survey program of reconnsissance for rad#oactive mate:ials made on behalf
of the Division of Rew Materisls of the Atomic Energy Commission. Radio-
active coarse-grained magnetite ore neaf the north end of the 5th, 6th,
and Tth levels in the mine contains a few percent of cerium-rich, and
yttrium-rich  rare-earth minerals. Uranium, thorium, and rare-earth

elements are potential byproducts of iron 1in this ore.
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In June 1955, part of the mine near the nor?h epd of the 6th,l¢vel
where radioactive rock was known tq occur was examined by the writgrs.
Tpg distribution of radiocactive rock wgs mapped in part of one stope on
the 6th level and in the sub'levei below it (Pig 2). Samples of radio-
&ct}ve rock were taken from the stopg and thg sublevel for anglyses.
Digmond-drill core was examined from holes drilled from the sublevels on
the 6th and Tth levéls.

‘The authors are indebted to W. P.ASchenck,xSuperintendept of the
Mining Division of thg Alan Wood Sﬁeel Company? for his friendly coopera-
tion‘dprigg these investigations. Charles Weiler and Edward Osetek made
the discoveries that led o disclosure of the deposit and fumnished
information about the occurrence of the ore. bescriptions of tpe geology
of the Dovgr magnetite district and of the Scfﬁb QOaks mine by.Paul K. Sims
(1953; in press) are quoted at length. Sims élso:made many éseful
suggestions‘after revigwing this report. Wil;iam L. Smith of the Geological
Survey made many helpful suggestions concerning the mineralogy of the
deposit. All analytical work was done by personnel of the U. S. Geological

Survey.
GEOLOGY

The Scrub Oaks mine is in the Dover magnetite district in the New
Jersey Highiands. The geoiogy of the district has been described by Sims
(1953; in press). Information from his repor@s, which inqlude ghe reéults
of his own investigatiéns and those of previous workers in the area, is

used here in describing the geologic environment of the rare-earth deposit.
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The New Jersey Highlands are in the Reading Prong of the New England
physiographic province. This is an area of northeast-trending fidgeé and
valleys with altitudes ranging from 500 to 1,100 feet above sea level in
the Dover district. Bedrock in the area surrounding the Scrub Oaks mine
is q% Precambrian age and includes'metasedimentary rocks, mixed‘rocks,

and igneous rocks. Quaternary glacial and alluvial deposits conceal the

bedrock in,much of the area.
ROCK UNITS

High-grade metamprphic rocks derived from calcareous and quartzose
sedimentary rocks are the qldest rocks in the district. The grincipal
types of metamorphic rocks in the area'nea? the Scrub Oaks.mipe are
biqtite-quartz-feldspgr gneiss and oligoclase-qpartzfb;o@ife,gneiss,
According to Sims, the oldest igneous rocks in the distriqt are quartz
diorite an@ diorite. They were emplaced early in the period of Precam-
brisn grogeny that @eformed the metasediméntary rocks. A wide variety of
grahitic rocks were emplaced later in the period. Albite-oligoclase
grgnite is the oldest of these and hormblende granite and relatedAfacies
the youngest. Sims'’ descriptioné (1953,. p- 259-260) of the gragitic rock

units in the area adjacent to the Scrub Osks mine follow.

Albite-oligoclase granite

“The granite is a buff o red, medium-grained rock thﬁt is
composed almést entirely of plagioclase (An8-Anl5) and quartz.
Muscovite 1s a common accessory mineral. A few percent of augite,
horﬁ?lgnde, and bi&tipe, derived from contamination by assimi;a;

tion, are present locally, particularly near mafic inclusions.
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"Small jirregular bodies of albite granosyenite pegmatite

‘are associated with the granite, particularly at the Scrub Oaks

"

and Beack Glen mines. . . .

Hornblende granite

"Hornblende granite is the most abundant facies of the granite
cogstituting about 60 percgnt of the granitic rogks. Hornblende granite
forms sheets, from 1,000 to about S;OOO feet wide, and phacoliths of
moderate gize‘. .

"The hornblende grapite is a buff, medium-grained, but locally
coarse-grained, equigranular, uniform gneissoid rock. It weathers to
brown, tan, or white. The granite is composed of 35 to 65 percent
microperthite, 6 to 35 percent oligoclgse, about 25 pgrcent guartz, and

5 to 10 percent hornblende . . . "
Alaskite

"Bodies of alaskite are found at and near the contacts of hornblende
granite and country rock, in mixed-rock zones, and along the anticlinal
crests of largg folds. Alaskite occurs in c;ose proximity to nearly all
ore deposits; it forms an envelope around the oligoclase~-quartz-biotite
gneiss layer that contains many of the important deposits . . . .

"The alaskite is composed essentially of micropérthite and quprtz[
Mafic minerals, principally hornblende, augite, and biotite,,constitut;

n
.

.less than 5 percent of the rock . .



1k
Microantiperthite granite

"Narrow linear bodies of microamntiperthite granite are
found in plgces in the contact zones betﬁeen alaskite apd quartzgse
country rocks. The granite differs mineralogically from alaskite
principally in containing microantiperthite rather than‘microperthite as
the chief feldspar. .Much of it contains a few percent of augiﬁe or

hornblgnde e e e Wt

Gran;te pegmatite
| "Granite pegmatiﬁe‘forms irreguler bodies with ill-defined
bpundaries in grgnite, and sharply defined conformeble or cross-
cgﬁtiﬁg bodies in ecountry rocks. It is common, but usually not
abundent, except near ore deposits.
"The pegmatites are simple, nearly homogeneocus bodies'compoyed of
perthité, quartz, and sodic plagioclase, with accessory magnetite,
allenite, and zircon. Locally large crys#als,of horﬁb;endg or augite, as

"

much as 6 inches in length, derived from contamination, are present . . . .
STRUCTURE

The metusgd#meﬁtary rocks in the disﬂr;ct are fbldéd,fébélinqiiy. The
folds are generally overturned to the west, and their axes plunge to the
northegst. The igneous rocks are synkineﬁatic intrusives (Sims, 1953,

p. 265) that were emplaced as qonformable sheets in the sedimentary rocks
during both phé early and late stages of folding. Pegmatites were

emplaced near the close of deformation and are mOStiy undeformed.
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Precambrian rocks including magnetite deposits are cut by numerous
faults. Most of the faults have relatively small‘displacements, but some,
particularly those that are transverse to structural trends, have dis-
placements as great as a few hundred feet. The transverse faults are

normal faults that strike northwest and dip south.

SCRUB OAKS MINE

The Scrub Oaks iron mine is in the southern part of the Dover magnetite
district about 2 miles west of Dover. The mine is owned and operated by
Alan Wood Steel Company of Conshohocken, Pennsylvania and is currently
aétive (1956). The mine workings consist of a four-compartment shaft and
six working levels that average about 5000 feet in. length. ?be nortb end
of the 6th level had not been developed at the time of Sims' study‘ (1953).
The Tth and 8th levels are now being developed. Thé shaft is inclined
550 southeast, and the wgrking levels are 250 feet vertically apart. Thg
levels are connected by inclined .raises. ©Sublevels, roughly parallel to
and sbout 30 feet above the main hau}age levels, extend the length of ﬁhe
mine. 1In previous workings the sublevels were driven in the ore body,
but at the north end of the 6th level and in the Tth and 8th levels the

sublevels are in the footwall at or near the footwall-ore contagt.
GEOLOGY OF THE MAIN ORE BODY

The Scrub Oaks iron ore deposit is a tabular body of magnetite-
bematite ore in albite-oligoclase granite flanked by alaskite. ILocally,

part of the albite oligoclase unit includes pegmatite. The ore occupies
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granulated end partly recrystallized zones in the host rock. The ore
body and the country rock trend N. 33° E. and d1p 55° SE. and the
deposit plunges 28° N. 52° E. (sims, 1953, p. 299), parallel to the
lineation in the country mck. In detail the ore body splits or pinches
and swells, and locally changes dip and strike. The ore zones mapped in
the stope near the north end of the 6th level {fig. 2) are irregular in

outline.

‘

IRON ORE DEPOSIT
Sims (1953, p. 299-30Q) describes the ore as follows:

"Magnetite is the chief ore mineral; primary cryst?a.lline hematite
constitutes about 15 percent of the‘oz.-e, but ranges from about 1 peréen,t
to at least 30 percent locally. The hematite is sbundant in 1,586 and
1,587 stopes (no. 5 level), where it forms sbout 50 percent of the ore;
and at the head of 70 manwasy raise on no. 4 level. Elsewhere in the mine
hematite generally constitutes less than 5 percent of the ore. To Judge
from its distribution the hematite-rich ore seems to be closely related
to the axis of a prominent roll.

"The nonmagnetic iron ore is locally referred to as martite.
There is no evidence, however, either megascopically or microscoplcally,
that this ore is martite; instead, the nonmagnetic ore is hematite.
Polished sections of hematite ore indicate that the hematite forms
distinct coarse granules that egchibit marked twinning; In part J’hematite

forms rims around magnetite; it is seen also to form veins in magnetite.
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"The gangue minerals, which constitute an integral part of the
ore,. are chlefly albite and quartz, unreplaced remnants of the granite
- host‘rock. Several ¢ther minersls are present in the ore . . . .
These are apatite, rutile, tourmaline, calcite, muscovite, and pumpelly-
ite. With the exception of some of the apatite these accessory minerals
are later than the magnetite,

"?he run-of-the-mine ore has an average iron conteat of about 27
‘percent and a phospharus content of about 0.075 percent. The éoncentrate

‘is of Bessemer grade."

Most of the Scrub Oaks iron ore is medium to fine grained according
to the classification proposeq by Teuscher_(in Johannsen, 1939, p. 31).
Grains in these size categories range from about 0.3 to 3.3 millimgters
in diameter. Some of the ore, however, is coarse grained. In milling,
the ore is c;ushed to minus 8 mesh and finer in order to recover a high
percentage of the iron in a suitaeble conceptrate (Roche and Crockett,

1933, p. 273-27T).
RARE-EARTH MINERAL DEPOSIT

Much of the rare-earth mineral deposit in the Scrub Oaks mine can be 
considered a part of the magnetite ore body. The rare-earth minerals are
largely in coarse-grained magnetite ore, in magnetite-rich stringers, and
in pegmatite adjacent to the magnetite ore In microantiperthite granite

and alaskite country rock.



18

General character and appearance

The rare-earth-bearing megnetite ore generally can ‘bg recognized by
the presence of coarse-grained magnetite and by brick-red aggregates of
the rare-earth minerals xenotime and doverite. The aggregates of xenotime
and doverite‘resemble coarse-grained red feldspar that occurs at places in
the country rock, but they can be distinguished from the feldspar by the
absence of smooth cleavage surfayce\s. Light gray and gray-black rare-earth
minerals are abunﬁ.ant in some parts of the ore with only a small amount of
the red aggregates.

Oth;er rare~earth-bearing rocks have been found in the mine near the
coarsed-grained magnetite ore, bué not much is known about them. Specimens

of rock that may be vein quartz, with sbundant zircon, doverite, and

hematite were obtained from the 5th level of the mine; und a sample of
radiocactive, fine-grained, albite-oligoclase grinite gneiss w;’Lth anti-
perthite, much accessory m&énetite, and discrete subhedral grains of rare-
esrth minerals was obtained from near the nhorth end of the Tth level of

the mine.

Relation of deposit +to main iron ore body

The spatial relationship of the rocks that contain rare-earth
minerals to barren parts of the main magnetite ore body has not been com-
pletely determined. 1In general, the rare-earth-bearing mlagn;étitg ore is

in discrete but 1rregu1arrsl{a.ped bodies near the top rocls-/ of fhe main ore

‘The top rock is defined by Sims}(l953 > P 275) as the rock overlying .

the deposits in the plane of the ore.
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body, but in places the rare-earth-bearing ore is several hundred feet
below the iron ore-top rock contact. The rare-earth.deposit apparently
fbilows the plunge of the main iron ore body, but confinuity between bodies
of rare-earthébearing ore on differenﬁ lévgls ig the mine has not been
determingd.‘ Rare-earth.minerals;and magnetite occur in pggmatite in, the
top rock adjaéénf té rareqearthébearing iron ore. In the 1690 étope.at

the morth end of the 6th level of the mine (see figure 2) the rare~earth-
bearing coarse-grained magnetite ore is separated from flne-grained
magnetite ore that is more typlcal of the Scrub Oaks deposit by 2»10 foot
septum of hornblende granite country rock, and the boundarles between the
rock units are sharp. Within the rgre-earth deposit, contacts betwgep

the coarse-grained magnetite ore and pegmatite are irregular and gradational
in some places and abrupt ;n others. 1In some exposures of coarse-grained
magnetite ore the rare-earth minerals afe distributed throughout the ore;
in other exposures the minerals are spotty or are absent. Coarse-grained
magnetite ore barren of rare-earth minerals has been found & few tens of
feet down dip from rare-earthAbeaQing cogrse~grained ore. Qoa;se-grained
ore with rare-earth minerals also is found at sbout: the same level as the
coarse-grained barren ore, but approximately down the plunge of the ore'body
from the exposure in the raise. (See fig. 2.)

Although the wall rock ,.of the rare-earth deposit is mostly fine-
grained microantiperthite granite (fig. 2), lenses of slightly coarser
grained horﬁblendeﬁplagioclgsé gneiss, alaskite, and boéiés of granite
pegmatite that are barren of rare-earth minerals occur locally within the

granite. The contascts of the rare-earth deposit with these wall rocks
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are sharply defined but irregular, with stringers and embayments from the
deposi’c extending into the wall rock. Some stringers are alined at an
acute angle to the genersl strike of thé main ma.g;netit_e .ore body and of
the ,wall rocks. | |

The rare-earth deposit in the pqr:hion of the mine that has, pot been
stoped out is clonsider.ed to be within an imegular parallelepipad-nhn.ﬁn&
zone thatf is about 30 feet wide and has a stope iength of' about 200 feet
on the 6‘c;h level. ‘I’he zone has & known vertical extent of SOQ feet, a
length of about 600 f‘.;'eet along the dip and a pitch length of nearly 1000
feet alqng the plunge of the main ore body. The deposit is reportedly
exposed in the 1586~ and l§89-,stopes on the 5th level, and. is exposed in

the 1690- stope and ad jacent sublevel of the 6th level, and in the sublevel

of the 1799-stope on the Tth level -(fig. 2); Similar m;k was reportedly
seen in higher leve;!.s by mine personnel, bub no' sa.n;ples' from the bigher
levels were obtained by the authors. Fpr ad.d.itional infoma’cion concerning
the mine workings the reader is referred. to Sims (in press).

The ‘extent of the rare-earth deposit in the 1589-stope before iminin.g
is not known, but coa;‘se-gm;}ned ore similar to that bea.riné rare ea.:_rth:;{
was reported to have been noticeably sbundent by Charles Weiler of the
Alan Wood. Steel Co. 1In the l690-s1:ope , which was opened but not mined
out in 1956 the rare~earth-bearing magnetite ore is e@osed for a,bou'b 150
:E‘eet a.long strike (fig. 2). This ore has an apparent thickness of sligh’cly
more than 16 feet in parts of the stopé; in other parts it thins to
stringers only a few inches thick. Tbe rare-earth deposit extends into

pegmatite near the north end of the stope. This part of the deposit was ‘
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above & draw point in the stope and only the part near the magnetite ore
could be exémined closgly or sampled; therefore, no ﬁrecise measuré@ents
of it were made.

On the sublevel of the 6th lével.(fig. 2), the rare—earth;bearing
magnetite oré is expoéed in two places gbout 150 feet apaft along strike,
and about 60 feet farther to the south along the sublevel a drill hole cut
radiocactive ore in the hanging wall. .

In the sublevel of the l799~stopé of the Tth level, where little de-
velopment work has been done as of January 1956, a band of rare-earth-
bearlng magnetite ore l- to 2 feet wide has ~been ekposed for a length of
a few feet. About 180 feet southwest of'this (fig. 2), a hole drilled
into the hanging wall from the sublevel cuts two zones of ;oarse-grained,
magnetite-righ rock about one‘foot and»three feet thick containing rare-
earﬁh minerals A zone of radloactlve ore in a newly: develoPed stope near
the north end of the Tth level was descrlbed as about 10 feet wide and 60
feet long by S. J. Usinowicz (oral communication, 1951) of the Alan Wood
Steel Co. The zone extended aléng tﬁe ofe bddy on thg hanging wall side
qf the stope. Within the zone, a band of ore with abﬁndant rare-earth
minerals was 3 to 4 feet wiée and the‘remainder of the zone coﬁtained a
smallér:percentage of rare-earth minerals.

The 8th lévcl has not‘been qxtended far enough to detgrmine whether

the ore continues below the Tth lewvel.
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Radioactivity

The rare-earth deposit in the Scrub Oaks mine is more md.ioa,ctive
than the typical iron ore and country rock. Backgréund radioactivity in
barren Yr\“.ack or in iron ore devoid of ra.re-ea.rth minerais in the 6th levél
and. sublevel is about 0.015 milllroentgens per hour, as measured in the
center of the passageways using 8 scintillation counter carried. about
waist high. Loce.lly, readings are as . high as 0.10 ‘mr/hr in pegna.titic:
rock and 0 05 mr/hr in the albite—oligoclase granite country rock.

In pa.ssa.geways that penetrate the re.re-ea.rth-bearing ma.gnetite ore,
the radioactivity is generally a little greater than 0.1 mr/hr and may be
as much as 0.2. With the scintillation counter in contact with the ore

the rad.ioactivity is commonly between 0.2 and O. 6 mr/hr. In the i'aise in

the l690-stope » read.lngs as hlgh as O, 95 mr/hr were o’bta.ined. on the fa.ce
qf the ore. The radloa.ctlviil',y was found to be 0.15 mr/hr or‘grea:be.r fqr
a distance of 25 feet a.iong one side of the raise’ .a,nd 0.75 mr/hr to 0;95
mr/hr over 15 feet of this length. In the sublevel of the 6th level,
‘rea.d.lngs of 0.2 mx‘/hr to 0.6 mr/hr were obtained a:l_ong 45 feet of the
roof of the sublevel, and rea.d.mgs of O 2 to 0.45 mr/hr were obtained along
the wa.lls for a length of' a.bou’c 33 feet., Pegmatitic rock wi’_qh coarse red
feld.spar locally present within this ore zone , is much less radiocactive
than the ore. | | |

In all plaées where the coarse-grainied rare-earth-beariﬁg ére .wa.ls
examined the raﬁioﬁciivity at$he face of the ore was 0.1 mr/hr or greateij.

Whe're the geometry of surfaces of ore is such tha.t'it raises the background

radioa.ctivity appreciably, a reading of 0.15 or 0.2 mr/hr on a .scintillation .



'in part by radioactivity measprements.and in part by the apparent visible
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codnter(probably is indicative of ore limits. As the qouptry rock
adjacent to the ore appears to be almost barren of radiocactive minerals,

it has & low radioactivity.

Analyticaltdata'

Chemical analyses for uranium, thorium, total rare earths (including
yttrium) and 1ron, and rad10activ1ty measurements. of the same samples are
reportedﬁinitable 1. Elevén samples of radioactive ore and reck average
0.009‘percent uranium, 0.062Apercegt thorium (0,011 percent Thoe), 1‘51'
percent comblned rare-earth oxides including Y203, ‘and 2k. 8 percent iron
(35.5 percent FegOs3). Scatter diagrams of sample data show & direct
correlation between equivalent urahium, uranium, thorium, and combined
ra:e~eerth oxides. Both cerlum- and yttrlum-group earths are abundant in
the rare-earth minerals. The gr&b samples consisted of a few pounds of

roek that appeared to be representative of the rpck face from which,they

were‘taken. The other samples consisted of a few pounds of rock that were -

‘oﬁtaiﬁed by chipping ‘the rock face at intervals of 1 foot for the indieéted

distance given in table 1. The limits of the sample zones were determined

1

limits of the ore zone. Because of local high’background,:aQioaépiviﬁy,
ﬁhe_@ifferences in radioéativit& ﬁetveen‘the rafe~éafth¢bearing ore éea fhe
ad jacent relahivel& barren ore'orvrock in places were smail, and for this
reason parts.of some samples were teken beyoqd,the lim;ts'of'the radicactive

ore. Some samples are therefore diluted with nonradiocactive ore or rock.
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To illustrate the i’elationsﬁip between the amounts of rare~earph
elements amd radioactivity, uranium, thorium, and iron in samples of
coarse~-grained radioactive magnetite ore, the availasble data are Qlotted
on scatter diagrams ( figurgs 3-6). Only the last two digits of the sample
numbers are used in the scatter diagrams.

The radioactivity (equivalent uranium), uranium, end thorium content
of thé ore increase directly with an increase in rare earth content as
gshown in figures 3, 4, and 5. Sumple no. 35 is radiosctive granite gneiss
rather than ore.

The rare-earth minerals are most sbundant im cdarse;-gmined. magnetite
ore. The relstionship of rare earths to total iron is shown in figure 6.
Sample no. 39 contains a higher percentage of iron than fhe other samples;
it represents & sample interval tha.f includes both rare-earth-bearing
coarse-grained ore and coarse-grained ore barrem of rare earths. Sample
no. 41 represents a sample interval that includes very littlg’ rare-earth-
bearing ore. Sample no. 44 was taken across an interval of rare-earth-

bearing ore with intermixed leaner pegma.tite—/ which diluted the sample

—/ Individual bodies of pegmatite in the rare-earth-bearing

magneti"t;e ore are too small to be shown oh nia.p.

with respect to iron and rare earths. The relatively undiluted ore samples
contain ;.6 to 2.33 percent combined rare-earth oxides and about 20 to 30

percent iron.
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Separation and analysis of a.radioactive concentrate

A sample of radioactive gagnetite ore was crushed, sized, and
separated magneticaily with & heand magneﬁ. Concentration of the radio-
active minerals was unsatisfactory at plus 20 -- minus 8 mesh grain size,
so the material was ground to minus 20 mesh size, then separated
magnetically snd gravimetrically using methylene iodide, which has &
sﬁecific_gravity of about 3.3. The nonmagnetic Heavy-mineral fraction was
then separated using a Franz mégnetic seﬁarator. At settiﬁgs of 0.2
amperes, a tilt of 1b4 degrees, and a sloﬁe of 20 degrees, practically all
of the hematite was separated as a magnetic fraction and most of the

radiocsctive mineral fragments remsined in the nonmagnetic fraction.

The radioactive nonmagnetic concentrate eontain$~/ 0.49 percent equivalent

/ Analysts: B. A. McCall -- equivalent uranium, Carmen Johnson --

uranium, and Harry Levine -- thorium and rare earths.

uranium, 0.20 'percent uranium, 1.36 percent Thoa, and 33.36 percent rare-
earth oxides including Y203. The quentity of each rare—gaftﬁ mineral in
theyconcentrate has not been determined. The ratios of about 1 part

uranium to 6 parts thorium and 1 part thorium oxide to 20 parts combined

‘rare-earth oxides in the concentrate are near to the ratios of these

elements in the arithmetic average of 1l samples of ore and rock representing
the deposit ( table 2).

The results of the analyses of this samp%e.indicate that the uranium,
thorium, and combined rare earth content of a concentrate of the rare-earth
minerals qan‘bghestimated on the basis.of rad;qacpivity’measurqm§q§s, and
thtﬂﬁhe abundance of these elements in ore can be estimatedion faces of

ore in the mine.
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Spectrogra@hic anaiyses

Semiquantitative spectrographic analyses of samples of rare-earth-
bearing ﬁagnetite ore and r@dioactive rock shown in table 2 indicate that
the abundance of rare-earth elements is relatively consistent in similar
types of rock taken from different places in the stope and‘sub}evel on the
6th level of the mine.

Quantitative gpectrographié analyses of the cheﬁically séparatgd
rare-earth fractions of the sémples are given in table 3. The a@bundance
of yttrium with respect to « exium is: notable. Terbium, holmium, &nd
thulium were not i@ported_in‘the gquentitative analyses, but holmium was

detected in the semiquantitaﬁive analyses.

Petrology

The rare-earthébearing.rocks in ﬁhe Serub Oaks mine are distinctly
coarser-grgined than the country rock and the typical magneﬁite ore; 5nd
they have sharp contacts with the granitie wall rocks.

The rare-e@;thébearing maggetite ore consists mainly of magneﬁite{
hematite, and quartz, and some reddish dpalescent alb;te~oligoclgse, per-
thite, antiperthite (Sims' microperthite and microantiperthite) and
micfocline. The albite-oligoclase has partly replaced the other feldspars.
Bare—egrth min?rals in dull brick~réd‘aggregates of xenotime and doverite
and gray’bastnaesite and chevkinite constitute about 3 percent of the
rock. Microbreccias, partly healed by calcite veins that contain sulfides,
are present throughout the rock. Calcite and rare-earth fluocﬁfbonates

make up to 2 to 5 percent of the rock.




33

eg g og g sg °g G000 >
1) og ap ap 19 D a9 TO0"=5000°*
od ad A
qd ®p oS QN ®p 28 aN %9 qad g ad oH aN ad o8 600" ~TO0"
®g OH ®d COH
TN OH I8 TN I8 U ag A ws OH TN PD aN ®) A IN
A ws Uy B A W ny TN UW 0] TN A WS A UN nT OH UW wg T10°~500*
1 D))
ax po PO o)) wl ax PH g ag
13 £q ad ax g ad Im I7 X g a8 ny ®) a® £q g vl ph
wl g n g £q np ad £q o) ad ad £q I8 aX 0 qx n) ag 6o ~TO*
L 27 1L L g
agz el ®l N az UL BN @1 ®g W DN ®g 3W UL, £q 23 PN T°=60°
®) PN Che) PN ®©D L S MM a7z el
X 9D SN X PN ®D X 8D ®N 8D €D 1 8) X 17 ) ® X G -1
L -~ = v T.L SR - - - -6
N TV I ON TV I oy oy 1L BN ¢-T
- - - - = - - - = v v v ot-$
°d 18 od 18 ad 1S od 18 ad 18 od 1S oT<
68~ G3H Q¢-G3H LE-S3H 9E=S3H GE-~GYH HE-G3H juedIad
.»vnazn sTdueg

h..wa,mpﬁo.nﬁw °H ¥ ‘asfreuy/ cLesxep meN ‘L3UMO) STIION ‘SUTW SHBO qOIDS

‘jo0x puw 910 91T1RUTBW SATFOBOTPRI JO sesdreur sruderforgoeds aatjestauenbrweg--°gZ e.S.aH

4

e e L TR e WA i b b T BRI e e Wt A e

o
ol



=
o

og ag ag og og 6000°>
I 1D I 1 b0} TOO*=$000*
QN °s ad ad o8 a8 ad 98
aqd 98 ©oH ®) ®g IS °g ©H AN ad ®) qX ed ®p IS €00 =T00"
IN 6T A wg ®D TN OH A TN oH N TN COH A
U4 PO I WS UN N Awg NI ®g I8 UR ug Ul n TO"-S00°
, . P d g 1D ax
g xd ax £q Qx 1g ad ad ag ax PO g ad .
ag iz w1 £q ag np un £Q I7 A g X3z ag £q nd G0O*-T0"
no ny o
vgd PN @D B BT UL 3N eT %) 17 3N @7 T°-60°
® X PN X ¥ PN
i, S H] ®N PN ®D ®) TV BN BN %D X 9 %) G -1
T - - - -~ - TI BN -G
eN 1L TV TL ©N T TV -1
™ . - --- W --- 0T-§
d 1S od TS ad 1S od TS °d 1S OT<
it~ G3H E-9H gh-S3H TH=SYH Of=G3H ;
: jusoxsd
Jagumu oTdureg

CPAINUTQUOD-~*LasI3L MaN ‘Lqune) STILION ‘eulm SYR(Q) QUIOS

‘JO0I pu® AI0 S3TPUBVW SATIOROTPRI JO sashrTeue oTydeiBorjoads aaTyeifamenbiweg--°g STAR]

e T R e et et X s, ety A A s SR Sy T R A YT Tt Ll 2 et
. i .



(sesfTeue saTyeyTaURNDTWRS UT Pel093ep seM OH) WL ‘OH ‘4l :punojy 30U jnq I03 Paxoo]
P930938p 30U = °Q°N ‘O1-¢ = 9. ‘6-T =V

senentqse aAaT3elTURnbImes axe nT pue ‘(qxed ut) wg pue (3aed utr) qX ‘ng ‘I x

€00° v00° . €00° 600 6007  V¥oo' V0O0'  20° €or €T €T goT Wy
€00° 920" 400" L1to° Lto° V00  v00° 60° €o* ol 60° £9* En-
Yo0* 920" vo* 920 Geo* Y00°©  VOO* A H0°  §9° 60° 6L h-
v00° €000° V00" “a'N “a‘N ca'N ca@'N §00° .n,.z 70*  €00° 20" T~
g00° V000" 400" €q0° GE0°  voO°  G00°  Te° go* gL 09°  9T° Oh-

~ €00° V000" €00° 920° - LT0° V00" LOO" €T” €o* g+ g ert 6E-

" Y00°* €00° Vo' 600" Lto" vo*  goo° e 70+ g¢- 80" e’ ge- |
€00° V000* €00" (0N Geo- voo*  Loo* 9g° 1 60°  H9° 95 * 9T" Le-
Vo' Geo- VO* 920° Geo” Y0O*  LOO° 60° H0*  95° Lt €9 ot~
‘a'N Lto° €00° 600" 900° ‘@N  L00T  C@N TN To* @K 91" ge-
m&. ¥000° *€00° €q0° 920"  %¥00°  LOO" 9e°  Ho* €L g6t 9T HE-GYH
0T FaX %I 2 B0 whE T xES PN id %0 1 X .

[Futusaon veteqn pue SuireM SpPneTd wmpwhﬂm@ .hwm.ﬂm.m MBN € Rqunoy

8TIION ..on._n.n_.u syeQ qnIdg 9y} woxiy (d10 Jo queoxsd s peqrodaa) a1o a3T3euden SAT4OBOTPRI

JO uo1goBIY nﬁdvcvng Te303 dwvﬁsmwm LrreotweyxJo sashreur oTtydeifoxqoads aatqejtuend---€ oTqRL

¢

)

) \‘MWWMWWYWWWWT S e

¢
!
4



36

The rare-earth-bearing part of the pegmatite consists mainly of
antiperthite,~perthite, microciine, and quartz;'and lesser'amocnts of
magnetite and rare-earth minenels, horﬁbiende, and biotite. Albite-
oligoclase occurs as a repiacement of antiperthite and perthite. The
rock is spotted with aggregates of %he gray and red rareuearth minerals

The microantiperthite granite well rocks have been altered near the
contects with the rare-eartthea;ing rcck, Locally much epidote, albite-
oligoclase with peculiar checkerboard twin‘patternl calcite, and uralite
have replaced the antiperthite and microcline, suggesting an increase in
sodium and, calcium at the expense of potassium. The amphibole and biotite

have been altered to chlorite, which is clouded with fine-grained inclusions

of magnetite and hematite. Chlorite-—_rich masses are perticula:‘ly a,.bun@ant .

at the contact between the rare-earth deposit and its wall rocks.
Mineralogy

The rare-earth deposit consists of about 30 minerais{ including the
silicates and the iron a,nd titanium oxides #nd sulfides. Most of 'the known
minerals in the deposit are typical of the magnetite ore deposits, pegma-
tites, and late sulfide-carbonate veins of .the Dover district. Potassium
feldspar, plagiqclase, quartz, and other silicaarich minerals are abundant,
as well as magnetite and hematite, The minerals containing rare—earths
ere‘doverite, bestnaesite, xenotime, chevkinite, zircon, sphene, apatite,
and.monazite; Some rare-earthJcearing minerals or aggregateslin the
depoeit have not yet been identified. Other minerels‘thet are minor

constituents of the rocks are anatase, augite, biétite, bornite,
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chalcopyrite,ohlorite,epidote, garnet, hornbieﬁdo, ilmenite, pumpellyite(?),
pyrite, rutile, spinel, sericite, anq.tremolité. The most distinctive
feature of the deposit is the abundance of rare-earth fluocarbonates and
caléite. Minerals such 'as nephellne, .8odalite, and soda pyroxenes that

are common in other rare-earth dep051ts are absent.

Opaque minerals

Magnetite.--Magnétite,the.most abundant of the opaque minerals,
ocecurs largély as black, coarse, anhédral and. rounded grains, as veinlets,
as rims around silicates, and as aggregates of coarse and medium grains.
Some fine euhedral or subhedral crystols and isolated grains of magnetite
are enclosed in coaroe masses of quartz, albite-oligoclase, or antiperthite,
in both the'magne@ibe and pegmatite parts of the deposit. In addition, a
little’very finé-graioed'magnefite and probasbly some heméﬂite fbfm dustliké
clouds in chlorite, in rare-earth minerals, and in late sulfide-cafbonate
veins. Much of the magnetlte apparently is homogeneous, but’ some grains
are replaced, veined, and embayed. by hematite and others contain abundant
ilmenite iﬁ'fairly‘coarée exsolution bands tﬁat are elongate aod parallel.
Minute lathlige inclusions within the magnetite and the ilmenite baods are
possibly~ruti1e aod spinel.

The magnetite of the rare-earth deposit is notsbly coarser than most
of the @agnetite,in the main Scrub Oaks iron ore and io_the adjacen% wall
rocks; but sim%lar coorse magnefite ore not known to contain rare earths

is present locally in the Scrub Oaks iron ore body.
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Hem&titeo;-ﬂematite 1s common as coarse irregular grains with blue-
black metallic 1u;tér iﬁterépérsed with magnetite grﬁins, and as irrngﬁlar
embayments in magnetite. ‘Locally, spindle-shaped hematite is interbanded
with brown vitreous sphene, and elsewhere with white, cloudy leucoxene(?).
In places, hematite apparently is -more abundant near the rare-earth mineral
clusters than in tbe:rock gway from themT Sqme of thelopaque dustlike
inclusions in réd doverite aggregates are nonmagnetic and have been
identified as hema,tite {Smith and others, 1955, - 21) Very thin bright-
red opaque films coating surfaces of fractures in quartz, magnetite, and

other minerals are nonradmoactive and may be hematite.

Ilmenite.~—Ilmanite occurs in bmall lath—shaped exsolution intergrowths

in parallel alinement in magnetlte. In places, the narrow elongame bodies
lie parallel to & brown nonopaque mineral W1th similar habib, possibly
rutiie, and also apparent¢y replaca it. Some ilmenite laths meet at acute
ang¢es, with the brown nonop: qpe nineral between them. Minute inclusions
o & lustrous light-gray nonopaque mineral in both ilmenite and the brown
nonopaque minersl are oriented parallel to the long axes of the ilmenite
laths:

Pyrite.-aPyrité is widely dispersed as a miﬁbr gonStiﬁuent,in the
rare-earth deposit and adjacent wall rock. It is fine gfained, replaces
other minerals, and is closely associated with caleite. The'pyrite occurs
in late veins of calcite, quartz, chlorite, magnetite, and hematite a
milliméter or two in thickness that cut across older quartz, magnetite,
bastnae81te, andvdqverite aggregates. The pyrite ;s in minute subhedral

to euhedral grains in the margins of the calcite velnlets, and it is
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interspersed locally in the wall rock near the veinlets In one specimen
small late-~ stage pyrite crystals are alined in a fracture that crogses a
calc1te veinlet, and pyrlte fbrms dustlike 1nclusions 1n bastnaesite and

red doverite aggregates.

Chalcopyfite.—-Chalcopyrits is associated with pyrite and slso forms

thin intergranular films on magnetite. If most‘of the copper in the samples
analyzed spsctrogrgphically is in chalcopyrite, much of the sulfide that

resembles tarnished pyrite probsbiy is chalcopyrite.

Bornite.—;Bornite was noted by W. L. Smith {written qommﬁnicatidn,

Jenuary 1956) in polished sections of r&re»eartﬁJbasring msgnetits‘bre.

Leﬁcoxens.--Leuéoxene,“a ¢loudy dmorphous titanium»dioxide alterémionb
product of other titanium minerals, is intimately associated with.

i

bastnaesite as cloudy gray or white isotropic masses.

Nonopaque rock minerals

Quartz. --Quartz is the most abundant of the noROpague miner:ls and is par-
tisularly abundant is the rare~earth4bear1ng msgnetite rock. Most of
she qpsrti is in coafse, clear, anhedrai masses; but sope,vesy csarse
quartz is bluish or smoky. Smalf euhedral grains of clear quartz with
hexagonal outlines are c0mmonly imbedded in magnetite, hemstite, doverite
aggregates, and bastnaesite, and veinlets of quartz cut across nearly all
of the knowm minerals except calclte ‘and the sulfides. The quartz
ass001ated with late pyr1te~calcite veins is very fine grained, milky and
qloudy, and it resembles J&Sp&fbldr One specimen of very'clsar quartz was

noted containing minute hairlike crystals, probably rutile.
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Alblte-oligcclase -~The main feldspar in the rare earth magnetite

deposit is & pink to red coarse-grained anhedral alblte-oligoclase (variety
aventurine), and fresh speclmens have the marked copper-colored re-
flections of sunstone Albite-oligoclase has almost completely replaced
the antiperthite and microcline of the original- pegmatite, and it also
may have been a minor primary constltuent of the pegmatite, occurring tn
small discrete grains. Manv steges of overgrowth and replacement of the
potash feldspar by plagioclase were observed. Albite-oligoclase has been
replaced locally by most of the younger minerals, especially biotite,
quartz, magnetlte, doverlte, bastnaesite, calcite, and sericite.
Orthoclase.—-Large anhedral grains of untwlnned orthoelase ere
common in the pegmatite part of the rare—earth deposit. Theforthoclése
is closely associated with antiperthite and cheekerboard plagioclase,
which appears to have repirced ir. Much of the orthoclase has been
altered or part ly replaced by dark s1licetes, magnetite, or calcite.

Antiperthite and perthite.--The well rocks of “the rare-earth deposit,

and of the pegmatite containing rare earths at the northeast end of the
deposit, containvmuch aqtiperthite. Much of it seems to be the usual
albite-orthoclase intergrowth with more albite than orthoclase. Some of
the gfains are 50 percent or more potash feldséer and thus are perthite
rather than antiperthite. |

Microeline.--Coarse grains of microcline showing epindle-sbgped
twin lamellae were noted in one thin section of the rare-earthébeariqg

magnetite ore;
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Hornblende.-~Green or greeniéh4browp grains of borﬁbiende form a
common acc%ssorylmineral in the pegmatite aﬁd a less common -accessory in
thé rafe~earth4bearing magnetite rock. The hornblende is alterég'to
chlorite, is rimmed by sphene.and biotite, and in turn fims zircon crystals.
The oldest magnetite is deposited in clusters in or near the hornblende
and augite in the rare-earth deposit.

Augite.~--Minor amounts of coarse anhedral or subhedral augite ‘

rimmed by biotite and sphene are present in the pegmatite. The gralns

Aare pale-greenish brown, with marked, nearly right-angle cleavage planes.

The relief is high, the birefringence is rather strong, and the mineral
is optically. positive. Augite has been replaced by magnetite, biotite,
chlorite, and the rare-earth minerals, and very little of it »@ms ‘in
the rare-earth-bearing magnetite rock.

‘ Biotite.-fLarge greenish or yellow-brown anhedral to subhedral
grains of biotite are common in the pegmatite that contains rare earths.
The biotite has replaced feldspars snd rims hornblende and other silicates,
and in turn bas been replaced by chlorite.

Fine-grained biotite rimme§ by and closely associated with chlorite
occurs in the rare-earth-bearing magnetite rock. This biotite ig
pfdbably younger than the larger grains described previoﬁsly.
Chlorite.--Green chlorite, a widespréad minor constituent in the
rare-earth deposit, occurs as an alteration product of biotite, hornblende,
and augite,' and if‘is‘particularly abundant at the contacts of the rare;
earth deposit. Chlorite also forms minute green flakes along the walls of

some of the late calcite-quartz-sulfide veinlets.
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Muscovite (serlcite).--Fine—grained muscovite or sericite occurs &8s

flaky aggregates in the contact zone between magnetite and feldspar and
is closely associated with the late veins of magnetlte.

Anatase --Anstase, 8, fine-grained, gray vitreous mineral, is locall&
abundant in the rare—earth~bearing magnetite ore in large, uniformly fine«
grgined erstalline masses that are 1nterstitial‘to the magnetite grains
and that are clustered near and in p;aces rim the do%erite grgins. The
minersl is most abupdapt in the richest'parté of the rare:earth deposit,
wyére it édmprises‘l to 5 percent of the rock. Bastnaesite replaces
anstase locélh}. |

Egzigg.;»Smal; blood-red to red-brown subhedral grains of rutile ére
closely associated with the rarg-eé,rth minerals a,nd in minute cracks neal.r .
tbe depogit it is associated with red hematiﬁe. In one specimeﬁ microscopic
hairliﬁg crystals, probably rutile, penetratevcolorless'quart;.

,Caleite.—-Célcitg is a com@on minor constituent of the rgre;earth
deposit. Itis~the prineipal mineral of the later sulfide-bearing veins
and forms abundant fine—grénular aggfegétes that replace the rare-earth
minerals, chlorité, and feldspars.

Pumpellyite(?).--A dark green to black fibrous mineral betwden
grains of hematite gnd magnetite ‘and in fractures in mégnetiﬁe was noted
in a few polished sections of rare-earth-besring magngtite ore. ?his
minbr»accessory mineral may be puﬁpe;lyite, a hydrous calcium saluminum
silicate. Sims (1953, p. 280) states that pumpellyite is present in the

magnetite ore and in the wall rock? of the Scrub QOaks deposit.
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Garnet.--Small isotropic crystals of colorless garnet with
dodecahedral faces Vere noted iq a doverite aggregate. The crystgls'are
embayed by doverite and otﬁer assoclated minerals.

| §g}2§i.gfsmall euhedral isotropic grains of colorless spinel embedded

in magnetite and associated with sphene were noted in one specimgn.

“Nonopague rare-earth-bearing minerals

o "

Doverite agggggates.--Doverite; a new species of ytt;ium fluocarbonate
(Sﬁith and others, 1955, p. 31) but possibly an yttrium analogue of
synchisite, occurg in brick-red aggregates that resgﬁble red jasper and
which are intiméte mixtures of doveﬁité, xenotime, hematite; and -quartz.

The aggregates cémmonly’ére‘l to 10 millimeters long, but a few are 5s'ﬁuch
as 3 cenfiﬁeters 1ong.> Many of the masses are irregular in out}ine, and
some are roughly tabular. A few have moderately well defined crystal
outliﬁes ‘that are combinations of prisms with pyramids or domes; such
masses may be pseudomorphous after a mineral that they have replaced

The red aggregates are fairly uniformly distributed in the ore, but 1ocally

‘particularly where abundent, they appear to be concentrated in layers as

clusters of small tabular masses. Red aggregates constitute about 3
pgréent of some samples of ore. Many of the réd~§ggr¢g&tes'enclose
euhedrsl cxystéis of quartz, magneﬁite;‘or ﬁircod, of‘partly feplaced
feldspéf or garnep. Magnetite, quartz, bastnaesite, gnafgse, gﬁd prdbabiy
che;kinite form rims arcund some doverite aggregates or partly replace
theﬁ.' The bgstnaesite rims are white? buff, or gray and locally exhibit

wavy microbanded textures.
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A pale yellow translucent microgranular mineral, with a b;refringence
similar to that of calcite, observed in a thin section of a brick-red |
aggregate is believed to be doverite. It is‘thoroughly but irregularly
intermixed with deep yellow-brown grains of high relief and birefringence
(probably xenotime)’and clouded and less translucent red materisl. The
red material may also be doverite. Some aggregates also contain lustrous
opaque hematite and colorless quartz in fine-grainéd irregular maéses. ,
The abundaqce of the minexrls in the aggregates has not been determined.

A.chemicg; analysis .+7 the dcerite aggregates follows (Smith and

o~hers, 1955, p. 31):

Percent

RE293. ’ 44,36
Th02 . . . » - v " .l- . . » . . . » . 0 - . 3 ln62
8102' - o o N . . . . N . . ) ° . - -;r » . . . 9.70
e e e e e e e e e e e e e e e e e e e e 8.
Fe 05 %0
Ca0 ¢ o v 6 ke v e e e e e e s e e 9.80
P205 e e e e e e e e e e e e e e e e e e 8.75
BLO + v v v i e s e e e e e e e e e e e e . 0.54

23 . Lo v
UO3 A 0.22
Tioz L . » - » . L) » s - L] . - - » - " . 0‘75
MEO + + v v v e e e e e e e e e e e e e e 0.53

f/ Combined rare-earth oxides including 7.4 percent Ce203°
Spectrographic analysis shows Y as a major component,
minor amounts of Ca, Ia, Gd, and traces of Dy, Er, Yb,

NQ, Pr, Lu, Ho, Tm, end Eu.
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e Percent
BLO tOb81 « o v v v e e e 1.35
COp « v v v e bt e e e e e e e 11.75
F.....v............5............ __2_:_§Z_
Total . . . . 101.1k
Less O = F. . 1.21
Total 99.93

Locally where the late 'veins cut bastmesité, a red mineral resenbling
doverite is presbnt‘qlong the walls of the veins s po’s'sibly" 1ndica.timg A
late generation of do\‘rerite which .wa.s deposited from carbonate so.‘!_,utidh*s

Xenotime.--Xenotime, an yttrium phosphate, occurs in the doverite
aggregates as ninute clear. &eﬁf.fyullbw»bmwn gmiﬁs of high birefringence and
relief. Similar small yellow brown anhedral grains are scdttered through
bastnaesite. Smith and others (1955, p. 31') found that a residue of quartz
and xenotime was left when hematite and doverite were lmheﬁ from ‘the
'aggregates. Minute grains of a yellow mineral that may be xenotime als?
occur in a magnetite-bearing a.lbite~pligoclase-a.ntiperthite granite gneiss
fro:m'the seventh level of fhe mine. The grains have rectangular or rounded

outlines.
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Bastnaesite.--Bastnaesite, a cerium fluocefbona;e, eccurs sbundantly
as thin buff—cqlored or white rims around doverite aggregates and gray
rims around chevkinite; as small ifregnlar, colloidal or micrpcfystalline
masses eﬂmeing doverite eggregates; and separately, asrdissemlnated nuff-
colored irregular masses and roughly rectangular or cubic gray masses in
the rock. The bastnaesite is in thin films a fraction of a millimeter
thlck, in masses a few millimeters across, and in equant to elongate
rectahgular masses as much as a centimeter long..

Bastnaesite, although always very fine grained, ranges widely in
color and texture. White, pink, pele gray, buff, red@ish#broyn, WAXY
dark gray, and chocolate-brown bastnaesite were noted undef thelmicroscope,
and many of tnese varieties were checked‘by X-rey diffraction analyses.
The dark-colored bastnaesite is impure and intimately‘mixed with other
minerals as xenotime, hematite, chevkinite, doverlte, and leucoxene,
whereas the nearly white masses mainly appear to be pure micro-aggregates
of tabular bastnaesite crystals. Much of the‘light-colored'bastnaesite9
however, is intermixed with leucoxene. X-ray diffraction anal&sis of one
bastnaesite sample showed'bastnaesite with synchisite or doverite. The
difference in the color of bastnaesite may result partly fram differences
in composition, for somevof the buff bastnaesite replaces doverite.and
xenotime, and thus may'eontain much yttrium. The lightest colored
bastnaesite appears to have been deposited as fillings and did not replace
olde: rare-earth minerals. A spectrographic analysis of a specimen of
bastnaesite is reported in table k. The high titanium content of the
baetneesite as shown in the spectrographic analysis may be due to impurities

within the minersl structure or to intermixed minersls.
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Some of the bastuaesite is micm-gra.nular and uniform, but 8, la,rge
part is strongly ba,nded, with minuke white, buf:f‘, gra,y, e.nd reddish streaks.
Some b&stnaesite has typica,l colloform textures, it is in syhereidal
masses that have & net of minute ra.dial shrinkage cracks. Gegemlly the
oldé}‘bastna,esite is finer gra.ined then the‘younger va.rietieé, end much

of it is too fine to be d.istinguished except under high magnifica’cion.
The, younger bastn.aesite is commonly white and coa.rsely microcrystalu

line‘ apd platy. Some of it occurs at the Ju.nctionsl of an in,ter.secting’
network of obscure, thin heaiegl fractures, and some of the more cpa.rsgly,
qr'ysta‘.lline‘white bastnaesite »fil.ls minute vugs in ‘c'o‘ioreé béstnaesite

end, in.the thin f:é‘aqtures. Ca;ici’r:e, ﬂpy‘rite_ P axxd ma@;etité vleir_xlets tran-
sl‘ec_t somé of the baétna.esiﬁe,, and coarse magnetite and é. reddish rsfre-eé,rth;
bearing a,patite rim and locally replace it. |

Chgvkinite. --Chevkinite, a titano-silicate of the derium-ear!;h metals,
is fairly common in the ra,rmearthwbma,ring magnetite ore, but beca.use of
itfs dark éoloxj it is not readily recognized. It may be more a.bundant in
the coarse-gmined ore than has yet been npted.. Doverite is riumed by
chevkinite, or minerals of similar a.ppea,mnce, and chevkinite, in turn, is
rimmed and replaced. by ba.stna.esite and' leucoxene.

Chevkinite has been id.enti:f‘ied by D. D. Riska of the U. 8. Geological
quyey in X—x"ay'diffmction studies of a brownish-black minera.l from o
samples of the ofe;t The mineral tentatively identified in thin section
and hand, specimen as chevkinite foms lustrous dark brown cubes with irregu-
la.r ma.rgins.’ It is tra.nslucent end ora.nge brown on thin edges ’ has &
hardness of 5. 5 'bo 6, ‘and. has an index of refra.c'bion ranging fmm 1. 93 to

1.95, as ’detemined by Howard W. Jaffe, U. S. .Geological Survey. The
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mineral is isotropic and partly metamict for it gifes no:X-ray pattern

until'heated- after heating some of the X-ray lines are weak. Some
specimens after heatlng in air gave an X-ray pattern of cerium oxade, but
after heating in an inert atmosphere they give a clear chevkinite pattern.
Chevkinite has been altered or replaced in varylng degrees'by gray bastnaesite_
Sampies of material reeembling chevkinite, but more waxy gray in appearance,
gave bastnaesite X-ray figures. An analysis of a specimen of chevkinite is
given in table L. o

Apatite.--Radiocactive red gpatite,ﬁrich in bbﬁh yttyium and ce?ium
eerths, is a falrly common mineral in the rere-eerth deposit, where it
peﬁlaées'and forms rims. on chevkinite and bastnaesite. ‘The 'apatite contains
as mugh as 10 pefcent rare‘earfhs, A spectrographic anelysis is giveq‘;n
table l; |

Coarse red and reddlshrbrown masses of similar radioactive rare-earth-

bearing apatﬂte were noted in a, few specimens of pegmatlte containlng zircon

'
vy

on the dump of the Richard mine 22 mllES northeast of the’ Scrub Oaks mlne.
(qu a.descrlpthn of the Richard mine, see Sims, 1953, P- 295-298.) A
s#ectrogrephic aﬁalysis shows that the apatite is rich in cerium, yttripm,
and lantbanum end that it is similar to apatite from the Scrub Omks -
mine in the quantities and proportions of other rare earths that it
contains' Apatite without notable radloact1v1ty is abundant at the
Canfield phosphate dep051t about & mile south of ‘the Scrub Oaks mine.
gifggg.—~Zircon is common in the COarse—grained rare-earthfbegring
maﬁnetite ore as dark-brown to maroen euhedrai pyramidal'ciystals ranging
in croés section from 1 mm by Q.5 m to about 1 cm by Sngm. In some:parts

of the magnetite ore zircon constitutes a few percent of the rock, but



50

generally it is 1eés é,bundant. Most of tile crystals are clear and
qﬁaltered but sc;me of the coérser onés .hfa.ve‘pa.lé-gray or ta.n zones near
their centlers. These zones, in ona or two crystals at lea.st P _surround a
core of a grayish rare- ea,rth minera.l (possibly bastnaesite ~or altered
chevkﬂrpite). Most zircpns have smooth, lustrous crystal faces s con;bi~
na.tioins ;of prisms a.zid. pyramids, bﬁt a fet«} zircor:l.s have muﬁded! 'vic’inal
faces in pa.rt and a.ppear to ha.ve 1ntergrown with bastnaesite or magnetite.
Ma.ny zircons are twisted snd fractured; these fract{zres are f:.lled with
ba.stnaemte, quartz, calcite, a.nd chlori‘ue, a number of zircons are rimaed
by b‘a.stnaesite, doverite, a.nd;magnetite. ' ‘
. An analysis (ta.ble 4) of some of the clear, wnaltered zircons shows
them to conta.in ra.re ea.rths

§_E_.‘t_1_e_r_1_e_.—-Brownlsh sphene in coarse anhed.ral and subhedral gra.ins is
common a.nd locally. abund.ant in the rare-earth deposit, parblcula.rly in the
ra.re—earth—bearing magngtite rqck. In ~some specimens sphene constitutes
as n'1uch as 10 perqént 9_f the rock. The sphen; varies in color from yellow
to b:'qown and is in traiflsluc.ent grains. It rarely shows crystal bound.ames
gnd exhibits a single direétion of parting. The compqsitipn of a specimen
of sphene is given in t‘a.ble b, | J

Sphene rims and embé.ys magnetite and doire'z'ite end in turnis rimmed
ﬁy bastnéesite and, 1eucbxene |

Monazite.--M:Lnute , irregular particles of a red vitreous mineral iﬁ
:a. specimen of ra.d.mactive coa.rse-grained rock from the Tth level of the

mine have been identified by X-ray diffraction analyais as monazite.
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Paragenesis

‘

'The sequence of depositién of minerals in the rare-earth deposit is
complex (table 5), as interprered from the spatial relationship of the
minerals. It includes simultaneous depositibn, replacement, énd alteration
of mineral,specigs? and at least two periods.of shattering. The'périods
of.shattgring sepérate thelprincipal stages of mineral,depoéition. Tﬁe
deposit was formed by: (i) dapoéition'of-the peguatite minerals, notably
feldspars and other gilicates, guartz,‘ﬁnd ppssiﬁly some aéééssory magn;tite;

(2) minor shattering in the pegmatite; (3) deposition of magnetite,

_hematite, quartz, and rare-earth minerals in the shattered pegmatite;

(4) minor shattering in the magnetite-rich ro#k; (5) deﬁositioﬁ of

‘calcite and sulfides in fractures in the magnetite'rock

The pegmatite in the rare-earth depos1t, except fbr its rare earth
mineral content, is similar to others in the Dover dlstrict. Sims;(l953,
P. 263) bgl;eves that they are genetically related to the hornblendg
granite, alaskite, and albite—oligoclase granite. Zircon~r1ch pegmatites
are known in other parts of the nghlands near Mt. Olive, N. J., and
south of Allentown, Pa. ’ ‘

The ore zones in the Scrub Qaks magnetite deposit are generaliy par-
allel to the fbliatlon of the wall rocks, but in detail have irregular
outlines, with sharp, cross-cutting contacts. Sims (1953, P 285-286)
believes that the magnetite in the Dover Aistrict was emplaced after the
pegmatitesﬂqnd~qitesewi@ance that magnetite replgsgﬂ,minerils-gf’the pegeatites,
Aithough the coarse;graineq magnetite ore containing dbdndant

rare-earth minerals is apparently not typical of the Scrub Osks ore bédy,
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Table 5.--Sequence of deposition of minerals in the Scrub Oaks rare-
earth deposit.

Rock-forming Magnetite and Calcite and
nminerals rare-earth minerals sulfides

Shattering Shattering

Zircon —_— ——2
Orthoclase P
Microcline ——3
Antiperthite-
perthite —
Albite-ocligo-
clase — P P
Quartz —_—
Garnet ——
Augite —
Hornblende —
Biotite U
Sphene _ﬂy_'g
Spinel |
Magnetite — —_
Ilmenite —_——
Hematite —
Apatite S M —
Rutile L T ) —
Doverite
Xenotime
' Chevkinite , —_—
Bastnaesite —
Leucoxene — e et
Anatase —
Pumpellyite =
Chlorite —
Pyrite ———
Chalcopyrite —_—
Bornite 3—1
Serjicite ————
Calcite e———

Explanation
Known period of deposition

Probable period of deposition
?-=~--1
" Period of deposition not fully established
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the relationship of the coarse-grained ore to the pegmatite is the same
as that noted by Sims for ﬁagnetite,ofefbodies in the district. The
solutions that deposited the iron and rare-earth minerals apparently

conteined fluorine, cafben dioxide, and phosphorus, for rare-earth

t

‘fluocarbonates and rare-eerth phosphates are abundant in the coarse-

srained ore. The iron- and rare-earth-bearlng fluids replaced selectively
the brecciated parts of the pegmatite. The rare«earth minerals, some
colorless quartz, and elbite-oligoclase feldspar were deposited mainly
during the early and middle perlods of deposition of magnetlte and hematite.
The authors believe that the cOarse-grained rare-earthAbearlng magnetite
ore may be a local varient of ore deposited from the same f;uiqs that
produced the finer grained magnétite ore of the Scrub Oake deposit.
Differentiatiqn of the rare;eerth elehenes du?ing deposition is indicated
by the m@nerel relationships. Deposition‘of apatite and zircon appears
to’heve‘beguh early in the formation of the rare-earth deposit. Both the
cerium and yttrium groups of rare-earth elements are abundant in these

minerals. (See table 1.) The yttrium-rich minerals xenotime and doverite

‘were deposited during the middle of the‘pefiqd of emplacement of the ofe

minerals; fhen cerium-group mindrals, chevkinite, bastnaesite{-and sphene
were deposited. Coarse anhedral messes of apatite replace eafl?er—formed
rare-earth minerals, and veinlets of apatite cross these minerals. Some
qagnetite—hematite grains are cut or rimmed by rare-earth minerals; others
are intricately intergrown with these nminerals. Magnepite elso rims
rare{eerth minerals. ihese relationships suggest thatlmagnetite»deﬁpéit%on
beéan befqre theLformetionAqf.theArare~earth minerals and ended after

these minerals had been deposited.
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The_rare-earth deposit in the Scrub Oaks mine is similar in some r§4
spects fo the rare-earth-bearing magnetitg ore body at Mineville, Essex
County, N. Y. (McKeown and Kleﬁic, 1956). At each of these localities the
rare-earth elements are in minerals that were deposited duriné.tpe emplace-
mentiof the iron ore minerals, aﬁd both the cerium-group and ytt;ium group
elements are abundant. At the Sérub Oaks deposit, however, different;ation
of the_rarefggrth elements ;ﬁto.minerals riqh.iﬁ cerium earths and others
rich in yttrium éarths has taken place to a éreater extent, perhaps |
because of the availdbility of fluorine and éafbonate solutions. The
Scrub Oaks deposit differs from the Mountain Pgss, Calif., rare-earth
depositg‘(Olson'and others, 1954) in that the former occurs in granitic
rather than alkalic rocks, aﬁ& it contains both yttrium and cerium
earths, Vhereés the Mountain Pass deposits contain relativeéy:little
yttrium and much cerium.

The rare-earth-besrirg rock in the Scrub Oaks erosit wgs prob&bly'
derived from the same Ccomiiun source as the nonradioacti&a magnetite oré
of the Scrub Oaks iron deposit. Sims (1953, p. 283-28k4) states that the
magnetite deposits of the Dover district were de?ived from a grapitic
magma that consolidated to form'hornblendé gfanite and alaskite. He
_proposes thap during the progressive crysta}lizatibn of the magma, the
more mobile and volatile portions of it producgd pegma&ite, then magnetite
bodies. The rare-earth deposit éppears to be a variant of the magnetite

&ifferentiatgs.
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The calculated éges of three specimens of zircon from the rare-
earth deposit in the Scrub Oaks mine are given below.

Analyst Method Age of zircon in

millions of years
David Gottfried . U/Po, Th/Pb 550
David Gottfried Po: alpha ' 545

(Larsen method)
H. W. Jaffe Pb: alpha 600
S (Larsen method) :

David Gottfried estimgmed that the errors in the age Qetermin@tions
by the Larsen method are probably not more than +10 perceﬁt."

The ages of'these zircén specimens are considered to represent the
age of the rarefearttheariné magnetite ore. If this ore is a variant
of the main magnetite'deposit, the zircon ages also represent the approx-
imate age of the Scrub Oaks iron ore body. |

Veinlets of quartz, éulfides, and calcite cut the rock- and ore-
forming minerals and are distinctly younger than the ore body. Sims
(1953, p. 278-279) reports that pyrite occurs as veinlets and disseminated
grains ;n the wall rock of some ore bodies in the district, and as ;ogai,
late Veinlets in some deposits. How much youngef the pyrite veins are
than the magnetite in the Sc;db Oaks deposit is no? known.. ‘Traﬁsverse‘
faults described by Sims (1953, p. 299) that offset the main ore bod& are
nqt reported to be mineralized with sulfides; thefefqre, thé'fr§étgres und

the pytite veinlets may be older than the major faults.
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Evaluation
S ———————

The ra;re-‘-'e‘a.rth‘ deposit in the Scrub Oaks minc .a.'plpes‘.rs. to I;é‘ c.
pd’cential source of 'ceriuxc- and yttrium-groul').mre'eartéhs? thorium, and
ura.nihm as a byproduct of iron. The ra.re earth-bearing ore. is |
distinctive in appearance ’ can be detected by its a.bnormal ra.dioactivity,
and occurs in a zone that appears to follow the plunge of the main ore
body These f’ea.tures are a.id.s in 1oca.’c1ng the ore, vbut the irregularity
of the deposit makes 1t difficult to’'determine the smount of ore in the
deposit. Further explbrgtion will be needed if the approximate tonnage
cf ore is to be determined. | | A

The ra.re-ea.rbh mihera.ls are'amenable to mecha.ﬁical separation end
concentration by a refinement of the methods that are used in extracting
i'ron ore minerals. The problems of mining and milling the ore to produce
p.rofita.bly a ma.rketable concentrate imrolve factors outside the ’sccpe of

this ctud,y. The amount and tenor of the ore thab has been examinhed cuggest

that the deposit is worthy of further investigation.
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