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GEOLOGY AND ORE DEPOSITS, CLEAR CREEK, GILPIN, AND LARIMER
COUNTIES, COLORADO

PETROGRAPHY AND ORIGIN OF XENOTIME AND MONA-
ZITE CONCENTRATIONS, CENTRAL CITY DISTRICT,
COLORADO

By E.J. Youncand P. K. Sims

ABSTRACT

Xenotime and monazite are uncommonly abundant in Precambrian biotite
gneiss and migmatite at three localities near Central City, Gilpin County, Colo.
The occurrences are in the lower part of a thick layer of migmatized biotite
gneiss in a sequence of rocks that have been metamorphosed to the almandine
amphibolite facies. The zones of concentration are a maximum of about 5 feet
thick and a few hundred feet long, and contain about 1 to 5 percent by volume
combined xenotime and monazite.

The rare-earth minerals occur dominantly as aggregates of sand-size crystals
in thin layers and clots of biotite, which are much coarser than the mica in the
typical biotite gneiss. Xenotime is more abundant than monazite in 2 of the 3
occurrences. Both minerals are subrounded to rounded and crystal faces are
rare. The two minerals appear to have crystallized contemporaneously. Except
for magnetite, other accessory minerals that are common to the country rock
are not concentrated with the xenotime and monazite.

The field and laboratory data are consistent with the hypothesis that the
rare-earth minerals were concentrated at their present sites during migmatiza-
tion of the biotite gneiss country rock, in a period of Precambrian plastic
deformation. Presumably, granitic fiuids derived during the deformation
selectively mobilized rare-earth cations and phosphate from the biotite gneiss
country rock. These ions crystallized with biotite and locally with magnetite
to form zones of xenotime and monazite concentrations in migmatized parts
of the gneiss.

INTRODUCTION

Xenotime and monazite, which are common accessory minerals in
some of the Precambrian crystalline rocks of the Front Range of Colo-
rado, are sufficiently abundant at places near Central City, in Gilpin
County, to have attracted the interest of private mining companies.
The occurrences that have been investigated are in migmatized biotite
gneisses which are within a thick sequence of biotite gneisses that has
been called the Idaho Springs formation (Ball, 1906; Lovering and
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Goddard, 1950). They were discovered by radiation-detection instru-
ments because of their high abnormal radioactivity, locally as much
as 10 times as great as the average radioactivity of the country rock.

Because of the potential economic importance as well as scientific
interest in these unusual occurrences of rare-earth minerals, they were
studied as part of the U.S. Geological Survey’s geologic investigations
in the central part of the Front Range. Field studies were done
largely by Sims in conjunction with geologic mapping of the Central
City district that was started in 1952 ; the field studies were done partly
on behalf of the Division of Raw Materials, U.S. Atomic Energy
Commission. Laboratory studies were done by Young in 1957-58.
In this report we describe the petrography of the rock units containing
the xenotime and monazite occurrences, with particular emphasis on
these accessory minerals. We also propose a mode of origin for these
concentrations of rare-earth minerals.

J. C. Hamilton and R. G. Havens of the Geological Survey did
the semiquantitative spectrographic analyses. J. W. Adams of the
Geological Survey made a preliminary petrographic study of samples
containing monazite and xenotime from the region.

Cogeneric monazite and xenotime have been reported in the litera-
ture from several localities and various geologic environments, but
generally xenotime is sparse and the two minerals are less abundant
than associated rare-earth and multiple-oxide minerals. Most of the
described occurrences are in pegmatites. Brogger (1885) and
Bjgriykke (1935) have described xenotime and monazite from peg-
matites in Scandinavia; Scharizer (1888) has reported these same
minerals from pegmatites in Germany; and Meixner (1988) has
reported them from pegmatites in Austria. Occurrences of the rare-
earth minerals in the southeastern United States have been noted by
Hidden (1893) and Mertie (1953) in pegmatitic and metamorphic
rocks. Hussak (1899) has described intergrowths of monazite and
xenotime in diamond-bearing sands in Brazil.

Concentrations of cogeneric monazite and xenotime similar to the
Gilpin County occurrences in having several percent of the combined
minerals with virtual exclusion of other accessory minerals are rare, so
far ag known. The only occurrence known to us to be closely similar
is in a granite augen gneiss from near Mesquite, Nev. H. W. Jaffe of
the Geological Survey reports (written communication, 1951) that a
sample from this gneiss contained an estimated 5 percent xenotime and
2 percent monazite. Hornblende, limonite, magnetite, zircon, and al-
lanite (%) are sparse associated accessory minerals in the rock. An
occurrence in rock similar to the host rock of the deposits in the Central
City district, but containing xenotime alone in association with garnet
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and biotite, has been described from Charlevoix County, Quebec
(Shaw, 1957).

Although described occurrences of cogeneric xenotime and monazite
in high-grade metamorphic rocks are rare, this type of deposit prob-
ably is widespread. It is difficult to recognize these deposits in the
field, for the host rock containing moderately large quantities of the
rare-earth minerals is similar in physical appearance to the barren
gneisses. They can best be distinguished in the field by their abnor-
mally high radioactivity.

LABORATORY METHODS

To extract the accessory minerals from the rocks about 50 grams of
each rock type was crushed to pass through a 20-mesh sieve. The rock
particles then were separated into four size ranges by sieving to facili-
tate separation in methylene iodide. Each of the size fractions was
washed ultrasonically to remove fine objectionable rock dust. Methyl-
ene iodide (specific gravity=3.3) was used to separate xenotime, mon-
azite, and zircon from the other heavy minerals in preference to bromo-
form to prevent biotite from flooding the desired separation. The
fraction that floated in methylene iodide was examined for accessory
minerals such as apatite and allanite. Magnetite was removed with a
hand magnet from all size fractions. The 200- to 270-mesh fraction
of the minerals heavier than methylene iodide represents about 12 per-
cent of the heavy minerals. This fraction was chosen in each case for
a quantitative count, made by point counting grain mounts. Oil hav-
ing an index of refraction of 1.72 was very useful for mounting as the
o index of xenotime is close to 1.72. An alternative to thin-section
modal analysis was used to determine the composition of the micro-
line-bearing gneiss. A sawn slab of rock was immersed in hydro-
fluoric acid for 5 seconds, washed in water, stained with sodium co-
baltinitrite and washed again. This treatment imparted a deep-yellow
to the potassium feldspar, a milky-white to the plagioclase, and did
not affect the color of the quartz. This technique is different from that
of Gabriel and Cox (1929) in that immersion in hydrofluoric acid is
used. After the rock slab was stained a point count was easily made
using reflected light and a petrographic microscope.

GEOLOGIC SETTING

The biotite gneiss and migmatite that contain the abnormal concen-
trutions of xenotime and monazite occur in the lower part of a layer
of biotite gneisses that overlies a layer of contrasting lithology, com-
posed chiefly of microcline, quartz, plagioclase, and biotite (fig. 66).
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FI1GURE 66.—Generalized geologic map of the Central City district, Colorado. Outlined
area is shown in figure 67.

The biotite gneiss layer is one of several thick layers of this rock that
are interlayered with equally thick layers of microcline-quartz-plagio-
clase-biotite gneiss in this part of the Front Range. Both the biotite
gneisses and the microcline-bearing gneiss are interpreted as para-
gneisses. Previous workers (Bastin and Hill, 1917; Lovering and
Goddard, 1950) referred to the microcline-bearing gneiss as granite
gneiss and inferred it to be of igneous origin. All the rocks are meta-
morphosed to the upper range of the almandine amphibolite facies
(Fyfe, Turner, and Verhoogen, 1958, p. 228). ,

The paragneisses in this part of the Front Range are intruded by
aranodiorite, correlative with the Boulder Creek granite (Lovering
and Goddard, 1950), quartz diorite and associated hornblendite, and
rarely biotite-muscovite granite, correlative with the Silver Plume
granite at Silver Plume, Colo. Only the granodiorite, however, occurs
ir. moderately close proximity to the area containing the rare-earth
mineral deposits (fig. 66).
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PETROFABRICS

Figures 734 and 738 illustrate contoured plots of the ¢ axes maxima
of xenotime and quartz from thin section SH-2b from Fourmile Gulch,
which was cut normal to the biotite foliation. The principal S-plane
of the foliation is shown. Figure 73 gives a contoured plot of 200
random points, selected and contoured as noted previously for figure
71. Diagrams in figure 73 4, B show slightly more preferred orienta-
tion for xenotime and quartz than the diagrams for the Jasper Cuts
area, owing to a tendency for 4—percent maxima to be close to the
principal S-plane. The maxima in the three diagrams show the fol-
lowing relations:

Xenotime Quartz Random

Clusters (percent) c aves cazes points

4 R 3 3 1
2 S — 11 6 8
2 —— e 14 7 11

ILLINOIS GULCH AREA

A third known occurrence, apparently lower in tenor than the Jas-
per Cuts and Fourmile Gulch deposits, is about a mile south-southwest
of Central City (fig. 66, loc. 3). It has been prospected by several
shallow bulldozer cuts. The host rock is a migmatitic garnetiferous
biotite-quartz gneiss that forms small interlayers in migmatitic silli-
manitic biotite-quartz gneiss. These rocks are infolded into the layer
of microcline-quartz-plagioclase-biotite gneiss along the axis of a small
syncline on the southeast flank of the Central City anticline (fig. 66),
and are stratigraphically approximately equivalent to the biotite
gneiss and migmatite in the Jasper Cuts area.

The accessory minerals heavier than methylene iodide extracted
from a sample of the host rock are listed in table 7. Garnet is the
dominant accessory mineral. Xenotime and monazite are not concen-
trated to the extent they are in the other two occurrences; xenotime
is nearly twice as abundant as monazite.

TABLE 7.—Accessory minerals heavier than methylene iodide in migmaltitic biotite
gneiss from the Illinoits Gulch area

Weight percent of | Weight Number percent in 200-270 mesh fraction minus magnetite
Number | accessory minerals | percent

of grains heavier than of mag-
counted | methylene iodide, netite Hema- Zircon Xeno- Mona- Garnet | Epidote
including magnetite tite time zite
300 3.6 0.06 2.4 3.4 9.3 4.8 79.1 1.0

Nore.—No apatite or allanite was found in the fraction lighter than methylene jodide.
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ORIGIN OF XENOTIME AND MONAZITE
CONCENTRATIONS

To account for the local occurrences in this region of abnormal
quantities of combined xenotime and monazite without appreciable
amounts of other heavy accessory minerals except magnetite, it seems
that two principal hypotheses must be considered, first, an original
mechanical concentration such as a placer, and second a selective
mobilization of rare-earth ions from the country rock and recrystal-
lization of xenotime and monazite in local zones of concentration
within migmatized biotite gneisses.

The mineral concentrations occur at three widely separated localities
at approximately the same stratigraphic position within a single layer
of biotite gneiss. These concentrations could indicate that the minerals
were concentrated locally at the time of deposition of the original
sediments, perhaps as small lenticular placers on a moderately uniform
surface of deposition. Possibly such concentrations could accumulate
during normal weathering processes. Hence a placer hypothesis
seems plausible. At least two objections to this hypothesis can be
raised, however. One objection is that the mineral suite is much
simpler than that in most known placer deposits. In the Jasper Cuts
area xenotime and monazite predominate, with much smaller amounts
of zircon and hematite. The Fourmile Gulch area differs in that mag-
netite predominates over monazite and xenotime, and zircon and
hematite are relatively unimportant. Al known unconsolidated
monazite placer deposits have much more complex mineral suites
containing rutile, sillimanite, staurolite, and other common heavy
minerals. A possible exception is a deposit classified as a consolidated
placer by Vickers (1956) from the Precambrian Goodrich quartzite
in the Palmer area, Marquette Clounty, Mich. It contains monazite,
hematite, magnetite, ilmenite, and rutile. The second and more serious
objection to the placer hypothesis is that a mechanical concentration
of heavy accessory minerals similar to those contained in the enclosing
rocks would yield a concentrate richer in zircon than xenotime, for
the enclosing biotite gneisses both at Jasper Cuts and at Fourmile
Guleh contain move zircon than xenotime (tables 2 and 5).

Much evidence supports the contention that xenotime and monazite
were deposited at their present sites from fluids that selectively mobil-
ized rare-earth cations and phosphate from the biotite gneiss country
rock. The field data clearly indicate that concentration of the rare-
earth minerals at their present sites took place during migmatization
of the gneissic country rock. Presumably the agent of concentration
was the liquid or silicate melt that crystallized as pegmatite; the
character of this fluid is not known, but certainly its properties were
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such that it could intimately diffuse through the country rock, domi-
nantly along the planar structure, in part replace the country rock,
and in turn incorporate material from it.

The assumption that the pegmatite was the dominant concentrat-
ing agent for the rare-earth minerals is based upon two observations:
(a) pegmatite is closely associated with the occurrences as the felsic
component in migmatite and as larger distinct bodies; and (b) the
pegmatite contains xenotime and monazite in approximately the same
proportion as the host rock in the rare-earth zone, although in much
smaller amount (tables 2 and 5). Also, pegmatite is closely associated
with the lenses of coarse biotite that contain the xenotime and mona-
zite. The field relations indicate that the xenotime and monazite
crystallized with this coarse biotite, presumably from the same fluid
that yielded the pegmatitic phase of the migmatite. This biotite is
unoriented, in contrast to the mica in the biotite gneisses, indicating
that it crystallized relatively late in the deformation of the rocks.
Zircon must have been a stable mineral in this environment; the
original mineral seems to have persisted and changed only by the
development of overgrowths.

The biotite gneiss country rock is adequate as a source for the
xenotime and monazite, for samples of this rock taken in the vicinity
of the rare-earth deposits contain both accessory minerals (tables 2
and 5) ; the country rock at both the Jasper Cuts and Fourmile Gulch
localities, however, contains more monazite than xenotime. The great-
er xenotime-monazite ratio in the rare-earth zone and in the pegmatite
than in the country rock is evidence that xenotime was preferentially
mobilized with respect to monazite. Along this line of reasoning,
the greater monazite-xenotime ratio in the rare-earth zone at Four-
mile Gulch than at the same zone at Jasper Cuts is attributable to
the fact that the country rock at Fourmile Gulch contains more mona-
zite relative to xenotime than the country rock at Jasper Cuts.

It seems improbable that either the microcline-quartz-plagioclase-
biotite paragneiss or the intrusive granodiorite could have been the
ultimate source of the rare-earth elements, for the microcline-bearing
gneiss contains only traces of Xenotime and sparse monazite (table 2)
and the granodiorite lacks both minerals, so far as known. Also,
known granodiorite is not present in close proximity to the deposits.
A biotite-muscovite granite that occurs in this region, particularly
south of Central City (Harrison and Wells, 1956 ; 1959), also can be
ruled out as a potential source even though the rock is known to con-
tain monazite as a common accessory mineral, for this granite is
absent in this part of the Central City district; also it was emplaced
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after the formation of the migmatite (Moench, Harrison, and Sims,
1958, p. 1737).

One implication of these data is that both xenotime and monazite
are mobile minerals in environments of high-grade metamorphic rocks
and migmatite, whereas zircon probably remains as a relic, stable
mineral but is modified by the development of overgrowths.
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