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ACCESSORY ZIRCON FROM GRANITOID ROCKS OF THE
MOUNT WHEELER MINE AREA, NEVADA

By DONALD E. LEE,' T. W. STERN,? R. E. MAYS and R. E. VAN LOENEN,!
' Denver, Colo., * Washington, D.C., * Menle Perk, Calif.

Abstract—Twenty-five accessory zircon fractions recovered
from granitoid rocks exposed just north of the Mount Wheeler
mine ares, Nevada, have been studied. Minor-clement contents
are listed for all; physical properties and radiometric oge data
are given for o fow. Results support the eonclusion reached from
previous work on other minerals and indicate that the large
compositional range and systematic chemieal gradients found in
the intrusive roeks result more from assimilation of sedimentary
rocks than from differentiation of magma, Uranium-thorium-lead
isotope ages given by one zircon concenirate date the time of
erystallization ns Middle Jurassic, Pbfa determinations on three
zircon fractions recovered from small xenoliths gave mid-Ter-
tiary ages, and these low ages appear to result from loss of lead.

The Mount Wheeler mine area is in the southern
part of the Snake Range, about 50 miles southeast of
Ely, Nev. The granitoid rocks studied intrude lower
Paleozoic sedimentary rocks and are exposed in a west-
ward-trending band 1-3 miles wide (Drewes, 1958:
Whitebread and others, 1962). Within an outerop area
of about 20 square miles, the intrusive rock ranges in
composition from granodiorite with a CaQ content of
4.5 perecent to quartz monzonite with a CaO content of
0.5 percent. The higher CnO values are found where the
igneous rock is in contact with Middle Cambrian Pole
Canyon Limestone, the lower (a0 values where it is in
contact with Lower Cambrian Prospeet Mountain
Quartzite, indicating that CaO values reflect assimila-
tion of the country rock.

Mineralogical differences that are related to varia-
tions in composition of the intrusive rock include varia-
tions in types of accessory minerals (Lee and Dodge,
1964) and in rare-earth contents of accessory allanite
and monazite (Lee and Bastron, 1967). This paper
describes the zireon types present in the intrusive rock.
Minor-element contents have been determined for 25
zircon fractions, physical properties and lead-alpha age

data for a few, and isotopic ages for one. Variations in
some of these properties can be related to CaO content
of the intrusive rock.
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tion chief).

ACCESSORY ZIRCON

After the preliminary concentration according to the
method deseribed by Lee and Dodge (1964), the zircon
fractions were purified by centrifuging in methylene
iodide and by use of the Frantz isodynamic separator.
Clerici solution was not used. As the final step in the
cleaning, each zircon fraction was subjected to ultra-
sonic. vibration in distilled water for about an hour.

As noted by Lee and Dodge (1964, fig. 4), the zircon
content of the intrusive rocks shows a fairly regular
increase with an increase of CaQ. The present study
shows (fig. 1) that the zircon content of the more CaO-
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Figune 1.—Relation between amounts of CaO and zircon in 25
rocks on which this study is based. o, sample from main
intrusive phase; x, xenolith.
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rich rocks is 5-50 times as great as that of the CaO-
poor rocks. Recovery of more than about 25 milligrams
of clean zircon from rocks with a CaO content of less
than about 1.5 percent was difficult, and so in general
less information was obtained on the physical proper-
ties of zircons from such rocks.
Physical properties

The granitoid rocks in the Mount Wheeler mine
area, Nevada, contain zircons having a rather wide
range in size and elongation ratio (figs. 2, 3). The CaO-
rich rocks contain acicular zircons, with elongation
ratios in some grains reaching the extreme value of 20.
The elongation ratios of the zircons show a rather large
range; nevertheless, zircons recovered from the more
mafic (CaO-rich) rocks are very similar in appearance
from grain to grain, largely because of the simplicity of
erystal habits and the clean, well-defined appearance of
the grains (fig. 2). Many of the acicular zircons are
completely free of inclusions. What inclusions are

Ficune 2.—Representative zircon concen-
trates recovered during this study. Top,
zircons recovered from sample 63-MW-60,

part of the main intrusive phase having a

CaQ content of 0.55 percent. Note the

relatively elenn grain near the center of the

ficld. The munber and elarity of those grains
inerease gradually with CaO content of the
roek until an assemblage like the one below
results, Dottom, zircons recovered from
sample 40B-MW=60, i xenolith with a Cat)
content of 3.5 pereent, This assemblage is
typieal of those recovered from rocks with
a CaO content of 2.2 pereent or more,
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present are nearly always colorless, have indices of
refraction much smaller than those of zircon, and are
likely to be systematically oriented. Some of these in-
clusions may be apatite. The acicular zircons are almost
devoid of zoning. Zoning, where present, is concentric,
and indicates that the first-formed portions of the
crystals also were elongated. This zoning is not pro-
nounced; the difference between indices of refraction of
adjacent zones is estimated to be less than 0.003 where
observeds The outer zones may have either a higher or
a lower index of refraction than the interior ones.

Zircons from CaO-poor rocks rarely have an elonga-
tion ratio greater than 6. The grains differ much more
in appearance. Most grains contain many tiny inclusions
that have haphazard orientation. Repeated zoning is
common, with indices of refraction of adjacent zones
estimated to differ by 0.005 or more.

According to the findings by Poldervaart (1956), such
differences are not usually evident in zircons from a
single pluton. The acicular zircon from the CaO-rich
rocks of the Mount Wheeler mine area is much like the
mineral described by Wyatt (1954), who studied the
Monadhliath granite in Scotland and concluded (1954,
p. 988) that “* * * the evidence indicates that very
elongated zircon is preduced only in granite which has
been contaminated * * *.” Taubeneck (1957) and Huang
(1958) emphasized the greater elongation ratio of zircon
from hybrid rocks. In the Mount Wheeler mine area
the greatly elongated zircon is found where the country
rock is limestone or shale; that contamination ocourred
is indicated both by the inereased CaO content of the
intrusive and by the presence of many xenoliths of
Pioche Shale (Lee and Bastron, 1962, p. 1328).

Though differing in abundance, size, and elongation,
the zircons from CaO-poor and CiO-rich rocks do not
differ appreciably in optieal properties (table 1). Indices
of refraction of zircons recovered from a single hand
specimen show about as great a range as do those from
CaO-rich to CaO-poor rocks. Values are in the upper
part of the range expectable for zircon, indieating rela-
tively fresh, nonmetamict material (Deer and others,
1962, p. 59-66).

Unit-cell parameters (table 1) were caleulated for
several of the zircons by least-squares refinement of
powder diffractometer data, using an internal standard
of CaFs and a self-indexing computer program developed
by Evans, Appleman, and Handwerker (1963). Results
agree rather closely and these, too, typify relatively
fresh, nonmetamict material (Deer and others, 1962,
p. 59-66). Compared to the other zircons listed in
table 1, however, samples 49-DI-61 and 63-NW-60
appear to have undergone incipient metamictization, as
is indicated by their slightly expanded cell parameters
and their less sharp diffractometer patterns.
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Figure 3.—Elongation- and size-frequency histograms of four representative zircon fractions

(table 1). Upper two samples are from CaQ-

poor rocks, lower two samples from CaO-rich

rocks. Note that size seales for length- and width-frequency histograms are not the same.

Flots are based on counts of 200 zircons fror

Spectrographic analyses

Semiquantitative spectrographic analyses of the zir-
cons are listed in table 1. Amounts of elements like Ca
and Ti probably are a measure of contamination by
such closely associated minerals as sphene and apatite.
The contamination may have resulted from inclusions
or compound grains. Some of the CaO-poor rocks con-
tain tiny amounts of blue anatase, and because of its
high specific gravity and low paramagnetic suscepti-
bility this mineral was especially difficult to separate
quantitatively from the zircon.

If it is correct that the uranium content of the
granitoid rocks is nearly uniform throughout the area
under study and that the uranium in these rocks is
mostly in the zircon lattice, then the trend shown in
figure 4 could be attributed to the sparsity of zircons
in the CaO-poor rocks (fig. 1); the sparsely distributed
zircons in the CaO-poor rocks contain more uranium in

n each rock.

their erystal lattices than do the more abundant zir-
cons in the CaO-rich rocks.

From the standpoint of igneous processes, one of the
most studied and interesting aspects of accessory zircon
is its content of hafnium. It has been shown (Lyakho-
vich and Shevaleyevskii, 1962; Gottfried and Waring,
1964) that hafnium content is higher in zircon from
early-formed gabbroic rocks than in zircon from late
siliceous difTerentiates. Hevesy (1925), Hevesy and
Jantzen (1923), IFleischer (1955), and several more
recent investigators have shown that accessory zircon
from alkalic rocks is characterized by low hafnium con-
tent. Hafnium-poor zircon also has been described from
hybrid granites, and this is of particular interest to us
here. Lyakovich and Shevaleyevskii (1962, p. 522)
stated, “A higher than average ZrO,/H[O; ratio would
indicate that assimilation must have oceurred on a large
scale during emplacement of the igneous body.” The
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TasLe 1.—Analytical data and physical propertics for

mp]n arranged in order of Increasing Cafd content.
ul Taul Hn.mr 8y | Hotis, 1T, Smith, and Gillison Chlas,
T light he immersion method,
runres relinement of powder ditfrictometer data, using o sell-indexing computer program devoloped by Evans, Appleman, and ITand-
wus CalF2, Margin of error for both a and ¢ Is o l.] O0LA, except ns noted,
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hafnium values (0.15-0.7 percent) listed in table 1 are
even lower than the results given in the papers just
cited, and thus ngree with the idea that assimilation
has been important in the history of these rocks. The
small range in hafnium values shows no obvious correla-
tion with the geology.

Zircons from the CaO-poor rocks tend to contain
more thorium than these from CaO-rich rocks (fig. 4B),
but the thorium trend is not as steep as for uranium
(fig. 44), and the reason for the trend is probably dif-
ferent. Study of monazite from these same rocks (Lee
and Bastron, 1067) showed that there is a relative
dearth of thorium where Ca0 is abundant. The relation

shown in figure 4B is consistent with this observation.
Regarding the thorium contents of these zircons, about
100 micrograms of a green mineral identified as meta-
mict thorite or huttonite was recovered from 1,000
grams of sample 126-MW-61. This mineral has a
specific gravity above 3.32 and is optically isotropic
with an index of refraction near 1.80; the small fraction
analyzed upe{-llnrvrnphtru]lv showed lmvw only for silicon
and thorium. The thorium content of the zircon coexist-
ing with this mineral is 0.07 percent, not notably high.

The allunites and monazites that coexist with these
25 zircons show an appreciable range of composition in
terms of the rare-earth elements (Lee and Bastron,
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accessory zircons from the Mount Wheeler mine arca, Nevada

Semiguantitative speetrographie analyses by R. F. Moys. Results are based on thelr identity with geometrie hrackets whose houndaries are 1.2, 0.83, 0.50, 0.38, 0.2, 0,18, 0,12,

and so forth, ond reparted arlitearly us midpoints of t ket 2,7, 0.5, 0.3, 0.2, 0,15, 0.1, respwg Iy, The preeision of n reported value I approximutely plus
or minus one bracket at 65 o or two hrackets s il tow Litsit of dety L L not determined,

A;:ut\i.al:‘rjm determined by T, W, Stern from lead determbnatic sy Harold Westley. All lead values ¢ v plicate determinations. Bosis of ealculations given In
tabile
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1967). Yttrium and the heavier lanthanides are present Small amounts of Nb, Sn, Sb, and B are present in
in largest amounts in minerals from the more felsic some of the zrcons from the rocks low in CaO (table 1).
rocks, whereas the lighter or more basic lanthanides Deer, Howie, and Zussman (1962, p. 61) stated that
increase in abundance directly with CaO content of such elements are more probably present as inclusions in
the rocks. Though rare-carth contents of the 25 zircons zircon than in the zircon lattice; and this is a likely
are much smaller, the same trend is ﬂppm:ent. from the explanation for the small amounts of Nb, Sn, Sb, and
higher amounts of Y in zireons from the rocks poor in B shown in table 1, for the same zircons contain the
Ca0 (fig. 4C) and also from the fuct that detectable greatest number and variety of inclusions.

amounts of Gd and Dy are found only in these same As shown in table 1, small amounts of other elements
zircons (table 1). Seandium shows a trend (fig. 4D) such as Hg, W, and Au were detected in some samples,
very similar to that of Y, with which it is closely related and are present either as inclusions or as part of the
chemically. zircon lattice.
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Fiouvre 4.—Weight pereentage of CaQ in rock versus weight
percentage of nranium (A), thorium (), sttrium (C), and
seandium (D) in constituent zircon, o, sample from main
intrusive phase; x, xenolith.
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Radiometric age determinations

Pb/a ages were determined for seven of the zircon
fractions (table 1). Four of the ages are in the range
170 £20-220425 million years and three are in the
range 204 10-40410 m.y. IZach of the three lower nges
was determined on zircons recovered from a xenolith
about the size and shape of a coconut. Ordinarily one
would expect xenolithic zircons to show an age older,
not younger, than zircons from the host intrusive phase,
and so we were very surprised by the three young ages
listed in table 1.

There is a general decrease in radioactivity (a/mg-hr)
of the zircons as the CaO content of the rocks decreases,
as one would expect from the uranium and thorium
values already discussed. The most striking aspect of
these age data, however, is the very small amounts of
lead found in the three zircon fractions recovered from
small xenoliths. Probably there has been loss of lead from
these zircons through diffusion, but it is obvious that
this explanation meets with difficulties, for two reasons.
First, as already described, the zircons recovered from
these small xenoliths are fresh and so would not be as
readily susceptible to dilfusion as the Precambrian,
somewhat metamict zircon described by Tilton and
others (1964). Second, in the case of our zircons there
is a relatively short period of time (1804 m.y.) avail-
able for diffusion of lead to take place.

Table 2 presents uranium-thorium-lead isotope ages
for zircon 40A-MW-60; the data show that the age of
this zircon is Middle Jurassic. The processes that re-
sulted in the very low lead values and consequent
mid-Tertiary Pb/«a ages may be related in some way to
assimilation of the xenolithic masses from which the
zircons in question were recovered. Whatever the
nature of these processes, it is clear that sharply lowered
Pb/e ages are not always found in zircons from similar
environments. For comparative purposes, table 3 gives
Pb/a ages for two zircon fractions recovered from rocks
collected in the House Range, Millard County, Utah.
Zircon 298-DI~64 is from the main intrusive phase, a
porphyritic quartz monzonite (Gehman, 1958), whereas
299-DI—~64 is from a coconut-size xenolith about 10
feet away. The Pb/a ages determined from these two
zircon fractions are about the same, although the zircon
from the xenolith actually has a higher lead content.

SUMMARY AND CONCLUSIONS

i
The results of this study support the idea that as-
similation of country rock has played a significant role
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TanLe: 2—Uran tum-thorium-lead isolopic ages of sample 40A-MTV-60 2ircon from Mount Wheeler mine area, Nevada
[T, W, Stern und M, 7. Newell, analysts]

Atom pereent al wndanee

Coneentration (ppom)

Th h Phw P

411. 5 203. 9 12. 84

Decay constants; Uns — 1543 10-10 yr—1
' U= 9,72 3¢ 1 0-10 yp-1
Th#2= 4,88 10-tyr=1
TABLE 3.- ~Lead-alpha ages of two 2ircons from the House Range,
Millard County, Ulah
[T, W, Stern, analyst, See text for exact locations and deseriptions of samples]
_S_J;ﬁlpﬁ Nn;. . J.\I.phn =mg-i.|r ) _Pln f_|-n;|11:_}l. - -_)\g?{;lizl'._)’__-
208-1D1.-64
290-D1-64

200+ 40

854 G9
1 180+ 20

1, 510 111, 5

! Lead determination by ITaral . Single determination made for 208-DL-
§ value for 290-D 1,64 Is average of two determinations,
? Ages were enleuluted using the following equations:
=¢ b Iphn, and
t (based upon an assuned ThiU ratio of 1) equal to 2,485,
ANt equal to 156X 104,
t=approximate age n millions of vears,
Lewago in millions of ¥ears, correetod for decay of parents,
lead = lend content in parts por million, and

alpha=alpha netivity in alplin/mg-hr,

in the history of these granitoid rocks of {he Mount
Wheeler mine area, Nevada. These results include:
1. The erystal morphology of zircons from the CaO-
rich rocks is almost identical to that of zircons
taken from hybrid rocks in other areas, Distinetive
features include large elongation ratios and rather
simple crystal habits,
2. The very low Hf content of these zircons js consistent
with the idea that assimilation has taken place,
3. Zircons from the more CaO-poor rocks tend to con-
centrate more of the liey vier, less basie rare earths,
Though not as well defined as the evidence pro-
vided by the allanites and monazites described
previously, this stil] agrees with that evidence and
favors assimilation over differentiation as an ex-
planation for the chemical gradients observed.
Uranium-thorium-lead isotope ages date the crystal-
lization of these roce s as Middle Jurassic, Mid-Tertiary
Pb/a ages for three zircon fractions recovered from
rather small xenoliths alert us to the apparent loss of
lead, whicl, may have resulted from difTusion in the
solid state. Speculation on possible defects in the crystal
structure of these zircons must await single-erystal
study. ;
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Fractionation of rare-earth elements in allanite and
monazite as related to geology of the Mt. Wheeler
mine area, Nevada*

Doxarp . LeE and Harry BASTRON
U.S. Geological Survey, Denver, Colorado, and Menlo Park, California

(Received 15 April 1965)

Abstract—Rare-carth contents of 20 allanites and 13 monazites, accessory minerals from a
restricted outerop area of intrusive granitic rocks, are reported. A quantity called sigma (Z),
which is the sum of the atomic percentages of La, Ce and Pr, is used as an index of composition
with respect to the rare-carth elements. Values of sigma vary from 613 to 80-9 at.9, for theso
allanites and monazites, representing an appreciable range of composition in terms of the
rare-earth elements.

Degree of fractionation of rare earths varies directly with CaO content of the granitic rocks,
which in turn depends largely on proximity of limestone. Four xenoliths ineluded in the study
suggest that spotty mosaic equilibria are superimposed on the regional gradients and that
locally the degree of fractionation of rare earths responds to whole rock composition over
distances of a few yards or less.

The chemistry of the granitic rocks under study appears to be similar in some respects to

that of alkalic yocks and carbonatifes. Allanites from the most calcium-rich rocks show a

pronounced coneentration of the most basie rare earths, and whole-rock concentrations of such
rare constituents as total cerium earths, Zr, P, Ti, Ba and Sr increaso sympathetically with
whole-rock calcium.

The explanation for the eoncentration gradients observed in this chemical system must
involve assimilation more than magmatic differentiation.

INTRODUCTION

IN A study of the total range of variation in the composition of monazite with
respect to the rare-earth elements MuRATA ef al. (1953) sought to denote the
composition of each sample by means of a single number. They proposed the
quantity XLa + Ce + Pr in at.9, of total rare-carth elements as a numerical
index of the composition and of the stage of fractionation attained by the rare-
earth clements. Later studies (see especially MurATA et al., 1957) confirm that
this quantity (XLa + Ce 4 Pr) is meaningful in discussion and comparison of
cerium-earth mineral analyses, so it is used here. This quantity will be referred to
below simply as sigma or X.

The sigma values for more than 80 monazite and 20 other cerium-earth minerals
representing many geologic environments in different parts of the world vary
between 51 and 92 at.% (MuraTA el al., 1957, 1958; HEINRICH of al., 1960), giving
a fair indication of the range in X expectable for monazites and allanites from
different geologic settings. MunrATA ef al. (1957) show that values of sigma in
excess of 80 at.%, represent considerable enrichment of the lighter, more basic

* Publication authorized by tho Director, U.S. Geologieal Survey.
330

Y AT T TR M




340 D, E. Lee and H, BaAsTRON

rare-carth elements and (except for bastnaesite) usually are found only in minerals
from alkalic rocks or from carbonatites associated with alkalic rocks. A similar
result was obtained by GErasmovskir and TURANSKAYA (1957).

The present study reports 20 allanite and 13 monazite analyses with sigma
values from 61-3 to 80:9 at.9%, representing an appreciable range of composition
in terms of the rare-carth elements. These allanites and monazites are present as
accessory minerals in granitic-type intrusive rocks that are exposed over about 20
square miles in the Mt. Wheeler mine area, White Pine County, Nevada. The
degree of fractionation of the rare-carth elements in these accessory mincrals is
related to the geology in a way that provides a special clue to the history of the
intrusive rocks.

TECHNIQUES OF STUDY

The general procedure for recovery of accessory minerals from the Mt. Wheeler
granitic rocks is outlined by LEE and Dopace (1964). Final purification of -150
mesh allanite and monazite fractions was effected by use of the Frantz isodynamic
separator and by centrifuging in Clerici (thallium malonate—formate) solution.
Ultrasonic vibration was used to assist in washing the minerals after exposure to
Clerici solution, and was found to be especially useful in the final stage of purifi-
cation of the monazites. After all discrete grains of impurity had been removed by
centrifuging and by use of the Frantz isodynamic separator, some individual
grains of monazite were seen to be compound with an unidentified dark-coloured
material when viewed in unfiltered ultraviolet light of the long-wavelength
mercury vapor lamp (see MUrATA and BASTRON, 1956). By the same test the
monazite fractions were found to be practically free of contamination after about
30 min. of ultrasonic cleaning.

GEOLOGIO SETTING

Granitic rocks of the Mt. Wheeler area intrude lower Paleozoic sediments, are
exposed in a westward-trending band 1-3 miles wide, and have a total outcrop area
of about 20 square miles (see the maps of DrREWES, 1958; WHITEBREAD éf al., 1962).
The highly variable mineralogy and texture of the intruding rocks suggested to Lee
and BasTRON (1962) the possibility of more than one intrusive phase. More

recently LEx and Dopax (1964) show that mineralogical differences in the intrusive

rocks are controlled primarily by variations in the composition of the host rock.
They list analytical results and plot molecular norms for 16 rock samples that
range in composition from quartz monzonite (host rock, Lower Cambrian Prospect
Mountain Quartzite) to granodiorite (host rock, Middle Cambrian Pole Canyon
Limestone). They found, too, that bulk composition of the intrusive rocks,
especially CaO content, has a striking relationship to the accessory minerals
present. Allanite, apatite, sphene, zircon, epidote and magnetite tend to increase
with Ca0 and are present in largest amounts in granodiorite with a CaO content
of more than 4:0%,. In quartz monzonite, on the other hand, where CaO may be as
low as 0:5%, monazite, ilmenite, and garnet are the typical accessory minerals.

The abundances of accessory allanite and monazite in these intrusive rocks
(Fig. 1) arc especially relevant here. Allanite is present to the exclusion of monazite
in rocks that contain more than about 2:0 wt.%, Ca0, but only monazite is present
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Allanite (circles), Monazite (triongles), wt %

Iiig. 1. Relation between amounts of CaO and allanite and monazite in Mt.
Wheeler intrusive rocks, From Lrr and Dopcr (1964) with increased point
coverage from present study.

in rocks that contain less than about 0:79, CaO. Both allanite and monazite are
present at intermediate CaO values.

ALLANITE AND MONAZITE ANALYSES

Table 1 lists, in order of increasing value of 2, 20 new allanite analyses along
with one previously reported by Ler and BasrroN (1962). The main purpose of
the 1962 study was to determine the beryllium content of allanite 38-MW-60 in
order to test the idea that the nonpegmatite beryllium mineralization in the area
may be genetically related to the intrusive rock containing this allanite as an
accessory mineral. A quantitative spectrographic analysis of allanite 38-MW-60
showed no beryllium. Morcover, the clement was not detected in any of the other
allanites listed in Table 1 except 205-MW-61, which was found to contain 3 ppm
beryllium. Thus, with this single exception, if beryllium occurs in any of these 21
allanites, it probably is present in amounts of less than 2 ppm. In view of the fact
that allanite sometimes contains significant amounts (as much as 5:59%,) of BeO
(see for example Brus, 1956; WARNER et al., 1959), the present results support
our 1962 finding and argue against a genetic relationship between the beryllium
mineralization and the igneous rocks from which these accessory allanites were
recovered. As seen below, however, four of the 13 monazites analyzed do contain
detectable beryllium, and thus tend to contradict the allanite evidence on this
point.

The twinnipg and lack of zoning and of metamictization described earlier for
38-MW-60 (Ler and BasTrox, 1962) are all typical of the other allanites listed in
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Table 1. Rare earth and thoria contents and speeific gravitios of accessory
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1 Samplo 205-MW-01 contains 3 ppm beryllium. Beryllium looked for but not detected in any of the other allanites

listed here.
2 Data for sample 38-MW-60 from Leg and Bastrow (1062).
3 §pecific gravity; see text for explanation and discussion,

Table 1. We have not systematically determined optical constants for these
minerals, but in checking for im purities during mineral separation work we observed
each of the allanite fractions several times in oil with an index of refraction near
the p-index of the mineral. Allanite 38-MW-60 has g = 1-782 + 0-005; probably
the others in Table 1 all have g = 1:78 + 0-02. As one result of the centrifuging
in Clerici solution during the purification process, We gained information on the
specific gravities of the various fractions analyzed. This information (Table 1) is
more exact for some fractions than for others. For example, we know only that
the specific gravity for 151-MW-61 is greater than 3-77 and that the value for
14-MW-60 is between 3:84 and 4-07, but for 152-MW-61 the value is fixed at
3-93 -+ 0:02. The information on physical properties outlined here is important
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in that it points up the fresh and unaltered nature of these allanites. The difference
in degree of fractionation of rare carths, then, as expressed by values of Z ranging
from 61-3 to 80-9, must be related to the main magmatic stage and cannot be
ascribed to any late post-consolidation process. We will return to a discussion of
these allanites later.

Table 2 lists, in order of increasing value of %, 13 analyses of accessory mon-
azites recovered from the same granitic intrusive rocks as were the allanites just
deseribed. Beryllium was found in four of these monazites in the following
amounts: 63-MW-60, 25 ppm; 205-MW-61, 15 ppm; 229-MW-61, 7 ppm; and
49-DL-61, 6 ppm. Since the accessory allanites in these rocks are all but devoid
of beryllium, the beryllium contents of these monazites are somewhat surprising.
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Fractionation of rare-earth clemeonts

VARIATION OF RARE-EARTH ELEMENTS IN ALLANITES AND
MoxaAziTeS oF THE MT, WHEELER MINE ARrEA

In a definitive study of the systematic variation of rare-earth elements in
cerium-carth minerals, MurATA ef al. (1957) relate atomic percentages of individual
rare-earth elements to the quantity ¥ for 26 samples of monazite from various

37
32

27

Raore earth elements

ZLa+Ce+Pr, ci %
Fig. 2. Relation between the atomic perecentages of the individual rare-earth
elements and the sum of the atomic percentages of La, Ce and Pr for allanite and
monazite. Curve A taken from MURATA et al., (1957, Fig. 1, p. 143). Based on
26 samples of monazite from various localities. Curve B based on 21 allanites
(circles) from the Mt. Wheeler area, Nevada (Table 1). Curve ¢ based on 13
samples of monazite (triangles) from the Mt. Wheeler area, Nevada (Table 2).

parts of the United States and from Brazil, Australia, and India. We follow the

scheme of these writers in comparing present results with theirs (Fig. 2).
Remembering that the monazites analyzed by MuRraTA ef al. represent many

oyuioyy different geologic environments whereas the allanites and monazites described

¥ (La 4 Co 4 Pr)

Cef(La + Nd)

Ce/Nd
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here all were recovered from within about 20 square miles of intrusive outcrop
area, let us consider the various curves for cach of the rare-earths featured in
Fig. 2. Tor some elements, especially La and Ce, these cruves depart rather widely
from actual coincidence, but their slopes agree remarkably well. MuraTa et al.
(1953) were able to duplicate the plots (called “A” in Fig. 2) for their 26 monazites
by calculation based on a process of repeated fractional precipitation of the rare-
carth elements, assuming a starting solution containing the following numbers of
gram atoms of the different elements: 15 La, 38 Ce, 5 Pr, 26 Nd, and 16 (Sm -+
Gd + Y). Yor the restricted outerop area with which we are concerned, it is
plausible that composition of the “starting solution” might not be the same as one
deduced from a study of 26 monazites collected from various parts of the world.
The important fact here is that the trends in variation of rare-carth elements in
the Mt. allanites and monazites parallel those (“A”, Fig. 2) that can be
explained so nicely on the basis of a process of fractional precipitation in which
the less basic cerium-earth clements are preferentially precipitated, with the
mother liquor becoming progressively richer in the more basic elements. We will
relate this thought to the geology of the Mt. Wheeler intrusive rocks in a later
section of this paper.

There is a suggestion (Fig. 2) that the allanite and monazite structures may have
slightly different preferences for certain of the rare-earth elements in a chemical
system such as the igneous outcrop arca under study here. Note that La, Ce, Pr,
and Sm curves for the Mt. Wheeler allanites (“B’’) and monazites (“‘C”’) do not
coincide. Moreover, in each case it is the monazite curve that is closer to the
curve (monazite) of Murara and co-workers. Finally, for Nd (Fig. 2) there is the
marked divergence between our curves and that of MuraTa and co-workers. We
are unable to explain this divergence.

DEGREE OF RARE-EARTH FRACTIONATION AS RELATED TO
Ca0O CoxtenxT oF WioLE Rock

Study of the intrusive rocks of the Mt. Wheeler, Nevada area still is in progress
and unanswered questions remain. It is clear, however, that a most important
feature of this geology involves host rock influence on the chemistry and mineralogy
of the intruding rocks. Two factors combine to make this an ideal area in whi
observe the cffects of assimilation: first, the igneous rocks under study probably
have not been eroded to a depth of more than 1000 ft anywhere; and second,
these rocks are exposed above and below the 330-440 ft thick Lower Cambrian
Pioche Shale which separates two thick and chemically distinet formations, Lower
Cambrian Prospect Mountain Quartzite and Middle Cambrian Pole Canyon
Limestone (see DrEwES, 1958; WHITEBREAD and Len, 1061; WHITEBREAD ef al.,
1962).

As outlined in the introduction and shown in Fig. 1 and by Les and Dopae
(1964), the CaO content of the whole rock, which itself depends upon proximity
of limestone, has a profound influence on the types of accessory minerals developed.
From Fig. 3 we see that CaO content of whole rock (logarithmic scale) also bears
a striking relationship to the X value of constituent allanite and monazite.
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Clearly the more basic rare-earths, Ce -+ La -+ Pr, are concentrated in those
cerium-earth minerals present in rocks with the higher CaO contents.

We note in passing that results for the five coexisting allanite-monazite pairs
in Tig. 3 suggest that under certain conditions the more basic rare earths prefer
the structure of monazite to that of allanite. Each of the four pairs connected by
dotted lines shows monazite with the higher £ value. For the other pair (circle
and superimposed triangle) £ values of allanite and monazite are about the same.

wl. %
n
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~ @ Wwo

Whole rock CaO,
[ e

9 o
(L)

o
&

g
w

l | | | it
55 60 65 70 75 86 5
ZCe+Lo+Dy, Allanite (circles), Monozite (triangles), at. %
Tig. 3. Relation between CaO content of whole rock (Table 3) and the sum of the
atomic percentages of La, Co and Pr of constituent allanite (cireles, Table 1)
andfor monazite (trinngles, Table 2). Dashed lines connect coexisting allanite—
monazite pairs.

Are the chemical processes that have been operative here somchow similar to
those that contribute to the formation of alkalic rocks and their associated
carbonatites? We are led to consider this possibility because of the close relation-
ship between the geology of these rocks and the cerium-earth contents of their
accessory allanites and monauzites, and because some of the allanites show a degree
of concentration of the most basic rare earths usually found only in minerals from
alkalic rocks and carbonatites.

The predominance of the most basic rare-earth elements in alkalic rocks was
noticed first by GoLpscamipT ef al. (1933) and later by HABERLANDT (1947), and
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Tablo 3. Major! and minor? element contents of rocks o ik allaiites
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1 Major element determinations by Paul L. D. Elmore, 8. D. Botts, Ivan H. Barlow, Gillison Chloe, H. Smith and
Lowell Artis, using methods similar to those described in U.S. Geol. Survey Bull. 1036-C (Smarrro and Branxock, 1956).

2 Semiquantitative spectrographic doterminations of minor elements by Chris Heropoulos, Robert 12, Mays and Ivan
H, Barlow. Besides elements listed, 0-7 ppm Ag and 3 ppm Mo were found in 126-MW-61; 3 ppm Mo in 49-DL-61;
7 ppm B in 14-MW-60; and 160 ppm Nd in 205-MW-61.

3 Ineluded in study of LEE and Dopce (1964).

1 Xenolith.

others. More recently MURATA et al. (1957) emphasized the fact that cerium-carth syntexis hypoth
minerals from alkalic rocks and carbonatites are rich in the most basic rare earths, the obviously s
having X values in excess of 80 at.%. Indeed, these writers (p. 153) state: chemistry of our
the most basie r:

“Thus the rare-earth elements emphasizo the peculiarity of the geochemistry
of alkalic rocks and may eventually provide valuable clues as to the origin
of these rocks... . The processes that form alkalic rocks appear to be
unusually efficient in fractionating the rave-earth clements—efficient in the
sense that a highly sclected assemblage is produced without sacrificing the

bulk of these elements”. The chemistr
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from which allanites and monazites were recovered
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syntexis hypothesis for the origin of alkalic rocks and carbonatites. Nevertheless,
the obviously strong influence of limestone and shale assimilation on the geo-
chemistry of our intrusive rocks, and the direct relationship between calcium and

the most basic rare carths (Fig. 8) are consistent with this hypothesis.

Wrore Rock CoNTENTS OF SoME MINOR
ELeMENTS AS RELATED TO CaO
The chemistry of these intrusive rocks rescmbles that of alkalic rocks and

carbonatites jn another respect. It is well known that some of the rarer elements
are found in unusually large concentrations in these rock types. In a summary
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paper on carbonatites, Prcora (1956, p. 1544) emphasizes that rare carths, Zr, I,
Ti, Ba, Sr and Nb often are found in alkalic rocks and carbonatites in amounts
that well exceed average abundance figures for igneous rocks. Table 3 lists, in
order of increasing CaO content, major and minor elements for each of the rocks
from which the constituent allanites and monazites (Tables 1 and 2; Figs. 1-3)
were recovered. We will consider the relationship between calcium and each of
these rare constituents.

Y (crosses),

La (circles),

25}
+
*

| + +
J L somio—0—oo—00—=C e
Not detected P 30 n 50

Ca0, wh. %

Fig. 4. Relation between whole-rock contents of CaO and La and Y. Based on
Table 3.

. If we assume that most of the rare earths in these rocks are present in the
allanite and monazite structures, and if we take 20 and 60 wt.%, respectively, as
the average content of rare-earth oxides in the two, then inspection of Fig. 1 shows
that total rare-earth and CaO contents of these rocks increase together. Also the
concentrations of the spectrographically determinable rare-earth elements, viz.
La, Ce, Y, Yb, presented in Table 3 indicate the same covariation of total rare
ecarths and CaQ. Figure 4 shows the trend toward increasing La: Y ratio (i.e. a more
basic rare-earth assemblage) with increasing CaO content of the rock. Karlier we
(Lee and Dopag, 1964, Fig. 4) found that weight per cents of zircon and CaO vary
directly in these rocks. The same trend (for Zr) is suggested by Fig. 5. There is
covariance between CaO and both P,04 and TiO,, a8 is seen in Figs. 6 and 7,
respectively.

The trend for Ba is not well defined, but Fig. 8 suggests sympathetic increase
with CaO. We found barite (trace amount) in only one of the rocks (43-DL-61)
listed in Table 3, so presumably most of the Ba? * substitutes for K* in silicate
minerals. Since whole-rock contents of CaO and K,0 tend to vary inversely
(Table 3) it will be interesting to learn how the Ba contents of the individual
mineral phases change with whole-rock CaO.

In a compre
Kurre (1956) fou
with an increase
when extended 1
rocks included i1

A scatter di
antipathetic rels
in contact with
about 20 sample
shows that each

Fig. 6. Rela

o — s ww g——ratn




earths, Zr, P,
eg in amounts
able 3 lists, in
ch of the rocks
2; Figs, 1-3)
m and cach of

b present in the
respectively, as
of Fig. 1 shows

yether., Also the

elements, viz.
on of total rare
atio (i.e. a more
ock. Earlier we

ig. 5. There is
Figs. 6 and 7,

athetic increase
ocks (43-DL-61)
pr K+ in silicate

vary inversely
{ the individual

Fractionation of rare-earth elements

l
20 30
CaO, wl. %

Fig. 5. Relation between whole-rock contents of CaO and Zr. Based on Table 3.

In a comprehensive study of the geochemistry of strontium, TUREKIAN and
Kurr (1956) found that for granitic rocks there is an increase in strontium content
with an increase in calcium not only for samples from a single batholith but also
when extended to a universal sampling. The same relation holds for the granitic
rocks included in our study (Fig. 9).

A scatter diagram of Nb versus CaO for these rocks shows, if anything, an
antipathetic relationship between the two. The calcium-poor rocks (Table 3) are
in contact with Prospect Mountain quartzite. Preliminary study of a suite of

about 20 samples of this quartzite, collected at random from the area under study,
shows that each contains rutile as an accessory mineral, and textural evidence

l
30 2 50
Ca0, wl %

. 6. Relation between whole-rock contents of CaO and PO Based on Table 3.
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Fig. 9. Relation between whole-rock contents of CaO and Sr. Based on Table 3.

Discussiox oF RESULTS

In this study we have somewhat arbitrarily set other chemical variables
against CaO content of the whole rock. From Table 3 it is clear that if a given
trend is based on CaQ, the same trend can be shown for Al,O,, or the opposite for
8i0,. We are faced with the familiar predicament of separating cause from effect.

Our reasons for correlating other trends with CaO are as follows. First, as we
saw the importance of assimilation to the chemistry of the intrusive rocks, we
thought in terms of their increased calcium content where the country rock is
limestone rather than quartzite. Also, we must account for the development of
such calcium-bearing accessory minerals as apatite, allanite, sphene, and epidote
(LeE and DobagE, 1964) where the intrusive rocks are most clearly contaminated
by limestone. And finally, because of the ionic sizes involved, we intuitively
emphasized calcium as the large range of composition of accessory allanite in terms
of the rare-carth elements became apparent.

If the complete transition from calcium-poor (0:5%, Ca0) to calecium-rich (4-39%,
Ca0) intrusive rocks were not continuously exposed where the change is well
exemplified, one would likely consider the granodiorite and quartz monzonite
portions as differentiates of a parent magma, with granodiorite of course being the
earlier. As it is, this can hardly be the case, and we must involve assimilation and
contamination to account for the range in whole-rock chemistry seen in Table 3.
The fractionation of the rare-earth elements and the concentration gradients of
the minor elements illustrated in Figs. 4-9 thus must be explained in context of
the chemistry of assimilation rather than of magmatic differentiation.

The best continuous exposure of the transition from calcium-poor to calcium-
rich rocks extends over a horizontal distance of about 3 miles; within this distance
CaO content of the rock rises from about 06 to 4:3% for an average gradient of
1:2%, CaO/mile. Along this same distance X values of the accessory cerium-earth
minerals rise from 64 to 81 at.9, giving an “average gradient” of 5 at.9,/mile, so
to speak. Now let us consider the fact that four of the allanites described earlier
were recovered from xenoliths (sce Lrr and Bastrox, 1962, p. 1328) for these

b
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Table 4, Wholo rock weight per cont CaO and allanite £ value for xenoliths and associated
igncous phases

Associated
Xenolith igncous phase

Sample Whole Allanite Whole Allanite y Sample
numbaor rock CaO ¥ value roek CaO ¥ value number

40B-MW-60 » 79-2 o4 785 40A-MW-60
126-MW-61 4 775 ) 66-4 234-MW-61
27-DL-61 . 79-9 ’ 76-8 25-DL-61

98-DL-62 : 80-1 . 65-9 205-MW-61

provide evidence that where the relation between CaO and Z values is concerned
we are dealing with a mosaic equilibrium superimposed on the regional gradients
outlined above. Table 4 gives CaO content of each xenolith and X value of each
constituent allanite; the same information is listed for the main intrusive phase
associated with each xenolith. The xenolith numbered 27-DL-61 has a volume of
hundreds of cubic feet; each of the other xenoliths in Table 4 was about the size
and shape of a large coconut. These data suggest that in a chemical system such
as we are concerned with here, degree of fractionation of the rare earths responds
to whole-rock composition over distances of a few yards or less.

Perhaps the base calcium oxide acts as a selective precipitating agent for the
basic rare earths under certain conditions, as has been suggested by LYAKHOVICH'S
(1962) study of the rare-earth contents of accessory minerals from hybrid granites.
In this connection we present finally Fig. 10, in which the ThO, contents of the

| 1
70 75

ZLa+Ce+Pr, al.%

Fig. 10. Relation between weight por cent ThO, and the sum of the atomie per-

centages of La, Ce and Pr for monazite. Unnumbered triangles from Tablo 2.

Numbered triangles: 1-—MURATA et al. (1957); 2—vox KNORRING and CLIFFORD
(1960); 3—Hemrcn and LeviNsoN (1061).
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monazites are plotted against the X values of their rare-carth elements. The
percentage of thoria in these monazites decreases with increasing sigma (and thus
with the increasing CaO content of the host rock). An extrapolation of this trend
would attain the compositional field of skarn and carbonatite monazites that
characteristically contain less than 19, ThO, and have sigma values greater than
80 at.%, (MurATA et al., 1957; Kxorrixg and Crirrorp, 1960; Hemricr and
LEvinson, 1961).

We have recovered pure fractions of all of the mineral phases present in each
of about 30 rock samples, including almost all of those listed in Table 3; spectro-
graphic and chemical work on these minerals now is in progress. It is interesting
to note here that preliminary results for about 30 accessory apatites from these
rocks show weight per cents of rare-earth metals ranging from 0-25 to 0-90, with X
values lower than those for coexisting allanites and monazites, but also tending to
rise with whole-rock CaO.

We are also studying the chemistry of the limestone, shale and quartzite host
rocks of the area to help us determine both how the regional gradients of the major
and minor elements in the intruded rocks may have been effected, and also the
probable composition of the “original”, “uncontaminated” magma.

Acknowledgments—I. J. MuraTa, MicwAEL FLErscHER and DAvip F. DAVIDSON reviewed this
manusecript and helped us to improve its quality. In addition, MuraTA has helped us to direct
our study, Freiscuer has given us the use of his unpublished compilation of the rare-earth
contents of hundreds of minerals from the (mostly Russian) literature, and DAvipsox has made
valuable suggestions during visits to our field area. Others who have provided helpful advice
in the field are DANTEL APPLEMAN, CHARLES Curist, I, C. Dopae, RoBERT GARRELS, DANIEL
R. SEAwE, Dovarp H. WarmresrEAD and Davip Wones, We are also grateful to LowErLn
Artis, Ivan H. Barvow, Sayven D. Borrs, Grmuruison Curom, Pauvn L. D. Ervore, CHRIS
HerorouLos, RosErT E. Mavs and H. Syrn for providing us with the rock analyses listed in
Table 3. Excepting Garrers, of Harvard University, all acknowledged are members of the
U.S. Geological Survey.

REFERENCES

Brus A. A. (1965) Characteristics of the isomorphous entry of beryllium into erystalline mineral
structures. Geochemistry (a translation of Geokhimiya) No. 1, 62-77.

DrEwrs H. D. (1058) Structural geology of the southern Snake Range, Nevada. Bull. Geol.
Soc. Am. 69, 221-239,

Gerasniovskir V. I. and Turansgava N, V. (1957) The high content of lanthanum and cerium
in minerals of the agpaitic sycnites of the Lovozersk massif (I ola Peninsula). Geochemistry
(a translation of Geokhimiya) No. 4, 334-336.

GorpscamipT V. M., Havrrmax H. and Perers C. (1933) Ueber die Bereucksichtigung seltener
Elomente bei Gestiens-Analysen. Naturwiss., Jg. 21, 362-365.

HaperLaxpT H. (1947) Die Bedeutung der Spurenelemente in der geochemischen Forschung.
Alad, Wiss, Wien, Math.-naturwiss. K., Sitzungsber Abt, 11b, 156, 293-323.

Hemricx B, W., Borur R. A. and Levinson A. A. (1960) Relationships between geology and
composition of somo pegmatitic monazites. Geochim. Cosmochim. Acta 19, 222-231.

Hemvricx E. W, and LEvinson A, A. (1061) Carbonatic niobium rare-earth deposits, Ravalli
Co., Montana. Am. Min. 46, 1424-1447,

Kxorrine Orea vox and Crirrorp T. N. (1960) On a skarn monazito occurrence from the

Jamib desert near Usakos, Southwest Africa. Min. Mag. 32, (251) 650-653.

Ler D. E. and Bastroxn H. (1962) Allanite from the Mt. Whecelor area, White Pino County,

Novada., Am. Min. 47, 1327-1331,




366 D. E. Let and H. BASTRON

Lx: D. BE. and Dopar F. C. W. (1064) Accessory minerals in some granitic rocks in California
and Nevada as o function of calcium content. Am. Min. 49, 1660-1669.

Lyaxuovicx V. V. (1962) Rare-carth cloments in tho accessory minerals of granitoids. Geo-
chemistry (a translation of Geokhimiya) No. 1, 30-55. ’

Murata K. J., Rose H. J. Jr. and CAnroN M. K. (1953) Systematic variation of rare earths in
monazite. Geochim. Cosmochim. Acta 4, 292-300.

MuraTa K. J. and BASTRON H. (1956) A convenient method for recognizing nonopaque cerium-
earth minerals. Science 123, (3203) 888-889.

Murata K. J. Rose H. J., Jr., Carrox M. K. and Grass J. J. (1957) Systematic variation of -

raro-carth elements in cerium-carth minerals. Geochim. Cosmochim. Acla 11, 141-161.

MuraTA K. J., DUTRA Q. V. and TEIXEIRA DA (losTA M. (1958) Composition of monazites from
pegmatites in eastorn Minas Gerais, Brazil. Geochim. Cosmochim. Acta 16, 1-14.

Preora W. T. (1956) Carbonatites: A Review. Bull. Geol. Soc. Am. 87, 1537-1555.

Siariro L. and BRANNOCK W. W. (1956) Rapid analysis of silicate rocks. U.S. Geol. Survey
Bull. 1036-C, 19-56.

Torekay K. K. and KuLp J. L. (1956) The geochemistry of strontium, Geochim. Cosmochim.
Acta 10, 245-296.

War~NER L. A., HOLSER W. T., Wivarta V. L. and CameroN E. I (1959) Occurrence of
non-pegmatite beryllium in the United States. U.S. Geol. Survey Prof. Paper 318, 198.

warresreap D, H. and Lee D. E. (1961) Geology of the Mt, Wheeler mine area, White Pine
County, Nevada. U.S. Geol. Survey Prof. Paper 424-0, C120-C122.

WarresreAp D. H., GRIGGS A. B., Rocers W. B. and Myrrox J. W. (1962) Preliminary
geologic map of the Wheeler Peak quadrangle, White Pine County, Nevada. U.S.Geol.Survey
Mineral Inv. Field Studies Map MF-244.

Geochimiea et Cosmochls

Depa

Abstract—Alercur
the prineiple cla
tholeiitic basalt i
collection of six §
neutron activatio
previously report
data among the ¥
for mercury in t

lower crustal or

basic achondrites
0-04 ppm. Impli
the evolution of

Tue develop
contaminatio
geochemist wi
EraMANN and
five ordinary
(1960) have

abundances 1
eucritic achor
indicated tha
relative to th
small numbe
there is a ne
(Part I) and

* The contr
for 1964-65 at




., ch. 33, Prolokol

¢ DEVELOPPEMENTS'
‘ORIES DE CROSION
2les Geographie, v.

LA HAUTE MON-
Toulouse.

e St i i il sl o bR

Temperature conditions and formation sequence in

deposition of fluorite-phenacite-bertrandite ores

Ya.A. Kosals, et ol

At present, much attention is being given
by investigators to the fluorite-phenacite-
bertrandite mineral association. In works de-
voted to the study of deposits of this type (3-6,
8, 9), the geology, structure, and material
composition of the rocks and ores,  and the ori-
gin of the deposits are described; temperature
conditions of mineral-formation have been
partly touched on (1, 4, 6).

In this article, we shall consider the nature
and sequence of the processes of hydrothermal
metamorphism and temperature conditions of
formation of one of the beryllium deposits of
the fluorite-phenacite-bertrandite type.

BRIEF GEOLOGIC CHARACTERISTICS OF
DEPOSIT

The deposit is located in the northern part
of a small Mesozoic basin, in a zone of tectonic
disturbance involving a long-continuing deep-
seated fault. It is restricted to a large xeno-
lith of sedimentary-metamorphic rocks ( Pt3)
among granitoids of Proterozoic ( ?) and Pale-
ozoic age, cut by Mesozoic granitoids (age
138-155 m.y.). The sedimentary-metamorphic
rocks consist of massive coarsely and finely
laminated dolomites and limestones, inter-
layered with biotite-feldspar, biotite, and
biotite-amphibole schists and sandstones,
forming a synclinal fold. The Proterozoic ( ?)
granitoids consist of medium -grained gneissose
granites and granodiorites, and the Paleozoic,
of close- and medium -grained biotite granites,
diorite-porphyrites and biotite -hornblende
syenite-porphyries,

Among the Mesozoic granitoids, three
phases have been recognized (table 1). Phase
I includes leucocratic subalkaline granites and

Translated from Posledovatel'nost i temperaturnyye
usloviya formirovaniya flyuorit-fenakit-bertrandito-
Vogo orudeneniya, AN SSSR 50, Geologiya | Geoli-
zika, 1973, no. 4, p. 42-52, Co-authors with Kosals
are A.N, Dmitriyeva, R.%Z, Arkhipchuk, and V,1I,
Gal'chenko, They are with the Institute of Geology
and Geophysics, Siberian Division, USSR Academy of
Sclences, Novosibirsk,

granosyenites, forming stock- and dike-like
bodies, cutting the sedimentary-metamorphic
rocks and transecting the central part of the
synclinal fold and its limbs.

The subalkaline granites and granosyenites
are medium - and close-grained, pinkish-gray
and pink rocks with porphyritic texture. These
rocks have undergone intense metasomatic al-
terations (microclinization, albitization, quartz-
ification, and fluoritization). They are charac-
terized by quite a uniform mineral composition:
microcline-perthite (40-60% ), oligoclase :
An12-16 (10-15% ), and quartz (30-45%);
decomposed hornblende and aegirine are pres=
ent in small amounts: Accessory minerals
are sphene, zircon; allanite, xenotime, and
titanomagnetite.

The leucocratic microsyenite-porphyry
dikes belong to Phase II. From the dip and
strike they are inconstant, often branching,
and have numerous geniculate ridges. The
dikes extend for 800 m and are from 1-20 m
thick. ’

The microsyenite-porphyries are rocks of
pinkish-gray color, massive, and with porphy-
ritic and microporphyritic texture, The pheno-
crysts are mainly prismatic and tabular
microcline-perthite. The groundmass consists
of prismatic and lath-like microlites of K-
feldspar -microperthite with a small amount of
xenomorphic quartz grains (5-10%). Acces-
sory minerals are zircon, sphene, and ilmenite.
A beryllium mineralizati-n has been super-
posed on the dikes, with a wide development of
processes of hydrothermal metamorphism
(microclinization, albitization, fluoritization,
carbonatization, and chloritization).

Phase III includes a dike of felsite-porphyry,
cutting all the previous dikes and fluorite meta-
somatites with phenacite and bertrandite. The
felsite-porphyry is a massive rock of lilac,
lilac~-gray, or pink color with a microaplilic,
microspherulitic, and felsitic texture of the
groundmass. The rare porphyritic phenocrysts
consist of tabular K-feldspar and very rarely
quartz, The groundmass consists of prismati-
cally granular microlites of K-feldspar and
plagioclase, and also biotite (upto 1%).

Internat, Geology Rev,, v, 16, no, 9 (/? 77)
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Accessory minerals are gphene, apatite, zir-
con, and rutile. Secondary minerals (albite,
sericite, epidote, chlorite, and carbonate) oc-
cur in small amounts.

An analysis of the geologic structure of the
deposit, the relationships between the post-
magmatic mineral formation and the rocks of
early phases, and the temperature conditions
of formation enable us clearly to separate two
stages ( see below) .

SEQUENCE AND TEM PERATURE
CONDITIONS OF FORMATION OF
THE DEPOSITS

400-310" (270-210%)
310-200° (160-807)

230-180" (180-1001
290-200° (180-1007
230-180° (180-100)

\.‘20-120' (150-90%

l 2385-255
235-200*
| 200
175-45*

The first, gangue (skarn) stage of m ineral
formation is clearly associated spatially and
in time with the subalkaline granites and grano-
syenites of Phase 1. The microsyenite-por-
phyry dikes ( phase II) clearly cut the min-
eralization of stage I and the rocks of Phase I,
separating the superimposed, later beryllium
mineralization of stage II from them. The
carly alkaline phase was {he most intense during
atage I, with the formation of contact-infiltration
skarn zones.

S50m

, depth

f0m
rtrand-

ite, sur—

| l
s
e
Be:
face
Emrtz w
\Cnlclle 1

Carbonitization of meta-
somatites of preceding

phases, br

Fluorite,
depth 250 m
Phenacite
Fluorlte 1,
Phenacite
Jerirand-
Fluorite 11,
surface
Fluorite III
Caleite IT

dept

galena

The sequence in the for mation of the skarn
minerals (pyrnxene-garnet-vcsuvianitc) deter -
mines the sequence of development of the skarn
zones, The skarns are restricted to the middle
carbonate-shale horizon of the sedimentary-
metamorphic strata, and in the southern part
of the deposit, to the lim estones of the lower
horizon, A small portion of the skarns (about
5% ) has been formed at the expense of the
granitoids, amphibole-scapolite rocks, shales,
and sandstones.
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On the basis of experimental data (7, the
upper boundary of the temperature of for mation
of the skarns has been provisionally accepted
at 700° C. In the pyroxene and garnet, the
gas-liquid inclusions are very small ( < 0.0005
mm), and therefore their homogenization
seemed difficult. Vesuvianite is characterized
by the extremely insignificant saturation in
primary inclusions. The inclusions, having
irregular shape and dimensions of 0. 005~
0.02 mm, are arranged in individual groups
without association with gealed cracks. Only
two-phase gas -liquid inclusions have been
found here. The gas-liquid phase ratio varies
from 30-40 to 60-70% . The primary inclusions
become homogenized to liquid at 420-400° G
and the secondary inclusions at 235-225° C.
These figures agree well with the empirical
data of Michelle Levy, who has synthesized
vesuvianite in an alkaline m edium at 600~
400" C.

| quartz with

dary inclusions.
itation method,

zation of &

Residual solutions

ratures obtained by decrep

*Temperatures of homoger

¢+ Tempe!

The temperature at which the next stage
of the hysterogenetic decomposition of skarn
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takes place was determined on inclusions In
calcite of epidote, actinolite, recrystallized
granite and vesuvianite. The inclusions in the
calcite vary in shape, but xenomorphie, slightly
elongated crystals with dimensions of the order
of 10-3 mm are most common, Liquid inclu-
sions are common, while gas-liquid ones are
infrequent. The ratio of the phases (gas-
liquid) occurs with the limits from 10-90 to
20-80% : the inclusions are homogenized in
the range of 320-290° C, and the secondary
types, at 220-160° C. The formation of epi-
dote and actinolite is somewhat preceded by
the deposition of calcite. From this we may
conclude that the lower boundary of the tem -
perature of formation of vesuvianite at 400° C
is simultaneously the beginning of hysterogenic
breakdown of skarns, Synthesis of actinolite
was achieved in the range of 450-320° C (7).
Consequently, the mineral formation of the
phase of hysterogenic breakdown of skarns
took place in the 400-200" C range (even up to
160° C).

Injections of dikes of leucocratic micro-
syenite-porphyries (phase II) determined
the second (beryllium) stage of mineralization,
in which occurred the formation of porphyro-
blastic albite-microcline and close=-grained
microcline -albite apogranites after subalkaline
granites and granosyenites of Phase I, various
albite and microcline metasomatites after apo-
granites, microsyenite-porphyries, shales,
granitoids, and skarns, and also quartz-
feldspar -fluorite and fluorite metasomatites
mainly after limestones, and less frequently
shales, skarns, and apogranites. All this
varied metasomatic mineralization was the re-
sult of subsequent processes of hydrothermal
metamorphism: early albitization-quartzifi-
cation-late albitization-late microclinization
(quartz-feldspar metasomatism) -muscovi-
tiz:ltion-[luoritization-quartzification-carbo—
natization.

The earliest formations of this type are
the porphyroblastic albite-microc line apogran-
ites. Their formation began with the develop-
ment of perthites replacing microcline, the
appearance of albite borders, and checkerboard
albite, corroding the quartz of the original
subalkaline granites and granosyenites.

With increase of early albitization in the
upper horizons and marginal parts of the stock,
metasomatic quartz of rounded and hexagonal
shape has developed, corroding the microcline-
perthite and early albite. According to the
growth of the quartz porphyroblasts in the rock,
the amount of microcline -perthite decreased
(to 30%) and the amount of albite II increased.
This process is a typical high-temperature
(500-300" C) hydrothermal quartzification
(acid phase of leaching), developed in the rear
of the front of early albitization.

The late albitization was accompanied by
a decrease in the amount of quartz (to 15 -20%)
and caleite (to 15-30%). Widespread and in=
tense albitization appeared around the ore bodies
(fluorite metasomatites) .

The crystallization of the early albite from
the porphyroblastic albite-microcline apogran-
ites, determined by the decrepitation method,
varies from 550-450° C.

The method of homogenization of the gas-
liquid inclusions in the quartz porphyroblasts
from the porphyroblastic albite-microcline
apogranites taken from drillholes at a depth of
140 m has established that the inclusions are
homogenized at 500-430° C, The inclusions
are very small (thousandths of a millimeter),
irregular in shape, oval, weakly elongated,
incompletely terminated, mainly liquid, and
less frequently gas-liquid, The ratio of the
phases (gas-liquid) fluctuates from 20-80 to
40-60% . Homogenization of the inclusions in
the quartz porphyroblasts, taken from rocks
at a depth of 80 m, takes place at a lower tem-
perature (400-320° C). Homogenization takes
place, as a rule, into the liquid phase. At the
same depth, along the periphery of the large
(from 4 to 1 em) quartz porphyroblasts, the
primary inclusions are homogenized in the
360-290° C interval into the liquid phase (the
same temperature range has been established
on the surface). The volume of the liquid
phase increases in them with a gas-liquid ratio
from 5-95 down to 35-65% . It has been estab-
lished that the quartz porphyroblasts replacing
albite I and in its turn corroded by late lath-
like albite II, contain gas -liquid inclusions which
are homogenized at 500-350° C. The homogen-~
ization temperature of the inclusions in the
quartz porphyroblasts corroding albite II and
containing its inclusions is 400-290° C. These
data not only indicate the considerable tempera-
ture range (500-290° C) of development of
porphyroblasts (quartzification - acid leaching)
in the apogranites, but also the possibility of
making an approximate estimate of the crystal-
lization temperature of albite I and II, Since
the maximum crystallization temperature of
quartz, corroding albite I, is 500-400° C, then
albite I began to crystallize at a temperature
above 500° C. And since the maximum tem-
perature of formation of the quartz, corroding
albite II, is not less than 400° C, we may pro-
visionally accept 450° C as the temperature
of the end of erystallization of albite I and the

* beginning of crystallization of albite 0. The

end of erystallization of albite I may be judged
from its corrosion by quartz with a minimum
homogenization temperature of about 350°C.
The decrepitation method emphasizes the rec-
ognized temperature intervals of the albites:
early albite (550-450° C) and late albite (450~
350° C).
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Late microclinization, replacing albitiza-
tion, is particularly widely developed in the
southern part of the locality, This has led to
the formation of numerous vein- and lens-like
bodies of microcline metasomatites in the form
of a band of sublatitudinal strike (more than
300 m long and about 20 m wide) through vari-
ous rocks, Thicker (up to 30 m) and more
extensive bodies of massive microclinites are
developed after granitoids and shales, than
after skarns (vein- and nest-like bodies and
veinlets from a few centimeters up to 2 1) .
These are brownish-red and pink, somelimes
with a lilac tint, medium- and coarse-grained
rocks, consisting of microcline-perthite (70-
90%), albite (up to 5%), pyroxene and amphi-
bole (up to 3%, fluorite (2-10%), quartz
(up to 15%) and accessory minerals ( sphene,
apatite, zircon, monazite, and phenacite) .
The microcline metasomatites occur in the
form of relicts among the later fluorite meta-
somatites with phenacite and bertrandite.

In the northern part of the deposit there is
stock-like body of hornblende-microcline meta-
somatites, consisting of microcline -perthite
(70-95% ) and lath-like albite, partly corrod-
ing the hornblende, and a variable amount of
decomposed pyroxene (up to 10% ) and horn-
blende ( 1-10%); biotite, chlorite, and iron
hydroxides have been developed after the latter.
In the joint zones of the metasomatites, there
are irregular grains and veinlet segregations
of quartz and a coarsely tabular muscovite.

The muscovite has been developed after the
microcline metasomatites in the contact portion,
especially through the skarns.

The metasomatic nature of the rocks is in-
dicated by 1) the weakly microclinized xeno-
liths of shales, skarns, and granite-gneisses;
2) the vague contacts with the country rocks,
and also the varying degree of microclinization
of the granites, shales and skarns in the zones
of intense jointing at the exocontact with the
stock-like body; 3) the removal of silica, typi-
cal of late alkaline metasomatism; and 4) the
removal and fluctuating amounts of MgO.

Homogenization of the gas-liquid inclusions
in the quartz from the pyroxene-hornblende
microcline metasomatites takes place in the
400-310° C range. The decrepitalion tempera-
ture of the microcline occurs within the 420~
320° C range.

Our observations have shown the wide de-
velopment of muscovitization after microcline
metasomatites, skarns, and other rocks. Re-
placement of vesuvianite, pyroxene, hornblende,
and less frequently garnet, by muscovite has
been recorded in the skarns. The most intense
muscovilization is typical of the outer zone of
late microclinization and along the flanks of
the metasomatites, where they are cut by mus-

covite veinlets. The temperature of muscoviti=-
zation may be defined indirectly by its super-

position on the microcline metasomatites ( 420-
300° C) and by their intersection by the fluorite

I} metasomatites with phenacite and bertrandite

(310-200° C). The probable temperature range
of muscovitization may be fixed within the 380-
290° C range.

The fluorine-beryllium phase ended with
the formation of the fluorite metasomatites
with phenacite and bertrandite. These are lens-
oid and irregularly shaped bodies, devecloping
after seams of carbonale rocks ( especially
along the contacts with the aluminosilicate rocks)
and through the intensely albitized rocks and
microcline metasomatites. Three types of
mineral parageneses have been recognized on
the basis of composition. The most common
(75%) are the fluorite m etasomatites with
phenacite and bertrandite (close- and medium -
grained rocks ol violet color, massive, with
cellular, honeycomb, sieve-like, and mottled,
and less [requently, rhythmically banded
structure. Their mineral composition is fluor-
ite ( 10-60%), phenacite, bertrandite, albite
(2-5%), microcline (50-10%), quartz (up to
15% ), muscovite (up to 15% , rarely up to
60%), calcite (up to 5%), and sulfides (pyrite,
chalcopyrite, sphalerite, and galena)., Acces-
sory minerals are allanite, monazite, rutile,
zircon, and bastnaesite.

The mineral composition of the fluorite-
bertrandite metasomatites, developed only on
the surface, is extremely variable: fluorite
(40-70%), bertrandite, microcline (upto 15%),
carbonate (up to 15% ), quartz (upto 5% ),
and sulfides (up to 4% ). The accessory min-
erals are sphene, apatite, zircon, and mona-
zite. Albiteand sericiteare present in insignif-
icant amounts.

The {luorite-phenacite association, like
the previous one, has a limited distribution
and is developed mainly in the deep-seated
horizons, less frequently in the form of indi-
vidual sectors among the phenacite-bertrandite-
fluorite association.

Thus a vertical zonation in the distribution
is recognized not only for phenacite and ber -
trandite, but also for the vein minerals, At
depths of more than 150 m, only phenacite is
developed, being replaced upward by the
phenacite-bertrandite assoc iation, and on the
surface by bertrandite, Here, microcline
and carbonates predominate, and the amount
of quartz increases with depth. Albite and
muscovite oceur instead of microcline; the
amount of sphalerite increases with depth, and
toward the surface, there is an increase in
the amount of galena,
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The interrelations of the minerals also
define their sequence of precipitation during
the course of the mineral formation of the
fluorite-beryllium phase: microcline, albite,
muscovite, fluorite, apatite, pyrite, quartz,
phenacite, fluorite II (helvite), bertrandite,
meliphanite, calcite, gphalerlite, chalcopyrite,
and galena.

A study of the inclusions in fluorite from
the fluorite metasomatites of the basic ore
bodies of the deposit has shown that in the
fluorite-bertrandite association on the surface,
the homogenization temperature of the inclu-
sions is 290-200° C; ata depth of about 50 m
it increases to 310-200° C; at a depth of 250 m
(in the fluorite-phenacite association) it
reaches 400-310° C. In [luorite from the latter
association, the liquid and gas -liquid inclusions
with ratio of phases (gas-liquid) from 10-90
to 30-70% are homogenized into the liquid
phase. The shape of the inclusions is variable,
often oval, and weakly elongated; occasionally
there are incompletely terminated rhombohedra.
The inclusions in quartz from the microcline~
quartz-phenacite-fluorite associationare homog-
enized at temperatures of 350-3 16°.¢; "Two
types of inclusions have been recognized (1li-
quid and gas-liquid) , occurring in approximate-
ly the same amounts. Their shape is that of
negative crystals, often incompletely termi-
nated, elongate, and equidimensional. The ratio
of the gas-liquid phases is from 5-30 up to 95~
70%. The inclusions are homogenized into
the liquid phase. Allowing for the fact that
quartz [ills the spaces between the microcline
crystals and partly corrodes them, it may be
assumed that the microcline has a somewhat
higher crystallization temperature. The phena-
cite of short-prismatic habit is characterized
by a high saturation with gas-liquid inclusions.
The primary gas-liquid inclusions have simple
shapes of negative crystals. Therefore with a
high degree of confidence it may be stressed
that the shape of the primary inclusions in the
phenacite is a growth shape, and not one of
solution. The inclusions are homogenized
only into the liquid phase at 285-235°"C.,

In the phenacite-bertrandite-fluorite asso-
ciation, the small prismatic crystals of phena-
cite and bertrandite form radiating~fibrous
aggregates, distributed in the form of pheno-
erysts or monomineralic inclusions in the
close-grained fluorite, Fluorite, phenacite,
and bertrandite have been studied from this
association. Numerous inclusions have been
identified in the fluorite: two-phase, gas-
liquid, three-phase (with liquid carbon dioxide
or a solid phase of satellite minerals), and
two-phase with liquid carbon dioxide ( Liquid
carbon dioxide and gas phase) .

The two-phase gas-liquid inclusions with~
out carbon dioxide and the three-phase inclusions
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with solid phases, and also with an insignificant
amount of earbon dioxide (up to 10%) arehomog-
enized only into the liguid phase over a wide
temperature range {200-160° C). The gas
phase of the inclusions, identified by the gas
extraction method on weighed samples of the
fluorite-bertrandite association, consists of
nitrogen (51-65%), carbon dioxide (28-32%),
and methane (16-17%). The presence of hy-
drogen (1. 66%) is rarely defined. The com-
position of the hydrous extracts from the fluor-
ite and phenacite inclusions is set out in Table 2.

In the multiphase gas-liquid inclusions,
the captive minerals, consisting of prismatic
crystals, are not dissolved when heated to
450° C, The differences in the homogenization
temperatures of the monotypical inclusions in
the fluorite from one and the same association
in different sectors of the ore bodies are ex-
plained by the zonation of deposition. From
the carbon dioxide inclusions, the pressures of
the mineral-forming solutions of the defined
association have been identified (table 3).

In the phenacite from this association, the

. gas-liquid inclusions are homogenized into the

liquid phase at 235-200° C. In the bertrandite,
the inclusions often have the shapes of negative
erystals, incompletely terminated, The phase
ratio (gas-liquid) is from 5-95 to 20-80%.
Homogenization takes place into the liquid
phase, and in the bertrandite-f{luorite associa-
tion on the surface, the temperature is 200~
140° C, whereas at a depth of 50 m in the
phenacite-bertrandite ~fluorite association it is
230-180° C,

Thus the formationof the fluorite-phenacite-
bertrandite association takes place from hydro-
thermal solutions within the 310-140° C range
and at pressures of 620-750 atm,

The established erystallization tempera-
ture for phenacite in the upper horizons is in
the 265-230° C range, and at a depth of more
than 250 m, probably reaches 350-300° C.

The upper limit of the crystallization tempera-
ture for bertrandite does not exceed 300° C.
Apparently at 350-300° C only phenacite crys-
tallizes; at 300-200° C, phenacite-bertrandite;
at 200-140° C, only bertrandite, which is sup-
ported by experiments (2). Thus, from the
data on homogenization of inclusions in fluorite
and bertrandite, the formation of the upper
horizons of the fluorite metasomatites took
place in the 990-140° C range, and in the deep-
seated horizons, at 400-250° C. On the whole
the formation of the ore bodies of the fluorite-
beryllium phase took place over a wide range
of temperatures (400-140° C).

The fluorite metasomatites are cut by
quartz veins, veinlets, and lenses, filling
eracks and veins of northeasterly strike,
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TABLE 3.

Homogenization
temperatures of
gas-liquid inclu-
sions with CO2

‘Mineral in which
inclusions have
been studied

Mineral
assoclation

11[0"“‘1.‘_"”{'”"“}?”} ] Density of liquid | Pressure (atm)
emperatures o carbon dioxide, at time of

pu l‘{—‘:[;»‘ni inclu- g/em3 homogenization

Fluorite- Fluorite 220° C
phenacite-
bertrandite

25.0° C 0.703 750

Quartz- Elongate- 220-200° C
Muorite- prismatic

bertrandite quartz

They consist of milky quartz in the form of
columnar and drusy aggregates with a small
amount of fluorite and galena. At the contact,
recrystallization of fluorite and redeposition
of the box-like crystals of bertrandite are ob-
served,

In the quartz from these formations the
inclusions are homogenized at 230-180° C,
The inclusions are gas-liquid and liquid (the
latter predominate). There are inclusions
with carbon dioxide. The phase ratio (gas~-
liquid) is from 5-95 to 30-70%.

Subsequent carbonatization and the forma-
tion of carbonate, quartz-, and chlorite~
carbonate veinlets and veins with bavenite,
milarite, fluorite, and galena are widely de-
veloped in the deposit and have been superim-
posed on the metasomatites of the preceding
phases, especially the skarns and the upper
parts of the ore bodies. The carbonate re-
places all the minerals, including phenacite
and bertrandite, as a result of which a
carbonate-bavenite association develops.
Milarite is probably formed in the forefront of
mineral formation as a result of the influence
of carbonic acid solutions on phenacite and
bertrandite and the solution of beryllium -
bearing vesuvianite and {luorite. During the
subsequent interactions between the residual
carbonate solutions and milarite, redeposition
of beryllium took place in the form of bavenite.
The deposition of chlorite has been achieved
under conditions of high activity of COg and
inereased potential of sodium. The sequence
of mineral formation is as follows: albite,
fluorite, milarite, carbonate, chlorite, baven-
ite, and galena, Milarite and caleite have
been studied from this mineral association.

Light-green prismatic crystals of milarite
form a segregation in the thin (up to 4 cm)
veinlets of coarsely crystalline caleite of white
color. In the milarite, only secondary mono-
phase inclusions have been observed, arranged
along the cracks and or iented parallel to the
length of the crystal, Inthe calcite containing
the milarite segregations there are numerous
two-phase gas-liquid inclusions, often oval in

shape (up to 0,01 mm long) ; less frequently
the inclusions have the shape of four -sided
prisms. The ratio of gas and liquid phases is
20-80% . All the inclusions studied were homog-
enized into the liquid phase only at 220-210° C.
Such an order of temperature of formation is
also typical of milarite. Therefore the mineral-
thermometric data obtained demonstrate the
inaccuracy of existing ideas on the exceptionally
low-temperature conditions of the formation of
milarite, Judging by the data on the homogeni=
zation of the inclusions, carbonatization took
place at 220-120° C.

Mineralizaticn ended with the formation of
veins and veinlets of apple-green chalcedonic
and opaline quartz in the zones of fractures.

In the fluorite-beryllium m ctasomatites, super-
imposition of opal-chalc edony mineralization
has not caused substantial alterations. A local
solution and redeposition of carbonates and
partly of fluoritehave been observed, sometimes
with a small amount of galena.

Fluorite and calcite have been studied from
this association, because the small dimensions
(0.0005 mm) of the inclusions in the opaline
quartz do not perm it measurement of their
homogenization temperatures. The light=
violet fluorite is characterized by a high satura-
tion in monophase inclusions, arranged along
the cracks, In individual cases, segregated
two -phase inclusions of irregular fringed shape
up to 0.02 mm in size have been observed.
During heating they are homogenized into the
liquid phase at 85-80" C. In the light-green
fluorite associated with white coarsely crystal-
line caleite, mono-and two-phase inclusions
have been identified, having the shape of irreg-
ular tetrahedra, up to 0.01 mm in size.

The two-phase gas-liquid inclusions contain
inallabout 5% of the gas phasesandare homog-
enized at a temperature of 45-50"C. Inclu-
sions are very rare in the calcite, with mono-
phase liquid types predominating, located
along the eracks. The primary gas ~liquid
inclusions having the shape of flat rhombohedra
and clongate prisms (up to 0,01 mm in gize)
are homogenized into the liquid phase at 170~
150° C (1) and down to 90-80° C. Fluorite
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fills the cavities in the calcite. Therefore the
{emperature values obtained for homogenization
of the inclusions in calcite and fluorite unequiv-
ocally indicate the order of precipitation of

the minerals studied. Hence this association
was formed over a wide temperature range
(170-45" C), which makes it possible to esti-
mate the temperatures of the late silicic meta=-
somatism,

CONCLUSIONS

1. The processes of hydrothermal meta-
morphism preceded ore formation, and took
place at 550-350° C (see table 1).

9. The formation of the fluorite meta-
somatites with phenacite and bertrandite, that
is the ore formation itself, began from hydro-
thermal solutions at 400-350° C and ended at
200-140° C and pressures of 750-620 atm,
which are higher than assumed by some inves~-
tigators (1, 4). The solutions were enriched
in CO2 with high density (0. 66-0. 703 g/cm3),
The gas phase consists of CO2 and CH4.

3. The replacement of phenacite by ber-
trandite in time ( substitution) and space (verti-
cal zonation) was controlled by lowering of
temperature and increase in the alkalinity of
the solutions toward the rear part of the meta-
morphic front. The role of the temperature
factor in the crystallization of phenacite and
bertrandite has been demonstrated in the work
of G. V. Bukin (2), who rccorded that at tem-
peratures below 300° C the amount of bertrand-
ite increases with respect to phenacite, and
depending on the degree of lowering of tempera-
ture, the bertrandite intensely corrodes the
phenacite.

4. The subsequent low-temperature (230-
180° C) quartzification, intensely developed
in the upper horizons of the ore bodies, was
accompanied by corrosion of the bertrandite
and its recrystallization.

5. The carbonatization which replaced it
was characterized by the breakdown of phena-
cite and bertrandite and the redeposition of
beryllium in the forefront of carbonatization in
the form of milarite (200-150° C), and of
bavenite in the rear part of the front (150-100
0.

6. Beryllium minerals did not appear in
the phase of opaline and chalcedonic quartz
veins, which terminated the mineral formation
(170-45° C) in the deposit.

7. The above information emphasizes the
regular lowering of temperatures of mineral
formation [rom the beginning to the end of
the stages, established in other rare-metal

deposits. The temperature of commencement
of each subsequent phase is 20-100° C higher
than the end of the preceding phase.

# 8. During an analysis of the sequence of
development of the processes of hydrothermal
metamorphism, the changes in the mineral
parageneses and alterations in the chemical
composition of the rocks are expressed in the
regular evolution in the activities of the com-
ponents (Na-Si-Na-K-F, Be-Si-Ca-Si), re=-
flecting the change in the regime of the acid~
alkaline condition of the solutions.
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ALLANITE FROM THE MOUNT WHEELER AREA,
WHITE PINE COUNTY, NEVADA!

DoxaLp E. LEg Anp Harry BasTrON, U. S. Geological
Survey, Menlo Park, California.

ABSTRACT

Previous workers have shown that allanite can contain up to several per cent beryllia.
Accessory allanite from a quartz-monzonite stock exposed near the area of beryllium miner-
Alization in the Snake Range of eastern Nevada contains less than 2 ppm beryllium. This
fails to support the hypothesis of a relation between the intrusive rock and the beryllium
mineralization.

INTRODUCTION

The occurrence of beryllium minerals at the Mount Wheeler mine in
{he Snake Range, White Pine County, Nevada, was first described by
Stager (1960). Whitebread and Lee (1961) report additional discoveries of
beryllium minerals more than a mile aorth of the Mount Wheeler mine,
and present information on the arcal geology of the “Wheeler limestone”
member that is host to the beryllium mineralization. Whitebread and
Lee (1961) also describe the spatial relations between the beryllium de-
posits and a quartz-monzonite stock that is exposed just north and east of
the mineralization in a westward-trending band 1 to 3 miles wide. They
also note that there is no apparent evidence to support the working hy-
pothesis of a direct Telation between the beryllium mineralization and
the igneous rocks in this area, even though the quartz-monzonite stock
may be present at depth below the Mount Wheeler mine.

In order to further test such a working hypothesis, a study of the area
of intrusive outcrop is in progress. It is already clear that the texture,
mineralogy and degree of alteration of this intrusive are rather widely
variable from place to place, and it is possible that more than one intru-
sive phase is represented in the total outcrop area of about 20 square
miles (see the maps of Drewes, 1958, and Whitebread, el al., 1962).
One part of the intrusive is distinct from the rest in that it contains epi-
dote and allanite as persistent accessory minerals. The presence of
allanite is especially interesting here, for this mineral has been reported
to contain significant amounts (as much as 5.5 per cent) of BeO (sce for
example Beus, 1956; Warner, ef al., 1959).

The allanite-bearing “phase” of the stock includes the ent ire portion of
the igneous outcrop area (about 5 squarc miles) drained to the east by
Snake Creck (sce map of Drewes, 1958). It is a medium-grained rock that
is slightly porphyritic in places. The rock is almost always well-jointed

I Publication authorized by the Dircctor, U, S. Geological Survey.
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and the sets within the system, in order of consistency, typically have
these approximate trends:

(1) N. 40°L., steep SE to 90°

(2) N.40°W., moderate NE or SW to 90°

(3) E~W., moderate N. or S. to 90°

The N. 40°E. set may carry aplites (garnet-bearing) and/or quartz vein-
lets: these are not abundant. Silicification is rather common along the
planes of the N. 40°E. sct; because of this the joints often stand out about
an inch high and an inch or two wide on weathered surfaces. This silicifi-
cation locally is accompanied by a concentration of fine-grained epidote
(but not allanite). Inclusions of finer-grained more malfic material up to
several inches across are common in the allanite-bearing “phase” of the
(uartz-monzonite stock, but they are rare in other parts of the intrusive.

These inclusions are tentatively interpreted to represent fragments of
shaly rock in process of assimilation.

CHEMICAL AND PHYSICAL PROPERTIES OF ALLANITE

In order to determine the beryllium and rarc-earth contents of the
accessory allanite that is present in the intrusive “phase” described
above, a pure fraction was recovered from sample 38-MW-60, which was
collected at an elevation of 8520 feet on the northeast side of the Snake
Creek road, at 38°35’52" N. and 114°15°26" W. (see maps of Drewes,
1958, and Whitebread, ef al., 1962). The specific gravity of the allanite
analyzed was determined in Clerici solution by means of the suspension
method to be within the range 3.88-4.02. Tn thin sections the mineral is
present as euhedral crystals 0.5-1.5 mm long, usually associated with
epidote, biotite and sphene. The allanite is commonly twinned (Fig. 1)
and shows little evidence of zoning within individual crystals. There is no
evidence of metamictization, although a few of the euhedral crystals ex-
hibit a very narrow, discontinuous reaction rim (Fig. 1).

Indices of refraction of the analyzed allanite were measured in sodium
light by means of the immersion method. The other optical properties
listed were determined by means of universal stage plots of three twinned
and two untwinned crystals,

a=1.762+ .005 Dispersion r> v, strong

A=1.782 Optic plane=010

y=1,795 Composition plane of twinning=100
v=cc=.032 NAc=32° X
Biaxial (=); 2V near 55°

N = very pale brown

"=light brown

Z=reddish brown

Z>Y>X

MT. WHEELER ALLA
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Fic. 1. Twinned allanite from the Mount Wheeler area, White Pine County, Nevada.

A. (left) Composition plane (100) inclined at an angle of 50° from the perpendicular.
Note the epidote [2V=280(—)] intergrown with the smaller twin; biotite is growing out
from the free end of this epidote. The irregularly-shaped patches with high relief are also
epidote. Other minerals are quartz, feldspar and biotite.

B. (right) Composition plane (100) inclined at an angle of 9° from the perpendicular,
The material at the ends of the allanite crystal is interpreted to represent incipient develop-
ment of a reaction rim. The black blebs in the allanite are unidentified; the light inclusion
appears to be quartz. The mineral with high relief to the left of the allanite is epidote, The
irregularly-shaped patches with high relief in feldspar are also epidote. Other minerals
are biotite and quartz. g

There is little mention of allanite twinning in the literature. Russell
(1937) describes an occurrence, but gives no crystallographic data ex-
cepl to state that extinction is inclined to the composition plane. Hutton
(1951) describes an unusual linear feature in allanite, but concludes from
the optical behavior of the mineral that this feature does not scem to rep-
resent twinning, Volborth (1962), writing on allanite pegmatites in
Nevada and California, states: “Many of the allanite crystals are ap-
parently twins with (100) as composition plane (twin-plane?).”

A quantitative spectrographic analysis of the pure accessory allanite
from sample 38-MW-60 (Table 1) failed to detect the presence of
beryllium; thus if this mineral contains any beryllium, it probably is
present in amounts of less than 2 parts per million. In view of the fact
that allanite sometimes contains significant amounts of beryllium, the
present results certainly do not support the idea of a dircet relation be-
tween the beryllium mineralization and the igneous rocks in this area. In
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TanLE 1. SPECTROGRAPING ANALYSIS OF ALLANITE FROM SAMUPLE 38-MW-601
Harry Bastron, analyst

Rare-earth elements, atomic per cent

Rare-carth and thorium oxides

(weight per cent) of total rare earths

Y04 0.2 Y 1.4
La.0Oy 5. ILa 26.1
CeOs Ce 47.6
[’I’g{}“ i Pr 3.1
NdiOy 3. Nd 14.0
SmaQ; Sm 3.6
Eu.0y Eu 0.2
GOy f Gd 0.9
Th,0, Th 0.4
n}‘-g( )1 . l)}' 0.4
Ho.0y Ho 0.2
Fri0y Yh 0.02
Tma0y
Y b0y ¥ La+4Ce+4-Pr 78.9
LusO; Ce/(Nd-+Y) 3.1
ThO. ; Ce/(La+-Nd) 1.2

Total
Looked for but not detected: Be

! See Bastron, el al. (1960) for a description of the spectrographic method used.

this regard there are, however, two facts to bear in mind. First, as noted
above, it is possible that more than one intrusive phase is represented in
the outcrop area of this quartz-monzonite stock. Secondly, all beryllium-
bearing allanites reported to date are from pegmatitic environments,
whereas the allanite described here is present as an accessory mineral in a
medium-grained quartz monzonite. _

Murata, ef al. (1957) discuss the systematic variation of rare-earth ele-
ments in cerium-carth minerals. These same authors introduce as an in-
dex of composition of all cerium-carth minerals with respect to the rare-
carth elements a quantity called sigma (2), which is the sum of the atomic
percentages of La, Ce and Pr. They also point out that a highly selective
fractionation of the rare-carth elements is more commonly attained in
alkali rocks than in granitic rocks, and therefore cerium-earth minerals
from alkalic rocks usually have the higher 2 values. The allanite described
here (Table 1) has £=78.90; this is relatively high for a cerium-earth min-
cral from a granitic rock. Further work is in progress to determine the

range in 2 values of the accessory allanite in this intrusive rock, and to
investigate further the possibility of a direct relationship between the in-
trusive rocks and the beryllium mineralization exposed in this area.
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ACCESSORY SPHENE FROM HYBRID ROCKS OF THE MOUNT WHEELER

MINE AREA, NEVADA

By DONALD E. LEE,' ROBERT E. MAYS,? RICHARD E. VAN LOENEN,!
and HARRY J. ROSE, JR.? 'Denver, Colo., ?Menlo Park, Calif., * Washington, D.C.

Abstract.—Chemical data, unit-cell parameters, and optical
properties are listed for 14 accessory sphenes recovered from
hybrid granitoid rocks exposed mnorth of the Mount Wheeler
mine, White Pine County, Nev. The environment of these
sphenes is well known from a careful field and laboratory study
that included chemical, spectrographie, normative, and modal
analyses for each of the rocks from which they were separated.
These sphenes contain a rather large assemblage of rare-earth
and other minor elements, and their physical properties and
major- and minor-element contents do not show the same
obvious response to whole-rock chemistry observed for their
coexisting allanites and zircons. Four sphenes contain detect-
able amounts of Bi, and 13 sphenes contain Mo in the general
range of 7-20 parts per million; the sphene structure appears
to be a preferred site for the Bi and the Mo present in these
rocks, All 14 sphenes contain a much less basic (and heavier)
assemblage of rare earths than do the allanites that coexist
“wlith them.

Granitoid rocks crop out a few miles north of the
Mount Wheeler mine in the southern part of the Snake
Range, about 50 miles southeast of Ely, Nev. These
rocks are exposed in intrusive contact with Prospect
Mountain Quartzite, Pioche Shale, and Pole Canyon
Limestone, all of Cambrian age (Drewes, 1958). They
range in composition from grandiorite with a CaO
content. of more than 4.5 percent to quartz monzonite
with a CaO content of about 0.5 percent, and a detailed
field and laboratory study (Lee, unpub. data) has
shown that this range in composition is related to
magmatic assimilation of the chemically diverse host
rocks. The change from high to low CaO values is
rather systematic over a horizontal distance of about
3 miles, and other major elements (and most minor
elements) tend to vary either direetly or inversely with
CaO. Amounts of quartz, microcline, plagioclase, and
biotite respond to the major-element chemistry of these
hybrid rocks. With a few notable exceptions the well-
defined chemical and mineralogical gradients exposed

X

are much what one would expect to find in a series
of differentiates. The relation between the chemistry
and accessory-mineral contents of these rocks was de-
seribed by Lee and Dodge (1964), who found a sym-
pathetic increase of sphene with CaO.

This paper presents minor-element analyses and
optical data for 14 accessory sphenes recovered from
these hybrid rocks. We also list major-element data
for 13 of these sphenes and unit-cell parameters for 8.
The location, major- and minor-element analyses,
norms, and modes for the granitoid rocks from which
these constituent sphenes were recovered will be pre-
sented in a later paper. The chemistry and physical
properties of some of the accessory minerals coexisting
with these sphenes have been discusseq by Lee and
Bastron (1967) and Lee, Stern, Mays, and Van Loenen
(1968).

SPHENE ANALYSES AND PHYSICAL PROPERTIES

After the preliminary work deseribed by Lee and
Dodge (1964), the sphene concentrates were ground
to —150 mesh (about 100 microns) and washed in tap-
water to remove material smaller than about 40 mi-
crons. Purification was achieved by centrifuging re-
peatedly in methylene iodine and by use of the Frantz
isodynamie separator. As the final step in the cleaning,
each sphene fraction was subjected to ultrasonic vibra-
tion in distilled water for about an hour. With the
exception of sample 190-MW-61, each sphene analyzed
was at least 99 percent pure. During optical study of
the analyzed fractions no discrete grains of impurity
were found, but when cach fraction was observed in
oil with an index refraction equal to the « index of the
sphene, tiny euhedral inclusions were found in some of
the grains. From their optical properties these inclu-
sions appear to be zircon and apatite, minerals that
tend to bo closely associated with sphene in these rocks,

B4l

U.S. GEOL. SURVEY PROF. PAPER 650-B, PAGES B{1-B46




PETROLOGY

-
o

-
(=]

o
o

1 1 | 1
25 3.0 3.5 4.0 4.5
Ca0 IN ROCK, IN WEIGHT PERCENT

SPHENE IN ROCK, IN WEIGHT PERCENT

no
o

Ficure 1.—Relation between contents of CaQ and accessory
sphene in hybrid granitoid rocks of the Mount Wheeler mine
area, Nevada,

As background for the following discussion, the
general relation between weight percentages of sphene
and CaO in these hybrid rocks is shown in figure 1.
However, although almost all rocks having less than
2.2 percent CaQO are practically devoid of sphene and
the most mafic rocks generally contain the most sphene,
we emphasize that the relation shown in figure 1 is
idealized and is not nearly as systematic and well
defined as the covariance between amounts of CaO and
other accessory minerals such as apatite, allanite, and
zircon (Lee and Dodge, 1964).

Optical properties and unit-cell parameters

The sphenes analyzed are listed (table 1) according
to CaO content of the rocks from which they were
recovered. The a refractive indices are all in the rath-
er narrow range of 1.895-1.910, Optic axial angles were
not systematically determined, but from inspection
during mineral purification work all appear to be
25-35(+), and all grains checked show the typically
strong sphene dispersion, with r>v. Unit-cell para-
meters (table 1) were calculated for eight of the ana-
lyzed sphenes by least-squares refinement of powder
diffractometer data, using an internal standard of
CaF, and a self-indexing computer program developed
by Evans, Appleman, and Handwerker (1963). All the
results are in rather good agreement with the data for
sphenes listed by Deer, Howie, and Zussman (1962,
p. 69).

Major elements

Thirteen of the sphenes were analyzed for SiO,,
Al,Os, TiO,, total iron( as Fe,0;), and CaQ by means
of X-ray fluorescence (table 1), In general the major-
element chemistry is rather similar from one sample
to another. The Ti0, contents of thesc sphenes tend to
increase as these hybrid rocks become more mafic (fig.

AND MINERALOGY

2), but variations in amounts of other oxides appe:
to be random and unrelated to chemical difference
among whole rocks.

Sphene 27-DL-~61, highest in TiO, and CaO and
lowest in SiQ,, also is the only one in table 1 recovere
from a large xenolithic mass, where assimilation i
relatively incomplete. Related investigations in th
arca show that hornblende is dominant over biotite i1
such xenolithic masses where assimilation is only incip
ient. The high TiO, content of sphene 27-DI-6
probably results at least in part from the dearth o
coexisting biotite, for where biotite is well developed i
is the main reservoir of the TiO, present in the area’
hybrid rocks, much as has been described for granitoid
rocks elsewhere by Znamensky (1957). If we assum
that sphene in the more mafic parts of the main in
trusive phase originally formed in equilibrium witl
larger amounts of hornblende (since replaced by bio
tite), the same reasoning outlined for sphene 27-D
61 might also help to explain the TiO, trend show:
in figure 2. The tendency for hornblende in hybrid
rock to be replaced by biotite as assimilation proceeds
has been recognized by many previous writers.

39.0
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w
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Fioure 2—Relation between CaO content of rock and TiO, con-
tent of constituent sphene, O, sample from main intrusive
phase; X, xenolith; U], lamprophyre.
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Minor elements

Tho minor-element contents of these sphenes (ex-
cept. for rare earths) wre listed in table 1. The suite
of elements represented is rather large, .ll”l()ll"’h it is
well recognized that the sphene structure often car-
ries signilicant amounts of elements not represented in
the type formula. (See, for example, Zabavnikova,
1957; Deer and others, 1962).

As noted previously, the sample of sphene 190-MW-
61 analyzed probably was less than 99 percent pure,
but minor-element data for it are included here be-
cause it is the only sphene fraction we were able to
obtain from a rock having less than 2.2 percent CaO.
Only about 10 milligrams of this mineral was recov-
ered from more than 1,000 grams of crushed rock. The
sphene grains were etched and pitted, suggesting dis-
equilibrium with other minerals present in the roclk.

Each of the other 13 sphenes analyzed was more
than 99 percent pure. However, in view of the fact
that some of the tiny inclusions already described
probably are zircon, some of the Zr content shown in
table 1 may not be present in the sphene-structure. For
example, as little as 0.1 percent zircon contamination
would be equivalent to about 700 parts per million Zr.
The high P content is not so readily explained, but it
seems likely that P might be part of the structures of
some sphenes in table 1, even though some of the tiny
inclusions described appear to be apatite, because
about 0.8 percent apatite would be required to ploduce
a P content of 1,500 parts per million,

The most notable aspect of the hybrid rock exposed
north of the Mount Wheeler mine area is the large
number of rather systematic chemical and mineralogi-
cal trends that have been found to accompany the gen-
eral change from felsic to mafic representatives. Fiven
major- and minor-element contents of constituent acces-
sory minerals exhibit these trends. Such systematic dif-
ferences, if indeed they are present in, these sphenes, are
not great enough, however, to be apparent from the
semiquantitative data in table 1. These sphenes (with
the exception of sample 190-MW-61 .Lh'o:ul) described)
are well crystallized and are ufgually seen in thin sec-
tion as well-formed euhedra. There is nothing to indi-
cate that any of these sphenes is secondary or deuterie.

In view of the summary works cited above, the
significance of most of the minor-element data in table
1 is evident, but the Mo and Bi values deserve com-
ment; Sphene must have scavenged most of the Mo
present in the magmatic environment, for the element
was rarely detected in any minerals coexisting with
these sphenes. Sphene must have scavenged Bi too, for
this element was not detected in any other minerals
present in these rocks.

PETROLOGY AND MINERALOGY

Rare earths

Rare-carth contents of the sphenes are listed i
table 2, along with caleulated atomic percentages o
the rare-earth assemblage present in each sphene. Als
listed for each is the quantity X La+ Ce+ Pr (in atomi
percentage of total rave-earth elements) as a numeric:
index of the composition and of the stage of fractios
ation attained by the rarve-earth elements. This qua
tity sigma (X La+Ce-+ Pr) was introduced by Murats
Rose, and Carron (1953) in a study of the total rang
of variation in the composition of monazite with re
spect to the rare-earth nloments. Later studies (espec
ally Murata and others, 1957) confirmed that thi
quantity sigma is meaningful in comparing such anal
yses, and it has therefora been used (table 2) in ap
praising the rare-earth contents of accessory mineral
that coexist with the sphenes.

Some 21 allanite and 13 monazite samples from thes
hybrid rocks have sigma values that vary from 61.3 t
80.9 atomic percent, which is an appreciable range o
composition in terms of the rare-earth elements (Le
and Bastron, 1967). Moreover, sigma values of the al
lanites and monazites vary directly with CaO conten
of their host rocks, and allanites from the most mafi
rocks show a concentration of the most basic rar
earths (La, Ce, and Pr). Rare-earth contents of 25 ac
cessory zircons from these hybrid rocks are muc
smaller than amounts listed for the sphenes in tabl
2, but generally they express the same trend as tha
shown by the allanites and monazites; that is, th
heavier lanthanides are present in largest amounts i
zivcons from the more felsic rocks, whereas the lighte
and more basic lanthanides increase in abundance witl
imcreasing lime content of the rock (Tee and others
1968).

The analyses of sphenes in table 2 fail to express thq
same trend, for the sigma values of the sphenes arg
not very obviously related to the CaO contents of thg
rocks from which they were recovered. Were the tren
for sphenes as well defined as for allanites, monazites
and zircons, it would be clearly shown by even th
semiquantitative data in table 2. Sphenes, then, do no
show the regular minor-element trends found in min
erals coexisting with them.

Sach sphene in table 2 has a sigma value much lowey
than that of its coexisting allanite (Lee and Bastron
1967), indicating a much less basic and heavier assem
blage of rare earths in the sphenes. In discussing thq
distribution of rare earths in necessory sphene, Usko
(1967) concluded, after a study of sphenes collectec
from several widely diverse geologic environments, tha
the chemistry of the rock-forming medium is more im
portant than erystallochemical selection in determining
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B46 PETROLOGY

fractionation of rare earths in sphene. IFor the hybrid
rocks in the Mount Wheeler mine avea, in contrast,
crystallochemical selection was more important than
the chemistry of the rock-forming medium. In the
terminology of Uskov, our sphenes contain a “selective
yttrium®™ (as opposed to “selective cerium”) assem-
blage of rare earths, '

SUMMARY AND CONCLUSIONS

In the hybrid granitoid rocks exposed north of the
Mount Wheeler mine the abundance of sphene tends
to increase directly with lime content of the rock. How-
ever, when sphenes are compared to other minerals
from the same rocks, their physical properties and ma-
jor- and minor-clement contents show relatively little
response to whole-rock chemistry.

" These sphenes contain a rather large assemblage of
rare earths and other minor elements. They scavenged
" Mo and Bi, and they contain a heavier, less basic
assemblage of rare carths than do the coexisting alla-
nites.
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. -nese and tungsten. A sample from the deposit at Gol-
conda contained 0.016 percent BeO, and one from Soda-
ville contained 0.0075 percent.

NEVADA

ELKO COUNTY

STAR MINE, HARRISON FABS

The deposits of the Star mine are in the Ruby Range
on both sides of Harrison Pass Creek Canyon, about
2 miles east of the pass. They are readily accessible by
road from Elko by way of Jiggs, thence by the road over
Harrison Pass. The area is described briefly by Hess
and Larsen (1921, p. 305) ; the deposits were mapped
by M. R. Klepper and P. Joralemon of the U. S.
Geological Survey in 1943.

The Ruby Range consists largely of a stock of biotite
granite and quartz monzonite that intrudes limestone
and quartzite of Paleozoic age. The contact east of
Harrison Pass is very irregular; and many dikes and
apophyses of aplitic granite cut the sediments, which
have been metamorphosed to silicated marble and horn-
‘fels. Scheelite-bearing tactite occurs intermittently
along the contact. Four ore bodies have been mined
on the property of the Star mine and several others have
been prospected. The principal workings, which are in
the Main, North, and South ore lodes, were inaccessible
in 1949. The No. 7 ore body and the ore bodies in the
North opencut and the South shaft were examined
briefly.

The North opencut exposes a tactite body along the
irregular boundary between granite and marble. The
body is 1 inch to 80 inches thick, not more than 20 feet
long, and probably contains no more than 200 tons of
rock. The tactite consists of garnet, diopside, epidote,
quartz, and calcite.

The South shaft ore body is a tactite mass about 200
feet in strike length and 1 to 4 feet wide. A vertical
shaft, 43 feet deep, has been sunk near the middle of
the outcrop. From the bottom of the shaft a drift ex-
tends along the base of two stopes; the south stope is
blind, the north stope extends to the surface. The
tactite body appears to be cut off at depth either by a
fault or by a change in strike of the contact of the
granite and marble. Reserves are no more than a few
hundred tons.

A belt about 1,500 feet wide along the irregular east-
ern margin of the granite stock consists of marble, sili-
cate-bearing marble, and cale-silicate hornfels. The
beds range from fractions of an inch to 3 feet in thick-
ness. Garnet, diopside, and epidote are the principal
minerals, but actinolite, idocrase, and tremolite char-
acterize some beds,

ke e AR AL i e e

Samples were taken of the metamorphosed rocks of
the contact aurcole, as well as of the tactite deposits.
Sample descriptions and analytical results are given in
the table 17.

TaBLE 17.—Beryllia in samples from Harrison Pass area

BeO

Sample Description (percent)

NORTH OPEN CUT

Chip sample of aplitic granite 10 to 30 ft
from tactite

Chip sample of tactite

Chip sample altered aplitic granite im-
mediately adjacent to tactite

Silicated marble 0 to 3 ft from tactite. ..

320-1039

1040
1041

1042
SOUTH SHAFT ORE BODY

Chip sample of tactite body, north end of
south stope at its base

Chip sample from tactite body, top of
south stope

Chip sample of silicated marble adjacent
to tactite, bottom of north stope

Chip sample of silicated marble adjacent
to tactite, base of shaft

Chip sample of granite outerop adjacent
to tactite, north of shaft

320-1043
1044
1045
1046
1047

CONTACT-METAMORPHOSED ROCKS

329-1048

1049

Chip sample of recrystallized marble, 0 to
15 ft from contact

Chip sample of blue and gray marble,
partly silicified, 15 to 70 ft from con-
Ot e wn s R e e ———r -

Chip sample of blue and gray silicified
limestone, 150 to 170 ft from contact__

Chip sample across beds of idocrase-
bearing(?) marble, 345 to 365 ft along
road from contact

Chip sample of interbedded pure and sili-
cated marble, 656 to 681 ft from con-

1051
329--1054

1055

. 0001
1057 Chip sample across beds of bluish-gray,
fine- to medium-grained marble, 1,053
to 1,233 ft along road from contact__..
Chip sample ncross beds of blue-black
limestone, 1,520 to 1,540 [t along road
from gontach. . .- cccsmcssamns=aEn=
Chip sample of silicated marble and horn-
fels, south slope of Harrison Pass Creek
Canvon, between No. 7 ore body and
Main ore body . o cocmccecmecaaaa- v ORI
Chip sample of porphyritic granite, sum-
mit of Harrison Pass . 0001

. 0008
1059

. 0008

1063

The analytical data clearly indicate that beryllium is
contained in the tactite bodies and in the granite imme-
diately adjacent to them. Itappears to be lacking in the
other rocks of the contact aureole and in the interior
of the granite stock. Presumably the solutions that
formed the tactite bodies and related tungsten ores were
those which brought in beryllium. The beryllium-bear-
ing mineral or minerals have not been identified. If
most of the beryllium is in helvite, some byproduct re-
covery may be possible in connection with future min-
ing of tungsten in the area.

GOOD HOPE BARITE MINE, TUSCARORA RANGE

The Good Hope mine is on one of a series of barite
vein deposits in the Tuscarora Range. The mine is
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reached by a road leading north to Lynn from U. S.
Iighway 40 at Carlin, Nev. At 7.4 miles from U. S.
40 and just south of the mouth of Maggie Creek Can-
yon, a mine road turns westward. The mine is about
1.3 miles from this point on the northeast side of a
small canyon.

The deposit, as exposed in the main and upper work-
ing, is an irregular vein of massive, fine- to coarse-
orained, white barite that apparently occupies a shat-
tered zone in partly silicified interbedded limestone,
shale, and sandstone. The vein strikes N. 38° W. and
dips 70° to 80° E., The lower working consists of a
41-foot drift along the vein, which is 4 to 5 feet wide,
and an adit that extends northward from the mouth
of the drift. A chip sample (329-1071) of the vein
from the upper working contain 0.0007 percent BeO.

HUMBOLDT COUNTY
GOLCONDA MANGANESE-TUNGSTEN DEPOSIT

The Golconda manganese-tungsten deposit is in the
Edna Mountains about 3 miles east of Golconda. The
mine is a short distance north of U. S. Highway 40
and immediately east of the road to the Getchell mine.
The deposit has been described by Kerr (1940; 1946a,
p. 171-178). It was mined for manganese during
World War I and for tungsten during World War IIL.
The deposit consists of layers of manganiferous ocher
and calcareous tufa, with some rubble derived from un-
derlying Triassic sedimentary rocks, and is capped by
tufa and fanglomerate. The ore bodies extend north-
ward along the slopes for about a mile. Toward the
east they rest directly on the beveled edges of the Trias-
sic sedimentary rocks, but toward the west an increas-
ing thickness of sedimentary rocks intervenes between
the deposits and the bedrock surface. A typical pedi-
ment-alluvial fan relation is indicated. The tungsten-
bearing manganese oxides and ferruginous ocher, to-
gether with the tufa, were deposited by hot springs
thought to have been most active during the Pleistocene
epoch. Fissure veins in the underlying Triassic sedi-
mentary rocks contain ore material similar to that in
the overlying ocherous deposits. _

For the present purpose the workings are divided
into two groups: the north workings, which consist
largely of opencuts and stopes, and the south workings,
which are a series of large opencuts.

NORTII WORKINGS

The workings of this group may be subdivided into
the northwest workings, which are a series of adits that
lead to gently inclined stopes, and the Bed Springs
Iill workings, which consist of opencuts around the

castern end of the hill and underground workings of
unknown extent.

In the northwest workings, two parts of the stopes
were sampled. The section exposed in the stopes is as
follows, from top to bottom:

. Thin layer of gravels,
‘oarse rubble (fanglomerate?) cemented by calearcous tufa;

as thick as 6 feet. This is the cap of the deposit.

. Rubble tufa with manganese oxides and ocher, 1 to 3 feet
thick. Apparently this zone was mined for manganese,

. Rubble poorly cemented by tufa. Thickness more than 3
feet; bottom is not exposed. Containg some Inanganese
oxides and ocher, but much less than zone 2,

At Bed Springs Hill, in the opencuts near the north
end, the beds dip gently westward and are as follows,
from top to bottom:

5. Thin layer of gravels.

4. Calcareous tufa caprock, as thick as b feet.
inches in places is manganese rich.

3. Layer rich :n manganese oxide and ocher, ranging along
strike from iron-rich to manganese-rich; 9 to 18 inches
thick.

2. Gray shale rubble as much as 2 feet thick. Low in man-
ganese and iron content.

1. Soft shale of Triassic age, forming the surface upon which
zonmes 2 to 5 were laid down. Manganiferous and fer-
ruginous. This material has been mined to a depth of at
least 10 feet in the opencut.

The lower 12

Descriptions and analytical data for samples from
the north workings are given in table 18.

TasLE 18.—Beryllia in samples from north workings, Golconda
manganese-tungsten deposil

BeO

Sample Description (percent)

BED SPRINGS HILL

0. 0008
. 0026
. 0045

. 0037
. 0016

. 0058

329-1073
1074

1075

Chip sample, calcarcous tufa, zone 4.

Chip sample, manganese-rich material,
base of ZONe 4ee e ccccccemem e m e

Channel sample, manganese-rich material,
ZONE Becmcccecmmmmmmem——mm———————

Channel sample, ocher-rich material,
zone 3

Channel sample, zone 1

Chip sample, small lens of ocherous tufa
in zone 1

1076

1077

1078
NORTHWEST WORKINGS

. 0007

. 0058
. 001

329-1079
1080
1081

Chip sample, zone 3
Channel sample, zone 2
Channel sample, zone 1. .-~ e

SBOUTH WORKINGB

The south workings consist of three large opencuts
arranged roughly along a line trending northeast for
about 2,000 feet. The northeastern cut is about 600 feet
long and 200 feet in maximum width; the middle one
measures about 700 feet by 700 feet. The southeastern
cut was not measured. It is the largest and deepest of
the three cuts, but its walls are not accessible for
sampling.
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In the northeastern ent the section is as follows, from
the top down:

4, Tulfn cap, more than 3 feel (hick.

3 Mungnnese-rich luyer, (hickuess grenter than 4 feet; bottom
not exposed. Mined in underground workings of unknown
extent.

2. Shale rubble, at least 4 feet In maximum thickness. This
material is highly variable. In part it appeuars nearly
barren of iron and manganese oxides, in part it is rich in
one or the other.

1. Shales of Triassic age containing manganese and iron oxides.

In the middle cut samples were obtained from the
east wall and the southwest wall. Along the east wall
the section is as follows, from the top downward:

4. Fanglomerate, 6 to 8 feet thick ; rests on the uneven top of
of a layer of compact caleereous tufa. )
. Calcareous tufa, 3 to 7 feet thick, bottom gently undulating.
- Manganifereous fanglomerate, 9 inches to 214 feet thick.
. Ferruginous fanglomerate, thickness more than 4 feet; bot-
tom concealed.

Along the southwest wall the section is as follows:

5. Fanglomerate, a maximum of 4 feet in thickness.

. Manganese-bearing, fractured tufa, 3 to 4 feet thick.

. Manganese-rich tufa, 2 to 3 feet thick, forming a series of
lenses in the tufa cap. The largest lens is about 30 feet
long.

. Manganese-free tufa, 4 to 414 feet thick.

Crossbedded green and brown gravels, containing ocherous
layers and manganiferous layers as thick as 2 inches.

Data for samples from the south workings are given
in table 19.

TaBLE 19.—Beryllia in samples from south workings, Golconda
manganese-tungsten deposit

BeO

Sample Description (percent)

NORTHEASTERN CUT

Channel sample, zone 3

Channel sample, manganese-rich rubble,
zone 2, southeast wall of cut

Chip sample, ocherous material overlying
sifzaletrubblc of zone 2, southeast wall
of cu

329-1084
1085

1087

0. 0023
. 0023

. 016

1086 . 0024

MIDDLE CUT, EAST WALL

Chip sample, zone 3
Composite channel sample, zone 2
Composite channel sample, zone 1

329-1088
1089
1099

<. 0001
. 0035
. 0002

MIDDLE CUT, SOUTHWEST WALL

329-1092

Chip sample, zone 4
1094

Chip sample, zone 1

OCCURRENCE AND DISTRIBUTION OF BERYLLIUM

Analytical data indicate that beryllium in the Gol-

* conda deposit is contained mainly in the manganiferous

ocher, which has been mined for its tungsten content,

rather than in the tufa caprock or the underlying

Triassic sediments, Presumably, the beryllium is

genetically related to solutions which deposited the
467945500
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tungsten-bearing material. According to Kerr (1940,
p. 1385-1387), warm spring waters rose along fissures
in the Triassic rocks, the outflow resulting in beds of
calcareous tufa, together with tungsten-bearing limo-
nitic and manganiferous material. He concludes that
iron and manganese were precipitated as gel products,
which adsorbed tungstic oxide from the solutions, a
process which could just as well result in the presence
of beryllium. Tungsten occurs in hydrated ferric oxide,
psilomelane, and hollandite; the beryllium-bearing
minerals are not known.

The thickness and composition of the layers in the
Golconda deposits are extremely variable along strike
and dip. Only detailed exploration and sampling
would serve as a basis for estimating reserves.

LANDER COUNTY
BARITE DEPOSITS, BATTLE MOUNTAIN AREA

Many barite deposits, some of commercial impor-
tance, are found in northern Lander County, northern
Eureka County, and west-central Elko County, espe-
cially in the Tuscarora and Shoshone Ranges. The
barite deposits are of two general types: vein deposits
of white barite, in some areas associated with metallif-
erous deposits; and bedded gray barite generally con-
sidered to have formed by replacement of limestone.
The veins have supplied small tonnages of barite, some
of exceptional purity. The bedded deposits contain
large tonnages of barite ranging from 80 to 93 percent
barium sulfate and are the main producers. Samples
from deposits of the litter type were obtained from
mines of the California-Nevada Barite Co. and the
Barium Products Corp., Ltd.

CALIFORNIA-NEVADA BARITE €0, MINE

The California-Nevada Barite Co. mine is reached by
about 2 miles of steep but well-graded gravel road that
turns south from U. S. Highway 40 at a point 12.9
miles east of the junction of U. S. Highway 40 and
State Highway 8A. The mine is near the crest of the
northwest spur of the Shoshone Range.

The workings are a series of opencuts extending for
about 2,200 feet along the eastern side of the ridge.
The principal workings are in the southern 900 feet
and consist of five opencuts and several minor open-
ings. The workings are in a belt 300 feet wide that
trends about N. 20° W. The mine is owned and oper-
ated by the California-Nevada Barite Co., subsidiary
of the Glidden Co.

The deposit consists of beds of barite, with an ag-
gregate thickness of at least 40 feet, interbedded with
thin beds of chert, silicified limestone, and shale. The
barite beds mostly range from an inch to a foot in
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thickness and appear to be thickest and least inter-
rupted by chert partings in the southern 900 feet. The
structure of the deposit is highly complex. The barite
beds in general appear to be dipping to the east at
moderate angles, but there is local folding and much
faulting. Table 20 gives the beryllia content of samples.

TapLE 20.—Beryllia in samples from (lhe California-Nevada
Barite Co. mine
BrO
Sample Dexcription (pereent)
320-1064 Chip sample, bed by bed of about 15 ft
of chert beds immediately above main
barite zone
1065 Chip sample, bed by bed across main
barite zone; represents about 30 ft of
BB o e e e R
1066 Chip sample, bed by bed, of 5 ft of inter-
bedded barite and chert immediately
beneath footwall of main barite zone..

< 0. 0001
<. 0001

. 001

BARIUM PRODUCTS CORP., LTD., MINE

The Barium Products Corp., Ltd., mine is 26 miles
south of Battle Mountain in Lander County, by way
of State Highway 8A. A good gravel road leads from
the highway about a mile to the mine. The workings
consist of an opencut about 260 feet long, 210 feet wide,
and 20 feet in maximum depth. The deposit is a
warped and moderately faulted westward-dipping
sheet that extends from the crest of a low hill down
the northwest slope for about 280 feet. The deposit
is probably about 875 feet in strike length.

The barite is similar to that at the California-
Nevada Barite Co.’s mine. It overlies thin-bedded
chert. The overlying beds are not exposed.

A bed-by-bed chip sample (329-1072) taken across
a 20-foot thickness of barite, beginning a few feet above
the footwall contains 0.0007 percent BeO.

LINCOLN COUNTY
TEM PIUTE DISTRICT

Scheelite-bearing tactite deposits occur at the north
end of the Tem Piute Range in the west-central part
of Lincoln County, Nev., about 85 miles west of Cal-
jente. The district is reached by 40 miles of desert
road from U. S. Highway 93 at Crystal, near Hiko.
The principal mines of the district are the Lincoln and
the Schofield, the former accounting for most of the
production. A mill at Hiko processes the ore. The
deposits were explored by the U. S. Bureau of Mines
in 1942 and 1944 (Binyon, ITolmes, and Johnson, 1950),
and were mapped and described by D, W. Lemmon
(written communication).

The district comprises steeply dipping limestone,
shales, and sandstones of Paleozoic age which have been
intruded by two small granite stocks and several nar-
row basalt dikes. For a distance of 700 feet from the
granite contacts the limestone is bleached and in places

recrystallized. Shales are altered to hornfels and sand-
stones to quartzite. West of the south stock are thick
tactite bodies in bands parallel to the bedding; little
tactite has been found near the north stock.

Minerals observed in the tactite and listed in approx-
imate order of abundance are: garnet, quartz, actino-
lite, calcite, fluorite, pyrite, pyrrhotite, diopside, sphal-
erite, scheelite, chlorite, hematite, clinozoisite, epidote,
molybdenite, and powellite. Most of the scheelite oc-
curs in garnet tactite but some rich deposits have been
found in small masses of calcite-fluorite-sphalerite rock
formed in marble remnants adjoining tactite bodies.

Produets of the mill at ITiko were sampled for the
Mine, Mill and Smelter Survey in 1943, Data for these
samples are given in table 21.

TasLe 21.—Beryllia in mill products from the Tem Piute
disirict

BeO

Sa
S (percent)

49-DGW-20

Descriplion

Grab sample of scheelite tailings, and
sulfide float tails (1942-43 produe-

i 0. 002
. 003

. 001

tion)

21 Same (1940-42 production)

22 Grab sample of test run on scheelite mill
L0111 174 J

23 Scheelite concentrate (composite of
samples collected by company) . 001

MINERAL COUNTY
RAWHIDE DISTRICT

Tactite deposits containing scheelite occur in the
southern part of the Sand Springs Range about 4 miles
east of the old mining camp of Rawhide. The deposits
are in secs. 1 and 12, T. 13 N., R. 82 E., near the south
border of the Carson Sink quadrangle. The deposits
can be reached by a graded road that turns off U. S.
Highway 50 about 35 miles east of Fallon, on the east
slope of the Sand Springs Range just below the sum-
mit, or by graded roads leading northeasterly for about
45 miles from the town of Hawthorne. The deposits
were mapped by R. F. Stopper and others of the U. S.
Geological Survey in 1944, The geology of the area
and locations of the mines are shown on figure 5.
The Nevada Scheelite, Hooper No. 2 and Yankee Girl
mines were visited and sampled.

The tungsten deposits are tactite bodies in meta-
morphosed limestone and hornfels at or near the mar-
gins of a body of granite about a mile wide in outcrop.
The limestone is part of a thick sequence of folded and
faulted sediments and metavolcanic rocks that were in-
truded by granite.  The main limestone unit is esti-
mated by Stopper (written communication) to be 400
to 750 feet thick. Other limestone units are thin beds
included in hornfels that overlies the main limestone
unit. The productive deposits are along the west and
north margins of the granite where for some thousands
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Figurg 5.—Geologle map of part of

of feet it is in contact with the main limestone or with
the overlying hornfels. Tactite bodies, however, occur
only at intervals along the contact; elsewhere limestone
or marble is directly against the granite. The tactite
bodies range in thickness from a few inches to 50 feet.
The fresh tactite consists of andradite garnet with vari-
ous proportions of calcite, quartz, amphibole, epidote,
pyroxene, wollastonite, pyrite, magnetite, scheelite, and
chalcopyrite.
NEVADA BONIEELITE MINE

The Nevada Scheelite mine consists of an inclined
shaft leading to levels at 100, 200, and 300 feet, to-
gether with a series of stopes between the levels. The
mine is on the west side of the granite stock near a
sharp bend in the contact (see fig. 5). The limestone

e v S« 8 il s
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the Rawhide dlstrict, Mineral County, Nev.

beds at the mine strike northeast and dip from vertical
to steeply southeast. A tactite body 2 to 50 feet wide
occurs along the contact in an irregular zone about
1,800 feet long. In the northern and southern parts of
the zone, the contact between limestone and granite is
nearly vertical and mainly concordant with bedding
in the limestone. In the middle part of the zone, the
contact strikes northwest and dips 30° to 40° NE.,
cutting sharply across the bedding. This part of the
contact is believed by Stopper to follow a pregranite
fault along which the beds northeast of the fault have
been offsct about 350 feet to the northwest. The tactite
body is thickest along the middle part of the contact
and is absent in places to the north and south, granite
being divectly against marble. The tactite in this mine
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is in large part oxidized. Oxidation is marked on the
9200- and 100-foot levels and extends in places below the
300-foot. level, which is probably about its lower limit.

Samples of tactite, granite, and marble were obtained.
No systematic variation in any of these rocks was noted.
The marble is in marked contrast to that associated with
tactite in other contact metamorphic deposits sampled,
hecause it contains few silicate minerals representing
lower grades of metamorphism. The change from tac-
tite to marble commonly is abrupt, there being no clearly
defined light-colored silicated marble zone. Table 22
gives beryllia contents.

TasLe 22.—Beryllia in samples from the Nevada Scheelile mine

BeO
Sample (percent)

329-1189

Deseription

Chip sample across 15-ft thickness of
marble beds adjoining granite, north
end of drift on 300-ft level, about 540
ft north of shaft. (No tactite zone
present here.) o - oo mmeeeeeeee

Chip sample of granite in contact with
marble, north end of drift on 300-{t
level, 500 to 520 ft north of shaft

Chip sample across full width (5 ft) of
tactite zone at intersection of headings
about 460 ft north of shaft, 300-{t level.

Chip sample across full width (30 ft) of
tactite zone, stope 390, 24 to 30 ft
above 300-ft level

Chip sample across 15-ft thickness of
marble beds in west drift of 200-ft
level, 200 ft northeast of shaft

Chip sample of marble, in part silicated
(thickness, 7 ft), northeast end of main
drift, 200-ft level

Chip sample of granite taken at intervals
along face of drift, 100 to 150 ft south
of shaft, 200-ft level

HOOPER NO. 2 MINE

The Hooper No. 2 mine consists of an inclined shaft
110 feet deep, a drift extending 140 feet northeast from
the shaft, and a 16-foot winze that extends downward
from the shaft and leads to a 20-foot drift. The work-
ings follow a tactite layer in thin-bedded andalusite-
biotite hornfels. The tactite layer is about 20 feet strati-
araphically above the main limestone formation. Three
samples taken at the mine are described in table 23.

TaBLE 23.—Beryllia in samples from the Iooper No. 2 mine

BeO

Sample Description (percent)

320-1225 Chip sample across 3-ft thickness of
hornfels immediately overlying tactite,
main level, north end

1226 Chip sample across full width (5 ft) of
tactite pillar on main level

1227 Chip sample ncross 5-ft thickness of
hornfels overlying taclite, mouth of

< 0. 0001
<. 0001

YANKEE GIRL MINE
At the Yankee Girl mine a 40-foot adit leads to two
drifts, one extending about 65 feet northeasterly, the
other extending about 90 feet east-southeast. Each of

the drifts is connected with the surface by a shaft. A
95-foot inelined winze leads from the floor of the cast-
southeast drift to a small stope.

The mine is along the contact of the granite with the
hornfels that overlies the main limestone unit. Inclu-
sions of limestone that have been metamorphosed to tac-
tite and marble are exposed in the workings. ITornfels
is in contact with granite at several places in the mine.
Sampling data are given in table 24.

TasLe 24.—Beryllia in samples from the Yankee Girl mine

PeO
Sample (percent)

320-1229

Description

Chip sample of hornfels 6 in. to 12 in.
from contact with granite, near end of
northeast drift

Chip sample of granite 6 in, to 12 in, from
contact with hornfels of sample 329-
Y s i i e e e M

Chip sample across 5-ft {hickness of horn-
fels at end of northeast drift

Chip sample across silieated marble beds
at and near bottom of winze

Chip sample across tactite zone, 31 ft
from end of northeast drift

Chips from various outcrops of fresh
granite from lower part of guleh below

< 0. 0001
1230

<. 0001
<. 0001
<. 0001
<. 0001

1231
1232
1233
1234

DESERT SCHEELITE AND GUNMETAL MINES, PILOT MOUNTAINS

The Desert Scheelite and Gunmetal mines are on the
east slope of the Pilot Mountains, in Mineral County.
The Desert Scheelite mine is 2.4 miles S. 22° E. of
Graham Spring (Tonopah quadrangle). The Gunmetal
mine is about 2 miles S. 10° W. of Graham Spring. Both
deposits are reached by a graded gravel road extend-
ing east from Mina across the mountains. A short dis-
ance east of the summit a desert road leads southward
past Graham Spring and connects with the mine ac-
cess roads.

DESERT SCHEELITE MINE

The workings at the Desert Scheelite mine consist of
two opencuts, a 50-foot inclined shaft with a small
stope at the bottom, a 65-foot vertical shaft, and several
trenches and short adits. The workings are in an east-
trending belt of interbedded gray and white marble
and silicated marble. This belt contains a tabular body
of tactite (see fig. 6). The rocks dip 45° to 80° N.
The tactite body extends westward for 700 feet from the
65-foot vertical shaft (shaft A) and probably connects
beneath covered ground with the tactite zone exposed
at the surface and in the 50-foot inclined shaft (shaft
B). The total length of the tactite body therefore may
be more than 1,400 feet. It consists of tactite beds
with irregnlar blocks and partings of marble and sili-
cated marble. Tactite formation is controlled prima-
rily by bedding, but in part its distribution is related to
cross fractures cutting the marble beds. The thickness
of the tactite varies markedly from place to place.
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The tactite is fine- to coarse-grained, massive to
layered rock consisting of garnet with some quartz,
carbonates, and epidote. The color of the garnet
ranges'from red to greenish brown or yellowish brown.
The miferal proportions vary locally and in places the
tactite is rich in epidote. The silicated marble is main-
ly a thin-bedded fine-grained rock of indeterminate
composition. The marbles are gray to white, and fine
grained to medium grained. The white marble evi-
dently formed along bedding and cross fractures by
recrystallization of gray marble. The gray marble was
derived from blue-black fine-grained limestone similar
to that exposed outside the tactite zone. Samples were
taken as listed in table 25 and shown on figure 6.

TasLE 25.—DBeryllia in samples from the Desert Scheelile mine

BeO
(pereent)

< 0. 0001

Sample
320-1236
1237

Deseription

Chip sample across full width of tactite. .

Chip sample, bed by bed, across 15-ft
thick ness of marble and silicated marble
directly underlying tactite, south wall
of opencut

Chip sample aeross full width of tactite
(includes 4 ft of interbedded tactite
and light silicate roek) .o oo e i eeaam

Chip sample aeross full width of tactite..

Chip sample across lower 10 [t of tactite.

Chip sample neross 5-ft thickness of dense
thin-bedded green  hornfels  immedi-

<. 0001

. (o0l
. 0001
L0014

. 0001

GUNMETAL MINE

The Gunmetal mine is in gently dipping tactite layers
interbedded with marble and silicated marble along the
contact of the beds with quartz-monzonite. The tactite
beds extend as much as 100 feet from the contact. The

main working consists of two adits that lead to stopes
on three levels. The tactite is prevailingly garnet-rich
but contains also quartz, calecite, epidote, and scheelite.

A chip sample (329-1242) was taken across the lowest
tactite layer exposed in an old foundation excavation
north of the adits leading to the main workings. This
layer is exposed for 60 feet along the strike and av-r-
ages 3 feet in thickness. A second sample (329-1243)
was taken across the main tactite bed exposed in a wall
between the mouths of two adits in the first stope of
the main workings. The samples showed no BeO, the
limit of sensitivity being 0.0001 percent,

MANGANESE-TUNGSTEN DEFOSIT AT SODAVILLE

The Sodaville manganese-tungsten deposit, also
known as the Black Jack claim, is on a pediment about
half a mile west of U. S. Highway 95 opposite the
former railroad station at Sodaville. The deposits are
mostly on the crests and flanks of two small knobs that
rise above the pediment. They have been described
by Kerr (1946a, p. 178).

The deposits are veins in two steeply dipping north-
to mnortheast-trending fracture zones cutting cherty
rock that forms the knobs and underlies the pediment.
The richest veins are on the eastern knob and the ad-
jacent part of the pediment. They range from less
than 1 inch to 2 feet in width and are as much as 20
feet in length. The veins consist largely of tungsten-
bearing psilomelane, with varying amounts of pyro-
lusite, wad, iron oxides, calcite, gypsum, quartz, and
chalcedony. The tungsten content of the psilomelane
is reported to be 4.88 percent (Kerr, 1946a). Reserves
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are small, and operations at the deposits have never
gone beyond the prospecting stage.

For comparison with the larger deposit at Golconda,
a chip sample (329-1235) of high-grade manganese-
tungsten orc was taken from blocks on various small
ore piles. It contained 0.0075 percent of BeO.

ANDALUSITE DEPOSITS NEAR THORNE

The andalusite deposits that are exposed on both
edges of the Soda Spring Valley a few miles east of
Thorne, Mineral County, occur in a belt about 7 miles
long that traverses the lower foothills of the Gillis
Range (Hawthorne quadrangle). Another andalusite
deposit is exposed at the Deep mine, a prospect on the
southeast side of a prominent knoll immediately south
of Highway 95, about 8 miles east-southeast along the
highway from the center of Hawthorne.

Two deposits on the south edge of the Gillis Range,
the Green Tale mine and a mine of unknown name
about 0.4 mile west-northwest of the Green Talc mine,
were visited and sampled.

GREEN TALC MINE

The Green Talc mine is on the lower southeast end
of a spur of the Gillis Range. The mine consists of
three opencuts and a series of prospect pits scattered
over an area about 500 feet long and 125 feet wide,
trending northeast across the spur. The main working,
year the southwest end of the area, is an opencut 100 feet
long, 90 feet wide, and about 40 feet in maximum depth.
At the northeast end of the area is a second opencut
about 45 feet long, 45 feet wide, and 25 feet in maximum
depth. A third, small opencut is immediately north of
the main opencut.

The principal body of andalusite-bearing rock appears
to be the one exposed in the main working. The core
of this body strikes N. 5° W. across the opencut and is
more than 125 feet in exposed length and 10 to 15 feet
thick. It is exposed to a maximum depth of about 12
feet and appears to dip steeply east. The core consists
principally of 10 to 50 percent andalusite in blue to
lavender crystals and clusters of crystals 4 inch to 1
inch in diameter and 14 inch to 4 inches long, set in a
green to brownish-green matrix of pyrophyllite. The
andalusite crystals are stout, rounded prisms apparently
showing marginal alteration to pyrophyllite. In places
a brownish granular material, possibly a carbonate, is
present in the greenish matrix, and locally this is the
dominant constituent. Enveloping the andalusite-bear-
ing rock is a variety of altered voleanic rocks.

The northeast cut exposes dark voleanic rocks irregu-
larly altered to pyrophyllite, with varying amounts of
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the brown granular mineral. Trregular bodies of simi-
lar pyrophyllitic rocks are sealtered over the crest of
tho hill between the northeast opencut and the main
working. The largest of these bodies appears to be
about 50 feet long and 20 feet wide.

Samples tuken at the Green Tale mine are deseribed
in table 26.

TanpLe 26.—Beryllia in samples from the Green Talc mine

ilile}

Sumple (percent)

320-1197

Deseription

Chip sample neross 10-ft thickness of
pyrophyllite-earbonate(r) rock, north-
enst wall of lower part of northeast
opencut, ahove layer of dark, altered
voleanie roeK oo oo oo e e - -

Chip sample across 10-ft layer of dark
altered voleanic rock, underlying rock
of sample 329-1197 .- - .o e~

Chip sample across full width (810 ft) of
andalusite-bearing core rock. Small
opencut north of main working

Chip sample across full width (15 ft) of
andalusite-bearing core rock, north wall
of main working

MINE NEAR GREEN TALC MINE

An unnamed mine 0.4 mile west-northwest of the
Green Tale mine consists of a glory hole about 60 feet in
diameter and about 60 feet in maximum depth. On the
southeast side of the pit there is a vertical shaft re-
ported to be about 75 feet deep.

The mine is in a lens of andalusite-pyrophyllite rock
that strikes N. 65° E. and is nearly vertical. The lens
is about 40 feet in maximum width and its strike length
is probably not much more than G0 feet. On its north-
west side the lens appears to grade irregularly into
altered voleanic rock, and on its southwest side it is cut
off by a steeply southeast-dipping, gouge-filled fault
zone.

Chip sample 329-1224 was taken across an andal usite-
bearing lens exposed in the southwest wall near the
bottom of the glory hole. It showed no BeO, the limit
of sensitivity being 0.0001 percent.

NYE COUNTY

GABBB AREA

We spent one day near Gabbs, Nev., sampling de-
posits of scheelite, magnesite, and brucite. The main
purpose of the visit was to sample the scheelite-leuch-
tenbergite vein in the Paradise Range described by Kerr

and Callaghan (1935). Examination revealed, how-
ever, that the vein is poorly exposed and probably of
small tonnage; consequently no samples were taken.
The newly developed Victory tungsten deposits were
examined and sampled. A few samples were taken at
the mine of the Sierra Magnesite Co. and from the
brucite deposits at Gabbs.
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VICTORY TUNGBTEN DEIOBITS

‘The Victory tungsten deposits are in the northwest-
ern part of the Tonopah quadrangle and on the south-
west slope of the Mammoth Range about 3 miles west-
southwest of Marble. They are in the north part of
sec. 22, T. 13 N., R. 36 E., and are accessible by a dirt
road that turns northeast off State Highway 23 at a
point about 1 mile northwest of the Gabbs airport en-
trance road. The deposits are on the crest and north-
east side of a spur and are at the west border of a north-
ward-trending body of granodiorite. The granodiorite
mass is probably more than a mile long and is at least
a quarter-mile wide. The deposits are of two types:
disseminated scheelite in granodiorite, and scheelite-
bearing contact-metamorphosed calcareous rocks.

Deposits of the first type are exposed in a series of 5
trenches 30 to 75 feet in length. The surface slopes 22°
E. and the trenches extend for about 250 feet along a
line that trends northwest. The trenches are excavated
in a medium- to coarse-grained biotite granodiorite lo-
cally containing streaks and patches of quartz. Exam-
ination by ultraviolet light shows that scheelite is dis-
seminated through the rock, but the content varies
markedly from place to place. A chip composite sam-
ple (329-1248) was taken along 57 feet of the second
trench (counting from north to south along the line of
trenches) and 37 feet of the third trench. Spectro-
graphic analysis showed 0.0034 percent BeO in the
sample.

The second type of deposit is exposed west of the first,
in a series of trenches at and near the crest of the same
spur. The trenches are 15 to 30 feet in length and are
spaced at intervals along a line trending northeast for
at least 200 feet. They expose an undulating contact
of granite with limestone and quartzite. At the crest
of the spur the contact is nearly horizontal, but it ap-
pears to dip west where exposed on the west side of the
spur. Along parts of the contact where limestone abuts
against granite, a zone of silicated marble 6 inches to
2 feet thick is present. The minerals present include
biotite, chlorite, and possibly amphibole and pyroxene.

In the two sonthernmost trenches a well-exposed con-
tact zone, according to local report, contains the best
showing of tungsten along the west contact of the gran-
odiorite. A chip sample (329-1249) of the contact-
metamorphosed material was taken along the 25-foot
length of the southernmost trench and was found to
contain 0.014 percent BeO. In view of the relatively
high beryllium content of this sample, further study of
the deposit seems advisable.

NRUCITE AND MAGNEBITE DEPOBITB

The brucite deposits at Gabbs are on the west slope
of the Paradise Range, enst of town. They are

being worked by the Basic Refractories Co. The work-
ings consist of two series of large irregular opencuts,
one in an upper deposit, the other in a lower one. The
workings visited are in the upper deposit. They have
a maximum depth of more than 350 feet and extend
along the strike of the deposit for about 800 feet.

The deposits are in a thick scries of magnesite and
dolomite beds along the contacts of a northward-pro-
jecting prong of a granodiorite stock. The brucite
formed by hydrothermal alteration of the carbonate
rocks. Irregular masses of dolomite and magnestite in
various stages of alteration are contained in the brucite.
The deposits are capped by blankets of supergene hy-
dromagnesite that are as much as 50 feet thick. The
whole assemblage of dolomite, magnesite, and brucite
is cut by an intricate network of granodiorite dikes,
each bordered by. serpentine. The high-grade brucite
is compact and appears soapy. It grades into rock
locally called “limy brucite” that contains much dolo-
mite and calcite.

Two grab samples of the brucite were obtained from
the lower level workings of the east (upper) ore body.
Sample 329-1245, high-grade brucite, contained less
than 0.0001 percent BeO; sample 329-1246, limy bru-
cite, contained 0.0014 percent BeO.

The extensive deposits of magnesite in this area have
been described by Rubey and Callaghan (Hewett and
others, 1936, p. 142-143). A sample (329-1244) of raw
magnesite obtained from the crusher at the mine of the
Sierra Magnesite Co. contained less than 0.0001 percent
BeO.

PERSHING COUNTY

ROCES IN THE WEST HUMBOLDT RANGE

The West Humboldt Range is noteworthy for the
association of scheelite and beryl in two deposits on the
west slope of the range—the Humboldt Canyon beryl-
scheelite prospect and the Oreana tungsten mine, With
the idea that these deposits might indicate the presence
of an unusual amount of beryllium in one or more of
the several types of granitic intruded rocks exposed in
the range or in the contact-metamorphic rocks border-
ing them, a fairly extensive program of sampling was
undertaken.

LIMERICK CANYON AREA

Large masses of aplite have been described by Knopf
(1924, p. 33) and Jenney (1935, p. 34, 35) from the
Rochester mining district and the area immediately
north of it. The aplite is a fine-grained massive rock
that, according to Jenney, consists mainly of quartz,
orthoclase, and albite, with traces of magnetite, sphene,
tourmaline, zircon, and biotite.

No exhaustive study of the aplite was attempted, but
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two samples were taken from exposures in Limerick
Canyon (see fig. 7), as follows:
g00.112G, Chip snmple from various exposures on the north side
of Limerick Canyon (0.0007 pereent IeO).,
1127. Chip sample from various exposures on the south
side of Limerick Canyon (0.0011 percent BeQ).
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Dikes of granite porphyry cut aplite on the south side
of Limerick Canyon (fig. 7). Sample 329-1128 con-
sisted of chips from various exposures of five dikes.
The BeO content proved to be less than 0.0001 percent.
This same rock forms large bodies in the area extending
north from the Rochester mining district toward
Unionville Canyon.

PANTHER CANYON AREA

The Panther Canyon area has been described by
Vitaliano (1944). In Rye DPatch Agnes Canyon

BERYLLIUM 1IN

TIE UNITED STATES

quartz monzonite underlies an area of 20 acres, and
contact-metamorphosed rocks associated with it under-
lio large parts of an area 2,400 feet by 3,200 feet, extend-
ing from the south side of Rye Patch Agnes Canyon
across Panther Canyon (see fiz. 8). Because Vitali-
ano’s report includes detailed maps of both the intrusive
body and the associated contact aurcole, the area ap-
peared to offer excellent ground for sampling.

The quartz monzonite is a light-gray medium-grained
massive rock reported by Vitaliano to consist mainly of
quartz, feldspar, and mica, with accessory sphene,
apatite, magnetite, and pyrite, and traces of epidote,
caleite, hematite, chlorite, and zircon. It is finer grained
than the granite in Rocky Canyon (fig. 11) and con-
tains more plagioclase. The quartz monzonite shows
little variation. At a few places it grades into aplite.

Outerops of the quartz monzonite along Rye Patch
Agnes Canyon were carefully examined, for beryl and
for indications of uncommon minerals. A chip sample
of granite (329-1124) was taken from outcrops at 15-
foot intervals along the bottom of Rye Patch Agnes
Canyon, from the east contact nearly to the midpoint
of the granite body. The sample contained 0.0016 per-
cent BeO.

Two principal groups of rocks have been affected by
contact metamorphism in the Panther Canyon area:
calcareous argillite, now represented by hornfels lay-
ers: and limestones, ranging from pure to argillaceous
and including thin layers of argillite.

The hornfels is mainly represented by three layers of
a brownish (limonitic) sugary textured rock from 6 to
50 feet in width. The easternmost layer was sampled
(329-1123) on the north side of Rye Patch Agnes Can-
yon just above the canyon bottom. At this point it is
about 45 feet thick. The rock consists largely of quartz
and orthoclase, with subordinate amounts of diopside,
epidote, and other minerals. The sample contained
0.0008 percent BeO.

The limestone layers are an extremely varied assem-
blage, ranging from blue-black, fine-grained marble
that apparently has undergone recrystallization but lit-
tle silicification, through blue-black marble containing
streaks and patches that range from white marble and
silicated marble to tactite. Metamorphosed limestone
oceurs mainly in two zones: an inner zone immediately
contiguous to the quartz monzonite in Rye Patch Agnes
Canyon, and an outer zone east of this body and, ex-
tending roughly north from the south side of Rye Patch
Agnes Canyon across the south fork of Panther Canyon
(see fig. 8).

In the inner zone, silicification of the limestone series
is only locally complete and the rocks consist largely of
blue-black marble with streaks, patches, lenses, and lay-
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FieUre 8,—Geologic map of a part of Panther Canyon area, Rye Patch, Nev.

ers of white marble and silicated marble. Samples
taken and analyzed for BeO are described in table 27.

TaBLE 27.—Beryllia in samples from inner conlact zone, Panther
Canyon area -
e

Description (percent)
Chip sample taken at intervals across a
series of thin layers of silicated marble
interealated with marble. Zone is 40
ft across strike and 200 ft long
Chip samples across zone of interbedded
gray, white, and blue-black marble
containing layers of silieated marble.
Total thickness of zone is 54 {t; 18 ft
is silicated marble (329-1112) and 36
ft is marble (329-1113) . 0078
do . 0013
Grab sample of tremolite marble from
liestone area north of quartz monzo-
nite
Chip smmple fromn various outerops of
blue-black marble containing putehes
of white marble and veins of silicates. .

Sample
329-1111

< 0. 0001

. 0013

. 0016

The outer contact-metamorphic zone includes rocks
that are thoroughly silicated. These rocks range from
hornfels and silicated marble to tactite and can best
be seen in the ridges separating the North and South
forks of Panther Canyon. The scetion exposed on the
north wall of the south fork is typical (fig. 9). The

s i AR %, 2555 i

structure of the outer zone is complicated by a steeply
dipping fault that marks the eastern margin of the zone,
at least between the North and South Forks of Pan-
ther Canyon (fig. 10), and there may also be one or
more faults along the bottom of the south fork of the

Streaked gray and white
marble 15 feet thick ~_

" Unaltered
limestone

Pl z///

329-1118

Contact Sample number
Dashed where approsimately

tocared or inferred

140 feet thick

Fraune 9.—=Sketch of part of north wall, South Fork Panther Canyon,
Pershing County, Noev,
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canyon. Sampling was restricted largely to the north
wall of South Fork Panther Canyon, west of the fault;
sampling data are given in table 28,

Tanve 28.—DBeryllia in samples ' from ouler conlact zone, Panther
Canyon areca

Description
Chip sample across belt of silicated
marble, north side Rye Patch Agnes
Canyon
Chip sample across beds approximately
15 ft thick in lower part of section of
gilicufied marble. ..o e e
Chip sumple across tactite zone, taken
along crest of ridge
Chip sample across beds of hornfels. . ___
Chip sample ncross 15-ft thiek zone of
silicated marble . 0029
Chip sample across 140-ft thickness of
beds, mostly marble . 0036

1 Snmﬁ]cs 320-1110 to 329-1121 are from the section on north side of South Fork
of Panther Canyon. Sce figure 9 for loeations,

BeO

Sample (percent)

329-1115

0. 0007
1116

. 0009

. 0037
. 0026

1117

1118
1119

1121

ROCKY CANYON-WRIGHTS CANYON AREA

The area extending from Rocky Canyon to Wrights
Canyon includes the Oreana tungsten mine, described
by Kerr (1938; 1946a, p. 189-192), where scheelite and
beryl occur in pegmatite. The general geology of the
area is shown in figure 10, and detailed geology in the
vicinity of the Oreana mine is shown in figure 11. The
rocks sampled include limestone in various stages of
recrystallization and silicification, hornfels, granite
and aplite. Locations of samples are shown on figures
10 and 11, and sampling data are given in table 29,

TaBLE 20.—Beryllia in samples from the Rocky Canyon-Wrights
Canyon area
Description
ROCKY CANYON AREA

Be0

Sample (percent)

0. 0001
. 0011

320-1130
1131
1132

Chip sample across pegmatite-aplite dike,
north side of canyon

Chip sample of aplite from composite dike
on south side of canyon

Chip sample of granite; chips taken at
150-ft intervals for 4,000 ft up canyon
from mouth

Composite sample of six pegmatite-aplite
dikes, north side of eanyon

Chip sample of granite; chips taken at
intervals along ridge south of canyon.. . 001

. 0011
. 0007

1133
1135

WRIGHTS CANYON (OREANA) AREA

329-1137
1138
1139
1140

1141
1142

Chip sample across aplite dike
Chip sample across hornfels layer
Chip sample across aplite dike or sill____
Chip sample across lens of silicated marble
and taelite between aplite dikes
Chip sample across silicated marble
(!hi]rz sample across aplite dike, north side
Wrights Canyon . 001

The granite is exposed in the gorge forming the lower
part of Rocky Canyon. It is a medium- to course-
grained massive biotite granite. Apart from patches
of biotite-rich material present locally, particularly
near the mouth of the gorge, it appears homogeneous,
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Fioure 10.—Geologic map of part of Rocky Canyon and vicinity, West
Humboldt Range, Pershing County, Nev,

The granite was examined for beryl, but none was
found.

Aplite-pegmatite dikes are found in great profusion.
Proportions of aplite and pegmatite material in the
dikes vary markedly, even from place to place within
the same dike, but the aplite fraction predominates.
In general the dikes strike N. 30° to 45° W. and dip
35° to 50° NE.; some strike northeast and are vertical.
They range from a few inches to many feet in width,
and some are exposed for hundreds of feet along strike
or dip. Apparently, they are of several generations
and some of the older are sill-like bodies in rhyolite
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(Kerr, 1046a, p. 189-190, pl. 7). Beryl was not found
in the dikes examined,

In the area east of the Orveana mine, contact-meta-
morphosed rocks consisting of blue-black Timestone and
marble, silicated marble, {actite, and hornfels were sam-
pled. These rocks arc in contact with metadiorite on
the west and granite on the east (sce fig. 11).

REBULTB OF BAMPLING

In view of the occurrence of beryl in scheelite de-
posits in the West Hlumboldt Range, analytical results
of the rock samples collected in this region are disap-
pointing. Of the 27 samples of all rock types that were
analyzed spectrographically, only 1 (329-1112) con-
tained more than 0.005 percent BeO, and only 3 others
contained more than 0.003 percent. The average BeO
content of the other 23 samples is less than 0.002 percent.

Sample 329-1112, containing 0.0078 percent BeO, rep-
resents material which might some day be of commer-
cial interest, though the tonnage probably is small. The
sample is from a zone of silicated marble adjacent to
the intrusive quartz monzonite in Rye Patch Agnes
Canyon. The zone is more than 50 feet wide and per-
sists for at least 200 feet along the strike. It is esti-
mated to contain about 3,500 tons for each 10 feet of
depth. The beryllium-bearing mineral is not known,
and there is no assurance that the beryllium is recover-
able. '

In evaluating results of the sampling, it should be
emphasized that the metasedimentary rocks at each of
the localities sampled in the Humboldt Range are of
extremely diverse composition. Hundreds of samples,
each taken from a single bed, would be needed to de-
termine the exact distribution of beryllium. Consider-
able contamination is inherent in the present sampling;
thus further investigation might reveal material of
much higher beryllium content than that indicated by
the analyses given above. However, the present work
gives no indication of large individual deposits of rela-
tively high-grade beryllium-bearing material.

TUNGSTEN AREA, MILL CITY DISTRICT

The tungsten deposits at Tungsten, near Mill City,
Nev., are among the most important of the tactite type
in the United States. The deposits, which are worked
by the Nevada-Massachusetts Co., ave on the southeast
slopes of the Eugene Range, in Pershing County. They
have been described by Kerr (1946a, p. 182-188).

At Tungsten three steep-sided stocks of granodiorite
cut a series of calcarcous strata interbedded with horn-
fels. In general the beds strike nearly north and dip
steoply east or west. The beds are offset by both pre-
and post-mineralization faults. The deposits are in
parts of the calcareous beds that have been converted

OCCURRENCE OF NONPEGMATITE BERYLLIUM IN THE UNITED STATES

to tactito and impregnated with scheelite. Scheelite-
bearing tactite has been found in some of the beds for
distances as great as 2,000 feet from the nearest in-
trusive body, and the deepest workings have reached
1,700 feet without sign of bottoming of the beds against
granite.

No one of the calcarcous beds is uniformly mineral-
ized. TIn gencral, a bed traced along dip or strike will
be found to show four facies, as follows:

1. Taclite, consisting chiefly of garnet, epidote, diopside, and
quartz in various proportions.

2. Silicated marble, with pale-green silicntes and pale garnet.

3. White marble, commonly with some light-colored silicates
and grading in places into silicated marble.

4, Blue-black fine-grained marble grading info limestone, Cer-
tain beds contain partings or lenses of hornfels.

The number of calcarcous beds is large and the work-
ings are extensive; no attempt at overall sampling
could be made. Two groups of beds, known locally as
the Sutton beds and the George beds, were selected
for the major part of the sampling, because each was
easily accessible in several opencuts. A few samples
were also taken from beds on Humboldt Hill and Stank
Hill. The various ore-bearing beds and surface work-
ings are shown on figure 12.

None of the samples from this area contains sufficient
beryllium to be of commercial interest at present. In
view of the large number of samples taken and the va-
riety of rock types represented, the prospect that sub-
stantial quantities of higher grade material is present
seems unlikely.

BUTTON BEDS OF LOCAL TUSAGE
The rocks known locally as the Sutton beds consist
of two calcareous layers separated by about 40 feet
of hornfels. Samples were taken from these beds in the
Baker workings, the workings immediately north of
the Springer stock, and the south opencut of the Sutton
mine. The samples are described in table 30.

TasLE 30.— Beryllia in samples from the Sutton beds of local usage
BeO
Sample Deseription (percent)
EAST SUTTON OPENCUT; EXPOSURES IN LOWER PART OF HEADWALL
(NORTH WALL)

320-1143 Chip sample, layer by layer, across east
ore bed, thickness 9 to 9.5 ft. Inter-
banded tactite, white marble, silicated
marble, quartz, and hornfels, Tactite
ineludes both garnet-rich and epidote-
rich material

1144 Chip sample of west ore bed, 8.5 ft thick.
Garnet-epidote-quartz-caleite  tactite
with minor hornfels layers

Chip sample of blue-black and gray horn-

fels from 40-ft thickness of beds sepa-
rating the two ore beds

1146 Chip sample from same beds s 329-1145

but eonsisting of hornfels altered along
lnyering and cross fractures to a green
fine-grained rock

1145
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TanLE 30— Deryllia in samples from the Sullon beds of local
usage—Uontinued
. BeO
Sample Description (percent)
EAST SUTTON OPENCUT; EXPOSURES IN LOWER PART OF
HEADWALL (NORTH WaLL)—continued

320-1147 Chip sample across 6 ft of hornfels im-

medintely overlying the west ore bed._.

1148 Chip sample of 4 ft of hornfels immedi-
ately underlying the east ore bed

0. 0018
< . 0001

SOUTH BUTTON OPENCUT; EXPOSURES IN LOWER PART OF

HEADWALL (SOUTH WALL)

329-1149 Chip sample across east ore bed, 44 in.
thick at base of cut. Mostly marble
and silicated marble, with some tactite.

Chip sample of hornfels separating the
two ore beds; thickness about 41 ft__ .

Chip s=ample across west ore bed, 9 ft
thick at base of cut: gray marble, and
silicated marble, with inclusions of blue-
black marble, garnet-rich and epidote-
rich tactite

Chip sample across 6 ft of hornfels im-
mediately overlying (west of) the west
ore bed

Chip sample across 4 ft of hornfels im-
mediately beneath (east of) the east
ore bed

Grab sample of the blue-black marble
from broken material near the north
end of the opencut

OPENCUT EAST OF BAKER WORFKINGS; EXTOSURES AT BASE OF
HEADWALL. (THE CORRELATION OF THESE BEDS WITH THE
BUTTON BEDS JOF LOCAL USAGE IS UNCERTAIN.)

329-1155 Chip sample across west ore bed, about
5.5 ft thick., Consists mostly ot sili-
cated marble containing garnet. In-
cludes 2 ft of blue-black marble and
gray marble

320-1156 Chip sample across east ore bed, about 15
ft thick. Upper half mostly diopside-
epidote rock and garnet rock. Lower
half mostly fine-grained to medium-
grained marble

BAKER WORKINGE; EXPOSURES IN ENTRANCE CUT AND
SOUTH WALL OF OPENCUT

329-1157 Chip sample across west ore bed, 125 ft
thick. Consists mostly of dense, light-
green cale-silicate rock. Upper 2 ft is
garnet marble

1158 Chip sample across 6 ft of hornfels im-
mediately adjacent to west (hanging)
wall of west ore bed

Chip sample across east ore bed, 5 ft

thick. Mostly ¢pidote-rich tactite
veined by quartz. - - - cecmcemaceeae

Chip sample across 4-ft thickness of horn-

fels forming east (foot) wall of the east
ore body

Chip sample across an aplite dike cutting

the ore beds and enelosing hornfels in
the south part of the opencut. The
dike strikes N. 55° W. and dips 77° SW.
It is 6 to 15 ft thick and at least 100 ft

1150
1151

. 0032
1152

. 0013
1153

. 0013
1154

. 0006

1159
1160

1161

. 0008
. 0012

OPENCUT NOKTII OF TIHE BAKER WORKINGS; EXPOSURES
IN BOUTH END OF OPENCUT

820-1163 Chip sample across east ore bed, 24 ft
thick. ‘hite and blue-bluck marble,
siliented marble, and epidote-garnet-
quartz tactite

1164 Chip sample neross west ore bed, 26 in.
thick. Lpidote-quartz  and garnet-
quittrtaetito. oo s oo an s sl aaas

long
1162 Chip sample across 40-ft thickness of
hornfels separating the two ore beds._

s a5 L ot s e A = i LN L et B s We B a0

NEORGE BEDS OF LOUAL UBAGE

The rocks known locally as the George beds are a
varied assemblage of layers of marble, cale-silicate
rocks, and tactite composed of diopside, garnet, and
epidote in various proportions. In part the diopside-
garnet rocks appear to have been formed by alteration
of dark-gray hornfels, not of limestone. This is clearly
shown in workings 2,000 feet north-northwest of the
summit of Humboldt ITill. Iere the George beds are
about 19 feet thick and nearly vertical. They consist
of garnet-diopside tactite, grading into hornfels, and
blue-black marble partly recrystallized to white marble.
Samples from the George beds are described in table 31.

TasLE 31.— Beryllia in samples from the George beds of local
usage

Description

BeO

Sample (percent)

SHALLOW CUT ON SADDLE NORTHWEST OF SUMMIT OF HUMBOLDT
HILL

320-1165 Chip sample across lower (east) part of

beds, consisting, from east to west, of

(1) garnct-quartz-epidote tactite 14-21

in. thick; ?2) interlayered gray-green

cale-silicate rock, hornfels, and fine-

grained tactite, 32-40 in. thick; (3) in-

terlayered hornfels and cale-silicate

rock 32 in. thick; (4) garnet-rich and
epidote-rich tactite 71 in. thick

1166 Chip sample of beds overlying beds of

329-1165: (1) white marble, in part

silicated, containing blocks of blue-gray

marble, 85 in. thick; (2) garnet tactite

3-12 in. thick; and (3) white and blue-

black marble :

1167 Chip sample of upper beds, comprising

(1) garnet and garnet-epidote tactite,

33 in. thick; (2? garnet and garnet-

epidote tactite interbanded with gray-

reen cale-silicate rock, 12-16 in. thick;

%3} garnet and garnet-epidote tactite,

30 in. thick, and (4) fine-grained green
cale-silicate rock, 12 in. thick

OPENCUT IN GULCH ABOUT 1,500 FEET WEST OF SUMMIT OF HUM-
BOLDT HILL; EXPOSURES IN LOWER PART OF SOUTH FACE OF
cuT .

3201172 Chip sample across (1) 21 in. of inter-
banded gray hornfels and diopside(?)
hornfels, with a few thin garnet bands;
(2) 25 in. of interbanded diopside(?)
and garnet tactite, and (3) 9 in. of dense
green cale-silicate rock

1173 Chin sample aeross 3.5-ft thickness of
blue-black marble in large part con-
verted to white marble, partly silicated.

1174 Chip sample across 6.5 [t of diopside and

diopside-quartz rock, with thin garnet
layers and lenses_ - cooooeeeo oo

Chip sumple across 6 ft of hornfels imme-

diately east of the George beds of local

1175

OTHER ROCKS BAMTLED

The Humboldt beds of local usage were sampled in
the opencut near the summit of TTumboldt IIill where
they have a total thickness of about 13 feet. The beds
compriso epidote-quartz and garnet-quartz tactite, sili-
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FieURE 12.—Geologic map of part of Tungsten area near Mill City, Pershing County, Nev.

cated marble, white marble, and blue-black marble. The
beds on the west side of Stank Hill were sampled in the
hope of getting representative material from the outer
fringes of the mineralized area. Samples from these
localities are described in table 32,

TaBLE 32.— Beryllia in samplﬁ.{{om Humboldt Hill and Slank
(1

BeO
Sample Description (pereent)

HUMBOLDT BEDS OF LOCAL USAGE; OPENCUT ON HUMBOLDT HILL
329-1168

1169

0. 0033
Chip sample of 5-ft thickness of hornfels
immediately beneath (east of) the ore
157 [t e B S N
Chip sample from various layers of garnet
tactite
Chip sample of white marble having
abundant pale garnet

. 0014
. 0036

1170
1171

TasLe 32.—Beryllia in samples from Humboldt Hill and Stank
Hill—Continued

Description
BEDS WEST OF STANK HILL

Chip sample of 6-ft thickness of argillite
immediately east of (overlying) the ore
beds

Chip sample across 32 in. of silicated
marble and 30 in. of interbanded diop-
side and garnet tactite. These beds
form the top (east) part of the main
zone of calcareous strata

Chip sample across 6-ft thickness of blue-
black and white marble and silicated
marble forming the middle part of the
main zone of calcareous strata

Chip sample across 4%4-ft thickness of
hornfels overlying (cast of) the main
zone of culcarcous strata and separat-
ing them from 2.5 ft of blue-black and
white marble

BeO
(percent)

Sample
320-1176

1177
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A composite (329-1181) of granodiorite from vari-
ous outcrops in the southwestern part of the Springer
stock had a BeO content less than 0.0001 percent.

ROSBE CREEK MINE

The Rose Creek tungsten mine is in the northeastern
part of the East Range, 11 miles south-southwest of
Winnemucca. A detailed study of the deposit was
made by R. J. Roberts (1943). Rocks of the area in-
clude dolomite, limestone, argillite, and quartzite which
have been cut by a small granite body (sce fig. 13).
Argillite next to the granite has been altered to horn-
fels, and tactite has formed in the limestone.

The main, or upper, workings consist of an adit that
extends westerly for about 400 feet and connects with
a series of drifts, raises, and stopes (see fig. 14). An
inclined winze extends down the ore bed to the north-
west. A lower adit was driven westerly from a point

UPPER\ADIT

After R J. Roberts, A. E. Granger, anLd
M. W, Cox (Roberts, 1943, pl. 2]

1000 Feet
P e e | 1 | J
Contour interval 100 feet
Datum is maan sea level

370 feet northeast of, and 117 feet lower than, the
portal of the upper adit to intersect the winze (fig. 13).
This adit was flooded at the time of the present in-
vestigation. A sublevel consisting of a few short drifts
was excavated after Roberts’ survey. It joins the
winze about 35 feet vertically below the upper adit.

The deposit is a bed of scheelite-bearing tactite en-
closed in interbedded quartzite and hornfels. The bed
is 2 to 4 feet thick, averaging about 214 feet. The aver-
age thickness of the parts of the bed remaining in the
underground workings is probably 114 to 2 feet. The
bed strikes northeasterly and dips northwesterly at a
moderate angle. It is offset by a number of postmin-
eralization faults, mostly of small displacement, and
is cut by preore lamprophyre dikes and postore diabase
dikes. Mining has been confined to the richer and thick-
er parts of the bed. '

The tactite is fine grained and is composed chiefly of
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diopside, actinolite, feldspar, quartz, calcite, epidote,
and zoisite in varying proportions. Minor amounts of
other minerals, including sulfides, are present in quartz
veins or disseminated through the tactite. Pyrite and
chalcopyrite are the common sulfides. The absence of
garnet and prominence of pyroxene and amphibole dis-
tinguish this deposit from the ordinary tungsten-bear-
ing tactite of the region.

Sampling was done mainly in the underground work-
ings, because surface exposures arve poor. One sample
each of silicated marble and granite was obtained from
surface outerops. Sampling data are given in table 33;
locations of samples are shown on figures 13 and 14.

Analytical results of the sampling show that parts
of the tactite bed contain Dberyllium in abnormal
amounts, but that its distribution in the tactite is quite
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irregular. Ior the six tactite samples analyzed the
range in BeO content is from 0.0032 percent to 0.024
percent, the average being about 0.007 percent. The
average BeO content of the rocks may, of course, differ
markedly from this in view of the small number of
samples taken. The beryllium-bearing mineral is not
known.

TasLE 33.—PBeryllia in samples from the Rose Creek mine

BaO
Sample (percent)

320-1095

Description
Chip sample across full width of tactite
(21-32 in.), northeast wall of winze,
80-85 ft above bottom.______________
Chip sample across full width of tactite
(16-29 in.), intersection of sublevel and

0. 0033
1097

. 024
1098

Chip sample of 3-ft thickness of quartzite
overlying tactite at loculity of 320-
1097

. 0015
. 0074

1099
1100

Chip sample across full width of tactite
(15 in.) at east end of sublevel._______

Chip sample across full width of tactite
(13 in.), junction of upper adit and raise
No. 1 . 0042

Chip sample across full width of tactite
(13 in.), underhand stope, upper adit
level, 25 ft southwest of raise No. 2__.

Chip sample across full width of tactite
(2.5 ft), east end of stope extending
down from upper adit level, 45 ft inside
portal

Chip sample of 5-ft thickness of gray
hornfels, footwall of tactite, portal of
upper adit

Chip sample of black hornfels overlying
tactite, opencut at portal of upper
adit <. 0001

Chip sample of silicated marble from ridge
southeast of tungsten mine . 0012

. 0015

. 0047

. 0032

. 0013
1104

1105

1106 Chip sample from granite outcrops south-

east of tungsten mine

Roberts (1943, p. 13) estimated the amount of ore in
the mine to be about 6,000 tons but a large part of
the ore between the sublevel and the surface appears
to have been subsequently removed. It is doubtful that
more than a few thousand tons of tactite remains in
the mine. That much larger reserves might be dis-
closed by further development seems unlikely.

RAGGED TOF AREA

The Ragged Top tungsten mine is on the west side
of the Trinity Range, in sec. 11, T. 25 N, R. 28 E,,
Lovelock quadrangle. Tt is accessible from U. S. high-
way 40 by about 8 miles of gravel road leading west
from Toulon. The mine consists of a series of small
shafts, opencuts, adits, and test pits excavated to ex-
plore scheelite-bearing tactite deposits along the con-
tacts of limestone and granodiorite.

The mine is described briefly by Kerr (1946a, p. 192)
and was mapped during World War II by Ward C.
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Smith of the U. S. Geological Survey. It is near the
southeast edge of an area of granodiorite containing
inclusions or pendants of limestone. The limestone
patchies are contact-metamorphosed, along their mar-
gins where in places tactite containing scheelite is
formed. Most of the tactite bodies are small but one
about 1,000 feet northwest of the mine has a strike
length of more than 1,000 feet (fig. 15).

Since Smith’s map was made, a scries of shallow
cuts and trenches has been excavated along the length
of the tactite body. These excavations indicate that
the body is more complex than was supposed. In
trench A (fig. 15) it consists of two principal southeast-
ward-dipping layers of garnet and garnet-diopside
tactite separated by a limestone parting. The lower
layer of tactite is probably about 15 feet thick, and the
limestone parting probably has roughly the same thick-
ness. The upper layer may be as much as 35 feet thick,
but this figure includes a few feet of limestone. The
lower layer is exposed in trench B, but its thickness of
southeastward-dipping beds abutting against grano-
diorite includes about 4 to 5 feet of tactite in two
layers separated by 5 to 6 feet of limestone. The bot-
tom of the lower layer is not exposed, but it probably
is not more than a few feet thick. Trench C exposes a
single zone of tactite, 18 to 25 feet wide, containing
blocks of silicated marble. In cut E a width of 62
feet of tactite is exposed, but the mass appears to be
dipping gently to the southeast and may bottom on
granodiorite at shallow depth. At the head of the cut
it contains a mass of blue limestone and silicated
marble. North of this cut the width of tactite decreases
and it finally pinches out, though small pods of tactite
are present here and there along the granodiorite-
marble contact for some distance. Samples taken from
the tactite body are described in table 34.

TaBLE 34.— Beryllia in samples from the Ragged Top area

0
Description (p?reomt)
Chip sample along 110 ft from upper tac-
tite layer (which includes limestone
parting) to east edge of trench A
Chip sample covering 8 i along western
end of trench A, from upper part of
lower tactite layer
Chip sample, full width of lower tactite
layer, trench B
Chip sample of silicated marble forming
arting 4.5 ft thick between tactite
nyers trench
Chip sample across full width of tactite
layer, eut I
Grab sample of granodiorite from ehunks
of rock on dump of Ragged Top mine.
Chip sample of tactite from low knoll east
of mine road 2,300 ft N. 10° 1. of north
end of tactite body shown on figure 15.

Sample
329-1182

<0, 0001
1183

. 0016
. 0014

1184
1185
. 0005
. OOIBI
. 0013

1156
1187
1188
. 0019
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Fi1cURe 135.—Geologic map of tactite body near Ragged Top mine, Pershing County, Nev.

CHAMPION DUMORTIERITE MINE

The dumortierite mine of Champion Sillimanite,
Inc., is near the head of Humboldt Queen Canyon, on
the west side of the Humboldt Range, about 5 miles
east of Oreana, Nev. A gravel road branching north-
eastward from the Oreana-Limerick Canyon road gives
access to the mine. Geology at the mine has been de-
scribed by Kerr and Jenny (1935).

Dumortierite occurs in two zones of andalusite-
quartz-albite-sericite rock. These rocks are most
abundant on the north side of Ilumboldt Queen Can-
yon. The zones are about 225 feet apart, stratigraphi-
cally; they strike N. 10° to 20° E. and have an aver-

age dip of about 40° W. The rocks of the two zones
have been described as schists, but they are mostly
gneisses with subordinate mica.

According to Kerr and Jenney (1935), the andalusite
was formed by replacement of tuffaceous schist and the
dumortierite by replacement of andalusite. Dumortie-
rite in the western zone is largely in veinlets, some of
which contain quartz. A small amount of prospecting
in this zone has failed to discover sizable bodies of
dumortierite.

The mine workings are in the eastern zone, which is
roughly 60 feet thick., They extend {from the canyon
bottom up the north side of the canyon for about 1,000
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fect, through a vertical distance of about 600 feet. The
lower part of the workings, extending from the canyon
floor upward through a vertical distance of about 270
feet, appear to have furnished all the production. The
workings, which consist of opencuts and, at various
levels adits leading to inclined stopes, extend as much
as 600 feet into the canyon wall. Most of the stopes are
inaccessible.

Owing to the poor condition of the workings and the
lack of satisfactory cross-sectional exposures, system-
atic sampling was not attempted. The samples col-
lected and analyzed are described in table 35.

TaBLE 35.—Beryllia in samples from the Champion mine

BeO
Sample (percent)

320-1108

Description

Chips from various blocks of lavender du-
mortierite-bearing rock on the dumps,
main workings

Chips from various blocks of andalusite-
bearing rocks on the dumps, main work-
ings

Chips from various blocks of pink dumor-
tierite-bearing rock on the dumps,
main workings

Chip sample across full width of the east
zone, from exposures above the upper-
most stope and its connected opencut.

0. 0011
1109

. 0006
1110

. 0013
1129

<. 0001

WHITE PINE COUNTY
CHERRY CREEK DISTRICT

The tungsten deposits of the Cherry Creek district
are in the Egan Range, west and northwest of the town
of Cherry Creek. They are in a northeastward-trend-
ing belt extending more than 214 miles southwestward
from a point northeast of the Ticup mine. The main
part of the belt, which is in the vicinity of the Ticup
mine, has been mapped and described briefly by M. R.
Klepper (1943, fig. 3).

The belt is underlain by northwestward-dipping in-
terbedded limestone and shale resting on quartzite. In
the Ticup mine area, the mineralized parts of the belt
lie mostly northwest of a northeast-trending silicified
fault zone. Tungsten mineralization appears to be re-
lated both to the fault zone and to certain shattered
limestone units. The mineralized beds and the fault
zone converge southwestward toward the Ticup mine
area, where the principal tungsten deposits are located.

HAPPY CLAIMB

The Happy claims are in limestone southwest of the
area mapped by Klepper, presumably in the same gen-
eral mineralized belt. In 1949 they were being explored
and mined on a small scale by the Cherry Creck Tung-
sten Mining Corp. The claims lie between the Cherry
Creek-Arthur road and the Ticup mine area and are
accessible by a good mine road that turns northeast-
ward from the Cherry Creck-Arthur road a few hun-
dred yards southeast of the pass over the Egan Range.
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The deposits on the ITappy claims are in a shattered
zone in westward-dipping blue-black limestone; the
zone trends roughly north and is traceable for at least
400 feet along the axis of the ridge in which the mine
workings lie. The limestones are irregularly mineral-
ized with quartz, calcite, and minor amounts of
scheelite. The ore bodies apparently consist of more
heavily mineralized parts of the zone that contain
scheelite in minable amounts and are large enough to
warrant exploration.

There are two ore bodies, both near the south end of
the crest of the ridge. The west ore body, reportedly
worked during World War I, was mined by an irregu-
lar opencut 30 feet long. The ore consisted of ex-
tremely coarse calcite with quartz and scheelite. Little
ore remains, and the deposit was not sampled.

The ore body being mined in 1949 is northeast of the
west ore body and appears to be connected with it by
small irregular stringers of caleite and quartz. Mining
is chiefly from an opencut 60 feet long. At its north
end the cut leads to an inclined stope trending north-
west. The ore body dips steeply eastward and appears
to have been highly irregular in outline. In the in-
clined stope it is a more regular veinlike body striking
N. 5° W. and dipping 42° E. It consists of quartz,
calcite, and accessory scheelite. The average grade of
ore in the stope is reported to be about 1.5 percent WOs,
Sampling data for the Happy claims are shown in
table 36.

TasLe 36.—Beryllia in samples from the Happy claims

BeO

Sample (percend)

329-1024

1025
1035

1038

Description

Chip sample of ore from walls of inclined
0. 0009
<. 0001

<. 0001

Fines scooped up from floor of stope__._

Sample of table concentrates from about
400 tons of ore

Sample of tailings from about 400 tons of

OHERRY CREEK MINE

The Cherry Creek mine consists of workings south
and southeast of the Ticup mine. Three types of schee-
lite ore bodies have been mined, and they are known
as the “A” ore body, the “B” ore body, and the quartzite
ore body. The “A” body is a pipe-shaped ore shoot
reported to contain from 1 percent to 3 percent WO,.
The shoot lies along the contact between dense, light-
gray limestone and blue-black limestone. The ore con-
sists of varying proportions of coarse calcite, quartz,
and scheelite, cementing silicified limestone. The pipe
apparently formed at the intersection of northwest-
trending fissures with a shattered zone in the lime-
stones. The shoot is surrounded by an envelope of low-
grade ore of unknown thickness reported to contain
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about 0.5 percent WO, A dump samplo (329-1034) of
{his ore contained less than 0.0001 percent BeO.

Tho “B” ore body consists of a series of podlike lenses
of shattered and mineralized blue-black limestone.
Two lenses were examined and sampled. These are the
couthernmost body shown on Klepper’s map and an ad-
jucent body to the northwest that did not crop out. One
sample of ove-bearing limestone was obtained from cach
of the lenses (samples 320-1028 and -1029). Kach
contained 0.0007 percent BeO.

The quartzite ore body is mostly on the northwest side
of the silicified fault zone that extends southwestward
from the Ticup mine area. The hanging wall of the
body is of limestone and the footwall is of quartzite.
The ore body is reported to have been traced for more
than 3,000 feet on the surface, and the ore is largely
low grade, containing about 0.5 percent W0, A
sample (329-1031) of fines from the floor of a stope
in the quartzite ore body continued less than 0.0001 per-
cent BeO.

A considerable tonnage of tailings has been settled
in various parts of the valley below the company’s
mill in Cherry Creek Canyon. Two samples of tailings
(329-1036 and -1037) representing large tonnages of
ore from the “A” and “B” ore bodies were taken. They
did not contain as much as 0.0001 percent BeO.

SNAKE RANGE
SACRAMENTO PASS MINE

The Sacramento Pass mine is in sec. 18, T. 15 N, R.
68 E., one-fourth of a mile south of U. S. Highway 6,
and 2.5 miles west of Sacramento Pass. The deposit
consists of two shattered beds of limestone of Cambrian
age that dip 20° to 25° W. The shattered parts of the
beds have been cemented by a varying mixture of quartz
and calcite, with small amounts of scheelite. In the
more markedly mineralized parts of the beds, frag-
ments of limestone have been silicified to varying de-
orees. A small tonnage of scheelite has been recovered.
Scheelite occurs as coarse crystals in quartz, with
which coarse calcite is assocated, and in adjacent silici-
fied limestone. The mineralization was highly erratic,
and there is no well-defined ore body.

The workings consist of an inclined stope and a small
irregular cut near the north end of a ridge. Prospect
pits have been dug on the ridge crest south of the work-
ings, and an adit and at least two shafts enter the west
slope of the hill. The adit and a connecting shaft were
accessible but showed only stringers of quartz and car-
bonate. The principal scheelite ore body, and appar-
ently the only one at all productive, is in the inclined

stope, which is probably in the upper of the two lime-
stone heds.

A single chip sample (329-1000) was taken of various
types of vein material at a number of points along the
face of the inclined stope. A picce of altered limestone
was included. The sample contained 0.001 percent
13e0.

DIRTY BHIRT MINE

The Dirty Shirt mine is on the west slope of the
Snake Range, one-fourth of a mile north of Mary Ann
Canyon in sec. 24, T. 14 N,, R. 67 E, southeast of
Osceola, Nev. In 1041-43, about 120 units of WO, were
produced from 100 tons of ore. The workings consist
of an incline nearly parallel to the dip of the vein, with
a small stope southwest for about 50 feet from the upper
part of the incline, and small extensions northwest
from the incline at two places. At 70 feet below the
collar of the incline a drift about 40 feet Jong has been
run southward, and 120 feet below the collar a second
drift has been run southward for about 80 feet.

The deposit is a vein that strikes about N. 47° E. and
dips about 45° SE. It cuts westerly dipping quartzite,
and in places a dark greenish rock locally called “meta-
dolerite” forms the hanging wall. The full thickness
of the vein could -be seen only at one place, where it is
about 10 feet. The vein consists of quartz with varying
amounts of calcite, feldspar (probably plagioclase), and
minor amounts of scheelite, galena, and possibly various
other sulfides. The vein is everywhere partly oxidized;
so the original sulfide content may have been somewhat
higher than is now apparent.

An adit 650 feet long, driven at a point several hun-
dred feet north of the incline and about 200 feet lower,
is considered to be on the same vein. A brief inspection
indicated that the vein in this adit ranges from a few
inches to at least 6 feet in thickness and is partly in
quartzite, partly in “metadolerite.” Much of the varia-
tion in thickness is due to postmineralization move-
ment along the vein walls, whereby the vein has been
pinched out in places. The vein consists of quartz with
minor amounts of plagioclase. It appears to contain
little if any carbonate, scheelite, or sulfides, and is thus
in marked contrast to the vein exposed in the main
working.

Chip samples were taken at various places across the
exposed parts of the vein in the incline and stopes. As
mining centered on the footwall part of the vein and
the hanging-wall side was accessible at only one place,
the 6 to 8 feet of the vein from the footwall upward is
better represented. Sampling data are given in table 37.
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37.— Beryllia in samples from the Dirty Shirt mine

TeO
(percent)

TABLE

" Sample
320-1005
1008

1007
1009

1010
1011

Description
Chip sample of parts of vein next to foot-
wall below sceheelite ore shoob 0. 0008
. 0006

. 0008

<. 0001
<. 0001

<. 0001

Same as 1005 but from hanging-wall side.

Chip sample across vein, north wall of
FIOHINO, - o oo i s e s s o e S

Chip sample across scheelite ore body. .-

Chip sample aeross vein in pillur separat-
ing main stope from incline

BAN PEDRO MINE

The San Pedro gold mine is about 2 miles northeast
of Sacramento Pass and is reached by a road that
branches to the north off Highway 6 at a point a few
hundred yards east of the Sacramento Inn. About a
mile north of the main highway a road leads northwest
up a canyon to the mine.

The workings include adits at three levels. The up-
per adit is just below the ridge crest and is about 275
feet long. Inclined stopes extend at intervals upward
5 to 80 feet from the adit, and downward for as much
as 85 feet. The middle adit is 75 feet lower and inter-
sects the lower parts of the stopes. The third adit which
is about 100 feet below the second, was not fully ex-
plored, but it appears to be connected by raises to the
level above. Surface workings consist of a series of
shallow pits, trenches, and shafts.

The mine workings are chiefly in a mineralized zone
in fractured quartzite. The zone is more than 900 feet
long and at least 180 feet in maximum width. The
quartzite dips westerly and is overlain by quartzitic
conglomerate, which appears to mark the effective limit
of mineralization. Part of the lowest working is in
phylite, which may underlie the quartzite, but expo-
sures in the vicinity suggest that the structure of the
beds may be far from simple.

The mineralized zone is in fractured quartzite.
Quartz veins fractions of an inch to several feet thick
have formed along the major fractures that strike N.
55° E. and dip 45° SE. These veins are in places
intricately connected by cross veins; thus the mineral-
ized zone ranges from a sheeted lode to a stockwork.
There is much variation from place to place in the
spacing of the veins. The workings that constitute
the gold mine are along what apparently is the thickest
and most persistent vein in the zone, The vein ranges
from a few inches to 6 feet or more in thickness and
in most places it has no sharp contacts but appears to
grade outward into shattered guartzite. The veins, so
far as accessible, consist solely of quartz.

Chip sample 529-1003 was taken across the main
vein from a pillar in the upper adit level. Sample 329-
1004 consisted of chips taken at intervals across 40 feet
of mineralized zone exposed cast of the mouth of the

upper adit. Neither contained as much as 0.0001 per-
cent BeO,
MINERVA DISTRICT

The deposits of the Minerva tungsten district are
southeast and east of Shoshone, Nev., on the west slope
of the Snake Range. Studies by R. F. Stopper * and
others during world War IT indicated that the district
has seven principal veins. The veins are thought to
occupy normal faults that strike east and dip 45° to
70° N. The fault zones range in width from a few
inches to 30 feet and in length from 1,000 to 4,000 feet.
Scheelite ore shoots form where a favorable bed, locally
called the “upper white limestone,” is intersected by
the vein, The shoots plunge gently westward. They
are of small vertical extent but have pitch lengths as
great as 900 feet.

The veins consist of quartz and carbonates (iron-
bearing in part) with minor amounts of scheelite and
traces of other minerals, Horses and fragments of
limestone in varions stages of silicification are numer-
ous. Scheelite occurs mostly in the veins but small
quantities are found in the enclosing wall rocks, It is
closely associated with quartz. The carbonates mainly
formed late, occurring along fractures in the other min-
erals, All veins of the district are offset by postmin-
eralization faults. Sampling data for the three veins
examined by Cameron—the Chief, Oriole, and Everit—
are shown in table 38.

TasLe 38.—Beryllic in samples from the Minerva district!

BeD

Sample (percent)

329-1015
0. 0003

1019 do <. 0001
1020 Chip sample of mineralized limestone

from footwall of Chief vein______._____ <. 0001
1021 Chip sample across full width of Oriole

vein, lower level . 0007
18233 Same as 1021 but from upper level . 0017
102:
1016

Description
Chip sample across full width of Chief

Chip sample across full width of wvein,

upper level, East Everit mine <. 0001
Tailings, Minerva mill, from mixed ores of

Canary Yellow and Chief mines . 0006

Cl Chip samples taken by R. F. Stopper, then manager, Minerva Scheelito Mining
0.

CALIFORNIA
INYO COUNTY

TUNGSTEN HILLS DISTRICT

A series of tungsten deposits of the tactite type oc-
curs in the Tungsten Ilills at the east base of the
Sierra Nevada about 10 miles west of Bishop, Calif.
The deposits have been worked periodically for tung-
sten since about 1916, and have been described by
Knopf (1917), Hess and Larsen (1921, p. 268-274),

& Munager of Minerva Scheelite Minlng Co. at tlme of our visit.
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1s described from the Montro=e and San Mienel county
where it was thought to be possibly analogons to the Vil
roscoclite, as under the microscope it was found to present a
appearance.  The color is a bright green, very similar to the green
minerals deseribed above, with perhaps a very slightly decper
of blne.

At places near both prospeects the rock is stained with the more
common iron deposits (oxides and hydrates), which color it rusty
brown or ocher-yvellow. .

The deposits as a group resemble in general character the previ-
ously described oceurrences of this mineral, both the Coal Creck de-
posits and those still farther south in Colorado and Utah. The asso-
ciation of silicified wood noted at the Coal Creek locality has not
been found, the latter possibly being rather of an accidental nature
than bearing any genetic relation to the deposition of the minerals.?
As stated, the minerals are very evidently mere crusts or coatings, or
surficial impregnations in sheared, brecciated, and jointed zones in
the rock mass. These zones of brecciation evidently mark the path
of the mineralized solutions from which the deposits have been
derived.

The extent and practical value of the Blue Mountain deposits is
not yet shown to be of much importance. Nowhere had development
work been carried more than 10 or 15 feet in from the surface. At
none of the prospects

:_...lq..

seen did there appear to be any great quantity
of the minerals exposed by present developments. The occurrence
of the minerals is of itself an interesting feature, and there is a possi-
bility of further discoveries.

s Jlillebrand, W. F., and Ransome, F. L., On carnotite and associated vanadiferous
minerals in western Colorado: Am. Jour. Sci, 4th ser,, vol. 10, 1900, p. 134.
& Cf. Boutwell, J. M., op. cit., p. 200.
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YGSTEN DEPOSITS IN THE SNAKE RANGE,
TONGSIER, [NE COUNTY, EASTERY NEVADA
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By F. B. WEeEkSs.
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Schell Creek R: :
- ! H ¢ (see 9) over a comparati ]
el : : a comparatively low
: ery steep grades. Prior to September, 1906, (he

fo : e q.;m?.:_y; ¥ o
e ad was via Osceola over 3 o

0 I : 1ie Snake Ranee N CW

A i s e ey tange to Newhouse,

GEOLOGY.

Therocks of the reeion are orani 2 St
ke Oh::_“.mn”_ﬂ: "___ﬁ..wmh_ﬁ_,mh._.;_:Am_.._h.f.m, ,i:nr may _EE.UE.Z:O oldest
PR M i 5..:::..1 . ~ ,_.ﬁm;:amﬁo!.mrs_om, and limestones, and
mmﬁ::_E:":.wcwv .i.:i_uo___ﬂ..x'.. which Hm u.o_:_nc_. than any of the
St e :S s_?::_”sp 1e .H__:wﬁm_.cz mining district the only rocks

The granite m:,&. .ur .~..‘ ﬁm: phyry and the quartzites and argillites.
from light to dark _S.W 2 .M:mwm&.onz fine to coarse in texture and
aE g H.:,.E:::.: M_M .u,.._:_ﬁ _.e; in color. . It occupies the r:i;..vﬁ.ﬂ
whicl extariis slope .:.: forms a portion of a considerable mass
e e:r,?.._.”w ,M.u.w”.o M,.__m northeast H.ﬁou. several miles and is exposed on
of ..r;..:.:::m.»._“,,,,m:_m_w_a:“ h._:mﬁ,. ._,re_.c,.._:éz to be slight indications
et iy toe I 1e eruptive mass, and contact metamorphism
place mmsnm the F:.“:Hn,.:::.,m extent, A _.:x:.c::.f‘ the intrusion took
S5 ool mods b ,A_u._w:.m: the :‘_o_m::::. ange. In general char-
resembles many ::_._ZM”.HH__H“”“H,__,.,.Mm_M““mo._mw_.:w::” :».m %n inite porphyry
Some of these are know S ” BAFS 9 Jtah and Nevac
rc%_ﬂ. :h_er nmore _.on._ﬁ,.w_ﬁ”v_”,_._eMﬂ.”ﬂ.%ou_ﬁoE.Uc:_mm_,c:m. and  they may

1e base of sedi ’ :

oS F:_._;,~ Mw.m_5%”“,__.:.:_:.".“:..,: rocks is not exposed in the Tungsten
ey ::__::.... g ~ small area c*.?:.::wr argillite is exposed
o . est corner of the district, overlain by 100 =

leet of quartzite. The quartzites are oray : ) to 200
gray quartzite forming the w.:.:M_.:__i,..HHn"MM.LL:E e TEL T
T L e vl 1e series. The strata
origin, mo.w.:““,_.”w:wm:AHH._...D.H«_m_,.E:._.wﬁ.m 5‘_:.....: are probably of secondary
The 1ok s Eo :_Hwﬂ { ~:. silicifieation ,.&m the original sandstone.
complete. In :H.:._MJM.,H..HM._ .M:HE the ::m_.:.:o: by silicification is very
The areiliite is & Ho ,w. .: seds range T..E: a few inches to 2 u..mcm.
this area it .m.m. _m.:r. __ﬂw,,.w_.ﬂ..___h:.cr._ rock in rather thick layers. In
process of :“2;:.:,_.E..M.,_”FHA.:,.p,x, :__. in other parts of this region the
has been called © .ﬂ:,.c.w.,ﬁ mr.w.,..\..wz ogressed much farther and the rock

GEOLOGIC STRUCTURE.

The Snake Range in thi ion i
e Hr ke Range in this region is a quaquaversal dome, havine
enier near W i Peals 2 ; 3 R
s ear W _:;.7._ Peak.  Subsequent to the uplift :“c_é was
i :;H:mw of a considerable mass of igneous rocks that tili ._ __.
s toa high anale in s . Fhe , . ey
i _w%_w angle in some parts of the region and displaced them
ers. 1e steep southerly dips i Mieelor - b ®
: : y dips in Wheeler I? .
, ! ; , 1 Peak and
ridges to the south flatten to 25° in the Tunesten _,m tri F__
' asten distriet.
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heoler Peak the fold has been broken by several northeast-
west faults of considerable displacement, the beds having a
yortheast-southwest strike and dipping 45° NW. i
In the area shown on the map the metamorphism and deformation

which accompanied the intrusion are not so extensive as in other

parts of the region.
VEINS.

GENERAL DESCRIPTION.

\¢ the tungsten ore are not vertical, but pitch to
the northwest or southeast at varying angles, ranging from 55° to
75°, the general direction being northeast and southwest. The actual
outerop is usually limited to a few feet. From the close proximity
of the veins it might be considered that they are branches
from a main vein, but neither outcrops nor underground workings
have shown this to be the case. In some places the vein splits into
several narrow veins separated by the country rock. Their occur-
rence is irregular and from the débris it appears probable that there
are veins now covered by “slide rock.” In width they range from
a fow inches to 3 feet. The composition of the vein material is essen-
tially quartz and hiibnerite, with here and there a little fluorite, pyrite,
and scheelite. The quartz is compact and contalns no pores, vugs,
or honeycombed areas. A few assays have been made which show

wold and silver, but the amount is small and no

the presence of g
attempt has been made to recover it. Well-defined walls are of com-

mon occurrence, but they are not persistent.

The veins carryir

of some

OCCURRENCE OF THE TUNGSTEN ORES.

The hiibnerite occurs irregularly through the*vein material. In
.s there has been a concentration of the ore near the walls.
stals, varying in size and completely surrounding the
and also quartz crystals inclosing the hiibnerite, are
minated in fine grains
Where the veins

some plac
Hiibnerite cry
quartz crystals,
abundant. The greater part of the ore is disse
throngh the quartz or in irregular massive bodies.
inches in width the hiibnerite occurs in thin stringer
quartz. No wolframite has yel been
In 1901 Dr. W. F. Ilillebrand made
e specimens from the principal vein
Sclicelite has been found very
.ar to indicate shearing.
granular or massive

pinch to a few
or is interlaminated with the
determined from this region.

a qualitative test of two or thr
whiclh showed the ore to be hiibnerite.
sparsely disseminated in zones which appe
It occurs in small flakes instead of the usual
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EXTENT OF MINERALIZATION.

There appears to be a general consensus of opinion amone pros.
pectors and others interested in tungsten deposits that these ore.
bearing veins do not extend in depth. No workings have thus far
been put down which determine this point. It may be true that
some, possibly most, of the individual veins do not extend to great
depths. In considering the question of depth, however, it should
be remembered that in this region the intrusive mass is a part of a
magma of unknown depth, which has been forced through a con-
siderable thickness of sedimentary strata. In the area under dis-

ion erosion has removed at least 300 feet from the upper
part of the principal vein. In the light of present knowledge of
veins of this kind it seems probable that there may be ore-bearing
veins within the igneous mass which have not yet been exposed by
erosion.
ORIGIN OF THE VEINS.

The magma which intruded the sedimentary strata probably
cooled entirely beneath the surface and is now exposed by erosion
as a body of granite porphyry. Before complete consolidation the
magma was subjected to strains which produced cracks and fissures.
These fissures, varying in width and vertical extent, were distribu-
ted irregularly through a portion of the rock, but in the main strike
in a nearly uniform direction. The latest phase of consolidation
consisted in the deposition of the fissure filling by magmatic waters
carrying in solution silica and a small amount of certain rare metals.

MINING DEVELOPMENTS.

About 30 claims have been located within the Tungsten mining
district, and at present all of them are controlled by the Tungsten
Mining and Milling Company.

The principal underground workings are on the Hub claim (No. 1
on map, fig. 13). Tunnel No. 1 (fig. 13) is 225 feet in length, and the
face is 125 feet below the surface, which forms the deepest working
on any of the veins. At 150 feet from the mouth of the tunnel an
upraise has been made to join an incline from the surface. In this
tunnel nearly all the various features deseribed under the headings
“Veins ” and “ Occurrence of the tungsten ore ” are exhibited. The
vein ranges from a few inches to 3 feet in width, strikes N. 68° E..
and dips 65° NW. DPresent developments show that this is the
largest and most prominently mineralized vein in the region. Tun-
nel No. 2 is about 125 feet vertically above No. 1 and is 59 feet in
length. This portion of the vein is split into four parts, separated
by the granite porphyry. There is about 18 inches of streaky o
in the face of this tunnel. Shaft No. 1 is 37 feet in depth. Near

wiitil.

Jaft No. 2 the vein is
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«¢in is pinched, but about midway of the shaft it

Shaft No. 2 shows the vein about 30 inches in

f’-m;‘.. pes 2 «,m et
with a small amount of ore. In the face of the tunnel ne:

91 inches wide, with ore in streaks.
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White I'ine

Fio. 13.—Geologle and topographie sketch map of Tungsten miuning distriet,
' County, Nev.

On the slope below the outerop of this vein several Sﬁm.om ow.Mu
which was reported to average about 68 per cent of tungstic acid,

were picked up among the “slide rock ™ and shipped before under-

eround work was begun.  Grains of hiibnerite are disseminated
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throug » finer nu
ough the finer material of the slope and the bottoms of the g
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r
N :
E.: development work on the Tungsten claim (No. 3
consists of tw 5 ) . koo )
£ : o tunnels and a shaft. On the Wolframite and G :
Jastern claims (Nos. 4 5 ] T coutis
aims (Nos. 4 and 5 on map) are sever
Astel 1 are several small trenches
exposing narrow veins wi il greigin
g B s with ore. On the Eagle clai No. T
map), just below the contact of i i
: . Just 1¢ contact of the granite porphyry and quartzite
¢ Ve 2 oY - T i v : . : S Pk
5 :w._u: H_J.,. cwu_,:x_i in a trench, standing nearly vertical and striking
AXe = v i 1 rit i 3 > { . y 3
i H:_c_:.:.ﬁ with a_small amount of scheelite is found
o ..H n the quartzite débris it was found that small -veinlets of
3 I MH‘, net .-w? the quartzite, a few of them carrying a little hiibner
. It 1s probab I AR ol e )
A8 is pro yable that this ore occurs near the contact zone. TI
region is said to have been thor 7 spec s Hidle
s en thoroughly prospected and very little
aterial of this kind has been found in the quartzite, which therefore
s ; 3 o . ; 2 : -y A
?H:_,.LE_M&., to vield a deposit of commercial importance
n the sue clai N Y dd
g ;\_Hm e Hmu:o .ﬂ.r:._: A./o.. 2 on map), on the south side of Hiib-
v ¢ Gulch, a mine alized vein is exposed in a 10-foot cut pitching
g0° 8. and striking N. 45° E. On the lower si yein
£ e o e . 1e lower side of the cut the vein
mal._ de and it is said that from this place a piece of solid hiib
rerite was tak reighi . { : ¢
e e was t :aw: .::,n_::_n 114 pounds. On the upper side of the cut
et ] " = 2 ‘ .
,_o.z is split into two G-inch veins separated by 4 feet of granite
orphyr ] : ohe
P H._. qu,. In the bottom of the gulch these veins have pinched to
a ‘thickness 3 inches eac . _
i H_ Lw, ss of 3 inches each. The country rock is a coarse-grained
ght-colored porphyry which, it 1s said, can be worked g ily
s s ; Cf . worked more casily
,O 1e rock in other parts of the district. :
n the Tungstic clai i
e H.::H _ _H:hu:r claim (No. 9 on map) is a 4-foot vein striking N
5° E. which shows very li ; “foot
; ,., hich ..79.‘..,. very little ore. About 50 feet above is a 3-foot
quartz vein in which no ore was seen
In the ric est anc i ;

e the :.L..h.a west and a little north of the Hub claim a hiibnerite
earing v s ex i : : ;
aring vein is ﬁwzcwﬁ_ in several places. Several small veins appear
to extend in a direction about N. 60° I g

The Star clai No. 8 e
s S .H.a“.,.:: A./.:. 8 on map) is developed by a tunnel 32 feet
ng in which the vein ranges from 6 inches to 2 feet in thicknes
H::J_,_::% 55° SE. and strlki r ano T R , 1 thickness,
noi:omﬂ. . ,.~ . and striking N. 30° E. In this tunnel scheelite as-
soci: with hiibnerite oceurs in lar 1 1 v athie
. g arger quantity thar any
cpmes g ocet o v than in any other
ality in the district. Ab 55 f 0
: : \  dis . About 55 feet and 70 feet
s ALEY 3B, L iy . b s south of
this M.E: .:wo two hiibnerite-bearing veins striking N. 42° 1. The
country rock is grani P y of sk veddiad
Ry < is granite por phyry of a more pronounced reddish color
¢ o T arte i . 1 :
o 4_.2 parts of :‘_c ave A short distance north of the tunnel
e : ein striking N. 42° E. and showing considerable hiibnerite
exposed in a shallow trench. ! y
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METIODS OF MINING.

The vein material is exceedingly hard and difficult to mine. Drills
kly become dulled and the rock does not shoot well. The work

is all done by hand labor and tunneling is said to cost nearly $30
per running foot. At present it would appear advisable to develop
(he vein by open cuts at different levels with a steel-lined shoot on
{he surface on each side—one to care for the waste and the other for
the ore. A much larger amount of material would be dislodged by
each shot than when confined in a tunnel or chaft. There would be
no expense for hoisting and there would always be good light -for
In handling the material care should be talen to save the
a considerable part of the hiibnerite occurs in grains
ough the quartz. The scheelite also is likely to be

sorting.
fines, as
disseminated thr

thrown away in the waste on account of its general resemblance to

quartz.
On account of the large percentage of waste 2 considerable amount
of hand sorting is necessary. After crushing, the hiibnerite is easily
separated from the quartz. A hand-made jig, operated by horse-
power, was used and afterwards replaced by a 5-horsepower gasoline
engine.

SUMMARY.

The occurrence and character of the vein material vary =0 much
within a few feet that the depth and width of the veins and the
amount of hiibnerite can not be estimated. Nature has, however,
done much to assist in determining the other ¢actors which affect the
commercial value of these deposits. Seve al springs of small flow
oceur at a considerable elevation above the natural location for a
ntrating plant and their combined flow would be sufficient for
milling purposes. \Williams Creck has an estimated flow of 700
cubic feet per minute and would furnish power to generate electricity
for a mill and drilling purposes. There is still sufficient timber on
the higher mountain slopes to furnish mine timbers. The lower
slopes are covered in spots with mountain mahogany, which makes a
good domestic fuel. There are anches in the valley which could
furnish general supplies. Railroad facilities are now at a consider-
able distance, but surveys have been made for a -ailroad to connect
Ely with southwestern Nevada and Salt Lake to the northeast. One
of these surveyed lines crosses the Schell Creek Range into Spring
Valley opposite Osceola, about 20 miles north of the Tungsten min-

ing district.

conce




