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BERYLLIUM DEPOSITS OF THE MOUNT ANTERQ REGION,
CHAFFEE COUNTY, COLORADO

By John W, Adams
ABSTRACT

Pegmatites, commonly containing beryllium minerals, occur in
a granite stock in the vicinity of Mount Antero and White Mountain,
Chaffee County, Colc. These pegmatites have been known for many
years as a source of fine specimens of acuamarine, phenakite, and
bertrandite, but do not appear to be of sufficient size to be of
interest as a commercial source of beryllium,

At the California mine, southwest of Moun£ Antero, a quartz
vein containing molybdenite and beryl occurs in a quartz-monzonite
stock, The mine was operated on a small scale during World War I.
The surface cuts were caved and the mine workings were inaccessible
in June 1948, The vein, where exposed, is 13 to 3 feet thick, nearly
verticzal, and strikes N, 720—75b E. Mineralogical study shows that
gome of the beryl was formed during the deposition of moiybdenite.
Brannerite,:an oxide of titanium and uranium, was identified in the
material collected. Early reports and material seen on the dump in-
dicate that rich molybdenite ore was accompanied by considerable beryl,
but no accurate appraisal of the beryl reserves can be made without re-
opening the mine workings and trenching on the surface. It is estimated,
however, that about 60 tons of beryl is present in 1,000 feet of vein,

This reszerve is based on a possible beryl content of 0.5 percent.



Most of the beryl is too small to be recoversd by hand cobbing,

Beryl has been reported in quartz velns containing molybdenum,
tin, tungstem, or bismmth in many localities throughout the world,
The mineral assemblages of these deposits contaln specles common to
pegmatites and polymetallic quartz veins,

The refractive index of beryl from several tungsten deposits
was found {o be higher than that of beryl assoelabted with tin or
molybdenum, and to correspond to that of alkali~rich beryl from the

inner zones of lithium~bearing pegmatites,
INTRODUCTION

A brief reconnaissance examination of the beryllium deposits of
the Mount Antero region, Chaffee County, Colc., was made June 24 to
July 1, 1948, as part of the beryllium investigations being conducted
by the U, S8, Geologieal Survey for the Atomic Energy Commission, The
purpose of this examination was to investigate the area as a commerw
cial source of beryl and to ascertain whether or not a more detailed
study of the deposits should be undertaken, The writer was assisted
in the field by A, F, Trites, Jre

Mount Antero and White Mountain have been known for many years
as a source of fine crystals of the beryllium minerals beryl, phenas
kite, and bertrandite., Their occurrence in small pegmatites of the
area has been deseribed by Switzer. __/ Beryl is found also in & quartsz

_/ Switzer, G., Granite pegmatites of the Mt, Antero regiom,
Colorados Am, Mineralogist, vol. 24, pp. 791=809, 1939,
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vein that at one time was mined for molybdenite,,/ This vein, the

_/ Worcester, P. G., Molybdenite deposits of Coloradot Colorado
Geol, Survey 3Bull. 14, pp. 34=38, 1919.

_J Landes, K. X,, The berylemolybdenite deposit of Chaffee County,
Golorado: ZEcon. Geology, vol. 29, pp. 697-~702, 1934,

California, was considered of special interest by the writer and was
studied in detail,

Mount Antero and White Mountain are prominent pesks of the Sawatch
Range of central Celorado and are situated aleng the west side of the
Arkansas Valley aboubt 15 miles northwest of Salida and about 100 miles
southwest of Denver (fig. 1)s Mount Antero has an altitude ef 14,245

-

TFigure 1, Index map of Colorads showing lecation of Mb, Antero
area,

feet and is a few lmndred feet higher than White Momntain which is
about 1} miles to the south, The beryllium deposits are in the immed-
iate vicinity of these peaks (figz, 2)s The area is above timberline,

Figure 2, Portion of the Garfield quadrangle, Colorado, and con=
tiguous unmapped area, showing location of the California mine and
approximate positions of the summits of Mt, Antere and White Mountain,
Area within dashed lines is shown on Plate 1,

and the terrain consists of steep talus-covered slepes, boulder fields,
and broad grassy flats, Access is limited to the summer months, and
even then the weather around the pesks is apt to be severe and unpre=
dictable., TViolent electrical storms, often aécompa.nied by hall, are

common, and snow and high winds may be expected at any time, The
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weather conditions, the altitude, and the generally steep and hagardoms
terrain make work in the area physically difficult.

The area may be reached by the Baldwin Gulch, Little Brown's
Creek, or Brown's Oreek trails, The Baldwin Gulch trail, shown in
figure 2, starts about a mile west of New Alpine on the Chalk Creek
road (State Highway 162) and offers an appraach to the area from the
north. The other trails start from the Arkansas Valley and enber the
mountalns from the east, The Little Brown's CGreek route is that most
ganeraily used to approach Mount Antero and White Mountain, | Local ine
quiry regarding the tralls is advisable, although the {rails and con-
necting roads are shown on the San Isabel National Forest map of the
U, S. Forest Service. Aerial photographs of the area are availsble.
Partial topographic coverage is afforded by the Garfield quadrangle,
Colorado (scale 1:62,500). (See fig. 2.)

GENERAL GBOLOGY

The beryl deposits studied are in intrusive rocks related to the
Princeton batholith, Most of the beryllium-bearing pegmatites and
velns, except for the California vein, are in a granite stock several
miles in extent, which mekes up a large part of Mount Antero and White
Mountain. The California vein is in a body of Pomerey quartz-monzonite,

These rocks have been described by R. D. Crawford, __/ who believes that

./ Crawford, R. D., Geology and ore deposits of the Monarch and
Tomichi district, Colorades Colerado Geol. Survey Bull. 4, 1913,
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they are post-~Carboniferous and probably Tertiary in age, and that the

quartz monzonite represents an earlier intrusion than the granite,
BERYLLIUM IN THE ROCKS OF THE MOUNT ANTERO ARRA

Pegmatites

The date of the discovery of the Mount Antero deposits is not

known to the writer, but in 1887 a short paper by R, G, Cross _/ de-

_/ Cross, R, G., Notes orn aquamarine from Mt, Antero: Am, Jour.
Sci., 34 ser., pp. 161-162, 1887,

scribes some aquamarine and phenskite erystals found there a few years
— —
previcusly by N. A, Wanamsker, ILafer, some fine crystals of bertrands
_—
ite were discovered. The morpholegy of the phenskite and bertrandite

from this locality was described by S. L. Penfield _/ and in a later

_J] Penfieid, S. L., Phenskite from Colorade: Am, Jour. Sci.,
3d ser,, vol. 33, pp. 131~134, 1887; Bertrandite from Mt. Anteros Am.
Jour., Sci., 3d ser., vol. 36, pp. 52-55, 1888,

paper _/ he discussed the pronounced etching of some of the agquamarine

_/ Penfield, S. L., Seme observations on the beryllium minerals
from Mt, Antero: Am, Jour., Sci., 34 ser., vol. 40, pp. 488=491, 1890,

crystals and suggesied that the beryllium of the bertrandite was ob=

tained at the expense of beryl. Sterrett _/ described the locale and

_/] Sterrett, D, B., Precicus steness Mineral Resources U, S.,
1908, pt. 2, pp. 809-811, 1909.
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occurrence of the gem minerals of Mount Antero and stated that "These
gems would doubtless be mined regnlarly if the locality were more ac—
cessible,®

As the locality became more widely known, it attracted many mine
eral collectors, No further effort was made to study the deposits un~
il interesting accounts of the gem—bearing pegmatites, and of the dif-

ficulties met in working them, were written by Edwin Over _/ and

_/ Over, Bdwin, Jr., Mineral localities of Colorado: Rocks and
Minerals, vol. 3, pp. 110-111, 1928; Further exploration on Mt. Anterot
Rocks and Minerals, vol., 10, pp. 27=29, 1935,

Arthur Montgomery. _/ A later detailed study of the mineralogy and

_/ Montgomery, Artimz, Storm over Anteros Rocks and Minerals,
vol. 139 PPe 355"369s 19380

genesis of the deposits was made by Switzer. _/ On the basis of min-

J SWi‘bZQ?, G'.’ QP. Qit’.

eralogy he grouped these deposits into two major types, pegmatites and
quartz veins, and on the same basis he further divided both types as

followss
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4) Pegmatitess

1) Beryl pezmatites.
8) Beryl—smoky quarts.

2) Phenakite pegmatites.,
8) Phenakite=colorless quartz.
D) Phenskite-smoky quartz.
3) Beryl-phenskite-bertrandite pegmatites,

8) Beryl-phenakite~bertrandite,
t) Beryl-phenskite-bertrandite-fluorite.

4) Topaz pegmatites,

B) Veins:
1) Muscovite-quartz vein (containing phenskite),
2) Phenskite-quartz~fluorite vein.

3) Beryl-quartz-molybdenite vein.

The pegmatites, accordirg to Switzer, are ®uniformly small in size,
seidom exceeding three feet in width and extending laterally for only
a few feet.® Where it was possible completely to excavate the pegme~
tites, they were found to be ®roughly disc shaped or cylindrical
bodies of limited extent in all directions.®

The phenakite~bearing veirns sppear to be more continuous than the
beryl-bearing pezmatites, and are believed by Switzer to have formed
at a lower temperature. Of the three vein jcypes, only the "beryle
quartz-molybdenite® vein was seen by the present writer. It lies oute-
side of the granite stock and will be discussed further under "The
beryllium-bearing wein at the California mine,"®

The nminerals of the pegmatites and veins in the granite have been

deseribed in the several papers to which reference is made, These
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ninerals include quartz, perthite, alblte, muscovite, beryl, fluorite,
phenakite, topaz, bertrandite, apatite, ilmenorutile, columbite (?),
monazite, cyrtolite, limonite, and sulfur. The limonite occurs as
psendomorphs of pyrite crystals, and the sulfur probably is also de-

rived from pyrite. J

_J Montgomery, Arthmr, op. cit., D. 368.

Many of the deposits appear to be umusually rich in beryllium
mirerals and to contain fluorine as fluorite or more rarely as topaz.
Apatite and monazite are the only phosphates reported, and both are
rare, A description and analysis of the cyrtolite are given by Genth

and Penfield, _/ No tourmaline or lithia minerals have been identi-

™

_/ Genth, ¥, A,, and Penfield, S, L., Contributions to mineral-
ogy, No. 54t Am, Jour, Sci., 3d ser., vol. 44, p. 387, 1892,

fleds

During the writer®s visit only a few pegmatites were seen. These
were little more than veinlets or schlieren a few inches wide and a
few feet long. The dominant mineral in these is either plagioclase
(21bite) or light-smoky quartz; small books of mscovite are abun—
dant, and microcline and fluorite are very common, Most of the pegma~
tites conbaln bright blue beryl. TFragments of quartz crystals and,
more rarely, bits of aquamarine in shallow plts in the slide rock show
where miarolitic cavities had been uncovered by mineral collectors,

but the pegmatites themselves had been either mined out or buried in
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the debris and appear to have extended but little beyond the workings,
Examination of outcrops, slide rock, and stream and morainal debris
indicates that the beryllium-~bearing pegmatites constitute only a minute
amount of the granitic ferrain, None of the pegmatites seen or reported
haye been of sufficient size to be of economic interast other than as a
source of gems or specimen material, The remarkable finds of gem minerw
als from these pegmatites usually have been the result of long arduous
gsearch of large areas of talus for the source of pegmatite float,
Switzer _/ has observed that the miarolitic pegmatites are re~

J SWitzer' Go, 0D« cite, Pe 800,

stricted to & zone, presumably flat lying, about 500 feet thick,
Becaunse the vertical range of the exposed granite is more than 3,000
feet and the miarolitic pegmatites commonly are found near the summits
of Mount Anterc and White Mountain, it would appear that these pegma~
tites are localized in ths upper part of the stock as it is now exposed,
The small veinlets or schlieren that do not contaln mia.roiitic cavities,
but do contain beryl, apparently are not sub,jeci;- to this limitation and
are widely, though sparsely, distributed ln the granite.

Greisen

Two areas of greisen were sampled for possible beryllium content,
The first of these areas is located about a mile northeast of the Cali-
fornia mine and consists of & large boulder field (pl. 1, locality B)

of greisen that appears to be nearly in place, Chip samples talken from
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a number of representative specimens of the greisen were analyzed
spectrographically and showed only a irace of beryllium, The greisen
has a coarse sugary texture and contains small vugs lined with quartz
crystals generally 1 or 2 mm in lengih. Microscopically, the rock is
seen to consist almost entirely of interlocking quartz grains with some
interstitlal fine-grained muscovite or sericite and scattered flakes
of molybdenite.

The second locality that was sampled is a small prospect pit (pl. 1,
10@@1:1%;? C) on the south side of the ecrest line of the ridge and about
900 feet north-northeast of the California mine., The excavatlon is made
in a greisen similar in appearance to that described above, but in part
more coarse grained, The coarser material contains from 5 to 10 percent
topaz and scatVered flakes of molybdenite; both minerals are in cloge
assoclation with minute muscovite blades. Spectrographic analysis _/

© _J Analysis by Saratoga Leboratories, Ine.

of dump material showed 0,015 mercent berylliium oxide, No beryllium
minerals were noted in the hand specimens or thin sections.

Although the distribution and extent of the greisen were not
studied during the writer®s visif, it is possible that they may occupy
large areas of the quartz monzonite and undoubtedly are worthy of
further study as a possible source of beryllium, mglybdermum, and

tin,
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The beryllinn-bearing vein at the Californis mine

Location and history

The California mine is about 2 miles southwest of Mount Antero,
on the south slope of the divide between the basing of Brown's Oreek
and Baldwin Gulch (fig. 2 and pl. 1), at an altitude of approximately
12,500 feet.

Although there had been some earlier work, most of the development
of the mine was done during World War I by the Molybdemum Mines Company
of Denver, There is no recorded production, but when the property was
visited by P, G, Worcester in 1917, small lots of hand=-cobbed ore were
being shipped to Denver for experimental treatment. At that time the
company held four claims, the California, California No, 2, Nevada, and
Nevada No., 2. The mine has not been operated since 1918, Ownership
of the property, known as the California Group, Patemt 19925, is claimed
by Mr, G. G, Furman of Farmingion, N. Mex.

Workings

worcesmuj ~deseribed the workings as follows:

J WO!GQS%BI‘, P. G‘., OPse cites Pe 35
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A1l the development work, with the exceptlon of some shallow
surface cuts and loeation shafis, has been done on the Cali-
fornia claim, In the summer of 1917 the workings consisted
of$ an open cut with a 50~foot drift on the veiny an inclined
shaft 50 feet deep, near the open cut, but apparently not on the
vein; a eross—cut tunnel, that was starbed 50 feet vertieally
below the open cut and was run 98 feet to the vein; and drifts
from this tunnel, one 30 feet westerly on the vein and another
126 feet to the east, BSmall stopes, only 2 or 3 feet above the
normal roof of the tunnel, have been run for 75 feet on the
east drift, Mr, W, B, Lowry reported in June 1918, that since
July 1917 the drift has been contimmed on to the east 15 feet
to a fault, and 130 feet beyond, where the vein was recovered,"”

All the underground workings now are inaccessible, but as recently
as 1938 the lower adit and at least part of the main drift were open
but in & dangerous condition. _/ The portal of the adit mow is buried

_/ Over, Edwin, oral commnication.

under slide rock, buit the rails leading from it into the sorting shed
gt111 can be seen, The inclined shaft and upper adit have been com=
pletely obscured by caving and by the slumping of the walls of the

open cub, There are no usable buildings at the mine,

Pomeroy quartz monmhite

The country rock in the vicinity of the mine has been identified

by Crawford _/ as the Pomeroy quartz monzenite, a large stock, part

_J] Crawford, R, D., op. cite, p» 279.

of which is shown en his geclogic map of the Monarch and Tomichi mining
districts, The California mine is about half a mile north of the mapped

ared.,
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In the vicinity of the mine the rock has a light-gray groundmass
of plagioclase, orthoclase, and quartz, with numerous irreétﬂ.&r dark
aggregates of finely intergrown blotite, chlerite, and magnetite,
Phenocrysts of purplishegray plagioclase are present in some places,
The rock has been somewhat altered and mineralized along the margins
of the California vein locally the altered material is sericite-
quartz rock that contains molybdenite and pyrite for several inches
outward from the vein. The wall rock that is adjacent te the parts
of the vein centaining little or no molybdenite or beryl is unal-
tered and unmineralized to within an inch or less of the contact.

The Califernia vein

The part of the Califernia vein that was mined is a quartz vein
eontaining molybdenite, beryl, mmsceovite, molybdite, and minor amounts

of other minerals, Worcester, _/ who saw the vein expesed in the

_/ Worcester, P, G., op. cit., De 36.

workings, describes 1t as follows:

#The vein varies from 18 inches to 3 feet in width. Its average
dip is 80° ¥, 18° W., but it straightens uwp in many places to
almost 90%, It seems to be a strong vein, It holds ite course
well and according te Mr. W. W. Rogers, superintendent at the
mine, it has been followed by float on the surface for a mile

or more. Work done since the writerts visit to the property in
1917 shows that at a distance of 141 feet from the cross-cub
the vein is faulted, and that the east side is displaced 30 feet
to the north,®

These observations indlcate a strike of N, 72° B., which apprexi-

- mates a strike of N, 75° B., obtained from the present limited outcrop



by the writer.

The extent of the weln is problematical., The terrain along its
general trend is a steep hillside (pl. 2) with alternate grassy patches
and wide talus areasy outcrops are rare, What may be an outcrop of the
veln was seen in a large block projeeting from talus about 1,000 feet
east-northeast of the mine. It consists of a quartz vein about a foot
wide that contains abount 2 percent beryl bubt no visible molybdenite.
Limonitic material is interstitial to crystals of beryl and quartz.

The exposure may not be in place, but is probably part of the Galifornia
vein,

The easternmost extension of the California vein is probably at a
prospect pit (pl. 1, locality D) near the crest of the ridge and about
half a mile northeast of the mine., Although no rock in place is ex~
posed in this pit, numerehs fragments of vein quartz and oxidized pyritic
wall rock were found, The quartz, which is whife and in part coarsely
crystallized, contains some hilbnerite. A single specimen of beryl,
embedded in quartz, was found at this locality, White quartz float
is common along the crest of the ridge and on both sides of the divide,
and probably the ridge is traversed v'by a mumber of veins, No vein float
was found southwest of the mine,

To project the California vein with certainty beyond the known
limits of the workings cannot be justified from the surface indications
seen during the brief examination by the writer, The occurrence of a
beryl-bearing quartz vein at the two points to the northeast is, how

ever, encouraging, and for the purpese of estimating reserves, the
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vein is assumed to continue in that direction for 1,000 feeb.

Mineralogy

The mineralogy of the California vein has been discussed previously

by Landes, _/ He reports that the following minerals are present:

_/ landes, K. K., op. cite.

quartz, beryl, molybdenite, molybdite, mica (sericite), and tourmaline,
Three additional vein minerals were cellected by the present writer from
the dump above the portal of the lower adlt; these are fluorite, rutile,
ax‘xd. brannerite,

Quartz is the most abundant mineral, and although generally massive,

some of 1% occurs in well-formed crystals that, according te Worcester _/

_/ VWorcester, P. G., op. cite, De 36,

Ny

are as much as 12 inches in length., It ranges from clear and colorless
to dark smoky but usually is milky white., The surface exposures of the
vein near the mine are almost entirely quartz.

The beryl in the vein is variable in form, transparency, and color,
Although the color differences may be ascribed to slight compositional
variations, the other two factors, form and transparency, are probably
closely related to constantly changling physical conditions during the
period of beryl growth, From a study of the material collected, the
beryl appears to fall into the following $hree types which reflect

three different growbth environmentss
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1) The greater part of the beryl occurs as crystals embedded in
quartz, These crystals, which undoubtedly were the first to form, are
generally less than 2 inches in length and rarely exceed one-half ingh in
diameter, The color ranges from pale green or bdlue to almost white,
Clear and glassy areas are rare, and the crystals generally are frac-
tured. Individnal erystals are poorly formed and tend to develop
columnar aggregates,

2) Less abundant are the crystals that formed vuggy intergrowths
with quartz., These crystals apparently were formed on the walls of
open channels, near the end of the deposition of beryl and quariz when
there was less mutual interference and possibly a slower growth rate,
Some individual crystals have excellent crystal form; but these, although
commonly more transparent than the embedded crystals, are rarely of gem
quality.

3) Comparatively rare is the beryl that formed as isolated
erystals in vugs. Such crystals rarely exceed an inch in length, but
they are commonly of gem quality. Simple combinations of prism and
pinsceld predominate, but some of the crystals have first and second
order pyramids., The crystals may be light bluish green, pale straw
yellow, or colorless, Several of the crystals collected are markedly
zoned; for the most part bluish, they are almost colorless near thelr
terminal end (pl. 3). The colorless parts are more transparent than
the bluish parts, owing to tho presence of fewer mimte fluid cavities,
Some crystals have fine flakes of mica coating one or more prism faces,

and both mica and molybdenite may be enclosed in the beryl (pl. 3).
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In the erystal __/ shown in plate 3, the almost colorless serminal end

_/ Oollected by Zdwin Over, Jr., 1938,

of the crystal appears dark in contrast to the bluish cloudy part as a
result of the scattering of the light by clouds of bubbles in the lower
part of the crystal and the almost complete transmission of the light
through the clear berminal end, The molybdenite inclusion consists

of a cluster of several brilliant erystal plates completely enclesed in
tha beryl.

Another specimen illustrating the occurrence of isolated crystals
growing in vugs was found on the dump, It consisis of a straw-yellow
beryl erystal about 7 mm long attached to walls of the vug, which is
lined with milky quartz crystals apparently in continuity with massive
quartz, Muscovite erystals coat the quartz and grow against the lower
part of the beryl. 4 little molybdite, presumably derived from
molybdenite, is interspersed with the mica, The order in which the
three tyjes of beryl have been described does not imply a strict genetic
sequence, although probably the more abundant beryl of the first type
was of early origin, It is possible that conditions prevailed that
permitted the simultanecus development of all three types at different
points in the vein.

The beryl varies considerably in celor and appearance, but only
slight differences in refractive imlext can be noted, and from this it
may be assumed that differences in composition are slight. Observed

values for the slow ray range from l.572 to l.575, and almost all of
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the values approach the higher figure. The lowest index was obtained

from almost col@riess crystals (table 1), _/ From an uanpublished curve

_J/ Table l.—Refractive indices of beryl,

prepared by W, T, Schaller of the U. S, Geolegical Survey, the average
refractive index of the beryl would indicate that it contains approxi-
mately 13.5 percent BeQ.

Spectrographic analyses (table 2), _/ made in the laboratory of

_/ Table 2,~Spectrographic analyses of minor elements in beryl
from Chaffee County, Colorado.

the U, S, Geologlical Survey, of beryl from the California mine and from
Vhite Mountain indicate that there is a close similarity in the type and
amounts of the minor constituents present in the beryl from the vein and
the pegmatites, Blue beryl from both localities centained the same
percentage of the alkali elements (Na, K, Li, and Cs), This similarity
in composition, suggesting & common origin, is further shown by the
almost identical values for the omega index of refraction (close to
1.575) that is given by the California mine beryl and both gem and com—
mon blue beryl from the pegmatites in the granite.

Molybdenite occurs sparsely in small velnlets in the massive quartz
outcrop of the veiny however, material can be found on the dump repre-
sentative of the molybdenite-rich parts of the vein that were seen by
Wercester when the mine was in cperation and which he has deseribed as

followss _J
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Tabi?e l.-~Refractive indices of beryl from several localities

Type Associated Types (¥w)
of metalliec of Index of
Locality deposit minerals beryl __ refraction

Turgsten Queen mine, |[Quartz vein |[Scheelite Minate blue 1.591
Benson quadrangle, crystals
Arizona,

Pine Grow claim, Quartz vein |Wolframite [Blue crystals |1.588
Marietta distriet, and masses
Mineral County,

Nevads. ‘

Victorio Mts,, Imna |Quartz vein [|Hidherite, [Pale yellow 1.573
County, New Mexico. schiielite brown

Victorio Mée,, Iuna |Qartz vein |Hibnerite, [Pale yellow |[1.57%
County, New Mexico. ggheelite brown

Lekeview mine, Per- [Contact meta~|Scheellte Colorless 1.590
shing County, Nevada.| morphic (1) prismatic

Little Tungsten mine, [Contact metam|Scheelite Pale emerald [1.587
Oreana, Nevada. morphic (?) green, pris-

matic

Irigh Creek, Quartz vein |COassiterite, Minute green~ |1.577

Virginia, minor wolf-| ish crystals
ramite, bise
Lt g
plagionite

Cowboy Tin mine, Quartz vein |Oassiterite (Light green 1.569
Eill City, S.D._/ ' erystals

Mohawk Tin mine, Quartz vein |Cassiterite (White erystals|l.568
Hill City, S.D._/

Mohawlc Tin mine, Quartz veln |Cassiterite [Wh§ie anhedral]l,570
Hill City, S.D.,_/

California vein, Quartz vein |Molybdenite |Colorless, 1.572
Chaffee County, prismatic enw| -
Colorado. closing MoSz

California vein, Quartz vein |Molybdenite [Colerless, 1,572
Chaffese County, prismatic
Colorado.

California vein, Quartz vein |Molybdenite |Light blue, 1.575
Chaffee County, columnar
Colorado.

California vein, Quarts vein |Molybdenite [Blue green, 1.575
Chaffee County, glassy
Colorado,

Locality D, possi- Quartz vein |Rare Light gellow~ |1.574
ble extensio hilbnerite | brown pris-

_/ Dats, including indices, from Pags, L. R., et al, Pegmatite in-
vestigations, 1942-45, Black Hills, S, Dak.: U, S. Geol, Survey Prof.
Paper (in preparation).
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_/| Worcester, P. G., op. cit., p. 36,

BMolybdenite is found everywhere that the vein has been opened.

The richest ore is near the walls, bub there are rich streaks and
vugs scattered all through the vein, In these rich streaks, and
along the walls, chunks of solid molybdenite from 1 to 2 inches
thick, and from 6 inches to 2 feet in length, are of common occur—
rence, The molybdenite is entirely erystalline, the flakes being
as a rule, one-eighth to one~half an inch in diameter. The intimate
association of pure white quartz crystals, some of which are 12
inches long, with opaque or clear beryl (aquamarine) crystals, and
molybdenite is an interesting phase of the occurrence of this ore.
Much of the richest ore is found with begutiful specimens of beryl.
In many places pockets are found between masses of beryl and quartz
erystals from which it is possible to dig out with a candlestick

20 or 30 pounds of practically pure molybdenite and molybdite,

While the vein as a whole is strong, there are rich and lean streaks

all through it."

The molybdenite, in the specimene collected by the writer, is con=
centrated along surfaces that presumsbly represent the walls of open
channelways or vugs. Away from such surfaces, it is in isolated flakes’
that in many places project inte small voids between beryl and quarts
crystals, Becaunse the molybdenite commonly is partly embedded in beryl
or quartz and may be completely enclosed in transparent beryl, it is
reasonsble to assume that the molybdenite formed in part contemporaneously
with beryl and quartz, The ocourrence of the large masses of molybdenite

interstitial to beryl and quartz crystals as described by Worcester _J

_/ Worcester, P, G., op. cit., p. 36,

indicate, however, that these masses were deposited after beryl and quartz.
Muscovite 1ls relatively abundant In the vein as scattered flakes,

scales, and crystals, none of which are more than 3 mm in maximum dimension.
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Like molybdenite, with which it is associated in places, muscovite coats
the walls of vugs and may be on, or enclosed in, crystals of beryl.
Specimens of altered and mineralized wall rock on the dump consist
largely of fine-grained sericitic mica, The crystallization of muscovite
probably began and ended during the early stage of molybdenite formation.

A single broken crystal of a black submetallic mineral, found on the
dump, was identified as impure rutile by X-ray and other tests made in
the U, S, Geological Survey laboratory. The crystal was embedded in
nilky quartz assoclated with beryl and molybdenite,

Several fragments of colorless to dark~purple fluorite were found on
the dump and in minute corystals and grains in altered wall rock.

Worcester __/ noted considerably more pyrite in the mineralized wall

_J Worcester, P, G., op. clt., D 36.

rock than in the veiny however, no pyrite was seen in any of the vein
material collected in this investigation, and probably the mineral was not
a commeon constituent of the veln where mined, Chalcopyrite was reported

by Hess, _/ and Landes _/ reports findimge ®'@hw wery small fragments of

_/ Hess, F. L., Molybdenums Mineral Resources U. S., 1917, pt. 1,
Te 912, 1920,

_/ Landes, K. K., op. cit., p. 638,

black tourmaline,®
Molybdite occurs as minube fibrous lemon-yellow crystals forming

powdery films or felty aggregsates and is almost everywhere in close
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association with molybdenite. Molybdite commonly fills the voids between
other minerals and occurs with jarosite in pyrite molds in altered wall
rock, Worcester _/ has noted that although molybdite is more abundant in

_] Worcester, P. G,, op. cit., Ds 36

the upper workings, it is found in considerable quantities in the main
tunnel level, Molybdite from the California mine was studied and analyzed

ty Schaller _/ as part of an investigation which established that the

—

_| Schaller, W. T., Mineralogical notes, ser, 13 U, §, Gsol, Survey
:B"Jfll. 14’909 PP 84"'929 1911¢

mineral is hydrated ferric molybdate (Feo03.3Mo03. 734Hp0), rather than
molybdenum trioxide as was previcusly believed,

An incomplete crystal of a radicactive mineral was found on the dump
above the portal of the lower adit, The crystal, showing enly what
appear to be prism faces, i5 roughly square in cross—section and is about
5 mm in length, Freshly broken surfaces are black and have a submetallic
luster, The exterior of the crystal is brownish yelleow from alteration,
It is isotropic, and quantitative spectrographic analyses and X-ray powder
patterns made in the laboratory of the U, §, Geological Survey indicate
that the minersl probably is brauneriie, & species that in published
literature has previously been reported _/ from only one locality, a gold

_/ Hess, Frank L., and Wells, Roger C,, Brannerite, a new uranium
minerals Franklin Inst, Jour., vol, 189, no. 2, pp. 225~2373 no, 6,
PP. 779=780, 1920,
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placer in Custer County, Idaho, Brannerite is essentially an oxide of

titaniom and uranium.

Paragenesis

The limited information that could be obitained frem surface exposures

~and dump material makes it hazardous to reconstruct the history of the

vein; however, some conclusions involving the individual minerals can be
made, together with generalizations regarding the deposit,

1) Quartz makes mp the bulk of the vein and appears to have
been deposited almost continuously througheut the period of vein
formation, Accessory minerals are locally abundant or sparse,
Feldspars appear to be absent.

2) Beryl is concentrated along the outer edges of the vein,
vhere most of it is embedded in quartz. The deposition of bexryl
probably began at the same time as that of quartz, but terminated
sarlier,

3) A minor amount of beryl forms a vuggy in‘kergzjow_’eh. with
quartz, This beryl is thought to be generally of 1a.§e:":° formation
than the beryl that is completely enclosed in quartz. The gquarts
in the vuggy intergrowths is commonly smoky or colorless in cen-
tragt to the more abundant milky quartz,

4) Molybdenite is partly embedded in the guartz and beryl
of the vuggy intergrowths, and it projects inte volds between the
erystals, Molybdenite depcsitien may have begun early in the
period of vein development bubt most of the molybdenite formed later



34

along open fissures resulting from incomplete £illing of vein space
by quartz and beryl. |

5) The deposition of muscovite began at about the same time as
molybdenite but probably was of shorter duration.

8) Pyrite probablyifo¥med at about the same time as molybdenite
and largely by the action of sulfide~rich solutions on the iron min-
erals of the wall rocks.

7) The formation of vugs appears %0 have begun early in the
higstory of the vein. Vugs that developed soon after molybdenite
started to form contain crystals of quartz, muscovite, molybdenite,
and beryl. The molybdenite is sparse. The beryl is clear and
glassy and some of it encloses molybdenite.

8) 1late vugs or open fissures have the same mineral assem~
blage, with abundant molybdenite coating all other minerals. The
beryl is ¥opaque® or cloudy from its growth in‘a disturbed environ-
ment.

9) A change in the nature of the solutions sometime after
molybdenite deposition resulted in corrosion of the vein. This
action probably was very limited as most of the fissures had been
sealed off. Both beryl and quartz were attacked, leaving molyb-
denite flakes standing out in relief from the etched surface.

10) Oxidation of the pyrite and molybdenite followed corrosion
of the vein. Pyrite has been oxidized to a much greater extent than
molybdenite and has left numerous subic molds in the wall rock that

are now filled whelly or partly with light bluff powdery Jjarosite and
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yellow needles of molybdite,
Temperature of formation

Tests were made to determine the temperature of crystallizatien of
beryl and fluvorite from the Californla wein. These tests, based on the
temperature of disappearance of the vapor phase of fluld inclusions, were
made by Barl Ingerson of the U, S, ‘Geological Survey.

terminations were made on twoe specimens, a erystal of glassy
straw-yellow beryl and a cleavage fragment of very pale purple fluorite,
toth showing several fluld inclusiens. The resulis, uncorrected for

pressure, are given belows

Mineral Temp, range 2C Bemerics
Beryl 250 = 255 Bight inclusions tested
Finorite 265 = 272 Seven inclusions tested

The depth at which the California vein formed is not kmown, but ac-
cording te Ingerson _/ the pressure correction to be added would be only

/] Ingersom, Barl, Liguid inclusions in geolegic thermometry: Am,
Iﬁn@rai@gist, ¥ole 329 Pe 3839 194?:

about 65@ assuming a depth of 10 kilemebers, Applying this correction
would bring the temperature of the beryl erystallization to about 315%, or
close to the lower limi%t of the hypothermal range as defined by Li,ndgren._/

_/ Lindgren, W. §., Mineral depositss p, 212, 4th ed., 1933.

The particular beryl erystal tested was of the late-stage type that de-

veloped in vugs, hence its temperature of crystallization probably was
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somewhat lower than that at which veln deposition began but is higher than
the temperature range existing during maximmm molybdenite mineralization,

Beryilinm resources

In the brief reconnaissance of the granitic area of Mount Antero and
White Mountain nothing was seen that could be considered a cormercial de-
poslt of beryllinm minerals., The pegmatites, although unusually rich in
beryl, are of such small size and so widely secattered as to make them
valueless except as a source of gems and specimen material, ’ )

The granite may contain appreciable beryllium, A composite sample
of small granite fragments collested from several exposures on the north

slope of White Mountain had & Be0 content of 0,018 percent. _/ The frag-

_/ Speetrographic analysis by Saratoga Laboratories, Inc.

i

ments making up the sample were taken at some distanoé from pegmatites
and showed no megascopic beryl.

Little inf@mti@n could be obtained regarding the pessible beryl
resources of the California wein., As previocusly stated, there is reason
to believe that the veln continues for 1,000 feet to the northeast, and
possibly the mineralized vein material exposed in the prospect pit (pl. 1,
locality D) represents the extension of the vein more than a half mile from
the mine,.

BExaminstion of the dump of the California mine suggesis that as much
ag 10 percent beryl may have been present in melybdenite-rich parts of the
vein, As exposed on the surface in the vicinity of the mine workings, the



vein shows little beryl or melybdernite and in par} appears to be barren,
A channel sample taken 8cross an oubcrep contained 0,016 percent beryllium
oxide, _/ the equivalent of a little over 0.1 pereant beryly the vein as

./ Spectrographic analysis by Saratoga Laboratories, Ingc.

exposSed may average less,

Assuming the vein extension for 1,000 feet beyond the working with a
maximum stoping height of 50 feet at the mine and 150 feet at the northeast
limit, and using a veln width of 1.5 feet, a value is obtalned of 150,000
cubic feet of vein material. Uslng a fasteor of 12,5 cubic fest per ton,
this gives 12,000 tons of rock. If we can assume that higher-grade ore
will bring up the lean or barren portions of the vein so that the average
will be 0.5 percent beryl, the block of ground described shonld contain
€0 tons of beryl, This estimate may be erroneoms, but a more thorough
evaluation of the reserves weuld require extensive exploration that does
not seem justified on the baslis of the reconnaissance examination,

Although most of the beryl is readily recognizable, the general size
of the erystals is too small for efficient hand sorting, From Worcestert!s
cbservations it would be expected that any beryl-rich parts of the vein
that might be developed alse would contalin considerable molyl:;d.anite, and
for the economic exploitation of the veln it would be almost imperative
to utilize some method of milling that would recover both minerals ef-
ficiently. Any succeszful gperation ef the deposit certainly would de=
pend on the extension or recurrence of rich ore, fastors that cannot be

predicted with the limited gecleglec information now avallable,
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Undoubtedly much covld be learned a&bout the vein by reopening the
underground workings. There is no way of estimating the amount of work
this would require, except that at least a ton of slide rock would have to
be removed from the pertal before the conditien of the adlt ceuld be de-
termined,

Surface sampling has been limited to a few small outcrops. Addi=
tional exposures e'ould be obtained only by much difficult trenching through
slide rock that may be as much as 10 feet in depth.

Exploration by core~drilling probably would afford good structural
information, but the presumably spotty distribubtion of the valuable
minerals in a narrow vein would mske sampling by this methed unrelisble,
The mine is most difficuld of access, and any heavy machinery or equip=
ment would have to be transported by pack animals about 7 miles, No
attempt to prospest or develop the deposif should be planned without full

consideration of the difficult conditions that its locatlion imposes,
BERYLLIUM~BEARING QUARTZ VEINS OF OTHER ARBAS

Beryl has been reported from several metallifercus veins throughe
out the world, and probably this mineral ls presemt, but has been over=
looked, in many other deposits. These occurrences of beryl are all in
quartz veins that Iin many places contain tungsten, tin, melybdenum, or
bismath in economic quantities, These elements are not uncommon in
granite pegmatites but, unlike berylliwmm, they are rarely sufficiently
abundant in the pegmatites to be economically interesting,

The mineralogy eof seweral of the reported vein occurrences is given



for comparative purposesi
Wolframite veins in the Torringten district, New South Wales, _/ con~

_/ Bumner, J. J., and Hartmann, M. L., The oecurrense, chemistry, .
metallurgy, and uses of tungstent South Dakota Schoel of Mines, Bull. 12,
P 32, 19180

tain beryl associated with native bismth, molybdenite, chalecopyrite,
arsenopyrite, eassiterite, ilmenite, monazite, fluorite, topaz, smaliite,
and 1ithia mica. ‘

At the La Corne molybdenite deposit, Quebec, described by Norman, _/

_J Horman, G, W. H., Molybdenite deposits and pegmatites in the
Preissac-LaCorne area, Abitibi County, Quebect Bcon, Geology, vol. 40,
Ppo l""l?g 191"5.

quartz veins with margins of plagioclase or mscovite contain molybdenite
with miner amounts of pyrite and, more rarely, native bismuth, bismuthine
ite, chaleopyrite, and columbite, Norman states that "conspicuous amounis
of tourmaline and beryl are present in some velns, and a little scheelite
occurs rarely.?

In deseribing the mineralogy at the San Antonio mine in Argentina,
Smith and Gonzaleg states "Practically the only minerals in the tungsten

_/ Smith, W. G., and Gonzales, T. M., Tungsten investigatioms in
the Republic of Argentina, 1942-1943: U, S, Geol., Survey Bull, 954-A,
Pe 31, 1947,

veins are wolframite and quartz. The presence of sparse grains of sul-
phides is suggested by spots of secondary copper and arsenic (?) miner—
als, bub no sulphides were seen. A few crystals of beryl were found in

one vein,¥
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Beryl occurs in the tungsten veins at Boreana, Ariz., _/ where it is

./ Hobbs, 8, W., Tungsten deposits in the Boreana district and the
Aquarins Bange, Mohave County, Arizonag U, S, Geol., Survey Bull, 940-I,
Do 254, 1944,

o

associated with wolframite, scheelite, and chalcopyrite in a quartz gangue.
Other minerals in the tungsien veins are fluorite, pyrite, arsenepyrite,
molytdenite, & 1little calcite, and small stringers of microcline,

At Irish Creek, Va. _/ beryl is found in the tin lodes as mimate

__/ Koschmann, A, E,,'G-lass, Jde Joy and Vhay, J. S,, Tin deposits of
Irish Gree’k:, Virgi.niaz T. 8. Geol. Sﬂmey Bull, 936‘&, 19“’2¢

erystals that are most abundant at the edges of the quartz veins, but al-
so are spabtered throughout the bordering greisen. The veins contain
cassiterite, mscovite, fluorite, phenskite, carbonates, minor wolf=-
ramite, snd sparse sulfides inclnding bismuteplagionite (5Pbs. 431-253).
Reid _/ mentions beryl at the § and M Syndicate mine in Tasmania,

_J] Beid, A, McIntosh, The mining fields of Moina, Mt, Claude, and
Lorinnay Tasmanian Geol. Survey Bull. 29, p. 70, 1919,

The major economic minerals of the vein are wolframite, cassiterite, ﬁi.s-'-

mtite, and bismthinite, and the subordinate minerals are native bismmth,
molybdenite, scheelite, gold, chalcopyrite, pyrite, arsenopyrite, galena,

monazite, and limonite, The gangue is largely quartz, with lesser amounts
of fluorite, topaz, pinite, and beryle The other minerals noted were cale
cite, satin spar and laumontite.

Occurrences of beryl in quartz veins in Kagakhstan S. S5, R.,, are de—
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seribed briefly by Sinegub,/ The usual associmtion is with tin and tung-

/] Sinegub, E. S,, Berills Nematallicheskiye iskopayemye S8SR,
MOSCOW-LENINGRAD, vol. 2, Dp. 129-157, 1943,

sten, but two veins In granite near the Karagaila River contained beryl,
molybdenite, and bismithinite, Sinegub stabess

®In the first vein, in addition to beryl, which occurs along its
entire length, there are also large druses of molybdenite and bise
mth glance; in the second, hesides beryl, bismih glance occurs
chiefly., There is some muscovite in the siructure of the veln,
Tourmaline is entirely absent, The beryl is distributed in the
veins more or less evenly; it also occurs in the form of schliers
sogregatlons in the granite together with schliers of amazon stone,¥

In the vicinity of Shorlovey Gora (Schorl Mt.), _/ in the Agin

-

..j Sinegubs E@ S.. 9Pe clt.

] Fersman, 'A.. E., Pegmatibes, vol, 1, Granite pegmatltes, pp. 120
122, 1940.

Burya$ Mongollian National District of Bastern Siberia, beryl occurs in
veins cutting a granite laccolith, The veins generally are symmetrically
zoned as followss

1) Greiser layer along wallss contalns quartz, green mica,
topaz, and fluorite,

2) Smoky quarbz, in places in well formed erystals,
3) Perberite (wolframite?), bascbismutite _/, teopaz, and other

_/ Shown to be identical with bismatite (BizC0s),
Frondel, Clifford, The oxides and carbonates of bismuth: Am,
Mineralogist, vol. 28, p. 531, 1943,

minerals,
L) A eentral core of greenish-blue beryl,
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In addition te the minerals menitlioned above, Fersman states that the
following occur in the veins: Native bismmth, gold, melybdenite,
cassiterite, arsenopyrite, pyrite, chalcopyrite, sphalerite, bismthinite,
scheelite, molybdite, torbernite, monazite, seorodite, malachite, goethite
and hematite, biotite, K and Ll micas, potash feldspar, tourmaline,
kaolinite, and siderite (2).

Holser _/ reporsts a quartz ¥ein in the Vieterie Mountains, Imuna

_/ Holser, W. T., Beryl and helvite in the Victorio Mountains, New
Mexicos U. S, Geological Survey report In preparation.

-

County, N. Mex,, that contains beryl, hilbnerite, and seheelite, The beryl
oceurs irregularly in a hanging-wall quarbtz-mica selvage, as crystals up
to 5 mm in diameter and 5 cm in length, The vein is in dolomitic limew
stone,

At Winslow, Maine, _j beryl oceurs in quartz veins in schist, associ=

_J Hess, Frank L., and Graton, L. Ds, The occurrence and distri-
tution of ting U, 8, Geol., Survey Bull. 260, p. 163, 1905,

ated with cassiterite, lepidolite, fluorite, and arsenopyrite,
Beryl is present in several of the tin-bearing quartz veins of the
Hi1l Gity district, Pennington County, S. Dak. _/ These deposits contain

_J Page, L, R., et al., Pegmatibe investigations, 1942-1945, Black
Eills, South Dekotat U. S. Geol, Survey Prof, Paper (in preparation)e

Sprimarily milky-white veir quarbz, clots and streaks of finewgrained
muscovite, and clote or masses of white beryl.® Attempts have been made to

nine these veins for cassiterite,



43

The writer has been unsble to rind any reported occurrence of beryl
in bage-metal deposits, although beryllium is known to occur in a few such

deposits as a constituent of other minerals, notably helvite, _/

./ Burbank, W, S., The manganese minerals of the Sunnysi.da veina;
Bureka Gulch, Celoradot Am, Mineralogist, vol. 18, pp. 513=527, 1933

Hewett, D, Fo, Helvite from the Butte District, Montanai Am,
Mineralogiss, vole 22, no. 6, pps 803-80k, 1937, _

Welsserborn, A. B., A new occurrence of helvite: Am, Minerale
@gist, 'V‘@l. 339 PP. 648"624'99 19Li‘8¢

In the several beryl-bearing veins described above, cepper commonly
is present in small amounts, but lead and zinc are rare or absent, Con=
versely, topaz, cassiterite, tourmsline, monazite, and wolframite, gen—
erally consifiered to be high=temperature minerals, may be present in
conspicuoug amounts.

In his deseription of the California vein, Landes _/ coflcludess

J landes, K. K., Opa cite, Po 702,

¥The relationship bebween beryl and pegmatites is so close that

one is justified in assuming that beryl-containing deposiis have
been formed by pegmatitic solutions, The quartzwmolybdenlte~beryl
vein of Chaffee County, Colerado, which occurs in a region of
granite and pegmatite intrusion, is thought to have been deposited_
by hydrothermal solutions escaping from a deeper selidifying pegme~
tite. If these conclusions are correct, quartz veins containing
beryl may be lecked upon ag & link comnecting pegmatites with normal
quartz veins,®

In a later paper _/ devoted to the relationship between pegmatites

.

_/ Landes, K. K., Pegmatites and hydrothermal veinst Am, Mineralo-
glsty, vole 22, pe 559, 1937.
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and hydrothermal veins, landes stabess
#Granitic magmas produce pegmatites and these, in turn, produce
hydrothermal solutions which may precipitate ores of tin, tung-

sten, and molybderum both in the pegmatite and in veins in the
country rock adjacent to and for indefinite distances above the

pegmatite,®
The writer is in egreement with Landes® statement that the presence

of beryl appears to link the quartz veins and the pegmatites, but he
cannot wholly subsecribe to a pegmatitic origin for all these veins,
From the mineralogy of the sxamples cited above, it would appear that

some of the deposits, for example, the La Corne, Quebec, molybdenite

veins, closely resemble pegmatites; but others, like the Tasmanian

ocourrence, are richer in heavy metals, contaln little or no feldspar,
and may be considered to have a clogser kinship to hydrothermal veins,

t would seem reasonable to assume an essentially continuous sequence

of deposits having & cemmon magmatic source and ranglng from pegmatites

veins, In the transition from pegmatite to metal vein, conditlions
chly faverable for beryl development may change te those in which
beryl cannot form end in which any remaining beryllium rmust be pre=-

cipitated as some ether compounde
REFRACTIVE INIEX OF BERYL FROM QUARTZ VEINS

During the investigation of the granitic pegmatites of the Black
Eills, S, Dek,, it was noted _/ that the refractive indices of beryl

] Page, L, Rs, et al., op. cit.
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from individusl pegmetites and from various parts of a single deposit may
show considerable variatlon, The index usually recorded is thai of the
slow ray (omega), which varied from abeut 1.566 to 1.592, Beryl from
simple pegmatites or from outer zones of complex ones generally has an
index bebtween 1,57 and 1,58, Indices higher than 1,58 characterize
beryl from inner zeones or late fracture £illings of lithia~bearing pegw
matites, There is a direct relationship between the refractive index
and the percentage of contalned Bel, and & curve can be drawn se that the
approximate Bel content can be determined direstly from the refractive
index, An unpublished curve prepersd by W. T, Sehaller of the U, S. Geo=
logical Survey shows that beryl containing the theoretical 1k percent
Be0 will hawve the slow ray index close to 1,566, whereas beryl with

only 10 percent Be0 has an index of about 1,600, The deficiency in Be0
below the theoretical 14 percent is made uwp by the substitutien of
various alkalies, notably Css0, Lin0, and Nap0. Both Csy0 and Lins0
generaily are most abundant in the same inner zones of pegmatites in
which beryl of higher index is found.

Indices of beryl, from quartz veins and other deposits, which hawe
recently been determined by the writer, show that beryl associated with
tungsten minerals also may bave an index clese te 1l.59, comparable te
high-alkali beryl from lithia pegmatites, Beryl of low index (less
than 1.58) may be expected from veins in which tin or molybderum is
dominant, Material from only a few deposits was avallable for study,
and further work may show the need to qualify the interpretation, as

suggested by the occurrence ef relatively low-index beryl in the thng-
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sten-bearing vein of the Victorio Mountains, N, Mex. (table 1),

Until beryl erystals from non-pegmatitiec ococurrences are analyzed
for minor elements and BeO, it will be impossible to state whebther their
index variations are related to the same alkall substitutlon that tekes

place in pegmatite beryl,



