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Aesrnecr

A granite stock in the region of Mt. Antero, Chafiee County, Colorado, contains nu-
merous, small, closely associated beryllium-rich pegmatites and veins. The pegmatites have
the typical magmatic minerals microcline and qtartz, and a variety of later hydrothermal
minerals-beryl, phenakite, albite, bertrandite and fluorite. The veins are shown to be
equivalent to the hydrothermal phase of the pegmatites. The upper temperature limit of
formation of the pegmatites is approximately 600'C., as shown by frequent development
of trigonal trapezohedron faces on srnoky quartz crystals. The lower temperature limit of
crystallization of the vein minerals is less than 200'C., as indicated by the position of
adularia in the sequence of mineralization.

A new angle table has been calculated for bertrandite. Twinned octahedra of fluorite
are described. The relation between the structure and morphology of phenakite is pointed
out, and the crystallographic elements of phenakite recalculateci in a new, preferred setting.

INTRODUCTION

The region of Mt. Antero, Colorado has been known for many years
as a locality for fine crystallized specimens of beryl (aquamarine), phena-
kite and bertrandite. Descriptive notes on these minerals have been pub-
lished by Cross (1887), Smith (1887), Penfield (1887, 1888, 1890), Penfield
and Sperry (1888),  Over (1928,  1935),  Pough (1935,  1936),  and Mont-
gomery (1938). However, no detailed study has been made of the oc-
currence of these minerals. For this purpose the writer spent six weeks
during the summer of 1938 in the Mt. Antero region, in company with
Mr. Arthur Montgomery of New York City, and Mr. Edwin Over of
Colorado Springs, Colorado.

The writer wishes to acknowledge his indebtedness to Professor
Charles Palache, who suggested this study and made it possible by a
grant for field expenses from the Holden Fund of the Department of
Mineralogy of Harvard University. The cociperation of Messrs. Mont-
gomery and Over, who spent their 1938 collecting season in the Mt.
Antero region, was greatly appreciated.

LOCATION AND GENERAL GEOLOGY

The pegmatites and veins of the Mt. Antero region are almost entirely
confined to a granite stock which is roughly elliptical in outline and ap-
proximately three miles across. The summits of Mt. Antero (14,245 It.)
and White Mountain (13,900 ft.) l ie within the stock. These two moun-
tain peaks are near the southern end of the Sawatch Range of the South-
ern Rocky Mountains, and are about 15 miles northwest of Salida,
Chaffee County, Colorado.
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Frc. 1 Map shorving location and geologic setting of Mt. Antero, Colorado.

The granite stock is part of a much larger batholith of qtrartz monzo-
nite, called by Crawford (1924) the Princeton batholith, and dated by
him as being late Mesozoic or Tertiary in age. On the map, Fig. 1, the
boundary of the Princeton batholith is shown as given by Crawford, and
the smaller hatched area represents the granite stock in which the peg-
matites and veins are found.
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The quartz monzonite is typically rather dark in color, of medium to
coarse grain, and composed of subhedral andesine and green hornblende,
anhedral orthoclase, quartz and biotite. The minor accessories are sphene,
apatite and iron oxides. The granite is medium grained, and composed
of subhedral oligoclase, anhedral orthoclase and quartz. The mafic
minerals, green hornblende and biotite, are present in only small amount.
Numerous fine-grained aplite dikes cut the granite and quartz monzo-
nite.

The minerals that have been described from Mt. Antero are found
both in pegmatites and veins. All of the pegmatites seen were within the
granite stock. The veins are in both granite and quartz monzonite.

PEGMATITES AND VEINS

The pegmatites are uniformly small in size, seldom exceeding 3 feet
in width and extending laterally for only a few feet. Clean-cut exposures
are few because of extreme frost action. AII of the pegmatites and veins
are found well above the timber line, in an area entirely covered with a
mantle several feet deep of disintegrated rock. However, several out-
croppings in vertical clifis showed the pegmatites to be isolated lenticular
bodies having sharp contacts with the granite enclosing them. Complete
excavation of these pegmatites revealed that they are roughly disk-
shaped or cylindrical bodies of limited extent in all directions.
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Frc. 2. Typical pegmatite exposure, in deeply disintegrated granite.
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About 15 pegmatites and veins were studied in detail. The distinction

between pegmatite and vein is made chiefly on the basis of mineralogy,
the differences in mineralogy being taken as a direct connotation of the
physico-chemical conditions of deposition. On the same basis the peg-

matites and veins have been further subdivided. This subdivision is

done not only to facilitate description, but to point out that, although

all of the pegmatites and veins arose from a common source' there are

significant differences in their paragenesis, which will be discussed in a

Iater section of the paper.
The pegmatites and veins have been divided into the following types:

A. Pegmatites
1. Beryl pegmatites

(a) Beryl-smoky quartz

2. Phenakite pegmatites
(a) Phenakite-colorless quartz
(b) Phenakite-smok5z quartz

3. Beryl-phenakite-bertrandite pegmatites
(a) Beryl-phenakite-bertrandite
(b) Beryl-phenakite-bertrandite-fl uorite

4. Topaz pegmatites
B. Veins

1. Muscovite-quartz vein
2. Phenakite-quartz-fluorite vein
3. Beryl-quartz-molybdenite vein

BBnvr, PBclrettrns

Pegmatites characterized by beryt are the most abundant of the com-
plex pegmatites of the region. The beryl pegmatiLes are of two types,

those that have"'pockets" and those that do not. The pegmatites having

no pockets.are small dikes or lenses of common pegmatite, with' some

subhedral beryl, but with no open-space deposition.'The pegmatites

containing pockets have been further complicated by successive deposi-

tion of fine euhedral crystals of microcline, beryl, smoky quartz, albite

and fluorite on-the walls of,the pockets.
Beryl-smoky quartz pegmatites. Several pegmatites of this typb which

had pockets containing a variety of well crystallized minerals were

found. One of the best exposed of these pegmatites was found by Over,

near the summit of White Mountain. It out-cropped on a vertical cliff,

and, therefore, was qne of the least weathered of all the pegmatites seen.

The pegmatite was a lens-shaped body approximately 12 inches across

and had a roughly cylindrical central cavity extending back about 4 feet

into the cliff. The pocket minerals were attached to the walls of the cen-

tral opening and projected into it. The opel sBace was partially filled
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with "pocket dirt," most of which was formed by surface weathering.
The periphery of the pegmatite was graphic granite several centimeters
thick, to which was attached the pocket minerals.

Fine crystals of perthitic microcline ranging up to 10 cm. in length
were found both as single individuals and asCorlsbail and Baveno twins.
Beryl started to crystallize at the close of the microcline deposition. The
beryl crystallized in fine green to deep blue transparent crystals up to 7
cm. in length. Smoky qrartz followed beryl, and formed sharp crystals
up to 10 cm. in length and of deep smoky color. The smoky qtartz formed
as low-quartz, as shown by frequent development of faces of a trigonal
trapezohedron. Muscovite followed quartz and in part was deposited
contemporaneously with it. Albite closely followed muscovite and can
be seen replacing muscovite. Ifowever, some of the muscovite is definite-
Iy later than the albite. It is not known whether this represents continu-
ous deposition of muscovite, or two separate generations. Albite in some
cases formed complete replacement pseudomorphs of microcline; in
others it only partially replaced it, or formed shells about the micro-
cline crystals. Most of the microcline was then removed by solution,
leaving hollow shells of albite. Abundant sericite was formed by the al-
teration of microcline. Fluorite, colorless qrartz and limonite were pres-
ent in small amount. A tabular summary of the paragenesis of this
pegmatite is given in Table 1, column 1.

PqpNarr:re PecnrarrrBs

Next in abundance to pegmatites characterized by the presence of
beryl are those which have only phenakite as a beryllium mineral, and
show no evidence of beryl having been present. AII of the pegmatites of
this type contain pockets, but the complexity of the pocket-mineraliza-
tion is greater where smoky quartz is present. I{ere, as in the beryl peg-
matites just described, the presence of a cavity containing smoky q\artz
seems to indicate a center of more prolonged mineralization, with gradu-
ally decreasing temperature.

Phenahite-col.orless quartz pegmotite. The simplest of the phenakite
pegmatites are in a pegmatitic area exposed ori a cliff on the southedst
side of Mt. Antero. The pegmatites are highly sil iceous, being composed
dominantly of milky quartz, with some subhedral microcline. The phen-
akite is found in small pockets lined with crystals of colorless or light
smoky quartz ranging up to several centimeters in length. The phenakite
crystals are both single and twinned and have a maximum length of
about 5 mm. They are found either loose in the pockets or partially em-
bedded in quartz. The only other mineral present is a small amount of
muscovite.
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Phenahile-smohy quartz pegmatite. fn the same pegmatitic area just

described one smoky quartz pocket was found by Over. The pocket was
approximately 18 inches across and 4 feet deep, and was lined with large
crystals of microcline and smoky quartz.

Euhedral crystals of microcline with a maximum dimension oI 22 cm.
show an etched peripheral zone about 2 cm. wide formed by the solution
of the albite lamellae of the perthite. Muscovite was not abundant and
in part overlapped with microcline in its deposition. Smoky quartz was
very abundant and formed crystals ranging up to 30 cm. in length. Some
of the crystals are greatly distorted by flattening parallel to a prism face,
and many smaller ones are completely doubly terminated and show no
place of attachment to the walls of the pocket. Phenakite crystals rang-
ing up to 1 cm. across were very abundant. The phenakite is fixed in the
sequence of mineralization by the fact that the crystals are commonly
emplanted on, but not embedded in, smoky qlartz. Both single and twin
crystals were present, but the single crystals were more abundant. A
late-stage introduction of albite followed qvartz and phenakite, but the
amount of albite introduced, mainly by replacement of rnicrocline, was
small. Fluorite was present in good octahedral crystals ranging up to 5
cm. in size. Colorless quartz formed as either small individual crystals or
as "caps" on some of the smoky q\artz crystals. A tabular summary of
the paragenesis of this pegmatite is given in Table 1, column 2.

BBnvr-PnrNAKrrE-BERTRANDTTE PBcuarrrBs

Two of the pegmatites examined contained all three of the beryllium
minerals--beryl, phenakite and bertrandite. These two pegmatites varied
considerably in their paragenesis and will be described separately.

Beryl-phenakite-berlrandite pegmatite. This pegmatite is located on the

south slope of Mt. Antero. It has been almost entirely excavated by pre-

vious collectors, but abundant material on the dump, and information
furnished by Over, who collected some fine bertrandite specimens there
on previous trips, made it possible to build up a fairly complete picture.
The original pegmatite was apparently comparatively large, with occa-
sional small pockets several centimeters across.

The pocket minerals of this pegmatite were crystallized on a smaller
scale than in most of the other pegmatites seen. The smoky quartz crys-
tals were sharp and well formed but with a maximum length of 3 cm.
Beryl formed well-terminated bluish-green crystals up to 3 cm. in length.
Crusts of phenakite formed on unetched beryl crystals. Fluorite was
present in small colorless and purple octahedra. Bertrandite in both sin-
gle and twinned crystals up to 1 cm. in length formed as a late-stage

alteration of beryl, as shown by its association with deeply etched beryl
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crystals, or in cavities left by the complete removal of beryl by etching.
A tabular summary of the paragenesis of this pegmatite is given in Table
1, column 3.

B er yl- p henahit e-b er tr andite-flu or ite p e gm atil e. The second pegmatite of
this type was found by Montgomery on the northwest face of Mt. Antero.
ft was completely disintegrated and may not have been in place as seen
in the field. It consisted of a cavity about one foot across completely
filled with debris, in which the various minerals were buried. None of the
material was attached to the walls of the cavity.

Microcline was present only in small amount, and was clearly the first
formed mineral. It has been deeply etched, with the removal of the per-
thite lamellae, and later partially replaced by albite. Beryl is not now
present in the pegmatite, but its existence at one time is indicated by
numerous hexagonal-shaped casts of phenakite. Muscovite in part forms
the casts and, therefore, followed beryl in its crystallization. After the
removal of the beryl, the phenakite casts were often partially refilled by
more phenakite. This later phenakite may have formed directli' from the
beryl as it was removed by solution. As a general rule, long prismatic
twin crystals of phenakite formed later than did the more abundant short
prismatic single and twinned crystals. Albite was introduced in small
amount toward the close of the period of deposition of phenakite. Fluo-
rite was quite abundant in sharp, well-formed octahedra, and in multiple
disk-shaped twins, greatly flattened parallel to an octahedron face. Ber-
trandite formed in small amount very late in the hydrothermal stage.
Qrartz is almost entirely lacking. Only two small colorless quartz crystals
were found, and their exact place in the sequence of mineralization is not
known. A tabular summary of the paragenesis of this pegmatite is given
in Table 1, column 4.

Topl^z PncuaurBs

Topaz was found in only one pegmatite, on the south side of Mt. An-
tero. The pegmatite was completely disintegrated and consisted of a mass
of fragments in the broken rock. Fragments of graphic granite composed
of white microcline and smoky quartz indicated that the walls of the
pegmatite were made up of this material. Numerous loose crystals were
found of microcline and smoky quartz. There was a small amount of
muscovite and fluorite. The topaz was brown in color and consisted of
deeply etched crystal fragments. The original crystals must have been
several centimeters in length.

Vnrw DBposrrs

Three veins were examined in the Mt. Antero region. Two of these are
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in the granite stock and closely associated with pegmatites. The third

vein is in the quartz monzonite, about one half mile from the granite con-

tact.
Muscoaite-quartz aein. This vein was found by Montgomery on the

northwest slope of Mt. Antero. It. was a narrow' irregular vein with highly

altered granite wall-rock on which had crystallized abundant deep green

muscovite in clusters of small crystals, and deep smoky qtartz in crystals

ranging up to 20 cm. in length. Immediately following the smoky quatlz,

but sharply separated from it, was colorless qnattz, which formed either

as a capping layer on the smoky qtartz or as small druses' Phenakite

started to crystallize at this time and in part overlapped with the

colorless qtartz, as is shown by specimens of phenakite crystals partially

or wholly embedded in the colorless quartz which caps the smoky quartz

crystals. A small amount of albite was deposited at about this time

and is the only feldspar present in the vein.
As is shown in Table 1, column 5, phenakite crystallized over a wide

range, contemporaneous with quartz, and with colorless and deep purple

fluorite. The colorless fluorite built octahedra as large as 10 cm. on an

edge. There was then a halt in the crystallization of fluorite, but phena-

kite continued to form as a surface coating on the colorless fluorite crys-

tals. Purple fluorite was then deposited by building on the colorless

fluorite octahedra, and outlasting the period of deposition of phenakite.

A pale green coating of fluorite then formed on some of the larger fluorite

crystals. Some of the smoky qtartz and fluorite crystals are dusted with

a drusy coating of purple fluorite, which in this case is cubo-octahedral in

habit. Limonite was very abundant, and a small amount of residual py-

rite served to demonstrate its origin. When the limonite formed from

pyrite it was deposited primarily as a replacement pseudomorph of

fluorite. A small amount of native sulphur was also formed. The exact

position of the pyrite and limonite in the sequence of mineralization is

not known. A tabular summary of the paragenesis of this vein is given

in Table 1, column 5.
Phenaki.te-quartz-f,uorite aein. On the northwest slope of Mt. Antero

a vertical vein about 4 feet wide is exposed over a length of 20 feet. It is

composed dominantly of milky qvartz but contains numerous pockets

that range in size up to 14 inches across, Iined with colorless or light

smoky quarLz crystals.
Phenakite was very abundant, and in part overlapped with quartz in

its deposition, as shown by phenakite crystals partially embedded in the

qvartz that lines the pockets of the vein. Muscovite was present in minor

amount, and was followed by orthoclase, variety adularia. Albite was
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next introduced, principally as a pseudomorph of the adularia crystals.

Fluorite was very abundant, sometimes completely filling the pockets'

It formed in sharp octahedra up to 10 cm. across. Phenakite is shown to

have persisted over a long range in its crystallization by the fact that it

is found partially embedded in fluorite.
Beryl-quartz-molybdenite aei'n. This deposit has already been de-

scribed by Landes (1934). It is only mentioned here to complete the pic-

ture of the apparent gradation in the Mt. Antero region from pegmatite

to vein. The beryl-quartz-molybdenite vein is not found within the

granite stock to which all previously described localities were confined.

It is in the surrounding quartz monzonite, about one half mile from the

granite contact. The presence of beryl in the vein indicates that the

mineralizing solutions arose from the granite stock in which so many

beryllium-rich pegmatites are found, and that it can, therefore, be con-

sidered as an outlying part of the same general zone ol mineralization.

SUMMARY AND CONCLUSIONS

With the exception of the beryl-quartz-molybdenite vein, tlte pegma-

tites and veins of the Mt. Antero region are all found entirely within a

single small granite stock, and presumably, therefore, arose from a com-

mon source. The paragenetic table (Table 1) of the various deposits de-

scribed brings out the broad similarity between them, and also several

significant difierences. These differences are an expression of the physico-

chemical conditions obtaining during the formation of any particular peg-

matite or vein. The most important factors that may have governed the

paragenesis of the pegmatites and veins are: (1) chemistry, (2) pressure,

(3) temperature and rate of change of temperature, (4) wall-rock con-

trol.
The paragenetic table shows all of the pegmatites and veins to be sim-

ilar chemically in that they contain essentially the same elements, as

might be expected since they arose from a common source. However, the

relative proportions of the elements vary widely in different occurrences.

It is probable that the most important influence of variation in chemistry

of the primary solutions has been to control the amounts of the various

minerals present.
Speculation about pressure effect upon the paragenesis of the pegma-

tites and veins is difficult. All of the bodies are found within a horizon

500 feet thick, and the difference in pressure due to load was not, there-

fore, very large. More important than this, however, would be the varia-

tion in hydrostatic pressure of the solutions, which might be governed

by the size of the channelways through which the solutions moved. How-

ever, since the direct efiect of reduced pressure would be to lower the
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temperature of the solutions, these two factors may be considered to be
interdependent.

The granite in which the pegmatites and veins are found is very uni-
form throughout, and the possibility of wall-rock control is slight.

The major dissimilarity in paragenesis is between the two groups
which have been described. as pegmatites and veins.Included in the peg-
matite group are all those dikes or lenses of coarsely crystalline micro-
cline and qvartz, either together as graphic granite or as individual
crystals; that is, those bodies whose early phase at least, was probably
magmatic. fncluded in the vein group are three dikes that are vein-like
in shape, and are composed chiefly of tvpical milkvein-quartz, with
graphic granite and microcline entirely lacking. There can be little doubt
that the fundamental differences between pegmatites and veins were
caused by temperature of formation. This is brought out clearly in Table
1, assuming that from top to bottom in the table is a direction of decreas-
ing temperature. In the true pegmatites (columns 1-4) microcline and
beryl were the first minerals to form, and were, therefore, formed at the
highest temperature and probably crystallized from a medium close in its
properties to a true magma. Following the crystallization of microcline
and beryl in the pegmatites came the typical hydrothermal introduction
of lower temperature minerals. The veins in their entirety are essentially
equivalent to the hydrothermal phase of the pegmatites.

The muscoaite-quarl,z veinhas highly silicified and altered granite wall
rock, and its general nature gives the impression that it was created by
the early hydrothermal solutions of a typical pegmatite which escaped
from the pegmatite magma chamber into a crack or fissure in the granite.
The close association of this vein with several true pegmatites supports
this idea. The phenahite-quartz-f.uorite aein has unaltered, sharp contacts
with the granite wall rock and, therefore, appears to have formed at a
still lower temperature than the muscoaite-quartz oein. For the same rea-
son the beryl-quarlz-molybd,enite aein apparently formed at a relatively
low temperature.

Apparently all the pegmatites started to crystallize at about the same
temperature. The paragenesis of the individual pegmatites is broadly
similar. The lack of certain minerals in some which are present in others,
and the differing amounts of the various minerals, can be attributed to
slight compositional difierences in the solutions which introduced the
hydrothermal minerals, and to a varying rate of change of temperature.
The paragenetic table (Table 1) shows phenakite to be stable at a lower
temperature than beryl, and quick cooling past the stability range for
beryl might prevent its crystallization, resulting in the formation of
phenakite at a lower temperature.

801



802 GEORGE SIVITZER

Temperature of f ormation. Any precise statement as to the temperature

of formation of a pegmatite is of doubtful value. However, for at least

some of the pegmatites of the Mt. Antero region (the beryl-smoky quartz

type), it is known that the smoky quartz formed as low-quartz, and thus

crystall ized at some temperature below 573"C.1 Since smoky quartz was

the third mineral to start to crystallize it seems probable that the upper

temperature limit of the pegmatites could not have been much greater

than 600oC. It has been established by various investigators that the

temperature of formation of adularia is about 230'C. On this basis the

lower temperature of formation of the phenakite-quartz-f'uorite vein wlll

be some figure below this value, perhaps as low as 100oC.

DESCRIPTION OF THE MINERAI,S

The common pegmatite minerals microcline, muscovite, quartz and

albite of the pegmatites of the Mt. Antero region have no features re-

quiring a detailed description. A description will be given, however, of

the less common minerals bertrandite. bervl, fluorite and phenakite'

Bu*t*o^ot to

Bertrandite was first described from Mt. Antero by Penfield in 1889.
The material collected by the writer can add nothing to Penfield's de-
scription. However, a structural study of bertrandite by Ito and West
(1932) has shown that the unit chosen by Penfield does not correspond
to the true unit as revealed by r-ray study. The change necessary for
correspondence is a minor one, and consists only of halving the c-axis of
the Penfield setting. The transformation is given by 100/01-0/00].

The uni t  ce l l  d imensions of  I to  and West  D.rE os:15.194,  bo:8.674,
co:4.534.  From th is  the ax ia l  rat io  ao:  bstcs:0.571:  l :0 .298 is  obta ined.
(To obtain this conventional form for the axial ratio the oo and De lengths
of Ito and West must be interchanged.) This is in good agreement with
the axial ratio obtained by halving c of Penfield's original values.

A new angle table has been calculated for all known forms on bertran-
dite, using the elements required by the structural study of fto and West.
It is evident that the change made in morphology requires no revision of
previous statements of physical and optical properties.

Bertrandite from Mt. Antero is found in platy crystals tabular parallel
to c{001} and usually elongated parallel to the o-axis. The crystals are
white or colorless and transparent, and range in size up to 1 cm. in
length. Their hemisymmetric character is indicated by the fact that one
basal plane is commonly flat, while the other is rounded and striated

I The exact vaiue of this inversion is. of course. unknown, since the pressure at the time

of formation is not known.
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parallel to the o-axis by the oscillatory combination of the basal plane
with a dome, probably e [021 ] . Twin crystals are relatively common. The
twin plane is (021). The twins are heart-shaped in cross section, with the
smooth basal plane on the outside. The appearance of single and twinned
crystals of bertrandite from Mt. Antero is i l lustrated by Figs. 3 and 4.

J

Frc. 3. Bertrandite from Mt Antero, Colorado.
Frc. 4. Bertrandite, twin crystal. Twin plane (021). Mt. Antero, Colorado



804 GEORGE SWITZER

Bnnvr,

Beryl, variety aquamarine, is the principal mineral for which Mt.
Antero has long been known. Only the beryl which has grown freely in
open pockets of the pegmatites is transparent and flawless, and, there-
fore, of value as gem aquamarine. Unfortunately much of the beryl is
found frozen into the pegmatite and is then always translucent and
worthless.

The color of the beryl from the Mt. Antero region varies from pale
greenish blue to fairly deep aquamarine. The largest crystals ever found
in this region were found by Over in 1932, on White Mountain. The con-
tents of this pocket are now in the Mineralogical Museum of Harvard
University. The largest crystal is 3.5X20 cm., gemmy in part. Several
others almost as large were also taken from this pocket, and many more
of smaller size.

Some pegmatites contain beryl crystals that are totally unetched. fn
others the degree of etching may vary to the extreme case in which the
crystals have been reduced to a mass of fibres of beryl, or have been com-
pletely redissolved.

Commonly the beryl crystals are terminated only by a basal plane.
The terminal forms ptl[I| and s{1121} were also observed on numer-
ous crystals. Sometimes the prism zone is sharp and other times deeply
striated parallel to the length of the crystals. Figure 5 illustrates part of
the beryl crystals found in the beryl-smoky quartz pegmatite.

Frc. 5. Beryl from White Mountain, Colorado.
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FruonrrB

The fluorite of the pegmatites and veins of the Mt. Antero region is
always octahedral in habit. Octahedra of fluorite were found ranging
in size from 1 mm. to 20 cm. Deep purple is the most common color but
small colorless crystals were also found, and occasionally light green
fluorite formed as a thin coating on earlier formed crystals.

Fluorite crystals were found in the beryl-phenahite-berlranilite pegma-
tite which are twinned on an octahedron face, and show dominantly the
octahedron form, with occasional small truncating faces of the dodeca-
hedron. About 15 twin crystals were found in this pegmatite. Most of
these are much flattened parallel to an octahedron face, and with one
individual of the twin developed to a much greater degree than the other,
as shown in Fig. 6. Others are disk-shaped and made up of several in-
dividuals.

Fro. 6. Fluorite twin from Mt. Antero, Colorado.

Two fluorite twins were found in the muscovite-quartz oeiz. These twins
are typical "spinel" twins, made up of two equally developed octahedra,
twinned on an octahedron face. The best formed of these two twins is
about 5 cm. across and deep purple in color, with a surface coating of
pale green color.

Also found in the muscoaite-quartz uein were drusy coatings of minute
purple fluorite crystals upon smoky quartz and fluorite. These drusy
coatings are cubo-octahedral in habit, with the cube and octahedron faces
nearly equally developed. Since the drusy crystals were clearly the last
formed fluorite of the vein, and, therefore, formed at the lowest tempera-
ture, it seems probable that temperature was the dominant factor in
controlling the habit of the fluorite, and that octahedral habit is favored
by high temperature. What the temperature of crystallization of the
cubo-octahedral crystals was is not known. Ifowever, the association of
octahedral fluorite with adularia in the phenakite-quartz-f,uorite aein in-
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dicates that octahedral fluorite can develop at a temperature somewhat

less than the temperature of crystallization of adularia. Temperature as a

controlling factor of the habit of fluorite has also been suggested by

Drugman (1932).

PuBNarrrn

Introduction In order to properly describe the phenakite from Mt.

Antero it was found necessary to make a general survey of the whole

phenakite problem, principally in order to determine whether the present

morphology and crystal structure were in agreement.
The unit cell and structure of phenakite was determined by Bragg in

1927 , and the unit cell dimensions by Gottfried at about the same time
(1927). Later (1930) Bragg and Zachariasen further elaborated on the

phenakite structure. Pough (1935, 1936) made a detailed study of the

morphology of phenakite but failed to point out the direct tie-up between

morphology and structure.
Symmetry. Following the method outlined by Buerger and Parrish

(1937), a series of equi-inclination Weissenberg photographs about the

c-axis permits one to resolve the reciprocal lattice into stacks of plane

reciprocal lattices normal to the c-axis. The projections of these lattices

are displaced over each other by $ of the long mesh diagonal of each

layer, thus fixing the space lattice type as rhombohedral.
The symmetry class is determined by the relation of the third-order

terminal planes on both top and bottom of the crystals. Such planes are

only repeated by a three-fold axis and an inversion center' The Weissen-

berg photographs also clearly reveal the absence of any vertical sym-

metry planes. The crystal class is, therefore, Cro (R3).Of the two space

groups based on this crystal class only one is based on a rhombohedral

la t t ice;  thus the space group is  Crr 'z  (R3).
Unit Cetl. The unit cell chosen by Bragg is a rhombohedron with the

length of the rhombohedron edge 7.684 A and a:108'01'. In order to

bring out the relation between structure and morphology a structural

cell based upon a hexagonal network must be used' The rhombohedral

unit cell dimensions of Bragg transformed to the corresponding hexag-

onal cell are shown in Table 3. Also listed'are the unit cell dimensions

determined by the writer.

Tesr-n 3
Unit Cell Dimensions of Phenakite

Bragg

A0

Co

1233 A
8 . 2 s

12 .404  (+0 .02 )
8.24 (from rotation picture)
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The hexagonal unit cell of the writer has Zs:1097 cubic A and con-
tains 18 (BerSiOa). The calculated density is 2.98 (measured 2.97-3.00).

From the unit cell dimensions a calculation of the axial ratio yields
ao :co :1 :0 .6645 ,  and  the  po la r  e lemen ts  po t r s :0 .7673 :1 ,  wh i ch  i s  i n
good agreement with the morphological elements of Goldschmidt and
Schriider (1909).

Morphologi.cal elements. The morphological presentation of a rhom-
bohedral mineral can be greatly simplified by omitting a treatment of
Goldschmidt's alternative G1 and G2 positions, as has been pointed out by
Peacock and Bandy (1938). This has been done in the new morphological
elements for phenakite given below. The elements of Goldschmidt and
Schr<ider (1909) have been used, but recalculated to the proper position.
Since the g and p angles remain as given by Pough (1936) a complete
new angle table is not required.

Tasla 4

Morphological Elements of Phenakite

Hexagonal R;
a i  c  :  1  : 0 . 6636 ;a :  107 '56 ' ;

Rhombohedral-3
po:ro:O.7 662 :  |  ;  ) , :  63"24'

ft is interesting to note that seven forms of the l ist of certain forms
given by Pough do not fit the rhombohedral rule, which states that
h+ i+ l : 32 .  These  a re  c {00011 ,  rn t y t \ I j \ ,  d {7012 ] r ,  r ' l 0 l l l l ,  H {211 .2 ] r ,
o ' {1785},  and 7 ' [1875] .  These forms only f i t  the rhombohedral  ru le
when given multiple indices, and, as is to be expected from this, all but
m{I0l0l are rare and are found only as small crystal faces.

Phenakite from Mt. Antero. Phenakite is found at Mt. Antero in a
variety of habits and sizes. The crystals are opaque white to colorless,
sometimes transparent and with a faint yellow tinge. Both single and
twin crystals are abundant. In size they range from 3| cm. to * --.

The forms measu,red on Mt. Antero crystals by the writer, l isted in
order of impoitance, are: prisms a{ll2}l , m{10fi1, terminal forms X.-
l t 322 l ,  r l t l T r l ,  . r 12131 t ,  p t t l 2J l ,  d . { 01T21 ,  r i 0001 | ,  ^g r42 l ,  > -
I325ll. fnterpenetration twins are common. The twin plane is (0001).

By far the most common habit of phenakite from Mt. Antero is short
prismatic single crystals, as shown in Figs. 7 and 8. It is characteristic of
practically all Mt. Antero phenakite to be terminated dominantly by
X'lI322l , with all other forms small. A few small crystals were found on
which the dominant form was r[10fl] . Less commonly single crystals
have fairly long prisms. Twin crystals, on the other hand, are decidedly
prismatic in habit. The prismatic twin crystals sometimes go to the ex-
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treme of being needle-like
Fig. 9.

GEORGE SWITZER

in appearance. A typical twin is shown in

Frc. 7. Crystal of phenakite from Mt. Antero. The commonest tlpe of crystal.

Frc. 8. Crystal of phenakite from Mt. Antero.

Frc. 9. Interpenetration twin of phenakite from Mt. Antero. Twin plane (0001).

Although no exact rule can be formulated, in general it appears that low
temperature of crystallization favors development of twin crystals of
phenakite, and also favors the most extreme development of prismatic
habit of the twins.
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NOTES AND NEWS

Dr. Edward s. simpson, Government Mineralogist and Analyst for the State of west-
ern Australia, died at his home in South perth on August 30.

Dr. waldemar Lindgren, emeritus professor of economic geology at the Massachusetts
Institute of Technology, died on November 4 at the age of seventy-nine 1,ss1s.

Correction

By mistake an abstract of the mineralPriceitewas included in the list of abstracts for
"New Mineral Names" in the November issue of the Journal. The mineral pr,iceite is not
new, being included in the 6th edition of Dana,s System.


