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GEOLOGY AND ORE DEPQSITS OF THE SOUTHERN TARRYALL REGION
PARK AND JEFFERSON COUNTIES, COLORADO

GEOLOGY AND BERYLLIUM DEPOSITS OF THE LAKE GEORGE
(OR BADGER FLATS) BERYLLIUM AREA
PARK AND JEFFERSON COUNTIES, COLORADO

By C. C. Hawrey

—

ABETRACT

The Lake George (or Badger Flatz) berrllium area is a ter-
rane of Precambrian rocks on the southwest side of the Front
Range in Colorado. Itz southeastern and southwestern parts are
underlain mainly by the metasedimentary Idaho Springs Forma-
tion, the metalgneous Boulder Creek(?) Granodiorite, and
the Sillver Plume(?) Granite. The northern and central parts
of the area are underiain principally by the Pikes Peak and
Redskin Granites. Loeally the Precambrian rocks are maszked
by thin tuffs and boulder deposits of Tertiary(?) age and by
colluvium and alluvium of Quaternary age.

The oldest rocks—Idaho Bprings Formation, amphibolite and
hornblendite, and Boulder Creek(?) Granodiorite—were in-
volved in a period of plastic deformation during which & major
north-northeast-trending fold, the Round Mountain syneline,
formed. Subsequently they were strongly deformed and regres-
gively metamorphosed by the intrusion of the Silver Plume(?)
Granite. The emplacement of the youngest Precambrian igneous
rocks—the gabbro and monzonite, Pikes Peak Granite, and Red-
gkin Granite—had little structural effect on the older rocks,
Locally the rocks were cataclastically deformed sometime after
the plastic deformation but before emplacement of the Youngest
igneons rocks. They were faulted in several episodes. Movement
along the Badger Flats fault, a8 major structure of the area,
possibly occurred before emplacement of the Bilver Plumed{?).
Movement along most of the other faults first oceurred in Pre-
cambrian time.

The principal ore deposits are nonpegmatitic beryllinm depos-
its that oecur in veins, pipes, and other forms generally encased
in greisenized wallrocks, The greisens contain quartz, muscovite,
topaz, and fluorite, and trace elements, such as lithium and tin,
that are typical of greisens. The principal deposits are con-
centrated in four parts of the area that are in or very near the
Redskin Granite. Small concentrations of beryllinm minerals
and greisen bodies that contain only trace amounts of beryllium
are more widely distributed.

Most of the beryllium oceurs in beryl, which forms hexagonal
crystale and massive polkiloblastic grains. Bome of the beryllium
occurs in bertrandite, which may be the dominant beryllium
mineral in some ore bodies or parts of ore bodies. Very small

amounts of the beryllium oeccurs in euclase. The beryllinm
depozits locally contain arsenopyrite, wolframite, molybdenite,
galena, and dark sphalerite, and these minerals and other sul-
fides and oxides are locally concentrated in small ore shoots
near beryllium deposits or in greisenized rocks nearly free of
beryllinm. The gangue of most deposits is formed by the typical
greisen minerals,

Though the deposition of ore minerals and the formation of
grelsens were nearly contemporaneous, the ore minerals are
somewhat younger than the greisens, Quartz, muscovite, and
fluorite, which form the bulk of the greisens, also occur with
the ore minerals and were deposited during a long period of time.

The beryllium deposits and associated greisen are closely
related genetically to the Redskin Granite, as shown by chrono-
logic and chemical similarities and spatial association. The main
deposits, those of the Boomer mine, seem to be a particularly
good example of cupola-type mineralization.

INTRODUCTION

The Lake George (or Badger Flats) beryllium area
is about 10 miles northwest of Lake Gmrge on the west
side of the Front Range (fig. 1) ; it is a few miles east
of South Park and is separated from it by the Puma
Hills. The rugged Tarryall Mountains extend into the
northern part of the area, and the parklike Badger
Flats forms most of its southwestern part. The mapped
area comprises most of the north half of the Tarryall
quadrangle and most of the south third of the Me-
Curdy Mountain quadrangle.

The main mineral resource of the area is beryllium-
bearing greisen, which has been mined principally at
the Boomer mine. The greisen and associated veins also
contain local concentrations of tungsten, molybdenum,
lead, zine, tin, and silver minerals. Besides the greisen
deposits, small amounts of scheelite occur in tactitelike
cale-silicate gmeiss, and fluorite forms fissure-vein de-
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Froure 1—Location of the Lake George (or Badger Flats)
beryllinm area (stippled).

posits from which small amounts of ore have been
produced.

The Lake (George beryllium project of the 7.8, Geo-
logical Survey began in 1959, although considerable
data had been accumulated previously by W. R. Griflitts
of the Geological Survey, who closely followed activity
in the district after the discovery of beryl in 1955. This
report concentrates on the beryllium deposits.

I appreciate the assistance received from Mr. Griffitts,
who helped start this investigation, and from W. N.
Sharp, U.8. Geological Survey, who contributed some
of the mapping and mineralogic data incorporated in
this report. Mining men interested in the region were
cooperative, especially D). H. Peaker of 17.5. Beryllium
Corp., Harlan Foresyth, former superintendent at the
Boomer mine, and Bob Beal and the late William Van
Couten, miners and excellent geologic ohservers.

GENERAL GEOLOGY

The Lake George beryllium area has had a long and
complex history of folding, metamorphism, faulting,
and igneous intrusion that is mainly recorded in Pre-
cambrian rocks. These rocks can be divided into three
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main groups according to age and conditions of forma-
tion or metamorphism (Hawley and others, 1966). Rocks
of the first and oldest group consist of the Idaho Springs
Formation, which is a metasedimentary unit; amphib-
olite and hornblendite of uncertain origin; and the
Boulder Creek(!) Granodiorite, a metaigneous rock of
catazonal type (Buddington, 1959). The intermediate-
aged group is represented by the Silver Plume( ?) Gran-
ite, a mesozonal igneous rock. The rocks of the youngest
group are epizonal and are unnamed gabbro and mon-
zonite, the Pikes Peak Granite, and the Redskin
Granite.

The dominant rock unit of the area is the Redskin
Granite of late Precambrian age, which forms the Red-
skin stock and two smaller bodies, the China Wall and
Boomer cupolas (pl. 1). The beryllium deposits are
closely associated with the Redskin Granite and prob-
ably are genetically related to it. The Redskin stock
itself is an oval composite body, about 19 square miles
in area, that lies partly in the somewhat older Pikes
Peak Granite and partly in the appreciably older terrane
of metasedimentary, metaigneous, and igneous rock ex-
posed south of the Pikes Peak Granite.

The structure of the older Precambrian rocks was
mainly determined by two events. In the first event,
sedimentary rocks were metamorphosed and deformed
into a broad northeast-trending syneline and the Boulder
Creek (%) Granodiorite was emplaced. In the second,
the Silver Plume({ ?} Granite shonldered the older rocks
aside and caused recrystallization and retrograde meta-
morphism. The later Pikes Peak and Redskin Granites
had little struetural effect on the older rocks.

Faults, mainly of a northwest trend, formed in more
than one episode, but nearly all first opened in Precam-
brian time. The oldest movement on the Badger Flats
fault probably cceurred before emplacement of the Sil-
ver Plume Granite, and surely before greisenization re-
lated to the Pikes Peak or Redskin Granite, Faults that
cut the Pikes Peak or Redskin Granite are locally
mineralized and are probably nearly as old as the
granites.

PRECAMEBRIAN ROCKS

Precambrian rocks, in order of decreasing age, are
the Idaho Springs Formation, Boulder Creel ( 7) Grano-
diorite, Silver Plume( ?) Granite, Pikes Peak Granite,
and Redskin Granite. Small masses of amphibolite and
hornblendite which oceur in the Idaho Springs Forma-
tion and Boulder Creek( ?) Granodiorite generally have
indeterminate age relations with the enclosing rocks but
probably are older than Silver Plume( 7). Gabbro and
monzonite occur near Redskin and Pikes Peak Granites
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and are younger than Silver Plume(?) and older than
Redskin Granite. Pegmatites, locally abundant, are of
severa] ages. Most pegmatites are related to the Silver
Plume( ) or Boulder Creek(?), but a few are related
to the Pikes Peak or Redskin Granite.

IDAHO EPFRINGE FORMATION

The oldest rock unit in the mapped area is the Idaho
Springs Formation (Ball, 1906), which underlies much
of the southeastern and southwestern parts of the
area. It was the country rock into which the Boulder
Creek(?) and Silver Plume(?) bodies were intruded,
and together with these units it forms most of the Pre-
cambrian complex lying peripheral to the Pikes Peak
and Redskin Granites.

The formation varies widely in texture and mineral-
ogy, but it is dominantly a fine- to medium-grained
locally migmatitic biotite gneiss. Fine-grained gneiss
is composed mainly of guartz, plagioclase, and biotite;
it is light gray, has a salt and pepper aspeet, and is only
rarely migmatitic. Medium-grained biotite gneiss is
composed largely of biotite, quartz, sillimanite, and,
where affected by retrograde metamorphism, muscovite;
it is commonly migmatitic. Idaho Springs Formation
near the Boomer mine and in the southwestern part of
the area is mainly fine-grained biotite gneiss. In the
southeastern part of the area, it consists of migmatitic
interlayered fine- to medium-grained gneiss.

Cale-silicate gneiss and associated quartzite units form
scattered thin layers and pods in biotite gneiss and in
amphibolite. Two main types of calc-silicate gmeiss
were recognized: a fine-grained hornblendic or diop-
sidic rock, and a medium- to coarse-grained tactitelike
rock which consists mainly of garnet, epidote, guartz,
idocrase, and, locally, calcite, and which is the host to
small scheelite deposits.

AMPHIBOLITE AND HORNBLENDITE

Amphibolite and closely associated hornblendite are
found principally in the western part of the beryllium
area, where they form layers, lenses, and pods whose
contacts generally conform to the foliation of the adja-
cent gneiss of the Idaho Springs Formation.

The amphibolite is a medium- to dark-gray poorly to
moderately foliated rock composed mainly of horn-
blende and plagioclase. It is more massive than the
fine-grained hornblendic cale-silicate gmeiss of the
Idaho Springs Formation with which it occurs locally.
The hornblendite is a very dark green dense rock com-
posed mainly of hornblende which characteristically
weathers brown.

Locally, tactitelike cale-silicate gneiss was developed
from amphibolite, as shown by garnet-quartz-epidote
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tactite bodies that cut across the foliation of the
amphibolite. The tactitelike masses are separated from
amphibolite by diopside-rich rock which also euts across
the structure of the amphibolite.

BOULDER CREEK(!) GRANODIORITE

The Boulder Creek( ?) Granodiorite forms two main
bodies in the southern and southeastern parts of the
area. One 1s a small partly conformable pluton exposed
in the NW14 sec. 28 and the SW1y sec. 21 (fig. 2).* The
second is a much larger, apparently conformable body
that trends northeastward from the southwest corner
of the mapped area to the southwest edge of the Red-
skin stock. Prior to the intrusion of the Redskin stock
the granodiorite was continuous with granodiorite ex-
posed along strike at the southeast edge of the stock.
Other, generalized mapping (Hawley and others, 1966)
indicates that the larger of the two Boulder Creek(?)
bodies is an phacolith asymmetric to the Round Moun-
tain syneline.

The Boulder Creek(?) Granodiorite ranges in com-
position from quartz diorite to granite. The quartz
diorite is a medium- to coarse-grained mesocratic bio-
tite-quartz-plagioclase rock which contains phenocrysts
or porphyroblasts of quartz and plagioclase. The more
granitic types are fine- to coarse-grained mesocratic to
lencoeratic rocks, and locally they contain tabular or
augen phenocrysts or porphyroblasts of microcline. In
general, the Boulder Creek(?) is gneissic; mineral
lineations generally plunge northeastward, or subparal-
lel to the dominant trend of mineral lineations in the
Idaho Springs Formation.

Tentative correlation of Boulder Creek(?) Grano-
diorite with the Boulder Creek Granodiorite of the cen-
tral Front Range is based on the average composition,
relative age, and syntectonic origin indicated by the
phacolithic form and metamorphic structures common
to both deformed metasedimentary rock units.

BILVER PLUNME(!) GRANITE

The Silver Plume(?) Granite forms an oval-shaped
pluton about 2 miles long in the southeastern part of the
area and numerous smaller sill-like and irregular bodies
in the southern and western parts of the area,

The Silver Plume(?) Granite ranges from fine to
medium grained and from massive to foliated. Most
facies are leucocratic tan or gray granite (or quartz
monzonite of some classifications) that consists mainly
of quartz, oligoclase, and potassium feldspar. Both
biotite and muscovite are present in most specimens,
along with accessory amounts of magnetite, apatite, and

' A large part of the area is in T. 11 8, RE. T2 W., and sections, unless
noted otherwise, are in this township,
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other minerals, Sillimanite is also generally present in
small amounts and is found with the muscovite or with
potassium feldspar; it forms linear zones, especially in
potassium feldspar, that indieate fracture control.

The potassium feldspar is commonly carlsbad twin-
ned, but it is grid twinned locally. Plagioclase is locally
myrmekitic, and part of the muscovite is intergrown
with plagioclase. In the foliated granites, structure is
due to alined micas and potassinum feldspar laths,

The Silver Plume(?) Granite of this area shows
strong similarities to the Silver Plume Granite of the
central Front Range in the following respects: Its pre-
Pikes Peak post-Boulder Creek(?) intrusive relations,
presence of both biotite and muscovite, seriate porphy-
ritic texture, quartz monzonite modal composition, and
common occurrence and local nearly trachytic aline-
ment of lathlike potassium feldspar.

PIEES PEAK GRANITE AND ASSOCIATED ROCHKS

The Pike Peak batholith of the Colorado Front
Range is a composite pluton covering an area of more
than 1,000 square miles. Major units within the batho-
lith range in composition from granodiorite or quartz
monzonite (Hutchinson, 1960 ; Peterson, 1964) to alkali
granite. Minor rock units in the batholith or near its
periphery range in composition from gabbro to peralk-
aline granite and include syenites and monzonites
{ Hutchinson, 1964 ; Stewart, 1964 ; Gross and Heinrich,
1965). Like the Pikes Peak Granite, the associated
minor types are unmetamorphosed, posttectonic rocks
that form dominantly discordant plutons. Several have
been dated by rubidium-strontium or potassium-argon
methods to be about 1 billion years old (Giffin and
Kulp, 1960; Hutchinson, 1964; Gross and Heinrich,
1965), or about the same age of the main Pikes Peak
Granite. It seems reasonable to assume that all the
rocks 1 billion years old which are spatially related to
the batholith are comagmatic with the Pikes Peak
Granite, and here they are considered as units of a
magma series whose chief unit is the Pikes Peak
Granite. Other units of the magma series in the Lake
George area are the Redskin Granite and gabbro and
monzonite,

GABBED AND MONZONITE

Mafic to granitic rocks, classed generally as gabbro
and monzonite, occur mainly at the southeast end of the
Redskin stock near Tarryall Creek and in the north-
eastern part of the mapped area. The unit includes
olivine gabbro, granodiorite, monzonite, quartz monzo-
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nite, and quartz monzonite porphyry. A composite mass
of gabbro, granodiorite, and quartz monzonite near
Tarryall Creek is the remnant of a zoned funnel-shaped
pluton that has been invaded by the Redskin Granite.
The incomplete outer zone of the pluton is coarse-
grained olivine gabbro which has a marked planar
structure and which contains noticeable interstitial il-
menite. Locally olivine and other early ferromagnesian
minerals are altered to biotite. The intermediate zone is
medinm- to coarse-grained biotite-hornblende rock
which ranges in composition from granodiorite to
quartz monzonite. The core is quartz monzonite porphy-
ry. Quartz monzonite porphyry also forms dikes which
cut the gabbro and the Silver Plume(?) Granite. The
monzonite in the northeastern area is either a large in-
clusion in the Pikes Peak Granite or a small plug intru-
sive into it. Although its relations to the coarse-grained
Pikes Peak Granite are not clear, the monzonite is cut
by fine-grained granite dikes similar to those widely
distributed in the Pikes Peak Granite. The composite
gabbro and quartz monzonite body is not in contact
with the Pikes Peak Granite, but it ecuts the Silver
Plume( ?) Granite and is cut by the Redskin Granite.

FIEES FEAK GRANITE

The Pikes Peak Granite of the Tarryall Mountains
batholith underlies the northern and northeastern parts
of the mapped area. Typically the granite is a biotitic
coarse-grained nearly massive pink rock composed
mainly of microcline perthite, quartz, and sodic plagio-
clase, in order of decreasing abundance. The microcline
perthite occurs mainly as coarse grains, locally as much
as 8 em across, which are enclosed in a medium- to
coarse-grained granular matrix of quartz and plagio-
clase. Microscopic examination shows that the plagio-
clase is moderately sericitized and that fluorite and
zircon are the main aceessory minerals.

Two main facies and several minor facies of the
Pikes Peak Granite can be distinguished. The two main
types differ chiefly in average grain size, shape of
potassium-feldspar crystals, and degree of granularity.
They differ only slightly in mineralogy (table 1), and
on the map they are combined as coarse-grained ine-
quigranular granite. The minor facies forms dikes and
irregular bodies in the batholith or in the adjacent
country rocks. Porphyritic granite and fine-grained
granite form the larger dikes and irregular masses in
and near the batholith (pl 1): a dark biotitic granite,
aplite, and pegmatite form small dikes and irregular
bodies.
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TasLE 1. —Average modal analyses, in velume percend, of cosrse-
grained ingquigranular Pikes Peal (franile

I'Tr., trace]
Auhequi- Porphyritic
pranular type Lty

Perthitic microcline_ . _ o oooaoaooo 501 44, 1
TV v ] S R o el i e B 20, 4 3L 9
Sodie plagioelase. v ccce e 14 5 16. 9
Pripdiba s e e e S 5 2 57
Muscovite_ _ o ieceememmme——=- .2 |
Fluorite. - . Sl ! .4
Topaz. .. Sk Tr. vl
Fireon.___ e .1 .If‘1:1
PRI s e E e e i Tr,
Kl;nlinite_______________h__.._“...... Tr. Tr.
ATRRRRE . e e e Tr. Tr.
zﬂ.fat.it.e ______________________________ Tr: Tr.

OB T e L e e Tr. Tr.
Percent gium feldspar in perthitic

i 13T - Rl R e S S (i 78
Number of samplef. e coucecaccceaaaoo 14 T
Number of thin sections. .- ccvecevene-- 28 14
Totsl points counted __________ .. ___... 55, 000 28, 000

REDBEIN GRANITE

Redskin Granite, named by Hawley, Huffman, Ham-
ilton, and Rader (1966) and previously described as
an unnamed late facies of the Pikes Peak Granite
(Hawley, 1963, 1964), forms the Redskin stock, the
Ching Wall and Boomer cupolas, and numerous dikes
at the west edge of the Pikes Peak batholith. The Red-
skin stock cuts across the batholith, indicating that the
Pikes Peak (Granite 1z older than the Redskin Granite,
although similar compositions and radioactive ages
show that the two are related genetically (Hawley,
1964 ; Hawley and others, 1966). The trace-element con-
tent, discussed in the 1966 paper, is an important cri-
terion indicating affinity of the two granites. Both are
enriched in fluorine, beryllium, lithium, tin, and rubid-
ium relative to most granites.

The Redskin stock 1= a zoned oval-shaped ploton
about 614 miles long and 4 miles wide which is the dom-
inant geologic body of the area (pl. 1). Adjacent to the
west side of the pluton is the China Wall cupola, about
three-fourths mile long. About 1 mile southwest of the
stock is the Boomer eupola, which is only 500 feet across
at the surface but widens at depth.

Petrography

In contrast to the Pikes Peak, which is dominantly
coarse grained, the Redskin Granite is fine to medium
grained. Previously (Hawley, 1963 ; Hawley and others,
1966) the Redskin was divided into three main facies—
granular, porphyritic, and fine grained—on the basis of
grain size and texture. Because additional study has
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shown that the fine-grained facies should be subdivided
and that additional minor facies should be named, seven
facies or units are herein proposed. Four of these—
granular, porphyritic, fine grained (equigranular), and
granite-aplite—form extensive parts of the Redskin,
China Wall, and Boomer plutons; the other three—
fine- to medium-grained equigranular granite, pegma-
tite, and fine-grained porphyritic granite—form dikes
only. The porphyritic and granite-aplite facies of the
three main plutons also form dikes. Although the sub-
division proposed here is complex, it is based on differ-
ences observed in the field or through the microscope;
furthermore, it has economic significance because only
the porphyritic facies and the granite-aplite have thus
far yielded beryllium-bearing greisen.

The granular facies of the Redskin Granite is a near-
ly white to pale-pink medium-grained equigranular
biotite granite consisting mainly of microcline perthite,
quartz, and sodic plagioclase (table 2). The porphyritic
facies consists of a finer grained seriate porphyritic
granite composed mainly of quartz, mierocline perthite,
and sodic plagioclase in nearly equal proportions; gen-
erally it is a pink biotite-muscovite granite. The fine-
grained facies is different from the porphyritic facies
mainly in that it has a finer average grain size and a
larger content of sodic plagioclase, Microscopically, the
granular, porphyritic, and fine-grained facies of the
Redskin Granite are hypidiomorphic. Plagioclase began
to crystallize before the quartz and mierocline, as indi-
cated by its tendency toward idiomorphism and its in-
clusion in quartz and microcline perthite. Though the
plagioclase is dusted with sericite, it is less altered than
the plagioclase of the Pikes Peak Granite of the batho-
lith. As in the Pikes Peak Granite, fluorite and zircon
are the main accessories in the Redskin Granite. The
granite-aplite of the Redskin stock and China Wall and
Boomer cupolas is a biotitie to muscovitic fine-grained
facies characterized by micrographic intergrowths of
quartz and albite that are younger than more enhedral
potassic feldspar and sodic plagioclase (albite). Granite-
aplite is represented in table 2 by the muscovitic rock
of the Boomer cupola.

The granular facies is older than the porphyritic and
fine-grained facies, which grade into each other and are
probably about the same age. Locally, granular granite
is eut by dikes of granite-aplite, but elsewhere granite-
aplite appears to grade into both granular and porphy-
ritie types, and the granite-aplite is probably about the
same age as or very slightly younger than the other
facies of Redskin Granite.

Minor facies of the Redskin Granite form dikes and
small irregular bodies. Fine- to medium-grained equi-
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granular granite forms dikes in and near the granular
facies and is probably genetically related to it, differing
mainly in a smaller average grain size. Fine-grained
porphyritic granite is a sparsely porphyritic rock that
contains microcline phenoerysts in a matrix resembling
the main fine-grained facies. Pegmatite forms small
segregations, mostly too small to be mapped, in the
granular facies and also locally occurs with granite-
aplite. The pegmatite is a homogeneous rock consisting
principally of microcline perthite and quartz. Loeally
at the north end of the Redskin stock a granite breccia
oceurs near the contact of granular and porphyritic
fragments. The fragments resemble fine-grained hiotitic
granite dikes found nearby in the Pikes Peak Granite,
and the matrix resembles Redskin Granite.

Zoning of plutons

The Redskin stock and China Wall cupola are zoned,
as shown on the geologic map (pl. 1). The granular
facies forms the outer zone of the Redskin stock and the
inner zone of the China Wall cupola. The porphyritic
facies forms the intermediate zones of both these bodies
and the local border zones on the Redskin stock. Fine-
grained granite forms the inner zone of the Redskin
stocl. Granite-aplite forms the outer zone of the China
Wall cupola, local border zones on the Redskin stock,
and all the nearly homogeneous Boomer cupola.

In gross aspect, the zoning of the China Wall cupola
15 the opposite of that of the Redskin stock ; that is, the
Redskin stock becomes generally finer grained inward
and the China Wall cupola becomes finer outward, But
the zoning of the China Wall cupola does eorrespond
directly to a local gradation observed at the south edge
of the Redskin stock in sees. 14 and 23 and is similar to
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the zoning observed on the small southward protrusions
of the pluton east of there, At these places, the dominant
granular facies of the stock grades outward and up-
ward into the finer grained porphyritic granite or
granite-aplite. Tt is inferred from this that the granite
of the China Wall pluton grades downward into domi-
nantly granular granite, texturally like that of the
outer zone of the Boomer stock, and also that granite-
aplite of the Boomer cupola grades downward into
similar equigranular rocks, as is shown diagrammati-
cally in sections B—B’ and -, respectively (pl. 1).

The zoning is significant economically. Most beryllium
deposits, including those at the Boomer mine, occur in
granite-aplite. A few deposits, including those at the
Redskin mine, oceur in the seriate porphyritic granite.
Thus, zones contaiming granite-aplite and porphyritic
granite facies should be closely prospected for beryllinm-
hearing greisen.

TERTIARY (P} AND QUATERNARY DEFOEITE

Boulder deposits overlain by welded tuff, both of
Tertiary(?) age form scattered outcrops on Badger
Flats. Similar deposits closer to Lake George fill valleys
cut in the Florissant Lake Beds of Oligocene age.

Quaternary deposits, which are more extensive than
the Tertiary(?) deposits, locally cover the upland sur-
face on Badger Flats and cover north-facing slopes and
other timbered areas of part of the Tarryall Mountains.
Recent alluvium fills the valley of Tarryall Creek and
its tributaries, but remnants of older gravel or boulder
deposits are found above the present stream level.
Remmants of gravel also occur on a local erosion surface
cut on the Badger Flats, and these deposits may cor-
respond in age to the boulder deposits found as remnants
along Tarryall Creek.

ETRUCTURE

The structure of the area is mainly due to folding,
faulting, and igneous intrusion in Precambrian time,
and it mainly reflects two events, an older plastic de-
formation caused tectonieally and a younger largely
plastic deformation caused by the intrusion of Silver
Plume(?) Granite. The rocks were also locally de-
formed cataclastically ; this deformation occurred after
the tectomic plastic deformation but before or during
the late stages of the emplacement of the Silver
Plume( !} Granite. Faulting probably oceurred in sev-
eral Precambrian episodes.

The present Rocky Mountains formed in the Laramide
orogeny in Late Cretaceous and Paleocene time, but this
orogeny had little apparent effect on the Precambrian
rocks other than uplift.
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OLD FOLDSE AND METAMORFHIC ESTRUCTURES

The most characteristic features of the older deforma-
tion are folds and lineation, of dominant north-north-
east trend, and bedding foliation. The Round Mountain
syncline (pl. 1) is the dominant structure of the com-
plex of older metasedimentary and metaigneous rocks.
Its axis plunges steeply north-northeast toward the Red-
skin stock. East of the axis the foliation generally
strikes northeast and dips northwest; west of the axis
it strikes northwest and dips northeast, defining the lo-
cally tight but open fold. Many subsidiary folds and
mineral lineations in Idaho Springs Formation and
Boulder Creek(?) Granodiorite are subparallel to the
axis of the fold; they cluster in an area that plunges
N. 10° W. to N. 40° E. at 10°-60°.

TOUNGER FOLDE AND METAMORPHIC ETEUCTURES

L

The gneissic rocks were deformed later by the em-
placement of the Silver Plume( ?) Granite and by minor
tectonic forces. The Silver Plume Granite shouldered
aside the gneisses, formed folds, and at the same time
caused recrystallization, migmatization, and retrograde
metamorphism of the gneisses. Minor tectonic forces
caused local fracture cleavage and small folds.

The deformation caused by Silver Plume(?) was
strong, especially near the larger plutons. An excellent
example of the deformation is the northwesterly trend-
ing syneline in the Idaho Springs Formation which was
caught between two Silver Plume(?) plutons in secs.
84 and 85 at the south edge of the mapped area (pl. 1).
Reverse drag folds whose axes parallel Silver Plume( )
contacts are common in biotite gneiss near the plutons,
as are migmatite and muscovite poikiloblasts.

Fracture cleavage and small sharp folds of east-north-
east trend are found in the gneissic rocks in the south-
western part of the mapped area. The folds cut across
Boulder Creek(?) bodies characterized by foliation of
the old period, but their relation to the Silver Plume( #)
is uncertain. Possibly the cataclasis was nearly contem-
poraneous with Silver Plume as indicated by the aline-
ment of sillimanite along incipient fractures in the Sil-
ver Plume. Harrison and Wells (1959) described a
somewhat similar relation near the type Silver Plume
area where secondary mica and chlorite formed in mi-
nute fractures in cataclastically deformed granite.

FAULTS

The main faults belong to a steep northwesterly trend-
ing set; minor faults belong principally to the north-
westerly trending set or to a steep northeasterly trending
set. Faults of both sets are locally mineralized. The
faults originated in Precambrian time but may have
been reactivated later.
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Badger Flats fault

The Badger Flat fault is a prominent structure that
strikes north-northwest and dips steeply, possibly to
the east. The fault is poorly exposed but can be traced
through the western part of the area for about 4 miles
(pl. 1). Other faults of the same set can be traced north-
ward from near the north end of the Badger Flats
fault.

Locally the Badger Flats fault is composite, consist-
ing of two or possibly more branches; it consists of two
branches in the SE14 and in the northern part of sec, 28
and in the southern part of sec. 22, In the Boomer mine
area (pl. 3) east of the Badger Flats fault, a set of
fractures oceurs that strikes more northwest and dips
less than the Badger Flats fault and possibly is related
to it. The fractures contain granite-aplite dikes of the
Redskin Granite and, locally, beryllium veins.

South of the Boomer mine, parts of the Badger Flats
fault can be closely located, and the lithologic trend is
at an angle to the fault; so some estimate of displace-
ment can be made on the basis of facies offset. Apparent
left-lateral displacement along the fault ranges from
a few feet at the south end to about 200 feet in the
Boomer mine area (pl. 3) and about 1,000 feet in the
SE1 sec. 28.

A small Silver Plume( ?) pluton, mainly in the NELj
sec. 28, lies along the projected trace of the fault, and a
part of the pluton extends in a dikelike zone parallel to
and within the fault zone. Although the shape of the
pluton might be explained by postpluton faulting, two
lines of evidence suggest that the pluton is younger than
the fanlt. One is the dikelike projection of the pluton
to the northwest ; the second is that the fairly large ap-
parent displacement (1,000 ft) in sec. 28 can be easily
explained if the granite pluton were emplaced after the
faulting and this Silver Plume(?) body noticeably
raised the block of ground east of the fault.

Northwesterly trending faults and shear zones

Faults and shear zones also cut through the Pikes
Peak or Redskin Granite (pl. 1). The longest structures
are a fault in the northwestern part of the area and
shear zones near Redskin Gulch. These structures
locally contain trace amounts of fluorite. Shorter faults,
which locally contain fluorite veins, form a crudely de-
fined belt that trends northwestward from the NE
cor. sec. 23 to the NE cor. sec. 9.

Although there is little evidence to indicate move-
ment, small displacements seem to have occurred on
both long and short faults or vein fissures of the granite.

Northeasterly trending faults
Faults (vein fissures) of the steep northeasterly set
are prominent in the S14 sec. 22 and in the Boomer
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mine {pl. 4). At these localities the faults locally con-
tain beryllium-bearing veins. Steep northeasterly
trending faults, locally with greisen, also occur in
sece. 19 and 30, T. 10 N., R. 71 W, at the east edge
of the mapped area. Displacements are probably very
small on the northeasterly trending faults.

Age of faulting

Several episodes of faulting occurred in Precambrian
time. The oldest movement on the Badger Flats fault
could be pre-Silver Plume, as discussed previously, and
many faults were formed or reopened during the intru-
gion of the Pikes Peak and Redskin (Granites, as shown
by the fact that they are now occupied by granite dikes.
Other faults and shear zones cut these granites and so
are younger, but they are probably not much younger
than the granites because they locally contain greisen
bodies or fluorite veins, :

Movement must have occurred on some of the faults
in more recent time, but the only direct evidence of
post-Precambrian movement is in a small body of
Tertiary(?) tuff in the NW1j sec. 22 that appears to
to be cut by faults too emall to be shown on plate 1.

GEOLOGIC HISTORY

Geologic history in the Lake George beryllinm area is
largely recorded in Precambrian rocks and is thus only
fragmentary. The oldest event that can be inferred
from the Precambrian rocks was the deposition of a
thick sequence of sediments. Younger recogmizable
avents in the Precambrian were regional metamorphism
and nearly synchronous folding of the layered rocks
and catazonal emplacement of the Boulder Creek(#)
Granodiorite. These events were followed by the forci-
ble mesozonal emplacement of the Silver Plume(?)
Granite and, still later, by the epizonal emplacement
of the Pikes Peak and Redskin Granites.

The oldest, rocks of the district are the complexly
interlayered paragneisses constituting the Idaho
Springs Formation which formed dominantly from
shales and pelitic sandstones, possibly graywackes, dur-
ing high-grade regional metamorphism. The quartz
diorite and granitic orthogneisses tentatively assigned
to the Boulder Creek( ?) Granodiorite were intruded as
sheetlike or phacolithic bodies and were meta-
morphosed 4and folded plastically along north-
northeast-trending axes during this early period. The
metamorphic grade attained was that of the almandine-
amphibolite facies. The high grade of regional meta-
morphism, conformable contacts of paragneiss and
orthogneiss, and the phacolithic and sill-like shapes of
the orthogneiss plutons suggest a metamorphic environ-
ment typical of the catazone.
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During a later deformation these rocks were locally
folded along axes trending east-northeast and were
cataclastically deformed. This event cannot be dated
except to say that it followed the regional metamorph-
ism and plastic folding.

The emplacement of the Silver Plume(?) Granite
probably followed movement along northwest-trending
faults, such as the Badger Flats fault. Conditions
were approximately mesozonal, but, near the Silver
Plume(?) plutons where rocks were heated, deforma-
tion caused by the plutons was plastic. Deformation
near the plutons was accompanied by recrystallization
and retrograde metamorphism in which large muscovite
poikiloblasts formed, partly at the expense of silli-
manite and potassium feldspar.

(Gabbro and monzonite and the Pikes Peak and Red-
skin Granites are sharply discordant to the older rocks
and have not been metamorphosed. They were em-
placed in a pressure-temperature environment typical
of the epizone.

Age determinations on Boulder Creek and Silver
Plume rocks in the Front Range and on the Pikes Peak
Granite, summarized by Hawley and others ({1966),
indicate that more than T00 m.y. of Precambrian time
is represented by the rocks of the area. Periods of
igneous activity culminated 1,650-1,700 m.y. ago
(Boulder Creek), more than 1,350 m.y. ago (Silver
Plume), and about 1,000 m.y. ago {Pikes Peak).

Radiometric ( Antweiler, 1966) or geologic data sug-
gest that ore deposits formed in each of these epochs.
The beryllium deposits of the area represent a late
hydrothermal stage of the Pikes Peak GGranite magma
series that was related specifically to the Redskin
{¥ranite.

ORE DEPOSITS

The ore deposits of the Lake (George beryllium area
include fissure-vein deposits of fluorite, barite, and
pyrite in slightly altered rocks, scheelite deposits in
cale-silicate gneiss, and the deposits of beryllium, tung-
sten, and other metals in greisenized rock that are the
subject of this report. All are of Precambrian age.

The fluorite deposits oceur in discontinuous [issure
veins that eut the Pikes Peak and Redskin Granites.
In addition to the dominant fluorite, they contain barite
and quartz and small amounts of galena, sphalerite,
and copper sulfides. Rare earths are characteristically
present in trace amounts in these deposits, but most fluo-
rite veins have a low content of beryllium, generally
<3 ppm (parts per million). Most fluorite deposits
occur in the Redskin stock, where they fill fissures be-
longing to a steep northwest-trending set and to minor
low-angle northwest- or northeast-trending sets. The
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area of greatest concentration of fluorite veins in the
Redskin stock includes the Redskin Guleh area, which
also contains beryllium deposits (pl. 2). Because of this
spatial association with deposits known to be Precam-
brian and their confinement to the flnorite-rich Pikes
Peak and Redskin Granites, the flnorite deposits are be-
lieved to be Precambrian in age and to be genetically
related to the granites. They are, however, younger than
.the berylliferous greisens, which they locally cut.

The scheelite deposits {Tweto, 1960) occur in cale-
gilicate gneiss that mineralogically resembles typical
contact metamorphic tactite. The ore-bearing rock con-
~ sists mainly of garnet, epidote, idecrase, quartsz, caleite,
and diopside; it also contains local concentrations of
scheelite, sparse amounts of sulfides, and sparse man-
ganese silicates. Small metalliferous deposits in cale-
gilicate rocks are scattered throughout the mapped area,
but to the south of the area they occur mainly in or
near plutons of Silver Plume(?) Granite, where they
probably were formed by the contact metamorphism
of caleinm-rich metamorphic rocks.

The most economically important ore deposits are
the bervllium ores which have been mined extensively
at the Boomer mine and on a small scale elsewhere in
the area. These deposits form veins, pipes, pods, and
complex irregular bodies which are encased in altered
rock termed “greisen.” Although greisen is widely
distributed, it is not common in the better known ore
deposits of the United States and so is described briefly
here.

GREISEN

Although a few greisen bodies have been described
as igneous rocks of exceptional composition, the great
bulk of greisens are altered rocks formed from granitic
hosts. They are characterized by distinctive mineralogy,
trace-element content, and rock association. The most
common variety is a granular rock composed dom-
inantly of quartz and lithian muscovite or related mica.
Greisen also contains topaz and fluorite, and locally
either of these minerals may predominate and form, for
example, topaz greisen. The characteristic trace ele-
ments are lithium, molybdenum, tin, and tungsten,
which occur with more common trace elements such as
copper, lead, and zinc. Greisen is associated with gra-
nitic intrusives, particularly with late highly acid dif-
ferentiates, many of which share the trace-element suite
of the associated greisen. Evidently greisens form at
temperatures above the stability range of the clay min-
erals characteristic of mesothermal or epithermal alter-
ation (Sainsbury, 1960).

The greisen of the Lake George area is in many
respects typical of greisens. It is composed of quartz
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and lithian muscovite and locally topaz and fluorite
and contains small amounts of tungsten, molybdenum,
and tin. The beryllium content of deposits associated
with greisen in the Lake George area is somewhat high
compared with that of well-known greisen areas such
as Cornwall and Saxony, but beryllium minerals are
known from these areas, and beryllium-rich deposits
associated with greisen have recently been found at
many other places,

Almost all the beryllium deposits have greisenized
wallrocks, and some, such as the quartz-muscovite-
bertrandite rocks, are beryllium-bearing greisens. Be-
cause of thiz association of altered rock and mineral
deposits and because of the close paragenetic relations
of minerals in each, greisen and ore are discussed to-
gether. The reader should, however, realize that ore
and greisen are not necessarily synonymous. Although
virtually all ore has associated greisen, many greisen-
ized rocks are not ore bearing.

DIETEIBEUTION OF BERYLLIUM DEFOSITE AND
GREISEN

Beryllium deposits and greisen are concentrated in
four areas, all of which are in or very near masses of
the Redskin Granite (pl. 2). These are the Boomer mine,
China Wall, Mary Lee mine, and Redskin Gulch areas.
Small beryllium deposits or greisen bodies oceur singly
or in clusters outside these four areas. Greisen contain-
ing only trace amounts of beryllium but some tin and
tungsten is also abundant in the Tappan Mountain
area, where it appears to be associated with the Silver
Plume( ?) Granite.

DIETRIBUTION OF BERYLLIUM DEFOBITE RELATIVE TO THAT OF
THE REDBEIN GEANITE

Most beryllium deposits are associated with Redskin
Granite, and speecifically with its porphyritic and
granite-aplite facies. Small beryl-bearing veins oceur as
much as several thousand feet from any known occur-
rence of Redskin Granite, but these veins are largely
composed of quartz, and they have not been productive.
(Greisens with only trace amounts of beryllium oceur in
the granular facies of the Redskin Granite, the Pikes
Peak Granite, and the Silver Plume( ?) Granite. In the
Boomer mine area the beryllium deposits are associated
with granite-aplite of Redskin type in the Boomer
cupola or dike rocks related to the cupola: in the Red-
gkin (Guleh area they are in the porphyritic granite of
the Redskin stock; in the China Wall ecupola they are in
or adjacent to granite-aplite very similar to that of the
Boomer cupola; and in the Mary Lee mine area the de-
posits oceur near granite-aplite which forms a local
border of the Redskin stock.
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Anamolous concentrations of beryllium also occur in
altered Silver Plume( ?) Granite and cale-silicate gneiss
associated with Redskin granite-aplite dikes near the
center of sec. 16, but the mineral that contains the
beryllium has not been identified. Another occurrence
is in sec. 23, where quartz-beryl vein is found within
a granite-aplite border-zone rock of the Redskin stoclk.

In summary, present information on the distribution
of beryllium-bearing greisen indicates that in the Red-
gkin stock the porphyritic granite and granite-aplite
are favorable for prospecting; near the Boomer mine
and in the China Wall cupola the granite-aplite is the
favorable unit.

DISTRIBUTION OF BERYLLIUM DEFOSITS RELATIVE TO THAT
OF OTHER ROCK UNITS

Beryllium deposits associated with the Boomer and
China Wall cupolas and those in the Mary Lee mine
area have been mined partly from the Redskin Granite
and partly from older rocks of granitic composition in
contact with the granite. Silver Plume( ?) Granite, the
more granitic parts of the Boulder Creek(?) Grano-
diorite, and pegmatite seem to be particularly favorable
as hosts. In the Boomer mine area, replacement deposits
have been mined from greisen in pegmatite and Silver
Plume( ?} Granite adjacent to Redskin Granite; in the
China Wall cupola all known beryllium deposits oceur
essentially at the contact between the Redskin Granite-
aplite and the included masses of the Silver Plume( ?)
Granite; and in the Mary Lee mine area the one shoot
mined was in granitic orthogneiss cut by Redskin
Granite. Biotite-rich schistose rocks seem to be gen-
erally unfavorable, but some ore has been mined at the
Boomer mine from steeply dipping veins in biotite
gneiss (Idaho Springs Formation),

Several small mineralized bodies, as yet virtually un-
prospected, were found by W. N. Sharp (oral commun.,
1962) near the center of sec. 16. These deposits occur in
metasomatically altered Silver Plume(?) Granite and
cale-silicate gneiss within an area cut by several granite-
aplite dikes. The altered Silver Plume(?) contains as
much as 0.015 percent beryllium. The altered cale-sili-
cate gneiss contains about (L0015-0.007 percent beryl-
linm and 0.007-0.015 percent tin, suggesting that cale-
silicate gneiss eould, under some circumstances, be a
favorable host rock for deposits.

DISTRIBUTION OF GREIBENS

Although most bervllium deposits are associated with
greizens, many greisens contain only trace amounts of
heryllium, and nearly barren greisens are much more
widely scattered than the beryllium-bearing types. The
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known occurrences of beryllium-bearing greisen sng-
gest that most greisens associated with favorable facies
of the RHedskin (Granite contain at least small amounts
of discrete beryllium minerals. In contrast, most grei-
sens associated with the unfavorable granular facies
of the Redskin Granite, the Pikes Peak Granife, or
greisens in older igneous and metamorphic rocks con-
tain only trace amounts of beryllium and only sparse
concentrations of beryllium minerals,

The main coneentration of beryllium-poor greisen is
in the Tappan Mountain area (p. A35; fig, 14). Greisen
nearly barren of beryllium is also concentrated in the
granular facies of the Redskin stock in a small area in
the SE14 sec. 15 and in the southern part of sec. 14 and
the adjacent part of sec. 23, Greisen also appears to be
fairly abundant in Silver Plume(?) Granite and meta-
morphic rocks in the E14 sec. 28 and the contiguous part
of sec, 21, where greisen bodies are localized in part by
the Badger Flats fault.

Some greisen with low beryllium content contains
anomalons amounts of other meials. Thus, several low-
beryllium greisens of the Tappan Mountain area con-
tain (.01-0.07 percent tin, and one vein of the area has
heen prospected for tungsten.

GENERAL CHARACTER OF THE BERYLLIUM ORES

The beryllium ores of the Lake George area are vari-
able in texture and mineralogy. Some of them are
readily recognized as ore, but some beryllium-rich rocks
have been overlooked because the valuable minerals
were unfamiliar or because the rocks resembled barren
greisen or granite,

The first beryllium ore discovered in the Lake George
area consisted of subhedral to euhedral beryl crystals
in complexly intergrown aggregates accompanied by
small amounts of quartz and muscovite, The beryl ery-
stals were first noted on the dump of the Boomer mine,
and the first beryllium production was from beryl ery-
stal aggregates sorted from the dump rock, and mined
from veins rich in well-crystallized beryl, The miners
call this type of ore erystal beryl. A short time after
the initial discovery an almost white granitie-textured
rock noted in the Boomer vein was found to consist
largely of beryl in anhedral poikiloblastic form; this
material has been referred to as massive beryl ore. Ores
composed of well-crystallized and poorly-crystallized
beryl can occur in the same vein, and apparently they
intergrade. In general the well-crystallized beryl forms
sharp-walled veins in greisenized rocks; the ore that
contains poorly ecrystallized beryl grades into barren
greisen,
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A third type of beryllium ore was discovered in a sur-
face cut at the Boomer mine by L. G. Moyd with a beryl-
lium detector. The ore occurred in a shallow pit partly
under an outbuilding to the mine, and the ore body
mined has generally been referred to as the Outhouse
lode. This type of ore is composed principally of bertran-
dite, muscovite, and quartz (Sharp and Hawley, 1960).
Much of the muscovite is pale yellow: it is abundant
enough to mask the pale pink of the bertrandite and
to impart a yellowish cast to the ore. Close inspection,
however, shows that bertrandite is very abundant and
forms small disseminated grains and veinlets in the
micaceous greisen. Very similar ore is also found in
greisens in Redskin Gulch. The bertrandite ore at both
places forms podlike or pipelike ore bodies encased in
* barren gray mica-rich greizsens. Like the so-called mas-
sive beryl ores, the bertrandite ore grades into barren
greisen.

Another type of bertrandite-bearing rock was sub-
sequently recognized in the Redskin Gulch area by W.
N. Sharp. It consists of fine-grained euhedral quartz,
enhedral pink bertrandite, and sparse yellow-green
mica. In hand specimen it resembles a slightly altered,
vugey aplite,

Minor varieties of bervllium-bearing rocks are vuggy
white topaz-quartz-beryl-muscovite greisens found at
the Boomer mine, and quartz-topaz-wolframite-beryl
veins found at the Mary Lee mine and other prospects
of the Mary Lee mine area.

A few beryllium occurrences have a pegmatitic aspect,
but the feldspars that are characteristic of most peg-
matites do not occur in strongly greisenized rocks or in
beryllium ores. Deposits in the China Wall cupola in
the north part of the area are small irregular bodies
of medium- to coarse-grained greisen accompanied by
pods of massive and crystalline milky quartz similar
to quartz segregations found in pegmatites. At the
Boomer mine, barren parts of the Boomer vein are
locally composed of quartz and perthitic potassic feld-
spar, and thin pegmatitic zones accompanied by grei-
senized rock locally are found in granite-aplite dikes.
(uartz and beryl, greisen, and pegmatite are associated
in a small deposit in the NE1j§ sec. 23,

Metallic minerals are not abundant in most of the
beryllium ores but do occur locally: they also tend to
oceur in concentrations in other parts of the deposits.
Of the metallic minerals, molybdenite, arsenopyrite,
galena, and wolframite appear to be most closely as-
sociated with the beryllium minerals. At the Boomer
mine arsenopyrite formed nodules in beryllium ore in
the Boomer vein and also formed a zone on the footwall
of a beryllium-bearing greisen pipe which branches off
the Boomer vein. This latter mode of occurrence (fig. 2)
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Frovee 2—Beryllinm-bearing greisen pipe, Boomer mine, show-
ing arsenopyrite “footwall gutter.” Be, ore { bervlliferons )
greizen.

is apparently similar to the “footwall gutters” of metal-
lic minerals reported from greisen pipes of the Austra-
lian tin province (Blanchard, 1947, p. 272; Garretty,
1958, p. 964). Elsewhere in the Boomer mine, beryl
locally occurs with galena, dark sphalerite, and wol-
framite. Galena and sphalerite fill the interstices of ores
composed of nearly euhedral beryl; wolframite tends
to occur with topaz and is locally found in quartz-
topaz-muscovite-beryl greisen at the Boomer mine.
Almost all the beryllium deposits have greisenized
wallrocks. In many places the wall greisens are gray
medium-grained equigranular quartz-muscovite rocks,
but locally they include topaz- or fluorite-rich types
which grade into quartz-muscovite greisens and beryl-
lium-bearing ore greisens. Beryllium deposits are gen-
erally found in the central part of greisens, although
the amount of alteration and the types of greisen present
may not be exactly symmetrical with reference to the
beryllium deposit. For example, some ore bodies have a
quartz-topaz greisen on the footwall but only a quartz-
muscovite greisen selvage on the hanging wall. The only
beryllium occurrences without greisenized wallrocks
found thus far are quartz-beryl veins in granite-aplite
dikes: The dikes, however, are of unusual composition,
as they consist mostly of quartz, albite, and muscovite
and contain only sparse remnants of potassic feldspar.

FORM, SIZE, AND STRUCTURAL RELATIONE OF THE
BERYLLIUM ORES

The beryllium deposits and their enveloping greisens
are largely replacement deposits in the form of veins
and pipes and complex irregular bodies. They are partly
localized by fissures, contacts, and rock units of favor-
able composition or orientation. In the vein deposits
the ore solutions clearly were guided by fissures. In
the pipe deposits and complex deposits, controls are less
well defined, although in most of the pipes a part of the
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ore control appears definite. For example, a pipe may
be parallel to the plane of dip of an obvious fracture,
but a second fracture inferred as necessary to control the
direction of plunge of the pipe may not be well de-
veloped if it is present at all.

GREISEN FIFEES

(Greisen pipes like those of the Lake George area are
apparently very common in many greisen areas, as In
the Australian tin province ( Blanchard, 1947). In many
places their manner of formation, particularly with
reference to structural control, is uncertain.

Most greisen pipes of the Lake (George area, first
described by Butler and Riley (1940), are in the Red-
skin Granite and particularly are in the porphyritic
facies of the granite in the Redskin stock. Some pipes
are in the granite-aplite forming the Boomer cupola,
and one pipe, which contains only small amounts of
beryllium, is at the contact of the granular type of
the Redskin Granite and Idaho Springs Formation at
the Happy Thought mine, A quartz-rich greisen pipe
was noted in the Pikes Peak Granite above Spruce
Grove, formerly Spruce, campground.

The greisen pipes range from about 1 foobt to more
than 10 feet in width. Most pipes are oval in cross see-
tion, some are lenslike or irregular, and a few are
almost cireular. The maximum length of pipes is un-
known, but the main pipe at the Redskin mine has heen
followed down an irregular course for more than 160
feet, and pipes at the Minerva J and Black Prince
mines (fig. 13} have heen followed, respectively, about
160 and 100 feet. The upper parts of all three of these
pipes, and nearly all other pipes of the area, were
eroded ; therefore, originally they may have been much
longer than they are now. Greisen pipes elsewhere in
the world are known to be much longer. According to
Hall (1932, p. 487—488), the greisen pipes of Potgie-
tersruet, South Africa, are commonly 5-8 feet across,
and some have been followed for as much as 2,500 feet.
Some pipes of the Kingsgate district, New South Wales,
Australia, have been followed for more than 500 feet
{ Garretty, 1953, p. 062-065).

The pipes of the Lake George area tend to oceur in
clusters, as in Redskin Gulch (fig. 13}, and pipes in any
one cluster tend to have a subparallel plunge. although
the pipes follow irregular courses, as illustrated hy
diagrammatic views of the Redskin and Minerva J pipes
(fg. 3).

The beryllium deposits and deposits of other valu-
able minerals occur as irregular disseminations and
veinlike zones in the central part of the pipes. In gen-
eral the beryllium ore grades outward into nearly barren
dark-gray muscovite-rich greisen which in turn is in
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abrupt contact with a thin selvage of quartz greisen
(fig. 4). In places where the greisen has been removed
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Frgure 3 —Diagrammatic view of Minerva J and Redskin
greisen pipes, Pipes sketched along the eross sections made by
W. N. Bharp in 190, Uppermost 40 feet of Hedskin pipe
plunges north and was projected into plane of cross section.

FIGURE 4.

Houth edge of main Redskin pipe. Hammer is about
oh quartz grelsen-muscovite greisen contact Quartz greisen
grades to the right Iinto granite, Dark-gray material is
micaceons gretsen. Hammer parallels plunge of greisen pipe.



GEOLOGY AND BERYLLIUM DEPOSITS, LAKE GEORGE BERYLLIUM AREA

in mining, the prospect pits clearly show the cylindri-
cal shape of the pipes. In nearly vertical pipes, like the
Minerva K and O (fig. 13), the contacts of greisen and
granite are uniformly sharp. In the upper part of the
main Redskin pipe, which plunges at about 40°, only
the footwall contact is sharp, and the hanging wall
greisen grades into granite.

At the Boomer mine, pipes form small parts of com-
plex ore bodies. One pipe, which is as much as 10 feet
across, has been traced to the surface from the hanging
wall of the Boomer vein. and at least two other pipes
were traced shorter distances from the hanging wall of
the vein (pl. 4). Another pipe, part of which is shown
near the east end of seetion B—B' (pl. 4), was traced
from an irregular ore body to the surface. Both of these
pipes were ore bearing; the beryllium ore zone was
approximately in the center of the pipes and was as
much as 2 feet across in both pipes. The Outhouse lode
ore body was also pipelike in form.

The relation of preisen pipes to fracture zomes is
shown diagrammatically in figure 5. In all the pipes
shown, the fractures are partly in greisen and partly in
barren granite; in other pipes, such as the almost per-
fectly circular Minerva O pipe, no discernible fracture
extends from pipe to wallrock.

VEIN DEPOETTS

Tabular fissure veins filled with quartz, topaz, and
smaller amounts of beryl and wolframite in greisenized
wallrock are typical of deposits found in the Mary Lee
mine area (fig. 11), and similar veins containing more
beryl are found in the Boomer mine. A wolframite-
bearing vein oceurs in the Tappan Mountain area. The
generally nonberylliferous fluorite deposits are also a
fissure-vein type.

In the Mary Lee mine area the fissure-vein deposits
range in width from less than 1 inch to about 214 feet
and can be traced along strike for distances ranging
from a few tens of feet to more than 1,000 feet. The
veins fill a set of high-angle fractures which strike
northeast. The area of greatest concentration of veins
is just south of a small lobate mass of granite which
extends southeastward from the Redskin stock, and the
veins are oriented approximately at right angles to the
trend of the small granite mass (pl. 1 and fig. 11). The
veins appear to have an en echelon arrangement and to
oceur in zones in which the individual veins are sep-
arated by several feet of nearly barren rock. The major
vein of the area, the Mary Lee, which has been traced
with reasonable certainty for about 1,400 feet, prob-
ably is a lode zone consisting of nearly parallel min-
eralized fissures. Ore shoots within the vein structures
apparently have a limited extent. In most places the
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beryl is too scattered to be mined, but a small ore body
composed mainly of crystalline beryl was mined from
the lower Mary Lee adit.

In the Boomer mine, fissure veins are mostly con-
tained in two fracture sets, both of which extend from
the enpola into older igneous and metamorphic coun-
try rocks. One vein set strikes northeast and is nearly
vertical ; the other strikes north-northwest and dips
northeast at a low angle. Neither set has appreciable
amounts of vertical or horizontal displacement.

The northeast-striking set contains quartz-beryl veins,
most of which are too thin to mine, and fine-grained
granite dikes which loeally contain greisen and beryl
veinlets. The main northeast-trending vein in the mine
is best exposed on the 8,516-foot level (fig. 6), where
it has been followed for about 120 feet. The southern
part of the vein is a simple vein as much as 8 inches
wide in sparsely greisenized gneissic wallrocks. In
places the vein filling is an aggregate of interlocking
beryl erystals. The northern part of the vein iz partly
in extensively greisenized rocks and partly in nearly
fresh granite-aplite. The fissure, as such, cannot be
traced directly through the extensively greisenized area
but is apparently marked by discontinuous beryl veins,
some of which have been mined.

On the low-angle north-northwest-striking vein fis-
sure et the major mineralized zone is the Boomer vein.
At various places in the Boomer mine the fissure 1s
marked by pegmatitic material in unaltered granite, by
sharp-walled quartz-crystalline beryl veins as much as
2 feet wide in greisenized rock, by massive beryl replace-
ment. ores at least 6 feet across grading outward from
beryl-bearing fissures, and by partly greisenized granite
dikes in the metasedimentary rocks. The vein is ex-
posed on three levels in the mine, but it is most strongly
mineralized on the 8,533-foot level (fig. 7): the main
ore body in the vein probably has a flattened pipelike
shape.

DEPOSITS LOCALIZED BY FAVORABLY ORIENTED ROCE TUNITS
AND CONTACTS

Greisens, locally containing economically important
amounts of beryllium, are localized along the contacts
of the Redskin Granite with older granitic rocks at sev-
eral places in the Lake George area. Examples of con-
tact or wallrock control of mineralization, some noted
earlier, are found in the Boomer mine, at several pros-
pects in the China Wall cupola area, and possibly at the
Happy Thought and Tennessee mines in sec. 22.
‘ﬁm of the Boomer cupola is in contact with
an older pegmatite that is typical of those In the meta-
morphic complex, At the surface the contact is nearly
vertical, but at a depth of about 50 feet the contact
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Freune 5.—Helations of greisen pipes to fractures.

flattens abruptly. In cross section (pl. 4, sections 4-A’ extensively at the collar of the Boomer shaft, on the
and B-B’) the pegmatite appears to be a remnant, 8,565-foot level (now in the main opencut) and on the
which contains a horse of gneiss, lying between granite-  8,516-foot level. The very small remnant mass of pegma-
aplite and gneissic rocks and completely underlain by tite exposed on the 8,516-foot level has been almost
the granite-aplite. The contact of the granite-aplite and completely replaced by beryllium-bearing greisen
pegmatite is mineralized at several places, but most forming an ore body about 35 feet long.
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Fiouee 6.—Part of the 8516-foot level, Boomer mine, showing
northeast-striking veins and ore along granite-aplite contact.

The granite of the China Wall cupola was emplaced
between the Redskin stock and a body of the Silver
Plume( ?) Granite, and it contains numerous inclusions
of Silver Plume(?) Granite, particularly near the west
edge of the pluton. The beryllium-bearing greisens are
found near or at the contacts of the inclusions with
granite-aplite of the Redskin Granite or, as at the A & C
mige in the China Wall area, in a thin dike of granite-
aplite which cuts a large inclusion of the Silver
Plume( ?) Granite.

Al

; EXPLANATION

<

Ot

o
Ll =

Gneiss mmﬁegmat,it,e ;

w5

Granite

k]
Redskin

Granite-gplite

=

"
PRECAMBRIAN

s 45
‘ Contact , showing dip

0

oL Greisan

R Bhading shows approzimals
i distritietion of beryilicm
o el
e b i
= 1_' s
s - t - -
5 Vein in greisenized wally,
showing dip

0 a0 FEET
| i i 1 I I

FioUuRE 7.—The Boomer vein, 8,535-foot level, Boomer mine.

A greisen pipe which contains trace amounts of beryl-
linm at the Happy Thought prospect (fig. 11) lies nearly
on the contact of the Redskin stock with the Idaho
Springs Formation and the old pegmatites and in part
is apparently controlled by the contact. A few hundred
feet south along the contact, beryl-bearing veins and
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greisens are found in the Tennessee prospeet. Still far-
ther along the same contact, the beryl shoot in the Mary
Lee vein deposit lies in Boulder Creek(?) Granodiorite
within 50 feet of the Redskin stock.

MINERALOGY

The beryllium ores are generally composed of only
a few minerals. Most consist of beryl or bertrandite and
other silicates typical of greisen such as quartz, mus-
covitic mica, fluorite, and topaz. The associated greisens
and related deposits of other metals, however, may be
complex mineralogically. In addition to common sul-
fide minerals, the deposits contain arsenopyrite, mu]}rh—
denite, wolframite, and rarely cassiterite and urani-
nite. Fuclase is a sparse component of some of the
beryllium ores,

The minerals found in the deposits are divided into
two groups: (1) ore minerals comprising the beryllinm-
bearing silicates and the metallie minerals, and (2) non-
metallic gangue minerals including topaz, fluorite, and
muscovite. Supergene minerals are sparse and are not
discussed as such; cerussite is found with galena in the
Boomer mine, and some limonite after iron-bearing sul-
fides or siderite is present in many deposits.

ORE MINERALS

BULFIDES

The sulfides found in the greisens and associated ore
deposits are, in approximate order of abundanece,
galena, sphalerite, arsenopyrite, molybdenite, pyrite,
chaleopyrite, and covellite. The sulfides most closely
associated with the beryllium minerals are probably
arsenopyrite, molybdenite, and galena.

(7alena is found at the Boomer, Happy Thought, and
Black Prince mines. At the Boomer it oceurs as dissemi-
nated grains and aggregates in greisens and granite
and as masgive pods and veins in greisenized rocks, Solid
masses of galena as much as several inches across were
found in places such as the raise between the Boomer
vein and the Outhouse lode opencut and in the greisen
on the hanging wall of the Boomer vein on the 8,533-
foot level. Semiguantitative spectrographic analyses, by
J. C. Hamilton, indicate that the galena contains about
0.3-0.7 percent. silver, and 0.3-1.5 percent bismuth,
0.007-0.7 percent copper, and only very small amounts
of other trace elements. The silver content is apprecia-
ble, and it is assumed that galena-rich deposits were the
silver ores sought by the early miners at the Boomer.

Disseminated galena in the greisen is found with
sphalerite in the Happy '1houf_rht pipe, in small
amounts at the Black Prince pipe, and in several
places at the Boomer mine. Galena and sphalerite are
found in a quartz-beryl-mica zone forming the footwall
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of the Boomer vein on the 8,533-foot level near one
oceurrence of massive galena.

Sphalerite is found with galena or {,ha.lmptrrlt:a and
is pmbably most abundant at the Boomer mine and in
the main Black Prince pipe. The sphalerite is a dark
iron-bearing variety and contains minute exsolved blebs
of chaleopyrite. (A semiquantitative spectrographic
analysis, by J. C. Hamilton, of sphalerite from the
Boomer mine showed 7.0 percent iron, 0.7 percent cop-
per, and 0.15 percent manganese.) Disseminated
sphalerite accompanied by chalecopyrite and pyrite 1s
also found in granite-aplite in the northern part of the
8,533-foot level and on the §494-foot level of the
Boomer mine and also at the Redskin mine.

Arsenopyrite has been observed only at the Boomer
mine. It occurs there as nodules and erystals 1-2 inches
across in greisen fragments on the dump and in place in
the Boomer vein on the 8,533-foot level and in the foot-
wall of the pipelike ore body connecting the Boomer
vein with the Outhouse lode greisen mined at the
surface.

Molybdenite oecurs prineipally in the Redskin Gulch
area, but it has also been reported from the Boomer
mine. Only small amounts of molybdenite are found
on the Redskin mine dump, but veinlike zones of solid
molyhdenite as much as 2 inches thick were found dur-
ing the exploration of the mine for beryllium in 1961,
and it is assumed that similar material was mined and
shipped during the molybdenum activity about the time
of World War I. Some of the molybdenite found at
the Redskin mine was intimately associated with
bertrandite.

Pyrite occurs sparsely in the Boomer mine ores and
in the greisens from the Redskin Gulch area, generally
in disseminated form. Massive pyrite was noted only at
the Lucky Boy mine, a tungsten (wolframite vem}
prospect east of Lappan Mountain. Chaleopyrite is
found with pyrite or sphalerite and is nowhere abun-
dant. Covellite is found as thin late veinlets cutting
sulfide-hearing materials in the Boomer mine.

OXIDES

Oxide minerals found in the greisens are cassiterite,
uraninite, and the iron oxides hematite, goethite, and
limonite.

Cassiterite occurs in at least one and probably two
veins near the Mary Lee mine (fig. 11) and was found
in a prospect in the northeastern part of the Tappan
Mountain area (fig 14). It probably occurs as a micro-
scopie eomponent of the gray muscovite-quartz greisens
at the Boomer mine and elsewhere which generally con-
tain about 100 ppm tin. Cassiterite was also identified in
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altered granite from the dump at the Redskin mine,
where it occurs with wolframite and pyrite.

Uraninite has been found in small amounts at the
Redskin, Black Prince, and Boomer mines. Apparently
most of the uraninite is of the sooty variety; in the only
locales currently accessible, sooty uraninite is found in
a 1- to 2-inch-thick galena-rich vein with greisenized
walls on the 8494-fool level of the Boomer mine and
with bertrandite and molybdenite in the Redskin mine
(sample loc. 13, fig. 13).

Hematite, which is very finely disseminated, appears
to be a characteristic associate of most greisens in the
older pegmatite and granite wallrocks, and small
amounts of specular hematite are locally found in the
greisens themselves. The pegmatite and Silver Plume( ?)
Granite, which generally are almost white, become dis-
tinctly reddish near a greisenized zone. Goethite was
identified by chemical composition and X-ray powder
pattern from the Mary Lee vein where it forms small
needlelike erystals in vugs in apparently fresh vein
material; most of the hydrated iron oxides are, how-
ever, confined to partly oxidized ores and seem definitely
supergene. Limonite, which locally has psendomor-
phically replaced an older carbonate mineral assumed to
have been siderite, fills spaces between beryl crystals
and other crystalline components of the greisens.

BILICATEE~—RERYL, BEETRANDITE, AND EUCLASE

The silicate minerals classed as ore minerals are the
three beryllium minerals thus far identified from the
deposits. Beryl is the major component of most of the
ores, but bertrandite iz widely distributed and contains
most of the beryllium in eertain ore bodies or parts of
ore bodies. Euclase has been found in small amounts
at the Boomer mine and in deposits in the Redskin
Gulch area.

Beryl is commonly represented by the formula
Be;AlSi,0,,. Natural beryls deviate from this formula
because of the substitution of other chemical elements
for beryllium, aluminum, and possibly silicon; the
substitutions involved are strongly influenced hy the
unusual ringlike structure of beryl which has been sum-
marized by Schaller, Stevens, and Jahns (1962, p. 685
B87) :

Beryl has a fundamentally columnar, honeveomblike strue-
ture * * * Each column iz hollow, and consists of stacked
hexagonal rings that are formed by linked silicon-oxygen tetra-
hedra. * * * the columng are arranged in o hexagonal pattern,

and their long axes are parallel to the e-axiz of the erystal, Each
ring * * * iz bonded by means of beryllinm and aluminam ions

Al7

to the rings above and below it in the colomn, and to other rings
in adjacent columns, as well.

Each beryllium ion occupies a position of tetrahedral eoordi-
nation between two columns and iz surrounded by four oxygen
ionz from four different rings. * * * Each oxygen ion not in-
volved in linkage of the silicon-oxygen tetrahedra is bonded to
one Be** ion, one A1™ fon, and one 8i* jon

Most bervls deviate from the ideal composition by
substitution of alkali elements which are, commonly,
lithium, cesium, and sodium, and, less commonly,
potassinm and rubidium. Cesium, sodium, and potas-
sium are very large cations and probably can only be
accommodated in the beryl structure in the open spaces
within the silicon-oxygen rings. Lithium is slightly
smaller and probably substitutes for aluminum (Schal-
ler and others, 1962, p. 685-692; Beus, 1959), as indi-
cated by a generalized formula :

(R*) (Be,Al) (Li Al)SicOss,

where (R*') represents the large alkali cations.

The beryllium contents of common beryls (as used
by Schaller and others, 1962, table 6) can be estimated
from measurements of the Nw refractive index of beryl.
The index ranges from about 1.570 to 1,590 in common
beryls, corresponding to BeO contents of about 13.7 to
11.8 percent (Norton and others, 1958, p. 23). It has
also been proposed that the unit cell edges ( particularly
@,) determined from X-ray measurements reflect com-
position, Schaller, Stevens, and Jahns (1962, p. 683)
stated that a, increases with increasing alkali content,
and that ¢, is nearly constant.

Refractive indices, d-spacings, and cell edges were de-
termined on four beryl samples from the Lake George
area. The refractive-index measurements indicate a BeQ
content of about 13.5 percent, which is eimilar to that of
beryl from tin- and molybdenum-bearing vein deposits
investigated by Adams (1953, p. 108, 117). The d-spac-
ings and cell edges were obtained from four powder
photographs made with CuKa radiation. Two photo-
graphs (samples B2-8 and BJ-1 from the Boomer and
Blue Jay mines, respectively) had sharply defined back
reflections showing doublets, and, for these, extrap-
olated a, values were caleulated graphically and are
9.212 and 9.222, respectively. The other two photo-
graphs had diffuse back reflections, but measured d-
spacings on them correspond closely to those on the
better samples.

The conclusion that the beryl is a high beryllium type
is proved by the low alkali content of samples submit-
ted by W. N. Sharp, and by analyses as shown in table
3
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TABLE 3.—Specirographic analysea (in percend) of beryl from the
Boomer mine

[Tr., trace; __._, not looked for]
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athers, 1985).
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The trace-element content in beryl from the Boomer
mine is typical of nonpegmatite beryls in general
{Staatz and others, 1965). Particularly characteristic
features of the trace-element suite are the low content
of lithium and the relatively high content of scandium.

The beryl oceurs in both massive and crystalline ex-
ternal form; it ranges in color from almost white to
pale blue, yellowish green, and bluish green. Some
of the blue beryl is aquamarine, although practically
none is of gem quality. The beryl erystals range in size
from almost microscopic to about 10 by 3 inches; prob-
ably most are less than 1 inch across. Nearly all beryl
crystals have striated prism faces, and on close inspec-
tion striated faces can be seen on some nearly massive,
poikiloblastic crystals disseminated in greisen. Many of
the erystals from veins in the Boomer mine show zon-
ing; the interior of the crystals is clear and pale bluish
the outer parts are nearly white. In part the difference
in color is due to the presence of minute abundant fluid
inclusions in the white less clear material.

Beryl in topaz-bearing ores at the Boomer mine forms
very pale bluish or greenish crystals, which typically oe-
eur in porous aggregates of very small well-formed
crystals,

Beryl commonly oceurs with quartz and muscovite;
it also forms nearly monomineralic aggregates, and in
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a few places it is associated with quartz and topaz.
Bertrandite and yellow mica occur, in part, as psendo-
morphic replacements after beryl, and very locally ber-
trandite oceurs with unaltered beryl. In a few places
beryl is associated with metallic minerals. Beryl was
found in pods of wolframite-topaz greisen on the 8,565-
foot: level of the Boomer mine (now in the main open-
cut of the mine, pl. 4), and at other places it was found
with arsenopyrite, galena, and sphalerite. The galena
and sphalerite fill interstices in mats of beryl erystals
and thus seem definitely younger than the beryl.

Bertrandite, a hydrous beryllinm silicate (Be,(OH).
Si.0;), is the major beryllium mineral in the Out-
house lode ore body at the Boomer mine and in the
greisen pipes of the Redskin area. It also occurs with
beryl in the Boomer vein. Most natural varieties of ber-
trandite probably approach the ideal formula which
contains about 42 percent Be(.

The bertrandite forms flesh-colored to pink subhe-
dral to enhedral crystals, some of which are easily visi-
ble in hand specimen. Much of the bertrandite, however,
occurs in apparently massive form as disseminations
and veinlets in the greisen. Thin sections show that most
of the apparently massive material is composed of ag-
gregates of minute well-formed crystals.

Bertrandite is generally associated with quartz and
mica. It has not been noticed in association with topaz.
At the Redskin mine molybdenite and other sulfides are
locally found in very rich bertrandite-bearing ore. The
closest assoclate of bertrandite is fine-grai allow.
mica which appears either to replace the bertrandite or,
in vugs, to be deposited on it. Both the bertrandite and
the yellow mica are younger than the coarser white miea
which is a major component of the barren greisen. In
“hand specimens of most of the bertrandite-bearing ores,
the pink color of the bertrandite is masked by the
yellow mica.

Bertrandite also occurs in beryl-bearing ores where it
and mica are found as psendomorphic replacements of
beryl and also in disseminated crystals. Most of the
bertrandite in this association is interpreted as a hypo-
gene alteration product of beryl. Bertrandite also occurs
in some ores as the earliest hypogene beryllium mineral.
This type of ore shows no remmnants of beryl or the
elongate zones of bertrandite-miea diagnostic of pseu-
domorphic replacement of beryl. One example of a pos-
sibly primary bertrandite ore is that from the Minerva
N pipe in the Redskin Gulch area. Here euhedral ber-
trandite crystals were deposited on quartz crystals (fig.
8). Similar ore was also found in the Redskin pipe.
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Freure 8 —OQmariz-bertrandite-muscovite ore, Minerva N pros-
pect. Crossed nicols, X 35, Q, quartz; B, bertrandite; M,
museovite,

Euclase (BeSiAlQ,(OH)) has been found in small
amounts in ore mined from the Boomer vein and in the
deposits of the Redskin Gulch area (Sharp, 1961). It
typically oeccurs as minute euhedral crystals deposited
on quartz and fluorite erystals in vugs. It is interpreted
as a late hypogene mineral.

TUNGETATER

Wolframite occurs sporadically in massive topaz-
bearing greisens and in quartz-beryl-topaz veins in
greisenized wallrocks, It is accompanied by small
amounts of scheelite which form coatings on, or veinlets
in, the wolframite ; scheelite is probably a late hypogene
or snpergene alteration product.

At the Mary Lee mine the wolframite forms crystals
as much as 2 inches across in a vein composed of quartz
and topaz in greisenized wallrocks: it is most abundant
in the upper adit. At the Boomer mine, wolframite oc-
curs in disseminated plates about one-fourth inch long
in topaz greisens exposed at the surface and in some-
what coarser form with topaz and bervl in pods on the
8,565-foot level (now in the main opencut) of the mine.
Wolframite also occurs at the Lucky Boy prospect in the
Tappan Mountain area.

The wolframite of the mapped area is closer to the
ferberite end of the wolframite series than to the
huebnerite end because it contains more iron than
manganese, as shown in table 4,

Al

TanLe 4 —8emiguanidiative spectographic analyees, in percent,
of wolframile from the Boomer and Mary [ee mines

[Analyst: Naney M. Conklin]
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GANGUE MINERALS

The gangue is composed dominantly of quartz, mus-
covite, fluorite, and topaz; siderite, now largely altered
to limonite, 1s locally abundant, and barite, apatite, and
monazite are present very locally.

HALIDES

The halide group is represented by fluorite, which
oceurs in most of the greisens and which is the major
component of the flnorite fissure veins of the area.

Fluorite forms small disseminated grains in the bar-
ren quartz-muscovite greisens, massive aggregates or
veins in greisens near ore, and euhedral cubes in vugs;
it is gemerally less abundant in the beryllium-bearing
greisen than in barren greisen. It is very abundant in
a central muscovite-rich greisen in a barren part of the
Boomer vein on the 8,516-foot level and in the greisen ex-
posed in the opencut 60 feet east of the Boomer shaft: a
quartz-fluorite vein formed the hanging wall of the
bertrandite ore body in the Outhouse lode opencut.

Most of the fluorite found as disseminated grains or
as massive or veinlike bodies is green and poorly erystal-
line. The euhedral fluorite found in vugs is a zoned type
that contains clear fluorite in the central part of the
erystal and purple fluorite in the outer part.

Fluorite disseminated in the greisens is inferred to be
younger than the quartz and muscovite because it is
interstitial to them. The zoned fluorite crystals are found
in vugs in barren and ore-bearing greisen, and are prob-
ably among the youngest hypogene minerals. The green
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fluorite at the Boomer mine contains a higher concentra-
tion of rare earths than do either the purple or the white
varieties, as shown in table 3.

TaBLE 5.—Semiguantilalive spectro ic analyses, in percent,
of fluorile from the Boomer mine

[Annlyst: I, C. Hamilton)
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CARBONATES

Siderite or a closely related iron-bearing carbonate
is a characteristic accessory mineral in metasomatically
altered granites near greisens, Siderite, now altered to
limonite, oceurs in beryl-bearing greisens at the Boomer
mine and in several bodies in the China Wall pluton.
Siderite in greisens of the area iz interstitial o well-
formed crystals of beryl or topaz.

BILICATES

Quartz and muscovite are commonly the most abun-
dant constituents of the greisens; locally greisens are
made up mainly of either topaz, a hydroxyfluosilicate,
or the beryllium silicates previously described.

Kaolinite is found in some greisens, but it is gen-
erally not abundant. It formed by the late hypogene or
supergens alteration of topaz and possibly muscovite.
Quartz in greisen commonly oeccurs as gray equi-
granular medium-grained crystals that locally have
strongly sutured outlines; it also occurs in vuggy grei-
sens as clear medium- to coarse-grained enhedral crystals
and in 1- to 2-inch-thick veins as a eryptoerystalline
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variety. The eryptocrystalline quartz cuts across the
more crystalline minerals of the greisens.

At least two types of muscovite occur. The most com-
mon type is white to gray mica which forms pseudohex-
agonal crystals and is paragenetically early. Somewhat
less abundant is a pale-yellowish green miea which
forms fine-grained aggregates; it is characteristic of
the bertrandite-bearing ores and some barren greisens,
and it formed partly by the replacement of the gray
muscovite. Both types are nearly nonpleochroic in thin
section. A third mica, noted only in thin section, is green
and pleochroie and occurs in poorly crystalline ag-
gregates along the partings of the gray muscovite.

The gray muscovite possibly is a 23, polymorph.
Reflections were found at about 31.2° 28 and 32.0°24,
and these probably arise from characteristic 23,
planes—115 and 116, respectively. Observed 26 values
from diffractometer measurements of gray muscovites
from the Boomer mine are compared with observed
values from synthetic 2}, muscovite { Yoder and Eug-
ster, 1955, table 4) below:

ray mustavite in greiasn
from e

Eynthetic 20 mnssovite

Boomer minag {Yoder and Eugster, 1055)
Ohserved 26 It O'hzarved 20 Iz

5 9 =70 8. 830 =100

17. 8 20 17. 665 56

19. 8 15 19. 825 5b

19. 915 G5

229 a 22, B65 av

23. 7 10 23. 820 32

25 4 15 25. 450 44

26, 5 =T 26. 60 =100

a7 8 15 27. 810 47

29, 8 20 20 795 47

3L 2 15 a1, 180 35

32.0 10 31. 925 22

34. 640 a0

4.8 20 34 770 45

35, 025 a0

36, 0 20 35. T20 20

36. 555 18

37. 545 10

42, 0 8 42, 045 10

42, 390 23

45, 5 Al 45. 100 75

1 Ralative intonsity; height shove diffractometer beekground,
¢ Ralative in v hased on arbitrary linear Sﬂh’F?Yudw
and Fugster, 1955, p. 247) .

The gray muscovite of the greisen is an iron-rich
phengitic variety which is more similar to gilbertite
than to any other variety of muscovite cited by Foster
(1956, pp. 59-66, table 2). As seen in the analyses below,
the greisen muscovite is similar to sericite in its high
content of silica and of divalent cations.
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SAMPLE NOTES

1. Bample Mo, B1-22 (Lab. No. D 100506), Chemical analyses of
ETAY greisan muscovite from the Boomer mine by Vertie O
Smith. Spestrographic analvsiz of sample BI-Z2 shows the
following trace alementz, in Eamanl:: B, L0 Ba, 0.007; Be,
0.0007; (o, DUNT; Gia, D15 Li, present; Nb, 0.007; Fh, 4.05
ge, g.ﬁ; 8n, 0,02 8r, 0,001; ¥, 0,003, Yhb, <0.0007; Zn, 0,05

T, 0007,

o Barmplea IV-10a—g and B2-7-2. Caleulated ehemical cormpasition
of pray greisen mugeovite from the Boomer mine is hsed on

i and modsl analyses of thess two samples.

Half-cell formulas for the two samples were ecal-
culated using Foster’s method (1960, p. 13-14) and
neglecting relative amounts of F and OH:

1. [(Al -EIFD‘:.‘.]}.‘DF{:: :;Mgvu oMny a)a 05(Sis 224l 75)0,0(OH:
i Uin aulNay .u.'.c&u] o)
2. I—-‘ﬂi .MFE‘(: ;aFEt: ;sME.'n Lo 00)2 .03 (Sha 2sAly 1) Dm{DH ,F}z]
(Ko ssNag 16).

The yellowish-green miea lacks several of the charae-
teristic 2 X-ray peaks, and the diffractometer data
are inadequate to resolve its structure. Semiquantitative
spectographic analysis of the yellowish-green mica
indicates that it contains much less iron than the gray
mieca.

Topaz is found in some Redskin and Pikes Peak
Granites as an accessory mineral, in miarolitic facies of
both granites as coarse euhedral erystals, and in the
greisens and beryl-bearing veins. At the Boomer mine
it oceurs sparsely in the barren quartz-muscovite grei-
sens, but it iz the most abundant mineral in some less
widely distributed greisens. Most of the topaz at the
Boomer mine is in medium-grained cloudy to white sub-
hedral grains, and the topaz-rich greisens are almost
white rocks, typically more porous than the muscovite-
rich greisens. The topaz-rich greisens are apparently
more abundant in the surface and near-surface grei-
sens at the Boomer mine than they are in the deeper
levels of the mine. They tend to be located centrally in
barren quartz-muscovite greisen envelopes in nearly
symmetrical pipes and veins, but locally t]{ey OCCUr On
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the footwall portions of asymmetric pipes and irregular
tabular deposits and in small pods in slightly altered
granite.

Coarse-grained topaz is found in greisens of the China
Wall area and in the Mary Lee vein. According to Bob
Beal {oral commun., 1362), topaz in greisens of the
China Wall area is as much as 2 inches across; most
of it is iron stained and fractured, but a few pieces of
gem quality material have been recovered in mining.
Coarse-grained fopaz also is found as a rock-forming
mineral in pegmatite dikes exposed near the China Wall
cupola. At least locally topaz is more abundant than
muscovite in wall greisens at the Mary Lee mine.

Minerals typically associated with topaz are quartz,
muscovite, beryl, and wolframite.

OTHEE MINERALS

The barinom sulfate, barite, was found in small
amounts in the Outhouse lode at the Boomer mine; it
also oceurs with fluerite and small amounts of metallie
minerals in vein deposits west of the mapped area near
Tarryall.

Apatite oceurs in the greisen at the Little John No. 1
claim, and in small euhedral erystals in another greisen
in the same area. Both of these greisens are in a mafic
facies of the Boulder Creek( ?) Granodiorite, which, in
this area, locally has megascopically visible apatite.

A mineral tentatively identified as monazite occurs
in microscopic erystals in some ores from the Boomer
mine.

PARAGENETIC SEQUENCE

Certain minerals of the greisens, such as beryl, gray
muscovite, and topaz, are consistently early; others,
such as fluorite, yellow mica, enclase, and galena and
sphalerite, are consistently late. Still other minerals do
not show consistent relations, and probably deo not
occupy a definite place in any general paragenetic
echeme, Bertrandite, for example, forms pseudomorphs
after beryl and is in turn replaced by yellow muscovite;
in places, however, it was the first and perhaps the
only beryllinm mineral deposited. Quartz and, to some
extent, fluorite and muscovite have several distinetive
modes of occurrence that indicate deposition continued
over a long period of time; diagnostic contacts have not
been found between certain pairs of minerals, there-
fore their paragenetic relations are unknown.

The crystalline bery]l ores typically fill fissures en-
cased in barren greisen; contacts between the ore and
barren greisen are sharp, Beryl was the first mineral
deposited along the greisenized walls in the veins and
was suneceeded by one or more of the following min-
erals: Quartz, topaz, siderite, bertrandite, muscovite,
and rarely galena and sphalerite. In many places bery]
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was extensively replaced by quartz, mica, or bertran-
dite. Its contacts with topaz show little or no evidence
of replacement, but the topaz is partly interstitial and
probably is slightly younger.

In the massive ores, beryl forms poikiloblastic grains
partly in vein fissures and partly in the walls of the
fissures: replacement of early barren greisen by beryl
is indicated by the megascopic and microscopic rela-
tions between the beryl and the fissures. Megascopically
replacement is suggested by the distribution and pattern
of ore-bearing and barren greisens. The ore-bearing
greisens are centrally located in an envelope of barren
greisen ; beryl occurs at the extreme edge of the beryl-
bearing zone as anhedral poikiloblasts scattered through
harren greisen. The amounts of barren greisen decrease
as the beryl poikiloblasts coalesce toward the high-
grade central beryl-rich zone, as clearly shown in the
Boomer vein on the 8333-foot level. The relations can
be interpreted to indicate that the massive beryl and
the well-crystallized beryl formed at about the same
time in different parts of the vein structure; beryl re-
placed the barren greisen walls in the massive ores and
filled fissures in the well-crystallized ores.

As seen microscopically, quartz-muscovite remnants
partly replaced by beryl are scattered through the mas-
sive ore, Microscopic examination also shows, however,
that some quartz and miea fill vugs in the ore and are
younger than the beryl. The apparent sequence, there-
fore, in both crystalline and massive ores was quartz
and muscovite, in either their adjacent wall or host
greisen, beryl, and then more quartz and muscovite.
The greater abundance of late quartz and muscovite in
well-crystallized ores compared with that of massive
ores is probably related to the greater porosity of the
fissure host compared with that of the greisen.

Beryl at the Boomer mine and other places is locally
replaced pseudomorphically by bertrandite and musco-
vite. In the ores richest in bertrandite, however, beryl
is absent, and the sequence of formation is quartz, ber-
trandite, and vellow mica.

QQuartz, in particular, gives every indication that it
continued to form over a long period of time. It is
replaced by beryl in the massive greisens, and it re-
places beryl or fills vugs in both massive and well-
crystallized ore. It also lines vugs, where it is succeeded
only locally by other minerals, all of which are late
types: yellow, fine-grained miea, well-crystallized fluo-
rite, and euclase. Finally, eryptocrystalline quartz
forms veins cutting through the ore-bearing vein fis-
sures in the the central parts of the greisens.

Muscovite and fluorite both are present in more than
one form, indicating that deposition occurred at several
different times. Fluorite is a late mineral in barren
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greisens, forming interstitially to quartz and musco-
vite; it is not generally abundant in ore-bearing greisens
o its relations there are uncertain. Cubic crystals of
elear and purple fluorite in vugs are, however, among
the youngest minerals of the deposits.

The gray muscovite of the deposits is partly older
than some beryl, as it is replaced by massive beryl ores;
it is also locally replaced by bertrandite in very rich
bertrandite ores. The yellow mica replaces gray musco-
vite, beryl, and bertrandite, and it forms on euhedral
quartz crystals in vugs, It is older than at least some of
the fluorite and enclase.

ORIGIN OF THE BERYLLIUM DEFPOSITS

The beryllium-bearing greisen deposits of the Lake
George area are linked to the Redskin (Granite by age,
chemical composition, and spatial association. The de-
posits are proposed to be directly related to the granites;
they are regarded as end members of the erystallization
of a volatile-rich peraluminous granite magma under
epizonal plutonic conditions.

The age of the deposits is about 1,000 m.y., or nearly
the same age as the Redskin and Pikes Peak Granites
(Hawley and others, 1966). This age is indicated by
potassium-argon analyses of greisen muscovite and
lead isotope analyses of galena (Antweiler, 1966) and
potassium feldspar ( B. R. Doe, written commun., 1965).
The dating methods nsed are not precise enough that
an estimate can be made of the time involved in min-
eralization—in fact, the apparent age of lead in galena
and the caleulated potassium-argon date for greisen
museovite are older than caleulated potassium-argon
and rubidium-strontium ages for the host granites.

A genetic relation between the Redskin Granite and
most of the ore deposits is indicated by a suite of trace
elements—including fluorine, tin, lithium, rubidium,
and beryllium (Hawley and others, 1966)—that is com-
mon to both granite and greisen and by the fact that
the Redskin Granite closely associated with the deposits
contains a higher concentration of elements typical of
ereisens than the slightly older Pikes Peak Granite.
The Pikes Peak Granite itself contains more of these
trace elements than most other granite, and it is pro-
posed that the processes that caused trace-element en-
richment in the magma series which includes both the
Pikes Peak and Redskin Granites were ultimately re-
sponsible for the ore deposits.

Spatinl association of beryllium-bearing greisen with
the Redskin Granite is the most direct evidence of a
genetic relation between granite and greisen, especially
greisen associated with beryllium ores.

The spatial association of beryllium depaosits at the
Boomer mine, the China Wall cupola, and the Mary
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Lee mine area is interesting becanse it can be explained
by what can be called the cupola concept of minerali-
zation, The term “cupola”™ was originally used by Daly
(1911) for upward protrusions from the roofs of large
igneous intrusives, and it has also been used, as here,
for small outlying igneous bodies which probably con-
nect at depth with larger masses. Many geologists,
among them Butler (1815), have observed that ore
deposits tend to be clustered around these upward pro-
jections rather than within the deeper granite. This has
been found particularly true of the greisen deposits, as
recognized many years ago by Ferguson and Bateman
(1912). This type of ore occurrence has led to the con-
cept that volatiles and metals tend to concentrate in the
cupolas and form the clustered ore deposits (Kennedy,
1955, p. 496-498).

The greisens at the Boomer mine and in the China
Wall area both are related to circular or erudely oval
cupolas of granite. Most of the veins of the Mary Lee
mine area lie south of a protrusion of the Redskin
stock which is structurally the highest part of the stock
exposed in this area: thus the cupola theory seems to
apply there also,

The greisen occurrences in the Redskin Gulch area of
the Redskin stock cannot be explained fully by this
cupola theory because they are concentrated in the
southern part of the stock and are structurally deep
in the intrusive. Possible they resulted from the con-
centration of volatiles and entrained metals in the inner
part of the body after the earlier erystallization of the
outer granular zone of the stock; this theory is very
similar to that suggested by Vance (1961) to explain
major zoning patterns of some plutons.

A few greisen deposits are associated with and prob-
ably genetically related to the Silver Plume(?) and
Pikes Peak Granites. Although enriched in beryllium
relative to granite, these greisens do not appear to con-
tain appreciable concentrations of beryllium minerals.

The main greisen occurrence of apparent Silver
Plume affinity is near Tappan Mountain where quartz-
rich greisens with local concentrations of tin and tung-
sten minerals oceur. Elsewhere in the area, scheelite-
bearing cale-silicate deposits are associated with the
Silver Plume(?) Granite. As pointed out in the de-
scriptive section on the Silver Plume(?) Granite, it
was a relatively wet granite, and the occurrence of grei-
sens and other deposits marginal to the Silver Plume( )
plutons could be predicted.

GREISEN AREAS AND REPRESENTATIVE MINES
BOOMER MINE AREA

The Boomer mine area (pl. 3) is near the center of
sec. 21, T. 11 8., R. 72 W.. on Badger Flats. It is under-
L-—'——-'—'_._._—-
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lain mainly by gneisses of the Idaho Springs Forma-
tion, which are cut successively by a quartz diorite
tacies of the Boulder Creek(?) Granodiorite, Silver
Plume( ?) Granite, and pegmatite and granite-aplite of
the Boomer cupola and associated dikes. Nearly con-
formable lenticular bodies of amphibolite are inter-
layered with the biotite gneiss of the Idaho Springs
Formation, and amphibélite is also cut by the granites.
Tertiary(?) welded tuff covers the bedrock in the
northern part of the area.
ROCKS

The Idaho Springs Formation of the mapped area is
mostly fine-grained biotite gneiss, Locally, fine-grained
fieldspar-rich units, as near the east side, and conform-
able amphibolite units serve as markers. One prominent
amphibolite layer has been traced for about 1,000 feet
from the northwest side of the Boomer cupola ; a second
layer is exposed in and near the Blue Jay mine. Small
bodies of Silver Plume( !) Granite and pegmatite cut
the Idaho Springs(?) Formation and the Boulder
Creek( ?) Granodiorite. One small concordant mass of
the Silver Plume( ?) Granite is exposed near the Cham-
pell mine along the contact between the Idaho Springs
Formation and Boulder Creek( ?) ; a second body 1s ex-
posed as a lenticular, discordant unit southwest of the
Boomer mine. Light-colored pegmatites, of homogene-
ous or simple type, that in part are associated with the
Silver Plume( ?) Granite are numerous. One of these
pegmatites occurs along the south contact of the
Boomer cupola ; another body, sharply discordant to the
metamorphic foliation, crops out adjacent to the west
boundary of the cupola. Locally, both pegmatite and
Silver Plume(?) Granite are altered and mineralized,
especially near granite-aplite.

The granite-aplite of the Redskin Granite forms (1)
the Boomer cupola, (2) a dike which trends northwest
from a point near the northwest edge of the cupola, and
(8) numerous small dikes. The Boomer cupola is about
500 feet across; exposed contacts dip steeply ontward.
The contact flattens abruptly, however, on the south side
of the cupola at a depth of about 50 feet. Below about
100 feet, the shape or extent of the body is unknown,
although the body is probably much wider at a depth of
several hundred feet than at the surface.

The main dike of granite-aplite of the Boomer area
can be followed northwestward from a point near the
contact of the Boomer cupola for about 750 feet, where
it. appears to split into two dikes. The branch that ap-
pears to be the direct extension of the main dike can be
traced north-northwestward for about 400 feet more.
Locally the dike is approximately concordant to the
strike of the intruded strata, but it generally dips at a
lower angle than the gneissic layers.
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Small dikes of granite-aplite, most of which fill
fractures belonging to sets striking northwest, north-
northwest, and northeast, are exposed in other parts of
the Boomer area. No dikes have thus far been found in
the part of the area west of the Badger Flats fault.
Dikes appear to be fairly abundant in a small area
south of the Blue Jay mine.

The granite-aplite dikes are locally greisenized and
beryllium bearing. Beryllium-bearing dikes are locally
exposed in the Boomer mine, J & S Nos. 1 and 2 mines,
the Blue Jay mine, and in the long trench about half-
wn}rmlue Jay and Boomer mines.

STRUCTIURE

The gneisses of the Idaho Springs Formation and the
Bounlder Creek(?) Granodiorite strike northwestward
and dip steeply to the northeast except where modified
by small-scale fold structures. They are cut by the
Badger Flats fault and by smaller faults, some of which
are filled with granite or with vein materials. The
Badger Flats fault crosses the western part of the
Boomer mine area a few hundred feet west of the J & S
No. 1 mine; it is probably exposed in a trench south-
southwest of the mine, but in general its position has
been inferred from slight topographic depressions,
gpargity of outerops, and offset of rock units, The fault
has an apparent left-lateral movement of about 200 feet,
as shown by the displacement of the contact between
the Idaho Springs Formation and the Boulder
Creek(1).

GREISEN

Greisens, some of which are beryllium bearing, are
found mostly in the granite-aplite of the Redskin Gran-
ite or in Silver Plume( ?) Granite or in pegmatite near
the granite-aplite. Locally as at the Champell mine,
pegmatites associated with Silver Plume(?) Granite
and the Silver Plume(?) Granite itself are greisenized
but are not near a known body of Redskin Granite. The
most extensive greisen zones of the area are in the south-
ern part of the Boomer cupola.

All the beryllium deposits are closely associated with
the granite-aplite that is in either the Boomer eupola or
in the dike rocks; all deposits except those in a quartz-
albite-muscovite granite-aplite found locally in the main
dike also have greisenized walls. Small occurrences of
beryllium minerals or chemically anomalous amounts
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of beryllium have been found away from known granite-
aplite near the Champellming and in the area southeast
of the Blue Jay mine.
e ——t
BOOMER MINE

The Boomer mine (pl. 4) is near the center of sec. 21,
T. 11 5., R. 72 W., in the southwestern part of the Lake
(George beryllium area. The mine was located, probably
hefore 1395, as a silver prospect, and some silver-lead ore
was shipped. About 1917 the mine was known as a mo-
Iybdenum prospect (Worcester, 1919, p. 73), but as far
as is known no molybdenum ores were produced. After
these early mining and prospecting ventures the mine
was abandoned and apparently lay idle until the ura-
nium boom after World War II. In the early 19507
anomalous radioactivity was noted on the mine dump,
and in 1955 the mine was partly rehabilitated as a ura-
nium prospect. Only small amounts of uranium were
found, but beryl was found on the dump. The mine was
operated as a beryllium producer much of the time from
October 1956 until July 1965.

The total production of beryllium ore cannot be given
exactly because some ore, including high-grade material,
was stockpiled. Tt szeems likely, however, that the
Boomer mine has produced more beryllium ore than any
other mine in the United States. The production data
are given below.

Beryllium ore production of the Boomer mine, 1866-601

Grade
{ Percent
Fear Tima Bedd)
et o o e S e T8 11. 2
1067 - - 282 10. 2
1} e e S e 0 141 7.3
e e 17 6. &
L | e A i T 197 =8
19 e e S e 211 =35
O e 1, 028 2—4
Tobel s s LT 2,114

! Published with permission of T.5. Berylliom Carp.
* Dioes not inclode any ore produoced in November and December,

The average grade of the 678 tons mined in the period
1956-59 was 8.77 percent, and at $40.00 per ton this
ore would have had a value of about $238,000. A total
production of about 3,000 tons of beryllium ore through
1965 seems to be a conservative estimate.

Analyses of samples taken from the mine are given
in table 6.
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TasLE 6.—Analyses, in percent, of samples from the Boomer mine
|----, mot looked for; Tr., traee. Analyses were semiquantitative spectrographic analyses unless otherwize noted. Analysts: J, C, Hamilion and R. . Havens]

Enmllﬂelm- Lab, el
Locality (PL 4 No, Diescription Ag ﬁ Cu Ge Lit Mo Nt Fb En w Zn
Quthouss lode 1.6 000 i 0.15
N i Tr. .07
.03 003 .7 0
.02 . o
D0 .03 0 .07
L0 003 o a
q 003 Loy oy ] 015
- L5 T 0T Tr. .7
a . 003 07 L 00s o i
Upper graison Cl=D.ccoccee. 200836 Cialens-bearing greisen.. .05 1.5 T A B .03 L1 e i J00E 002 >10 - 005 o .
L8
& 6051t lewel, BO-1. .. 285731 Quartz-topaz-wollre- DL ] (11 ] . oS L1 L1} 15 3 i) =10 03
now In main mite i
opencut Bo=  BO=2.... . ... 280732 Quartz- lvein.__.._. o 3 Le . .m5 0 E— . 003 L DOLE m .08
E%Mn
5,583t level . BI-15..____. 26733 .oy 3 [ ]
Bl-4. ... .. T4 D03 i (1) L0 lic]
BI1-1§......... ZISTHO N H L1} 3
. ITETRL . o7 . 015 .m5 .15
- 281310 .03 .03 NS o 07
=181 Tr. o7 - DOLS 1] L1}
Pk b 003 .07 00T o 7
Bl-m.. ... 251813 ] 015 003 0o o
Bl-z .. - Ela4 . 0G 015 T ({113}
Bl-2-1.__.... ZE140 Mnpscovitle greisen .. __ [} LOOLS L DORS oo . D03 || e, . D03 ik .03 [1] i)
BI-26-2....... ZHELS0 Qmmmi_m_l . Qs Lools o2 ... 0ORS O oos 00 .8 003 o Tr.
BT 285151 Qmuumv‘lw L 00Ls 0L 3z a3 o oy 007 .15 et L[] o7
fluorite vein.
Bl-28. ___ ... ZEEIS2 Chﬁ'lahd.ﬂl:l.lnq'l.llru . DO0OE L0007 0004 ... .05 L1 L1} L 0 i LS 1} i
woin.
Bi=gl.. .. .. 200624 Gredsen . _.._..___ e w 005 1 .07 [ .05
Bl-83. . ... @25 Quartz-bervl gredsen. 0005 5 LT T .03 L1} .15
B Aleft lewel..... B2-d.. ... 278782 Boomor weln, Sporse Nt 18 NG 3 N Tr. .7
! L0015 .07 0 7 L00G Tr. .7
00007 0007 o7 .o a .07
Tr. 0015 -3 15 OEs 1] 15
Ry . 003 15 007 o o7
B ABET lewel o . ML) S L3 A8 .03 o oy
. D0Ls - D003 iy .18 007 1] .15
ooy L7 @ .os 1] @
007 i i 1} .03
lang chip sample.
Ba-g.. .. _. 278787 Quartz-muscovite SO ST 07 L0s L0156 .08
Ba-10._....... 2THTRE FFIJ.Oﬂ'bB—"Eiﬂ‘I — . DOLS 007 L6 0as o .07
BH-12.___._.... ZI7HTER Muscowvits g n, 2.5 0 AT iiiaeaiaame i .03 03 015 Tr.
ft-long chip sample.
Ba-18._______. 278790  Granite, disseminated 8 i B L 00a .3 ooy L .18
Bo-14. ... .. 2787 Quartz-moscovite L0007 0007 .06 A6 006 s L8
Ereisen.

1 Beparate analyses: 1, semiquantitative spectrographic anslysis by J. C. Hamilton and R. G. Havens: 2, morin-fluorescent analysis by L. F. Rader; 3, gpmma-neatron
analysis by Wayne Mountjoy. i
Quantitative spectrographic analysis by J. C. Hamilton and H. G. Havens.
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Mine workings consist of one main shaft and short
irregular levels which are interconnected by open stopes
and raises and also connect with opencuts or small glory
holes, The main or Florman shaft is nearly vertical and
about 185 feet deep. The main opencut (pl. 4) partly
coincides with a shaft (the Boomer) that was used in
the early part of beryllium mining. The main levels are
at altitudes of about 8,556 (adit level), 8,533, 8,516,
8,494, 8486, 5,440, and 8,398 feet, and the levels are
referred to by altitude in this report. Nearly all the ore
was found above an altitude of 8,500 feet, and the lowest
level, perhaps by coincidence only, contains neither ore
nor altered rock.

The mine is near the south contact of the Boomer
cupola. Opencuts at the surface are mostly confined to
the granite-aplite of the cupola, but some of the under-
ground workings are partly in granite and partly in
pegmatite, amphibolite, and in gneisses belonging to
the Idaho Springs Formation. The 8486-, 8,440-, and
8,398-foot levels are entirely in granite-aplite.

Fracture sets that strike northeast or north-northwest
contain beryllium veins and granite-aplite dikes. The
northeast-striking set dips steeply, and most of the veins
are small. The main mineralized fissure, the Boomer
vein, belongs to the north-northwest-striking set. In
most places the Boomer vein is loealized by a single fis-
sure which has an average dip of 40° NE.; locally the
vein-fissure splits into two main fractures. A third set
of fractures, which strikes north-northwest and dips at
low angles to the southwest, is locally mineralized in a
very wide and complex greisen zone on the 8,533-foot
lavel of the mine. Unmineralized shear zones that belong
to an almost flat fracture set are exposed at several
places.

Bodies of greisenized rock are exposed on all levels of
the mine except the deepest (8,398-ft level). Most are
composed dominantly of barren quartz-muscovite
greisen, and all greisens exposed on the deeper levels
(8,494, 8,486-, and 8,440-ft) contain only trace amounts
of beryllium. Topaz- or fluorite-rich greisens and ore-
bearing greisens, both distinguished on the map (pl. 4)
by patterns, are locally distributed within quartz-mus-
covite greisen zones on the surface and on the 8,533- and
8,516-foot levels,

Beryl iz dominant in all ore bodies except the Out-
house lode, in which bertrandite is the major ore
mineral. Bertrandite is also abundant in the northern
part of the ore body mined from the Boomer vein,
particularly in the northern part of the 8,533-foot
level, and it is locally abundant as pseudomorphs after
beryl in the main body mined on the 8,516-foot level.
Small amounts of euclase ocour in the ore mined from
the Boomer vein.
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The beryllium-bearing ores locally contain sulfides
and other metallic minerals. Small amounts of galena
and sphalerite oceur in beryllium ore on the footwall
of the Boomer vein near sample locality B1-13 (8,533-
ft level) (pl. 4 and table 6), and arsenopyrite is found
in the ore gbout 50 feet to the north along the vein,
and also in a footwall mass in contact with ore in a
pipelike extension of the Boomer vein ore body. Dis-
seminated galena and sphalerite oceur in the same pipe
near the surface. Beryl was found with wolframite
in a quartz-topaz greisen that occupied part of the
area of the main opencut.

Larger concentrations of metallic minerals are scat-
tered through the greisens away from the beryllium
ores. Pods of argentiferous galena as much as 6 inches
across are found in the greisen body lying between the
Boomer vein and the abandoned Boomer shaft on the
8.533-foot. level, and galena and sphalerite were found
in a low-beryllium part of the Boomer vein exposed in
a shallow winze just south of the shaft. Sulfides also
oceur in a partly mined greisen body exposed (but not
mapped) just above the 8,486-foot level near the bottom
of the abandoned Boomer shaft.

Beryllium ore bodies have been mined from surface
workings and from the 8,565- (now in the main open-
eut), 5,533-, and &,516-foot levels. It seems certain that
most of the apparently separate ore bodies are actually
interconnected and form one large complex body lo-
calized by the combined influence of the Boomer vein,
fractures of the steep northeast-trending set, and the
southern contact of the Boomer cupola. The ore bodies
mined at different places in the mine are discussed
separately, and relations indicating possible or prob-
able connections are pointed out.

The two most productive ore bodies have been mined
from the 8,533- and 8,516-foot levels of the mine. One
is largely controlled by the Boomer vein fissure, the
other is partly controlled by the contact of the Boomer
cupols with a pegmatite body. The Boomer vein is ex-
posed on the 8,533-, 8,516-, and 8,486-foot levels, but is
strongly mineralized only on the 3,533-foot level where
it has been followed for about 200 feet and where it
contains beryllium ore for about 100 feet, The vein has
been overhand stoped in one place to within a few feet
of the surface and also mined in shallow underhand
stopes; it is about 1-8 feet wide. The vein is appreciably
narrower and less well mineralized on the 8,516-foot
level ; it has been stoped at one place between the 8,516-
and 8.533-foot. levels, but there the ore zone was much
thinner than that found along the upper level. In gen-
eral the relations suggest that the ore body was a nearly

horizontal flattened pipe lying along the vein fissure.
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As exposed on the 8,486-foot level, the vein consists of
a few inches of unaltered pegmatite, but it is greisen-
ized in a raise driven from near the north end of the
level.

In the widest and most productive part of the ore
shoot the Boomer vein is compound and has two main
splits; beryllium minerals fill both and replace greisen
between them and, locally, replace the wall greisen. Near
the south end of the ore shoot the most abundant com-
ponent of the vein is well-erystallized beryl; northward
the beryl becomes anhedral and bertrandite becomes
abundant, although less abundant than beryl. At a
sampled locality the footwall vein is dominantly ber-
trandite and the thicker hanging wall vein and replace-
ment ore are mostly beryl. Euclase forms small crystals
in vuggy zones on the hanging wall of the vein.

On the 8,583-foot level, a mineralized zone is widest,
about 15 feet, where the Boomer vein crosses the cupola
contact and also nearly coincides with a low-angle frac-
ture set striking parallel to the vein but dipping south-
west. The relations of the contact, the Boomer vein
and southwest-dipping fracture set, and ore are shown
in cross section (A-A4’, pl. 4). At another strongly
mineralized zone (-, pl. 4), a pipelike ore body in-
tersects the hanging wall of the Boomer vein. Exposures
in the raise driven along the pipe show that the bear-
ing of the pipe locally follows steeply dipping fractures
which strike about N. 70° E.

The second main ore body was mined between the
8,516- and 8,533-foot levels. As exposed on the lower
level it is a podlike body about 35 feet long and 10 feet
wide elongated along the contact of the Boomer cupola
and granite pegmatite. The footwall of the zone is
formed by greisenized granite-aplite that has a marked
sheeted structure lying parallel to the base of the ore.
The hanging wall is greisenized pegmatite. Between the
two levels, the ore body enlarged into an irregular body
mined from the 8,523-foot bench level just north of the
body (pl. 4, 8,516-ft-level map). The ore was composed
largely of massive quartz and beryl which was locally
pseudomorphically replaced by bertrandite. Some gem
aquamarine was found in vugs in the greisen. A small
amount of beryllium ore has been left on the floor of
the 8,516-foot level, but thinning of the ore zone and
thickening of the basal sheeted zone probably mark
the limit of the ore body to the east. A small podlike
extension of the ore zone in the floor was formed at the
junction of the pegmatite contact with the main north-
east vein fissure, and some ore was mined from this
minor pod in the winze sunk about 35 feet northeast
of the Florman shaft on the 8,516-foot level.

The contact between pegmatite and the granite-aplite
at the south edge of the cupola is also a major control
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of ore near the surface. The collar of the Boomer shaft,
which is now in the main opencut area, was apparently
in high-grade beryllium ore, which was discarded at that
time as waste. Aggregates of crystalline beryl as much
ag 3 feet across and weighing several hundred pounds
have been recovered from the dump rock within a few
feet of the shaft, and these resemble the beryl ore left
in place next to the shaft, East of the Boomer shaft,
the contact was almost barren on an abandoned 8,565-
foot level now within the main opencut, but the contact
zone contained beryl-bearing veins west of a mineralized
vein belonging to the steep northeast set. The pegmatite
west of the vein contained disseminated beryl erystals
and was extensively greisenized. Greisen associated with
mineralized northeast-trending fractures exposed on the
same level apparently led into a pipelike ore body that
was mined to the surface (partly shown at the east end
of section B-B’, pl. 4). Small pods of quartz-topaz-
wolframite-beryl greisen were found near the lower end
of the pipe exposed in the main opencut ; at the eastern
end of the pipe in the opencut the ore consisted of a
veinlike mass of white to pale-green beryl associated
with fluorite (on the footwall) and quartz and topaz.

Beryl veins localized by steep northeast-trending fis-
sures are exposed on the upper three levels of the mine
and have been mined near their intersections with the
Boomer vein or with the contact between the pegmatite
and granite-aplite on the south edge of the Boomer
cupola.

Two ore bodies—the Mammoth and Outhouse lodes—
have been mined chiefly from the surface. The Outhouse
lode consists of a greisen pipe containing a central beryl-
lium-rich zone which plunges a few degrees southeast.
The pipe is somewhat asymmetric in cross section and
consists of a sheeted micaceous greisenized granite on
the footwall, quartz-topaz greisen mostly on the foot-
wall, and quartz-muscovite-fluorite greisen on the hang-
ing wall and surrounding a central quartz-bertrandite-
yellow mica greisen. The sheeted zone on the footwall
of the pipe is very similar to sheeted footwall granite
observed underground on the 8,516-foot level. A quartz-
fluorite vein which is exposed below and on the hanging
wall side of the ore body is, perhaps, indirect evidence
for a north-northwest fracture zone which acted as one
control of the mineralization but has been mostly
obliterated in the greisen.

The Outhouse lode was mined over a horizontal dis-
tance of about 40 feet, and although the ore-bearing
greisen nearly pinched out southward, barren greisen
continued farther southeast. About 20 feet south of the
edge of the Quthouse ore body, another pipe was inter-
sected on the west side of the same greisenized zone. This
pipe, shown in section C-C’, plate 4, plunged S. 80° W.
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at about 40°. The character of the ore is much different
from that of the Outhouse lode. Most of the ore consists
of massive poikiloblastic beryl crystals in the guartz-
rich greisen gangue. The ore is also somewhat unusual
in containing appreciable amounts of galena near the
surface and in forming on the hanging wall of an arsen-
opyrite zone in the lower part of the pipe (fiz. 2). The
pipe appears to connect the hanging wall of the Boomer
vein with the greisen pipe of the Outhouse lode.

The Mammoth lode also contained quartz-beryl ore;
it appears to be a pipelike ore body elongated along a
fissure which strikes north-northeast and dips 40° SE.
The pipe appears to plunge toward the Boomer vein
at the far north end of the 8,533-foot level, and it prob-
ably connects with the Boomer vein.

Two other pipes are exposed in the hanging wall of
the Boomer vein. Omne, which produced low-grade
beryllium ore, was mined from a raise on the 8,516-foot
level. The other, which contained chaleopyrite and
sphalerite, was prospected in a raise from the 8,533-foot
level about 10 feet south of section C-C’, plate 4.

I & 5 GROUP

The J & S group of the Boomer mine area (pl. 3)
congists of three mines opened by shafts and a total of
about 700 feet of drifts or crosseuts, Shafts, and mines,
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have been numbersd for purposes of discussion from
northwest to southeast (pl. 3 and fig. 9). The Nos. 1 and
2 shafts explore greisens associated with the major
granite-aplite dike of the Boomer area. The No. & shaft
iz collared in Tdaho Springs Formation just west of the
Boomer cupola and intersects the cupola underground.
A few tons of beryllium ore have been produced from
the J & S No. 1 mine. Table 7 gives analyses of samples
from the group.

The No. 1 chaft opens into four levels; two very short
levels at about 22 and 37 feet, and longer levels at 50 and
66 feet vertically below the collar of the steeply inclined
shaft (fig. 9). The No. 2 shaft is essentially vertical; it
opens into short levels at 39 and 59 feet below the collar.
The No. 3 mine has an 80-foot-long drift driven west-
southwest from the bottom of a 60-foot vertichl shaft,

Workings from the Nos. 1 and 2 shafts are driven in
biotite gneiss, amphibolite, and quartz gneiss of the
Idaho Springs Formation, pegmatite of possible Silver
Plume affinity, Silver Plume(!) Granite, and in the
ERedskin granite-aplite dikes. The Idaho Springs Forma-
tion has been intruded by almost concordant to sharply
discordant masses of pegmatite and Silver Plume(?)
Granite, and these rocks, in turn, are cut by the granite-
aplite dikes,

TABLE T.—dpectrographic analyses, in percend, of samples from the J & § group of the Boomer mine area

[Be 13 quantitative analyses by morin-finorescont method; all athers are semiquantitative; Tr., traes, Analysia: L, F. Rader and J. ©. Hamilton]

Sample locality (fig. 9) Lab. Mo, Deaeriptlon B Ap Cu Mo Pb n Zn
J&3No. 1-1__._ ... 289719 0.5-ft-long chip sample, greisen_....... 1. 7 0 0030 0 015 0015 007
L e e T 280720 1.5-ft-long chip sample, greisen_.___ .. =B Tr. 003 L0015 L O7 . 015 .03
31 oo —._.___ 288155 O0.5-ft-long chip sample, altered L0003 . 0003 .05 0 15 0 . 03

pegmatite.
S 288156 1.5-ft-long chip sample, greisen..______ .2 . Doo3 .03 0 .16 .ma .03

The main dike of the Boomer area is exposed on both
levels of the J&S No. 2 mine and on the 66-foot level
of the No. 1 mine near the east end. Two other dikes are
exposed in the No. 1 mine workings; one is near the east
face of the 66-foot level, and a second, larger dike is
near the shaft on the 50- and 66-foot levels. This second
dike is in the footwall of the main dike and probably
joins it at depth (section 4-4", fig. 9).

Beryllium-bearing greisens occur in the J&S Nos. 1
and 2 mines as replacement bodies in old pegmatite or
Silver Plume(?) (ranite or in thin veins and pods in
the Redskin granite-aplite. The workings of the No. 2
shaft were driven specifically to explore the granite
dike beeause it contained thin beryl veins on the surface.
The largest concentration of beryllium-bearing min-
erals, now largely mined, is in the No. 1 shaft. The
beryllium ore was mined from a veinlike greisen traced

down from the collar of the shaft to the 50-foot level.
Near the collar the greisen replaces a thin pegmatite
dike, and it is inferred that the greisen hody formed
mainly by replacement of pegmatite, although in the
deeper workings nothing of the original character of
the greisenized rock can be determined. The greisen is
approximately concordant to the foliation of the gneis-
sic wallrocks and dips 60°-T0° NE.; the main body of
beryllinm-bearing greisen oceurred just above the june-
tion of the greisen and granite-aplite (section 4-47,
fig. 9). The strike of the dike is nearly parallel to that
of the greisen, but its dip is much flatter, A fault occurs
along the footwall side of the greisen, and it was consid-
ered by the miners to be the ore control, It is not min-
eralized, however, and it is more likely a postmineral
fault, The fault diverges from greisen below the 50-
foot level.
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Other beryllium occurrences in the J&S Nos. 1 and
2 shafts are also in or adjacent to granite-aplite dikes.
Beryllium minerals are found in two zones on the 39-
foot level of the No. 2 shaft; beryl is present in thin
veins on the hanging wall of the dike, and a beryllifer-

ous greisen, as much as 114 feet thick, occurs along the
footwall of the dike.

The No. 3 shaft explores an apparently nearly barren
part of the Boomer cupola. An irregular greisen hody
with only trace amounts of beryllium was intersected
in the drift about 25 feet from the shaft.
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CHINA WALL AREA by rocks of the cupola, a granite body elongated north-
The China Wall area (fig. 10) is mostly in secs. 4 and ward along the east boundary of the Redskin stock. To

5,T.11 S., R. 72 W, east of the village of Tarryall, near ~the west, the granite of the cupola is in contact with
the China Wall cupola. The area is underlain mainly older gneisses and with the Silver Plume(?) Granite;
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Frevke 10.—Geclogic map of the China Wall area, Contour interval 200 feet. Datum i3 mean sea level.
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several masses of Silver Plume( ?) are included in the
granite of the cupola. Analyses of samples from the
China Wall area are given below.

Semiguantitalive specirographic analyses, in perceni, of samples
from the China Wall area y

[Tungsten booked for bot not foand. _ilrj.nndnu'.ll. C. Hamilton and F. K. Barnett,
.p LTDE

Bample  Lab,
s

] No. Diescription Br Cu FPh En

(fig. 10
0.008 003 OO0IE
L0007 a7 Jma
LT L a .15
ooE 0 0T
ETeRS Hematitic grelsen_ . . U1 E ey 18 LA
- JEEMED .. Memmemnasnnssnssnmannanns ST 7 LmE AT
3 .. 283841 Vupggy quartzose greisen. ... . (0005 0007 00T L ODS
$erenne.  JREDTT Quartz-muscovite grelgen. . (0007 0005 007 (s
5. --—--. ZBH336A 3mrt:,-benrl VR ceeeaiaa .07 L 00T Tr. 0

Beryllinm minerals oceur in small podlike greisens
on the west side of the cupola and in dikes of granite-
aplite south of the cupola. The oceurrences in the cupola
are, seemingly without exception, at the contact of a
block of the Silver Plume(?) Granite that is included
in or ent by the granite-aplite facies of Redskin Granite
which forms the outer part of the cupola.

The greisen of the area is commonly hematite stained
and contains abundant topaz; it also contains coarse
pods or layers of quartz which locally eontain beryl.
Beryl is the main ore mineral of the deposits prospected
thus far, but bertrandite occurs psendomorphically
after beryl. Small amounts of beryllium ore have been
mined in the area, and Bob Beal and Roy Monett sold a
small lot of beryl ore to the Custer, 5. Dak., buying
station in 1962,

Besides the beryllium deposits, faults with altered
wallrocks ecenr southwest and west of the cupola. These
faults were prospected many years ago for gold or
gilver, but they must be nearly barren, judged by the
small extent of mine workings.

MARY LEE MINE AREA

The Mary Lee mine area (fig. 11) is in sec. 22, T. 11
5., R. 72 W., about 1 mile east of the Boomer mine. The
area 18 underlain partly by Redskin Granite and partly
by older igneous and metamorphic rocks. Local layers
and lenses of calc-silicate gneiss are indicated on the
map because these have been prospected for scheelite.

The Redskin Granite of the Mary Lee mine area con-
sists of the granular facies, which is predominant;
granite-aplite, which forms a lobate cap on the granular
rocks near the center of sec. 22; and porphyritic granite,
which forms a local border zone of the Redskin stock
in the northeast part. Exposures in the Mary Lee mine
show that the granite-aplite lobe continues to the south-
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east a short distance in the subsurface, and the lobe is
inferred to extend even farther (section D-I, pl. 1).

Beryl, the main beryllium mineral of the area, occurs
locally at the Tennessee, Mary Lee, and Little John
deposits where it is associated with quartz, topaz, and
wolframite. Cassiterite has been found in one vein (fig.
11). GGreisen occurs along the walls of the beryl-bearing
fissures, and it also is found in a pipe at the Happy
Thought mine and in irregular masses and veins at the
Tennessee mine. Analyses of samples from the Mary
Lee mine area are given below.

Semiguaniilaiive apec!ro%rai;tic analyses, in percent, of samples
Trom the Mary Lee mine area

[Analyst: J. C. Hamilton]

Lab.
hw_"l:;'ig No. Deseripthon Bea Cu Fb Bn w
Qunﬂltrmmﬂh—ﬂmrlh- 0,007 0016 008 odls o
greison,
nartz-topaz greisen. s o7 3 LT L 0E
ine-grained groisen . s 0@ o Los o
PR, s L00ls . L7 o
nartz vein, greisen walls, . 0008 015 O L8 O
uartz-topaz vein. .. . g ms .18 LE 0
Beryl-bearing gretsen_ ... 015 005 .15 LT 0
Sarme, 1-Itehip............. L0708 .3 T 0
Gredten..__________________ L0007 003 L0005 007 O
Muscovite gredsen. ... ..... .15 0007 O N
%I;Bmmlgclﬂm ........... a7 0 a0
1 TE;I:J: quartz-beryl 1.5 .00 .03 R
k] . I=8014 Hematitie quarts- L000T 00T 0 s o
muscovite-fluorite
gredsen,
L JRERAG Greisen... .. .. ... Lo .o 07 L5 18
| 1 HER008 . s T R e L0015 .5 L0005 .08 0
L O d of Happy Thought mine,
: In Mary {proapect shaft).

? In Little John 1 shaft,

MARY LEE MINE

The Mary Lee mine develops a fissure-vein deposit
that is representative of most vein deposits of the area.
The vein, which is most likely a lode zone of closely
spaced fissures, can be traced with reasonable cer-
tainty for about 1,400 feet. The main workings are on
the eastern part of the vein and comprise two adits and
an incline (fiz. 12) ; a shallow shaft, now inaccessible,
was sunk near the west end of the vein. Claims cover-
ing most of the vein were located by Bob Beal and Roy
Monett in 1957 ; the property was sold to the Mary Lee
Mining Co. in 1958,

The Mary Lee incline (fig. 12) i= about 140 feet long;
it was driven about S. 50° W. for 120 feet, thence almost
due south for 20 feet. Deep water prevented detailed
examination of the workings beyond about 80 feet from
the portal. The first 60 feet of the workings iz in a
granitic gneiss facies of the Boulder Creelk(?) Gran-
odiorite; at 60 feet the gneiss is in fault contact with
the granite-aplite of the Redskin Granite, and the rest
of the incline is in granite-aplite, The granite-aplite
body is the subsurface part of the lobate extension of
the Redskin stock in the Mary Lee mine area.
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Fmeure 11.—Geologic map of the Mary Lee mine area. Contour interval 40 feet. Datnm is mean sea level,

The incline follows a thin quartz-beryl vein from the
portal to the faulted granite contact, where the vein
is cut off. Apparently the vein was not found on the
footwall of the fault, although a thin quartz-feldspar
vein in granite about 100 feet from the portal could
be the same vein.

The lower Mary Lee adit, about 120 feet southwest of
the incline, follows a complex fracture zone in gneissic
Boulder Creek( ?) Granodiorite, The major vein fissure

in the zone contains as much as 8 inches of crystalline
beryl, now largely mined. Other subparallel fractures
are marked mainly by the slight reddening and grei-
senization of the gneiss.

The vein zone is eut off near the portal of the adit by
a fault which is almost certainly the same fanlt exposed
along the granite contact in the incline (section A-A’,
fig. 12). The vein of the lower adit iz on the footwall of
the fault and thus possibly is the faulted continuation
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of the quartz-bery] vein cut off in the incline, although
the vein of the adit is much wider.

Southwestward from the fault in the lower adit, the
vein can be traced for 30 feet, and it probably extends
at least 20 feet farther, although the main vein in this
latter part may be in the southeast rib, as shown by the
queried vein (fig. 12). Where well exposed the vein
strikes about N. 41° E., dips about 70° NW,, and con-
tains erystalline beryl. About 30 feet southwest of the
fault the vein grades outward into hematitic greisenized
gneiss containing small beryl crystals. The difficulty
involved in tracing the vein in both the incline and the
lower adit suggests that it is not actually continuous but
instead is composed of en echelon veins.

The upper Mary Lee adit is about 400 feet southwest
of the portal of the lower adit. The vein is exposed at
several places in small prospects between the upper and
lower adits. The upper adit is mainly in gneissic
Boulder Creek(?) Granodiorite; it generally follows
the vein, but in part the vein is probably in the south-
east rib. In most places the vein is composed of guartz
and topaz: locally it contains beryl and wolframite
crystals as much as 2 inches across.

Production data have not been recorded, but beryl ore
was mined from near the portal of the lower adit. The
total production is estimated at less than 5 tons.

Analyses of samples from the mine are given in
table 8.

REDEEIN GULCH AREA

Beryllium-bearing greisen pipes occur near Redskin
(Gulch in an area that includes the Redskin and Black
Prince mine areas (pl. 2 and fig. 13). These areas are
within the Redskin stock and are underlain by the
porphyritic facies of Redskin Granite which forms the
intermediate zone of the stock.

The greisen pipes, which are about 2-10 feet across,
follow sinuous courses. The pipes generally occur in
clusters, and within the clusters they generally have
similar plunge directions. The most extensively explored
pipes are the Redskin (main) and Minerva J, (figs. 4,
13), each of which has been followed in underground
workings for about 160 feet. The Black Prince pipe has
been followed for about 100 feet.
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The pipes are composed mainly of a muscovitic grei-
sen bounded by a selvage of quartzose greisen which
grades outward into unaltered granite. The ore miner-
als—bertrandite, beryl ( ?), and molybdenite and locally
galena, sphalerite, chalcopyrite, and sooty uraninite—
oceupy pipelike or veinlike zones within greisen enve-
lopes. Pyrite with very sparse cassiterite and wolfram-
ite locally occurs in vuggy, but apparently little-altered,
granite. The pipes are at least partly localized along
discontinuous fissures or shear zomes; more extensive
and somewhat younger shear zones contain thin fluorite
veins.

Analyses of samples from the Redskin Gulch area
are given in table 9,

REDEKIN MINE

The Redskin mine is on the east side of Redskin
Gulch about 3,000 feet from its mouth. Workings con-
sist of an inelined shaft, which partly coincides with
stopes on two greisen pipes, and a shallow prospect
shaft or opencut on a third pipe. Greisens and surface
workings are shown on the mine area map (fig. 18)
which also shows generalized underground workings.

The Redskin mine was originally prospected for
molybdenum (Worcester, 1919), and probably some
molybdenum ore was shipped from the mine during
or shortly after World War I. The mine was probably
abandoned in the early 1920°s and not worked again
until the discovery of uraninite at the mine by Bill
Wyble in about 1954. Mr. Wyble unwatered the mine
but found only small amounts of sooty pitchblende in
place. Beryllium minerals were discovered at the mine
in 1959 by L. G. Moyd with a beryllium detector. Some
low-grade bervllium ore has been mined.

The main Redskin pipe is exposed in an opencut a
few feet south of the main shaft and there plunges
about 40° almost due north. Most of the pipe has been
removed from the cut, and all that remains of it is a
smooth quartz-rich selvage on the footwall of the pipe
and sparse beryllinm-bearing greisen and barren grei-
sen on the hanging wall of the pipe. The amount of dip
of this segment of the pipe appears to be the same as
that of a pregreisen fracture which also partly controls

TasLE 8 —Semiguantitative spectrographic analyses, in percent, of samples from the Mary Lee mine
[Analyst: T. C. Hamilton]

Bample loe. (fig.12) Lab. Mo. Dieseription

Ba Ag Cu Mo Fh En Zn

MI-2 ... 2RE153 ‘i’-ft.-]cf:ng chip sample, fault zone, altered 0. 0015 0O 0003 O 0007 00015 0.08
rock.

MIL-3........ 288154 Altered granite_____________________.... L0003 O L0015 0 .07 . 003 . 03

MI~4-2_ _____ HE288 Oralsen. . e ieaiiisgodiiiootoing . D007 - DO00T .015 0 i . 007 .03

MI~4-3_ _____ H3239 guartz.—topaz A L0015 . 0003 07 007 .15 .0007 .03

" H3z40 o | . oooT . 00015 i . 0015 .16 . oo7 .07
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Froure 12 —Geologic maps (left) and section (right) of the Mary Lee mine. Datum i approximate mean sen level. Geology
by C. C. Hawley and P. L. Williams, 1961-62.

the distribution of beryllium minerals within the pipe.
About 30 feet horizontally from the cut, the pipe
changes plunge direction to about N. 60° E. The main
inclined shaft is mostly below the pipe and approxi-
mately parallel to the direction of plunge (N. 60° E.).
High-grade beryllium ore ocecurs as small pods local-
ized by steeply dipping fractures within the segment of
the pipe plunging about N. 60° E., but the average
grade of currently known parts of the pipe is low.

A second pipe (lower pipe) was exposed about 55
feet. south of the main shaft; its surface position can
only be inferred from the shape of the opencut. The
pipe plunges northward, then flattens abruptly. This
pipe was also intersected by the main shaft about 20
feet from the collar.

A third pipe is exposed in a shallow prospect shaft
about 100 feet N, 70° E. from the main shaft. At the
surface the pipe is a flattened lens lying parallel to o
fracture zone; the pipe contains disseminated beryl-
linm minerals and plunges northward at a high angle.

BLACE PRINCE MINE

The Black Prince mine is about 1,700 feet north-north-
east of the Redskin mine (fig. 13). Workings consist of
a shaft, which was recollared in 1961, a nearby caved
shaft, and several opencuts. Some beryllium-bearing
greisen, along with sulfide-bearing greisen, was noted
on the dumps.

The main pipe is exposed in the rehabilitated shaft
workings. It plunges steeply northward and is partly
localized by a fracture zone which strikes northeastward.
Several other pipes which plunge northward at low
angles are exposed in opencuts south of the main shaft.

No beryllium ore has been produced from the Black

Prince mine, but, according to James Smith (oral com-
mun., 1965), of Tarryall, some sulfide ore was mined
and shipped in about 1930.

TAPPAN MOUNTAIN AREA

The Tappan Mountain area (fig. 14) 1s in secs. 24
and 25, T. 11 8., R. 72 W, and secs. 19 and 30, T. 11 S.,
R. 71 W,, and is underlain mainly by the Silver
Plume( ?) Granite and Idaho Springs Formation. The
main mass of Silver Plume(?) Granite is part of the
Tappan Mountain stock, a body about 214 miles long
which is elongated in the northeasterly strike direction
of its gneissic host rocks. The body tapers to about one-
fourth mile across at its northeast edge, and probably
plunges at a moderately steep angle to the northeast in
the subsurface. Both the Silver Plume(?) Granite and
the Idaho Springs Formation are cut by steeply dip-
ping, northeasterly striking faults which are locally
mineralized.

The mineral deposits in the area are disseminated and
pipelike greisens, veins with greisenized walls, and
scheelite-bearing cale-silicate rocks. Most of the deposits
are clustered near the northeast end of the Tappan
Mountain stock of Silver Plume( ?) Granite although a
small group of deposits are found about one-third mile
north of the stock in sec. 24, and a cluster of deposits are
found in the SE1j sec. 25. A cassiterite-bearing greisen
is exposed in sec. 19 about one-half mile northeast of the
stock and is approximately on projection of the long
axis of the stock.

The greisen of the area is rich in quartz, but containg
muscovite and fluorite. No discrete beryllium minerals
have been found in the greisen, but it at least locally
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contains cassiterite and scheelite. The Lucky Bo

deposit contains some wolframite and scheelite and

a trace (7 ppm) to about 0.3 percent in veins or greisens
as shown by the spectrographic analyses in the table

abundant pyrite. Copper ranges in concentration from below.

Semiquantitative specirographic analyses, in percent, of samples from the Tappan Mouniain arsa

[Analysta: A. L. Botton, J. C, Hamilton, snd P. R, Barnett; Tr., trace]
Barnple ]i:::]nlll.y Lalbr, No, TDeseription Ba Cu Fo Bny W
.

| e 0 D1142312  Vein,! greisen walls, limonitio_ _______________. 0 003 0, 05 0 03 . 015 0
- ot B D114211 Veim 2 __ oo cemm———— 003 - | il | i |
D o S D114215 Quartzose greisen, hematitie elay_ .. .. ______ . 02 . D015 0 . 003 0
R D114209 Quartzose grefsen____ ___ oo oo __ . 0005 . 0ol 0 .m 0
P, BRI e T e .07 . 005 .M . 015 0
| P e D114214  Cale-silieate gneiss. ..o oo oo ___ . 0003 .02 0 1 0
Wi e e 288285 Grelsem ¥ _ _ _ L0007 . Q00T Tr. .03 0
. S D114a213 ... (ol e R R T R T TS e il . 0002 .M . 0015 .03 0

288288 ____. e R e e e e R 0003 00T L0015 L 07 0
e e TETeR o _dol e 0007 o7 001a .07 0

b Also containg 0001 Ag and 0,007 Mo.
# Also contalns 0,001 Ag, 002 Moa., 02 Co, and 07 Zn.,
¥ Also containg 0,15 Ca,
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FiouRe 13.—Geologic maps of the Redskin (right) and Black Prince (left) mine areas in the Redskin Gulch area.

SUMMARY OF ECONOMIC ASPECTS OF THE DEPOSITS
AND SUGGESTIONS FOR PROSPECTING

The size of the beryllium deposits of the area range
from those containing 1 ton or less of ore to the deposit
at the Boomer mine, which contained several thousand
tons of ore. The deposit at the Boomer mine was partly
eroded, and it seems possible that it originally contained
5,000 tons or more of medium- to high-grade beryllium
ore. The beryllium deposits, or nearby mineralized rocks
of the area, also locally contain silver, tungsten, molyb-
denum, and tin, and these elements are rare enough that
they should be considered along with beryllium in ap-
praising the economic potential of the area. Other ele-
ments present are copper, lead, and zine, but they are not
concentrated in bodies of sufficient size to be mined. The
lead occurs in galena that at least locally contains as
much as 230 ounces of silver per ton; so the small galena
bodies muld have value as
byproducts.

The known mineral deposits have little area] extent,
and they are scattered through the area. These negative
factors are partly counterbalanced by the presence of
geologic guides that narrow prospecting targets and by
the fact that another Boomer-type deposit could be ex-
ploited profitably. The fact that a previously almost
unknown area only 100 miles from Denver has deposits
containing fairly rare and strategic elements does ap-
pear significant. The most recent prospecting in the area
was almost entirely for beryllium ores, and apparently
there never has been a prospecting effort directed toward
the tin occurrences of the area.

GENERAL GUIDEE TO ORE

The beryllium deposits of the area are associated with
greisenized rocks and oceur in or near granite-aplite or
porphyritic facies of the Redskin Granite. The oceur-
rences associated with granite-aplite tend to occur
marginally to plutons and can be prospected using the
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TasLe 3. —Semiquantilative specirographic analyses, in percent, of samples from Redskin Gulch area
[Analyst: P. R. Barnett, TT., trace]
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cupola concept of mineralization—essentially that ore
tends to occur in or near the structurally higher parts
of intrusive bodies of igneous rock. Thus, on the flanks
of the Redskin stock another Boomer-type deposit
might be sought in a cupola not yet exposed by erosion.
Such bodies might be indicated by concentrations of
dikes, and, becanse igneous emplacement was likely in-
fluenced by pregranite faults, they might tend to lie
near prominent premineral structures such as the
Badger Flats fault.

The beryllium occurrences of the Redskin stock itself
are in the porphyritic facies of the Redskin Granite and
lie within a crude northwesterly trending belt of shear

zones and fluorite veins. Other greisens in the Redskin
stock seem to be fairly abundant near the south end of
the stock and in the central part of the stock near the
southern contact of the fine-grained core and the
porphyritic facies, and these places should also be
prospected further for beryllium and other greisen
elements.

The occurrence of greisen with Silver Plume(?)
Granite at Tappan Mountain and of scheelite-bearing
cale-silicate rock with Silver Plume(?) at many places
indicates that this unit is also locally an ore-bearing
granite. An average of approximately 500 ppm tin in
Silver Plume( ?) related greisen at Tappan Mountain,
one occurrence of cassiterite, and the general occurrence
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of tungsten with the Silver Plume( ) suggests an asso-
ciation of these elements rather than beryllium with the
Silver Plume/( ?).

BOOMER MINE AREA

The beryllium ores of the Boomer mine are closely
associated with greisens and with the granite-aplite;
most of the ore occurs either in the granite-aplite or in
the older pegmatite or Silver Plume( ?) Granite near
granite-aplite contacts. Most of the ore has been pro-
duced from the Boomer mine near the south edge of the
Boomer cupola, although small shoots of ore have been
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found and partly mined in the J & S No. 1 and Blue
Jay mines in association with granite-aplite dikes. At
the Boomer mine, all the beryllium ore has come from
the upper three mine levels or from open cuts on the
surface.

Favorable combinations of lithology and structure are
found on the sputhwest and northwest sides of the
Boomer eupola (pl. 3). In those areas discordant masses
of Silver Plume( ?) Granite and pegmatite crop out a
few feet west of the cupola, and they almost certainly
intersect the granite-aplite of the cupola at shallow
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depth. The Silver Plume(?) Granite and pegmatite
hodies formed along northeast-striking fractures, and
the combination of a granite-aplite contact with older
granitie rocks and a fracture zone offers a possible locale
for ore deposition.

Somewhat similar struetural and lithologie condi-
tions oeeur at the northwest edge of the cupola, where
the main granite-aplite dike of the Boomer area, which
was localized by a fissure striking northwest, is sepa-
rated from the stock by a thin older discordant body
of pegmatite. The dike and stock possibly join at a
shallow depth and truneate the pegmatite.

The shallow dip of the south contact of the Boomer
cupola suggests that minor cupolas may oceur on the
southern extension of the main pluton. Prospecting for
minor cupolas may be more successful in finding new
ore bodies than deep exploration of the Boomer cupola,
becanse ore seems more abundant in the upper part of
the eupola.

Favorable areas for subsurface prospecting in the
area south of the eupola might be marked on the sur-
face by a concentration of veins and dike rocks like
that found several hundred feet south of the Blue Jay
mine (pl. 3).

CHINA WALL AREA

Beryllinm occurrences thus far known in the China
Wall area consist of podlike greizens in the cupola it-
self and thin beryl veins in granite-aplite dikes south
of the eupola. The deposits in the cupola occur adjacent
to included masses of Silver Plume(?) Granite. The
known occurrences of beryllium minerals in the cupola
are on the west side of the cupola, away from the Red-
skin stock.

Deposits in the area found thus far are small, and
because of their scattered mode of oceurrence they wonld
be difficult to find by drilling. There are greisen bodies
in the cupola that have not been prospected, and trench-
ing of these bodies should disclose small bodies of beryl-
linm ore. The favorable Silver Plume( #) Granite host
rock pinches out on the west side of the body; so pros-
pecting for small replacement masses should probably
be confined to the western and northwestern parts of the
cupola. The beryl-bearing aplite dikes south of the
cupola, however, were intruded on a steep northerly
trending fracture set. This fracture set is related to the
en echelon zone of faults at the north end of the Badger
Flats fanlt and is of pre-Redskin (3ranite age. Because
of the pregreisen age of the fracture set and the close
spatial association of ore with the intrusive bodies,
faults of this set could be more strongly mineralized
and closer to the Redskin (Granite of the cupola at
depth than they are at the surface. There is, therefore,
some Justification for exploring faults and dikes south
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MARY LEE MINE AREA

and southwest of the cupola.

The oceurrence of a small body of beryllium ore at the
Mary Lee lower adit, scattered pods of ore at the Ten-
nessee and Little John elaims, the length of some of
the vein fissures, and the proximity of the Redskin
Granite indicate that the area has some potential as a
beryllinm area.

The granite-aplite of the Mary Lee mine area is con-
sidered favorable for prospecting because it is similar
to the granite of the Boomer cupola and the outer zone
of the China Wall cupola, both of which have associated
beryllium deposits. The attitude of the granite-aplite
body in the Mary Lee incline suggests that the front
of the lobelike extension of the Redskin stock plunges
southeastward at a low angle and possibly underlies
much of the area southeast of the lobe at a shallow
depth (as shown on pl. 1, section D-D"). Because all
known beryllium ore bodies of the Lake George area
ocour in or very near such favorable facies of the
granite, the vein fissures lying above the postulated pro-
jection of the lobe apparently are favorable for pros-
pecting at depth. Some of these veins also contain
wolframite, and at least one contains cassiterite; there-
fore, shoots of rare metals besides beryllium may exist in
the veins.

REDSEIN GULCH AREA AND OTHER FPARTS OF THE
REDSEIN STOCK

The beryllium deposits of the Redskin stock are small
bodies in greisen pipes which apparently are confined to
a rather small area. The pipes also contained small
badies of molybdenum ore and lead-zine ore which were
mined many years ago.

Pipes with small beryllium content and irregular
greisen zones are apparently concentrated in two broad
areas in the southern part of the stock. One ares trends
northwestward from near the south edge of the stock
and includes most of the fluorite deposits as well as the
pipes of the Redskin area (pls. 1, 2). The second area
15 near the southern contact of the fine-grained granite
that forms the core of the stock.

Stream-sediment samples from Redskin Guleh below
known beryllinm-bearing greisen pipes contained mark-
edly anomalous beryllium wvalues, therefore streams
coming from other parts of the stock were also sampled
(pl. 2). The sampling showed that the Redskin Gulch
anomalous area is larger than previously realized and
that there are two other, smaller, anomalous areas.

The beryllinm content of a —100 mesh portion of the
stream-sediment sample was determined either by semi-
quantitative spectrographic analysis or by a morin-
fluorescence method ; the average content of 145 samples,
excluding one sample showing 300 ppm beryllium, was
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almost @ ppm beryllium, which is also close to the me-
dian value. This compares with an average value of
about 7 ppm beryllium in the Redskin stock determined
by analysis of rocks (Hawley and others, 1966). Fewer
than 20 percent of the sediment samples showed 15 ppm
or more beryllium ; these samples are considered anoma-
lous and probably were derived from greisen bodies.

Stream sediments in lower Spud Gulch, west of Red-
skin Gulch, show anomalous beryllium content of as
much as 50 ppm beryllium. Although no deposits have
yet been found in lower Spud Guleh, the area is appar-
ently part of the Redskin Gulch anomalous area (fig.
19). An isolated sample in upper Spud Gulch also shows
anomalous amounts of beryllium, and possibly reflects a
small greisen pipe about two-thirds of a mile northeast
of the sample locality.

A small part of the Reader Creek drainage in the east
part of sec. 3 and a small area southwest of Pilot Peak
in secs. 1 and 12 also contain samples with more than 15
ppm beryllium.

The Spud Gulch area is easily accessible from Tarry-
all Creek or Redskin Gulch, and more detailed sampling
is recommended there. Although the small areas in
Reader Creek and near Pilot Peak are of difficult access,
they may be worth further prospecting because small
greisen bodies are known to occur within about half a
mile of each area.

TAFPPAN MOUNTATN AREA

The Tappan Mountain area contains no discrete
beryllium minerals, but it does contain numerous small
greisen bodies, veins mineralized with tungsten, and
cassiterite-bearing greisens. Besides the one cassiterite-
bearing prospect noted (fig. 14), several of the greisen
bodies sampled—1, 4, &, 7, 8, and § of figure 15—con-
tained (.01-0.07 percent tin as shown by semiquan-
titative spectrographic analysis. Both scheelite and
waolframite have been found at the Lucky Boy prospect.

A4l

The occurrences of anomalous amounts of tin and
tungsten suggest that the Tappan Mountain area should
be studied in more detail, along with limited prospect-
ing. In particular, residual surficial deposits near the
greisen occurrences and gravels of Tarryall Creek should
be examined for cassiterite. The creek flows between
canyon walls in the northern part of the Tappan Moun-
tain area and for about 114 miles farther northeast.
From that point to the junction with the South Platte
River, 1 mile farther downstream, the creek flows across
a flood plain which could contain placer deposits. (See
the U.8. Geological Survey Hackett Mountain Tl4-
minute quadrangle topographic map. )

Within the area itself, greisens are most numerous
near the northeast end of a Silver Plume(!) Granite
pluton, whiech probably plunges northeastward. The
tungsten veins belong to a northeast-trending fissure set,
and possibly the combined effects of the granite contact
and the northeastern fissuring locally could result in
mineralized bodies having greater continuity than the
greizens thus far discovered.

OTHER AREAS

(Greisen bodies are relatively abundant near the center
of sec. 16 and in the El4 see. 28 (pl. 2). In sec. 16, the
greisens occur in very small Silver Plume( ?) Granite
bodies near granite-aplite dikes; associated weakly
mineralized bodies exist in calc-silicate gneiss. Granite-
aplite dikes are very abundant (pl. 1), and possibly
these reflect a cupolalike extension of the Redskin stocl
at shallow depth.

In sec. 28, the greizen bodies lie along or in the hang-
ing wall of the Badger Flats fault. This fault was al-
most certainly in existenece prior to the intrusion of the
Redskin Granite and could have localized granite eupo-
las. The greisen along the fault in the NEL{SE1] sec. 28
(pl. 2), although nearly barren of beryllium, is strongly
metallized with pyrite, and the fault near this greisen
offers a possible exploration target at depth.
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