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ECOLOGY or TIE QUARTZ CB.FEK PEGMATITE DISTRICT,

GUITNISON COUNTY, COLORADO

by

Mortimer H. Staatz and Albert F. Trites

ABSTRlACT

The Quartz Creek pegmatite district includes an area about 29 square

miles in the vicinity of Quartz Creek in Gunnison County, Colb. This area

contains, 1,803 pegmatites that are intruded into pre-Cambrian rocks,

The rocks exposed in the district range in age from pre-Cambrian to

Recent. The oldest pre-Cambrian rocks are chiefly quartzites interbedded

with a few arkoses and conglomerates. These rocks are surrounded by more

abundant hornblende gneiss and tonalite. A small body of biotite tonalite

~was intruded and two thin layers of dacitic pillow lava were extruded into

this series. The hornblende gneiss and tonalite have the same composition

and differ only in texture. The older material (hornblende gneiss) has a

well-marked lineation, whereas the younger (tonalite) is equigranular0 Sub-

sequently, a large body of quartz monzonite was intruded along the northern

boundary of the mapped area. Later, coarse-grained granite was intruded

into the southern part of the area. Dikes of fine-grained granite cut the

coarse-grained variety. The last period of intrusive activity in pre-

Cambr ian t ime is marke d by a large number of pegmat it es.

The pre-Cambrian rocks were tilted and eroded, and the flatlying

Jurassic Morrison formation was deposited on the irregular surface. This

formation is conformably overlain by the Cretaceous Dakota sandstone.

Faulting produced a vertical offset of 410 feet in the Mesozoic sediments

along the only large fault in the area, At the end of Mesozoic time there
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was another period of erosion. Tertiary (?) tuff is exposed in small, scat-

tered areas in the southern part of the district.. It overlies both the

Dakota sandstone and pre-Cambrian formations, Glacial till- occurs along

the e dges of Qpar tz Creek and Woo d Gulch, Q~ua~ernary alluvium f ills the

valley bottoms,

Although the composition of the country rock has little effect on the

shape of the pegmatites, the foliation imposed on this rock has a localizing

effect and in part controls the ultimate shape of..pegmatitese Zoned and

related internal structures are not well developed in the pegmatites of

this region, Many of the pegmatites are homogeneous and those that are

zoned usually contain a large wall zone and small discontinuous cores. In

addition to the more common homogeneous and zoned pegmatites, 7 percent of

the pegmatites show a layered structure of textural and mineralogical units

not repeated on the opposite side of the pegmatite, Other internal struc-

tural units include pegmatites which vary in composition along strike,

multiple or "line-rock pegmatites",; and fracture fillingsQ

The mineralogy of the pegmatites is described in detail. Specific

attention was given to most of the 27 observed minerals. A study of the

index of refraction of 439 specimens of plagioclase showed that the varia-

tion from zone to zone and layer to layer is minor and that there is no

systematic variation in respect to the entire district, ]Sl correlation

could be found between the refractive index of plagioclase in the pegma-

tites and the type of country rock, or the presence of various accessory

minerals,

Index of refraction determinations on 9.5 specimens of muscovite showed

no constant variation from wall zone to core or from layer to layer. Curved

muscovite has identical optical properties with the flat variety,
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The index of refract ion was det errined for 183 beryl specimens. The

beryl in pegmatites containing only a wall zone and a core showed no dif-

ference between zones, but in pegmatites that have intermediate zones, the

indices of refraction of the beryl showed an inward increase in the alkali

content from the contact. Beryl occurs with almost all of the pegmatite

minerals and is not restricted in its mineral associations,

Tourmaline, except the black variety, is associated with lepidolite.

Dark green and blue tourmaline is found in the outer zones of pegmatites

containing lepicdolite, and the pink and light green varieties are found in

direct contact with lepidolite.

Lepidolite occurs in aggregates of fine grains, in flat plates, and in

curved plates; the three varieties are optically identical, The lighter-

colored varieties have higher indices of refraction and contain less lithia

than the darker varieties.

In addition, the occurrence of the following minerals is described in

detail: perthite, quartz, martite, biotite, garnet, columbite-tantalite,

monazite, microlite, topaz, gahinite, allanite, and an unidentified mineral.

The lack of alteration in the wall rocks adjacent to the pegmatites is

interpreted as indicating that the original pegmatite magma did not have an

excess of materials such as B, 0H-, and P that are needed to form alteration

minerals. because of their low concentration, the above materials were

available only in the pegmatitic magma during its crystallization. Pegma-

tites that contain the rare rrinernals such as beryl, tourmaline, curved

muscovite, biotite, magnetite, monazite, columbite-tantalite, cleavelandite,

topaz, lepidolite, and microlite show a grouping in clusters within the

district.

leryl -bearing pejmatites occur most abundantly in hornblende gneiss and

are only rarely found in either granite or quartz monzonite.
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The types of minerals that form in a pegmatite appear to be determined

by the character of the material segregated from the original magma and the

period in which it segregated. The elements escape at one period and may be

from only a specific pocket in the magma. These liquids tend 1to form

groups of pegmatites in which the later bodies contain a high proportion of

volat iles.

Inferred reserves of the district are estimated for beryl, scrap mica,

both hand-cobbing and milling feldspar, lepidolite, columbite-tantalite,

topaz, monazite, and microlite, No sheet mica was found0 Reserves are

s$11 and transportation costs are high so substantial production of low-

priced feldspar and scrap mica will depend on the adoption of economical.

milling techniques for recovering the large quantities of feldspar avail-

able. Beryl is irregularly distributed and its recovery as a byproduct

will depend on the establishment of a stable market for feldspar and scrap

mica, Lepidolite reserves are small and low grade0

INTR0DUOTI0N

Prior to World War II the Quartz Creek pegmatite district was well

known for its fine speotmens of colored tourmaline, books of lerpidolite,

topaz, and microlite. During and after World War II small quantities of

beryl,. feldspar, lepidolite, and tantalum minerals were produced from the

district.

Location and surface features

The Qjuartz Creek pegmatite district is on the western slope of the

Sawatch Range in Tps. 49 and 50 N., II. 3 E., New Mexico principal meridian,

Gunnison county, Col.. (fig. -).- It covers about 29 square miles in the
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vicinity of Qpartz Creek. State Highway 162 follows Qgartz Creek through

the district, and joins U. S. Highway 50, 2 miles south of the southern

boundary of the mapped area. A road branching from State Highway 162 cross-

es the southeastern corner of the area and connects with U. S. Highway 50

1 mile west of Doyleville. Uninmproved roads follow several. of the valleys,

and a mine-accessa road, made during World War II, connect s Stat e Highway

162 with the Brown Derby mine, The nearest railroad shipping point , Parl in,

is on a narrow-gauge line of the Denver and Rio Grande Western Railroad,

which connects with standard-gauge lines at Salida (east-bound) or Montrose

(west-bound).

The topography is moderately steep and has a maximum relief of 2,200

feet (p1. Z). The highest peak in the district is at the northern boundary

and has an elevation of 10,238 feet. Quartz Creek, the main tributary

draining the area, is in a flat cultivated valley, a quarter to half a

mile wide. The hills rising from Qutartz Creek are usually sage-covered,

and the north-facing slopes of the hither hills are covered with aspen,

or spruce and pines Quiart z and Alder Creeks are the only peraen. storms

in the district, but water flows in Willow Creek and Wood Gaulch dining the

spring and early summer,

Pro duct ion

The recorded pro duct ion of pegmat it e minerals from the Quiart z Creek

district is about 51 tons of beryl, 283 tons of lepidolite,l 140 toais of

scrap mica, 5,000 pounds of tantalum and columbium minerals, and 15 pounds

of monazite.

From September 1943 to the spring of 1945 the Brown Derby property was

leased by the Hayden Mining Company. Prior to February 1945, 3,155.67
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pounds J of beryl were sold to Metals Reserve Company and 283 tons of

_J Hanley, J. B., unpublished notes

lepidolite to Corning Glass Corrpany. In addition, Li,00O pounds of micro-

lIte concentrate containing 52 percent microlite was stockpiled at the mill

and later sold. Though the final production figures are not available,

they do not greatly exceed these figures as mining stopped in the spring

of 1945.

The White Spar -No, 1 and No. 2 pegmatites, which are 0.8 mile north of

the Brown Derby mine, were mined for a short time during World War II by

the Colorado Feldspar Company. The production of lepidolite and feldspar'

is not known, but was smaJll.

There was no mining in the district from 1945 to 1947, Mrx Rod

Fields located the Bucky claim on the east side of Willow Creek and started

to mine beryl in the spring of 1948. Mr. Fields produced 17 tons of beryl,

and in November 1948 sold the property to Beryllium Mining Company, Inc.,

which has produced 32.0 tons of beryl, 139.6 tons of scrap mica, 1,020

pounds of coltubite-tantalite, 15 pounds of monazite, and 13 pounds of a

sariarskite-like mineral to May 1950. The last two minerals were sold to

Wards Natural Science Establishment, Inc.

Previous work

Early papers on the peginatites of the Quartz Creek district have been

concerned chiefly with the nmineralogy, of the Brown Derby pegmatites J,. A

J Eckel, E. B,., A new lepidolite deposit in Colorado: Am. Ceramic
Soc. Jour., vol. 16, pp. 239-245, 1933.

Landes, K. K., Colorado pegmatites: Am. Mineralogist, vol. 20,
p. 333, 1935.

Eckel, E. B., and Lovering, T. S., Work of Eckel, Lovering, Fair-
child.--Microlite from Ohio City, Colorado: Report of the Committee on the
Measurement of Geologic Time, pp. 77-79, Apr. 1, 1935.
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Seaman, D. M., 1New pegmatite locality near Ohio City, Colorado:
Oregon Mineralogist, vol. 2, p. 23, 1934.

map showing the regional geology of the Gold Brick district, on a scale of

1.5 inches equal one mile, was published by Crawford anad Worcester J/. The

_J Crawford, I?. D., and Worcester, P. G., G-eology and ore deposits gf
the Gold Brick district, Colorado: Colorado Geol. Survey Bull. 10, l9l64.

southwestern corner of their map, an area roughly 3.3 miles by 2 miles,

overlaps the northern part of the present area mapped. INo pegmatites are

shown on their map and the area containing them is designated as ?Igranite".

The area around Tomichi Dome, several miles to the east of the Qiartz Creek

district, has been described by Stark and Behre J .

J Stark, J. T., and Behre, C. H., Jr., Tomichi dome flow: Geol. Soc.
America Bull., vol. 47, pp. 101-110, 1936.

Between September 1942 and December 1944 the Geological Survey had

several field parties mapping in Colorado under 2. W., Heinrich in 1942 and

John B. Hanley in 1942-1944 _J. In the Qiartz Creek district these parties

_/ Hanley, J. B., Heinrich, E. W., and Page, L. R., Pegmatite investi-
gations in Colorado, Wyoming, and Utah, 1942-1944: U. S. Geol. Survey Prof.
Paper 227, pp. 63-80, 1950.

mapped in detail--on scales of 1 inch equals 20 feet to 1 inch equals 50

feet--the Opportunity No. 1 claim, the Brown Derby No. 1 claim, the Brown

Derby Ridge pegmatites, Brown Derby No. 5, the White Spar No. 1, the White

Spar No. 2, and the Bazooka pegmatites. A total of 25 pegmatites was mapped

with plane table and telescopic alidade. Several other pegmatites were

visited and described.
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Field work and acknowledgments

The investigations carried out by the Geological Survey in the Qjiart z

Creek pegmatite district during World War II were concerned primarily with

pegmatites from which feldspar, iiuscovite, and minerals containing beryllium,

tantalum, lithium, and the rare earths were produced. Such peginatites are

in the minority, and time did not permit detailed study of the more numer-

ous associated, but unproductive pegmatites, or of the broader relations

of pegmatites to the regional geology. This study, started in 1948,

was made not only to provide an economic appraisal of individual deposits,

but also to determine the regional relationships of pegmatites and country

rock.

The field work for this report was started on July 10, 1948. M. H.

Staat z and P. T. Flawn began mapping on the east side of Qziart z Creek and

A. F. Trites and F. L. Klinger on the west side. Field work was recessed

September 7, 1948. It was resumed on June 12, 1949 and completed December

10, 1949. The writers were assisted daring 1949 by F, L. KCLinger for three

months, and J. D. Vogel for two months. lapping was done by pace and

Bruinton coxrpass, using the Pitkin quadrangle topographic map enlarged to a

scale of one inch equals 1,000 feet as a base (pl.I Q. Individual pace and

compass maps also were made of each pegmatite on the scales of from one

inch equals 40 feet to one inch equals 200 feet, depending upon the size of

the pegmatite. Petrographic work was done during the spring of 1950.

This investigation was made in part on behalf of the Division of Raw

Materials of the U. S. Atomic Energy Commission.

GEflGRAL GEOLOGY

The rock unit s mapped in t he Qpart z Creek pegmatit e dist rict range in
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age from pre-Cambrian to Recent (p1. IU). The age of the Brown Derby 'No. 1

pegmatite, as determined from uranium-bearing microlite by Eckel and Lover-

ing Jf, is 760 million years. The oldest pre-Cambrian rocks consist of

JEckel, E. B., and Lovering, T. S., op. cit., p. 79, 1935.

metasedimentary rocks, predominantly quartzites, that are surrounded by

younger and more abundant tonalite and hornblende gneiss (a meta-tonalite).

Included in this series are two small bands of dacitic pillow lava and one

of biotite tonalite, A coarse-grained porphyritic granite, similar in

appearance Jf to the Pikes Peak granite, intrudes the earlier pre-Cambrian

JEckel, E. B., op. cit., p. 240, 1933.

rocks in the south-central part of the district and a large quartz monzonite

intrusive body occurs in the extreme northern part. These rocks are in-

truded by numerous fine-grained pink granite dikes and by a large number of

pegmatites.

An angular unconformity separates the pre-Cambrian rocks from the flat-

lying Jurassic Morrison formation and Cretaceous Dakota sandstone which

crop out along the east and west sides of the area,

Flatlying Tertiary (?) tuff is exposed in three scattered patches over-

lying unconformably botha the Dakota sandstone and pre-Cambrian formations.

Small areas of glacial till border Qaartz Creek and Wood Gulch, and

Quaternary alluvium fills many of the valley bottoms.

In general, the pre-Cambrian formations dip steeply and have a north-

westerly trend, which is brought out by the structure of both the metasedi-

mentary rocks, the dacitic pillow lava, and the biotite tonalite. The peg-

matites have a general northeast trend across all of the earlier structures.
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Only three faults with displacements of over 20 feet were found in the

area, The largest of these trends northwest and separates the Jakota and

Morrison formations from the pre-Cambrian in the southwestern corner of the

district, Two other faults, which are terminated by this large fault,

separate a block of 2D.kota sandstone from the pre--Cambrian and Morrison

formations0

Pre.-Oambrian rockB

Qpart zit e

Pre-Cambrian quart zit e, int erbedded partly with arko sic and con-

glomerate quiartzite (p1. II), is best exposed on the northwestern slope of

Wood Gulch where there are four mappable bodies Two other bodies of

arkosic quartzite, about half a mile long, crop out along the headwaters

of Tollgate Gulch, a tributary of Qpgartz Creek, which is northwest of Wood

Gulch, Narrow outcrops, a few tens of hundreds of feet long, are found at

widely scattered localities on the northern side of Quaartz Creek4 These

rocks have been highly metamorphosed and are part of a much larger area of

sedimentary rocks that are separated by intrusive tonalite and hornblende

gneiss,

The pre-Cexnbrian quartzites are generally dark gray but in places are

white and brown, The original sediments ranged from siltstone to conglomer-

ate but most were finesgraine&. Some of the qguartzites are now slightly

schistose. The northern''ost band of metasedimentary rocks in Wood Gulch is

a conglomerate containing pebbles from 0,1 to 2 inches long. Some of the

pebbles are elongated; the ratio of width to length is from 1:4 to 1:5.

Feldspar (orthoclase, microcline, and plagioclase) is present throughout

the unit but the proportion varies widely, The rocks along Wood Gulch are



- 20

commonly quartzites with only a few percent of feldspar but those on the

north side of Qiaarts Creek contained 20 percent or more of feldspar,~ The

proportion of the dominant dark mineral, biotits,Man~eyfrom a trace to

about 1,5 percent0 Munscovite is common in amounts of one percent or less,

In rocks rich in feldspar, epidote is prominent and may xnake? up more jshn

50 percent of the rock. One specimen contains-hornteiedae and clinozoisite

as well as biotite. Apatite, zircon; and magnetite are common accessories.

Quartz-mica schists, eompose4 chie~'y of quarts i ttite, feldspar, and

muscovite, are found in a few, scattered outcrops in the northern part of

the area. Locally, these schists contain wenL-developed porphyroblasts of

duart z and magnet it e

The thicknesses of the different exposures range from a few feet to a

maxiru~m of about 600 feet,

The quartzites are the oldest rocks in the district and are surrounded

by younger hornblende gneiss, tonalite, and granite. One xenolith of con-

glomerat e was found in granit e

I~.ci t e

'Dacitic pillow lava (p1. II) occurs in two northwesterly-trending bands

south of Quaartz Creek,. One of these is in sec. 11, T. 50 N,., R. 5 E,

on the northwestern slope of Wood Gulch, and the other is iii secs. 3 and 34,

about 900 feet northwest of the Browni ]Yerby mine.

The pillow lava is yellow green to dark green depending on the pro-

portion of epidote. It is a fine-grained dense vesicula' rock, with prom-

inent flow lines. Some vesicles contain well-developed crystals of epi-

dote and quartz; a few are completely filled with fine-grained quartz.

Large ellipsoids or pillows (p1. III, B), several feet long and about one
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foot wicde, are common. Microscopically the unaltered rock consists of

green prismatic hornblende (50 percent), quartz (30 percent), and andesine

(20 percent). ~pidote may be present almost to the exclusion of other

minerals and is veined by calcite.

The band of pillow lava on the northwestern slope of Wood Gulch is

iLO feet thick and is parallel in strike and dip to the enclosing pre-

Cambrian quartzite and conglomerate. This pillow lava was extruded under

water onto a sand and was bgfied by later sediments. A second band of

pillow lava, 6,450 feet to the northwest, is enclosed in hornblende gneiss.

The two areas of pillow lava (p1. II) are almost alined on strike and are

probably remnants of the same band. Both bands of pillow lava are younger

than the pre-Cambrian quartzites on the northeast and older than the

quartzites to the southwest.

Biotite tonalite

One small body of biotite tonalite, approximately 900 feet long and

110 feet wide, is exposed in sec. 11 on the northwestern slope of Wood

O'ulch. It is bounded on the north by pre-Cambrian quartzite and on the

south by hornblende gneiss, and is approximately 80 feet southwest of, and

parallel to, a band of pillow lava.

The biotite tonalite is dark gray with prominent black hornblende

crystals, 0.05 inch in diameter, in a black, speckled, fine-grained matrix,

Plagioclase phenocrysts, the same size as the hornblende crystals, contain

small included grains of biotite, epidote, and hornblende. Dark minerals

make up about 50 percent of the rock. Hornblende, the chief dark mineral,

constitutes 25 percent of the rock, and commonly forms ragged prismatic

grains, but locally it occurs as small included grains in the plagioclase
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and quartz. Biotite constitutes 22 percent of the rock and occurs with

hornblende as aggregat es and in the plagioclase. as a nrriad of fine grains.

Epidote (3 percent) and magnetite (<1 percent) are the other dark minerals.

Andesine (40 percent)- forms large crystals clouded with nany fine crystals

of biot ite, hornblende, and epidot e. Qart z 10~ percent ) is int erst it ial

to the andesine.

The biotite-tonalite occurs near the southwest edge of the pre-Cambrian

quartzite and has a trend parallel to the strike of the bedding. It is simm.

ilar in composition to the pillow lava, except that it is not vesicular and

contains much less epidote and no calcite. If Is also much coarser grained.

The similarity in. t rend and composition suggest s that the biot it e t onalite

and the pillow lava derived from the same magma at about the same time, but

one was intrusive and the other extrusive. The biotite tonalite is younger

than the iuartite to the north and probably older than the hornblende

gneiss to the south.

Hornblende gneis s and t onaLit e

The hornblende gneiss and tanalite are gradational-sometimles in the

same out crop, The difference between, the- t wo rocks j$s one of t exture, with-

the gneiss exhibiting a planar alinement of minerals. Thougli most of the

hornblendegneiss and tonalite is clearly of intralsive origin, some units ar

lava flows. The hornb3,en,de goeiss :end tona34te wei'e mapge4 eprately only

along the northwestei-n slope of Wood Gulch, where fine-araned hornblende

gneiss is very schistose and is cut by the coarser, eqdt3granular tonalite

(pl., III, A). These two rocks are evidently of different ages, the tonia.

lit e having been intrtido& &ft er the otder -e -aihemtaopo

considerably. The intrttsive tonalit e bodies in Wpo4 Oulo1 hnere a north-

westerly trend, parallel to that of the pre-Cambzrian quartzites)
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The foliation of the hornblende gneiss south of Quartz Creek has a

north to northwesterly strike and dips steeply in either direction~ 1orth

of Quartiz=Creek the strike is beteen north-northga t and north-northeast,

except where the foliation parallels the contaj ~of the qpartz monzonite~

The hornblende gneiss and tonalite have the ~wdeet distribution of

any rock type and occupy the cen VraJ. part of the q.e3l t4

These maf ic rocks extend for a considerable distance to tha notheast be

yond the area mapped, where they have been described by Crawford J. They

j Crawford, R.. D,, and Worcester, P. G,, Geology and ore deposits of
the Cold Brick district, Colorado: Colorado GeoL, Survey -B42l, voL. 1O0,
pp. 27-.28, 1916 -

are the host rocks for a very large number of pegmatites, and numerous

fine-grained granite dikes.

The hornblende gneiss and tonalite' range fif. fine-grg~ined to coarse-

grained; the maximum grain size is about 0,2O inch. Textures or structures

commonly found are: (1) prominent, well banded gneissic. structure1 (2) dia-

basic texture, (3) porphyritic texture, and (4) equigranular textures 2x-

posures of this rock are in general poor, and even where well exposed the,

t extural changes are 59 great that in most places separation into mappble

units was not feasible, Both rocks are dark gray to greenish black where

fresh, and weather greenish gray to reddish brown. The hornblende content

ranges from 20 to 80 percent bu~t most of the rock contains 50 to 75 per-

cent hornblende. Some facies are unusually rich in hornblende and the. rock

may then grade int o a hornblendit e or perknit e

The minerals in the hornblende gneiss and in the tona~it e are essen-

t ially the same but the proport ions of each vary widely. Rornblende, bio-

tite, and feldspar are' the only minerals that can be identified megascopical-
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ly, In places much of the hornblende has altered to biotite, Andesine is

b he dominant light-color ed const ituent , but quart z and micro cline are pr es ent

loca11y, The accessory minerals are apatite, zircon, sphene, magnetite,

epidote, chlorite, and sericite.

Much of the hornblende is in distinct dark-green euhedral crystals,

but part is in frayed, ragged, pale-green grains that are altered largely

to biotite. In one place it is altered to chlorite. Biotite is not found

in some areas, but in others it is abundant, It forms as much as 60 percent

of the rock, is commonly fresh, and occurs in brown prismatic crystals0

Andesine (An30-An1g) is poorly twinned and commonly is clouded with fine

kaolin and sericite. The andesine crystallized af er the hornblende in

most places and fills the spaces between the hornblende crystals; in a few

places the reverse is true. QuarA is present in most specimens constituting

a maxiruw of 7 percent of the rock and occurs as small, clear grains with

sutured borders. This mineral is interstitial to and -cuts andesine; rarely

they are micrographically intergrown, Because of the presence of a small

amount of quartz, the rock is called a tonalite rather than a diorite, as

used by Crawford Jf. Microcline is present in a few places, but in most of

J Crawford, R, D., and Worcester, P. G., op. cit., pp. 27-28, 1916.

the rock examined, it was absent. A trace to several percent of apatite

and zircon are almost universally present as well-formed euhedral crystals

associated with biotite, Zpidote and sphene are found locally, usually

where the hornblende is pale green and has been considerably altered, Mag-

xietite occurs in irregular grains and is not common. Augite was noted in

one specimen..,
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Quartz monzonite

Qpartz monzonite crops out along the northern boundary of the Qpiartz

Creek district. Pegmatites, similar in 'size and shape to those in horn-

blende gneiss, are common near the outer edge of the intrusive. Farther

into the mass the pegmatites are only a few inches thick and are very

irregular in shape.

The quartz monzonite is a light- to dark-gray porphyritic rock that

ranges in composition from quartz mon~zonite to granodiorite. Poor ex-

posures make it difficult to map the variations of this rock in the field.

Mafic minerals (12 to 22 percent) are in clots and streaks composed of

biotite, hornblende, zircon, sphene, magnetite, and apatite. Rornblende

(0 to 15 percent), the dominant dark mineral, generally has been frayed

and altered to biotite. Biotite (7 to 1k percent) occurs in small brown

unaltered flakes and in clots or aggregates that appear megascopically to

be large crystals. Apatite and magnetite (1 to 2 percent) commonly occur

with biotite. Zircon, in trace quantities, is universally present as small

crystals. Wedge-shaped brown sphene crystals locally make up as much as

5 percent of the rock. The leucocratic minerals are quartz, andesine, and

microcline,. Both andesine and microcline are in large phenocrysts and in

fine grains in the groundmass. The feldspar content ranges from about 12

to 45 percent microcline and from about 30 to 65 percent andesine, The

plagioclase has a composition of An31 -An35. The microcline shows cross-

hatch twinning in most places. The andesine has some albite and pericline

twinning and in some thin sections is covered by a thin film of kaolin and

lericite, No quartz is observed megascopically, but in thin section small

clear grains, interstitial to the feldspars, make up k to 45 percent of the

rock. The quartz exhibits strain shadows and in many places has sutured
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borders.

*The quartz monzonite was intruded into the hornblende gneiss and in

turn was cut by pegmatites. It is thus intermediate in age between pegma-

tite and hornblende gneiss, The age of the quartz monzonite in relation

to the coarse-grained and fine-grained granite is not definitely known be-

cause the two rocks are not in contact. The following evidence, however,

suggests that the quartz monzonite is older: (1) in many regions the dif.-

ferentiation of a batholith results in the early formation of mafic rocks.

Subseaquently, rocks of intermediate and gran-itic composition are formed as

in the Qaartz Creek district where the quartz monzonite is intermediate in

composition between the granite and the earlier tonalite; (2) the gneissic

texture in the hornblende gneiss parallels the Ontact on the quartz mon-

zonite (p1. II), This inrplies that the quartz monzonite was intruded during

metamorphism; whereas the coarse-grained granite cuts across foliation in

many place s; (3) the pegmat it es that cut the granit e and quart z monzonit e

have a composition similar to the granite and appear to have been derived

from it rather than the quartz monzonite.

Coar se-grained granite

A large band of coarse-grained granite (p1. II) trends north-northwest

across the district from the northeastern corner of sec, 22 to the northern

border of sec. 33. This granite forms the prominent mountains on the

southeast side of Qgartz Creek. Another band of massive granite crops out

a mile to the west and extends about one mile north of the southern boundary

of the area mapped. These two granite masses converge 'several miles south

of the Quartz Creek peginatite district to form a large 7. In addition to

these two large granite bodies, numerous small bodies with exposed areas of

from a few feet square to 2,000 feet by 800 feet, are. acattered throughout
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the hornblende gneiss and tonalite terrane. The area of most abundant

small scattered granite intrausives is west of the main granite mass and

trends north-northwest.

The granite is a pink porphyritic rock (p1. IV, A and B) that forms

well-rounded outcrops. The phenocrysts are grains of pink microcline,

0.50 to 0.75 of an inch long, and grains of clear quartz, 0.25 to 0.50 of

an inch long. In thin section the microcline phenocrysts show many small

included crystals of diversely oriented microcline, quartz, biotite, and

albite. The quartz phenocrysts are composed of several grains, commonly

with sutured borders. The coarse-grained groundmass consists of inter-

locking grains of microcline, quartz, biotite, albite, magnetite, apatite,

and zircon. Some specimens also contain sericite, epidote, and chlorite.

The average composition of this rock is estimated to be microcline (71

percent), quartz (20 percent), biotite (8 percent), albite (1 percent),

and less than 1 percent of magnetite, apatite, an~d zircon, and trace quan-

tities of epidote, sericite, and chlorite. Apatite and zircon are most

abundant in the biotite. Epidote commonly occurs near the biotite and the

chlorite is derived from the biotite.

There are two less common varieties of the coarse-grained granite.

Granite gneiss occurs in a few isolated masses near the western edge of

the district and is characterized by the parallel arrangement of elongate

quartz and biotite crystals, granulation, and recrystallization of the

quartz. Much of the bio44te has been altered and only small wisps and dis-

colored areas remain. The gneiss is believed to be a normal granite that

has been metamorphosed by shearing.

A red granite occurs in small patches within the two main granite

masses, It has no large phenocrysts, has many small vugs, contains only a
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few percent of quartz and a trace of biotite, and is high in albite, This

rook is thought to be an albitized variety of the normal granite.

The granite is younger than the hornblende gneiss, tonalite, and pre-

Cambrian quartzites because it cuts these rocks or contains partly assimi-

lated inclusions of theme On Indian Read, a large granite mass jutting

out into the valley of Quart z Creek (p1. II, sec 4 ) numerous partly

assimilated fragments have large microcline porphyroblasts, and one piece

has well-rounded pebbles of conglomerate, The granite is in turn cut by

dikes of fine-grained granite and by peginatite, Its relation to the quartz

monzonite is not clear, but the quartz monzonite is probably older than the

granite,

Fine-grained granit e dikes and pegmatit es

Pegmatite and fine'-grained granite (p1. II) are found together in many

places and cut both hornblende gneiss and the coarse-grained granite., The

fine-grained granite dikes are cut by the pegmatites,~ The pegmlatites are

f ound throughout t he dist rict , except in the central part s of the t wo main

granite masses., The'fine-grained granite is much more restricted in dis-

tribution, and occurs in dikes in a north-northwesterly trending zone west

of the largest granite intrusion. The same zone contains many small in-

trulsive bodies of coarse-grained granite. A few fine-grained granite dikes

are found in hornblende gneiss 200 feet from the northeast edge of the

largest granite body.

The structure in the earlier pre-Cambrian rocks is followed in part by

the granite dikes on the nbrth side of quartz Creek, which have a general

trend of from north to N. 200 W. (pL. II). South of Qiartz Creek the dikes

have a general northeast erly trend, but range from i'T 200 W. to IT, 500 A
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The pegmatites form both long narrow dike-like bodies and irregular

masses. The dikes trend, except in sec. 33, from N. l5O-60O z., cutting

across the earlier structure. In the vicinity of the southeast corner of

sec. 33, T. 50 N., R. 3 B. the pegmatites have an average trend of N. 350 W.

and are described in detail in a succeeding part of this report.

The fine-grained granite is pink and has a grain size of about 0.015

of an inch. The dikes range in width from a few inches to 180 feet and in

length from a few feet to 2,700 feet. The contacts with the surrounding

rock are sharp, and the granite forms prominent outcrops. The rock is made

up almost entirely of leucocratic microcline, quartz, and plagioclase.

Microcline (20 to 60 percent) has crosshatch twinning. Clear quartz (15 to

40 percent) forms irregular grains, many with sututed borders, and is inter-

stitial to plagioclase and microcline. The plagioclase (20 to 40 percent)

is albite (An4 ) and occurs in crystals coated with kaolin and as inclusions

in microcline crystals. Biotite is the dominant dark mineral ranging from

a trace to about .5 percent; the average is less than 1 percent. Bagged

grains of muscovite, commonly on feldspar, is as much as a few percent in

some places. A few euhedral crystals of apatite and irregular-shaped

grains of magnetite are present in some specimens.

A gray facies of this rock in secs, 8 and 17 differs from the average

fine-grained granite in that it contains about 5 percent biotite and has

andesine (An32-An34 ) feldspar. It is poorly exposed and its relation to the

oTher rocks is not known.

The fine-grained granite is related in age to the coarse-grained

granit e, and probably was derived from the sane magma, but at a later dat e.

This age relationship is indicated by their areal distribution. The small

coarse.-grained granite bodies and the fine-grained granite dikes crop out in

the same north-northwesterly trending band west of the main granite mass and
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the fine-grained granite dikes also occur in a narrow zone along thae north-

~n contact .of the largest granite mass. Both rocks are of the same min-

eral composition, but the fine-grained granite is commonly richer in plagio-

clase and poorer in microcline and may represent a more sodic fraction of

t he magmna.

Mesozoic rocks

Morrison formation

The Morrison formation unconformably overlies the pre-Cambrian and i~s

conformably overlain by the Iakota sandstone along the western and eastern

edges of the Quartz Creek district. The Morrison formation is covered in

more than~90 percent of the area and the outcrops are commonly of the more

resistant sandstone lenses.

This format ion is composed of a basal and an upper sandstone that are

separated by vari-colored shale. The basal sandstone rests on the pre-

Cambrian and closely resembles the Dakota sandstone in appearance, It is-

white to tan and weather-s buff to yellowish-brown. The quartz grains are

subrounded, and a few beds are quart itic. The middle unit of the -formation

rarely is exposed. It is corrposed of green, brown, and reddish sales with

a few thin limestone and -sandstone beds. Above the shales is a whit e fine-

grained sandstone flecked with iron oxide. This rock is prominently cross-

beaded, is usually friable, and the individual quart z grains are well

rounded. -This sandstone is conformable with the basal pebble conglomerate

of the Dakota sandstone.

At no place in the area is a complete section of -the Morrison formation

exposed, but a thickniess of 3.55 feet was. measured along the west side of

AJder Creek, in sec. 36, T. .50 N., R. 2 E., from the top of the underlying
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pre-Cambrian (as determined by float) to the base of the Dakota formation.

The thickness of this formation also was measured by flings _J in the south-

J flings, McClelland, Personal communicat ion, 1949.

western corner of the adjacent Garfield quadrangle. His measurements, made

under equally difficult conditions, with the exact position of the upper

and lower limits inferred, indicate the thickness of the Morrison to be be-

tween 315 and 375 feet.

NTo fossils were found and the identification of the Morrison formation

in the Quartz Creek district is based on its lithologic similarity to this

formation in other areas.

Dakota sandstone

The Dakota sandstone is well exposed in a series of cliffs that border

Alder Creek (p1. II). This nearly flatlying formation crops out in a series

of -rominent steplike cliffs. In plate V, A, it is shown capping the Morri-

son formation along the western border of the district; it also crops out

east of the mapped area.

The Dakota is composed of a basal pebble conglomerate and an upper

sandstone. The congLomerate is composed of subrounded to rounded pebbles

averaging 0.25 of an inch in diameter. The pebbles are for the most part

quartz, with subordinate amounts of black chert and red jasper. In part the

conglomerate is arkosic though much of the feldspar has altered to clay.

The upper part of this unit is quite friable and commonly cross-bedded,

whereas the lower part locally is cemented with chalcedony and is Very

resistant-.

The upper unit of the formation is composed almost entirely of sand,

stone, but in its upper part contains thin beds of fine-grained black to
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gray fissile shale a few inches to 1.5 feet thick. This sandstone is corn-

poosed dominantly of subrounded grains of quartz, and subordinately of ortho-

clase. The rock ranges from a true arkose with about 25 percent feldspar to

an almost pure quart z sands tone. The cliff-forming unit s ar e c ompact sand-

stone, but much of the unit is soft and friable. Locally it has been in-

durated to giuartzite. The sandstone is white to gray and weathers buff or

yellowish brown. Commonly it contains small spots of limonite, and one

bed in the upper part contains radiating 1-inch spheroids of limonite pseudo-

morphous after pyrite.

The Dakota sandstone is not completely exposed in the area mapped and

the upper surface has been eroded, The maximum thickness obtained from the

six sections measured is 183 feet; the basal conglomerate is 33 feet thick.

The only fossils found in this formation were a poorly preserved un-

identifiable gastropod and a few fragmentary casts of plant stems0

Tuff

A white tuff is well exposed on the south side of Qtiarts Creek, in the

southeast corner of the Qpartz Creek district (se.. 8), where it forms a

small cliff overlying the Dakota sandstone, At two other smaller areas of

outcrop, in sec. 16 on the south side of Wood Gulch and in sec. 5 on the

north side of Qaart z Creek, the tuff overlies pre-Caambrian rocks0

The tuff is a porous,white flaggy rock occurring in layers 1 to 2

inches thick. The layering dips from 4 to 23 degrees. A few subrounded

fragments of darker volcanic rock (p1. V, B) are enclosed in an aphanitic

matrix containing phenocrysts, one-thirty second of an inch long, of plagio-

clase and biotite. The orientation of the biotite in general is parallel to

the layering,
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In thin section, the tuff has a clastic texture and shows many scat-

tered phenocrysts in a brown cryptocrystalline groundmnass,. The phenocrysts

comprise about 35 percent of the rock, Andesine-labradorit e (more than 30

percent ) commonly occurring as angular fragment s or rarely as euhedral

crystals, is the most common phenocryste Some of the plagioclase crystals

show zoning. Long fibrous crystals of brown biotite (3 percent) is the

chief dark mineral. Next in abundance is black anhedral magnetit e (1 per-

cent). Other minerals in the approximate order of their abundance are:

hornblende, quartz, scapolite, sphene, apatite, and zircon.

The tuff outcrops are erosional remnants, a few tens of feet thick, of

a thicker and more extensive tuff bed. The tuff that overlies the Dakota

sandstone along the east side of Qyartz Creek has a minimum thickness of 83

feet. The tuff is younger than the faulting which brought pre-Cambrian

rocks against the Dakota sandstone, because the tuff is deposited across

the fault line with no apparent displacement. It is overlai.n along Wood

Gulch by glacial till, presumably of Pleistocene age, The tuff, therefore,

has been tentatively designated as Tertiary.

Plitcn n eetdpst

Glacial till

Pleistocene (?) glacial till overlies the other formations along both

sides of Quart z Creek and Wood Gulch, and fills the broad valley of Qgart z

Creek where it i~s covered by a foot or less of soils On the south side of

Qaartz Creek the till is quite thin and pegmatite outcrops protrude through

.it. There is considerable difference in the altitude at which the till was

deposited. The highest- position is on the north side of Qaartz Creek at

8,700 feet; on the south side the altitude is 8,250 feet, The till deposits

on the north side are part of the lateral moraine whereas those on the south
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side are till ridges in the valley moraine. The till near the mouth of

Wood Gulch appears as thin irregular patches which seem to te remnants of a

broad valley moraine.

The till is composed of clay, fine sand, pebbles, and boulders as much

as 3 feet in diameter. The boulders are a heterogeneN mixture of several

rock types and differ from place to place. On the south side of Qyuartz

Creek and along Wood Gulch, hornblende gneiss and tonalite are the dominant

rock types in the till and in places form more than 80 percent of it. Near

the mouth of Alder Creek on the north side of Qpartz Creek the till consists

of pegmatite (30 percent), Dakota and Morrison sandstone (30 percent), fine-

grained granite (20 percent), rhyolite porphyry (10 percent), and hornblende

gneiss (10 percent). Other identifiable boulders include chert, pre-

Cambrian quartzite, Sawatch quartzite, epidote rock, quartz monzonite,

basalt, massive quartz, and andesite.

Alluvium

Alluvium forms a narrow strip in the bottom of most of the valleys in

the Qiartz Creek district. Along Qaiartz Creek this strip is 1/8 to 3/4 of

a mile wide, and extends northeastward across the entire district. The

alluvium is dominantly fine silt, 4 to 8 inches thick, and overlies glacial

deposits along most of Qjaartz Creek.

STRUCTURAL GEOLOGY

Tbe structure of the older pre.-Cambrian rocks of the Qpxart z Creek dis-

trict has a general northwest trend, which is cut by stocks and batholiths

of younger pre-Cambrian granit e and quart z monzonite. Mesozoic and lat er

rocks are flatlying and are cut by several faults in the southern part of the

district
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The general trend of the pre.-Cambrian metasedimentary rocks is north-

west, with a steep dip southwest. The foliation of the pre-Cainbrian horn-

blende gneiss strikes northwest to northeast and clips steeply. On the

southeast side of Qpartz Creek and along the western edge of the district

the foliation trends northeast and dips from 7Q0 SE. to 590 NW. Around

the edge of the quartz monzonite intrusion the foliation parallels the

contact and dips steeply away from it. In the northern part of the dis-

trict, the foliation strikes northeast -and dips from steeply southwest to

vertical.

The large granite mass dips steeply to the northeast along its north-

eastern side. On the iekt, however, the contact was not exposed, but due

to the innumerable small stocks along this side (p1. II) it is believed

that the granite underlies the schist at shallow depth. The contact of the

quartz monsonite was not exposed but the strike of the foliation of the

hornblende gneiss is oriented parallelto that of the contact, and it is

probable that the dip is also parallel.

Most of the pegmatites trend northeast along joints and cut across the

foliation of the older rocks. Groups of parallel lenticular pegmatites with

this trend are common (p1. VI, A).

Faults are difficult to recognize in the pre-Cambrian rocks tAcept

where pegmatites have been cut and offset. The displacement observed

ranges from a few inches to Lp feet. Drag folds and local disruptions in

the foliation also may have been the result of unrecognized faulting.

Two sheared and mineralized fractures were mapped in the hornblende

gneiss. The larger of these is south of Quartz Creek,- 250 feet east of the

Buckhorn pegmatite (No. 659). The second shear zone is in the northwestern

part of the area mapped, where the southern part of pegmatite No. 1199 has

been displaced about 3 feet to the west.
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In the Mesozoic sediments faults are more readily recognized. A major

fault separates Dakota sandstone from hornblende gneiss in the southwestern

part of the district (p1. II) and trends N. 2Oo-42o W. A vertical displace-

ment of 410 feet was measured on the west side of Alder Creek, the southern

block having moved downward with respect to the northern block. On the

west side of Alder Creek the Dakota sandstone has been sharply upturned by

drag of the beds at the fault, In the southwestern part of the district,

along State Highway 162, a small segment of Dakota sandstone has been

downfaulted between the large fault and two smaller ones to the level of

the highway ad folded into a gentle anticline (pL. VI, B).

PEGMATITES

Sieadsaeo pegmat it es

The pegmatites of the Quartz Creek district range in size from bodies

a few inches wide and a few feet long to bodies like the Black Wonder peg-

matite, 12,600 feet long by 6,700 feet in maximum width. Most pegmatites

range from 100 to 400 feet in length, but 37 bodies are over 1,000 feet

long. The two largest pegmatites are the Bucky deposit, 4,000 feet long

by 2,600 feet in maximum width, and the Black Wonder, both of which are

very irregular and have many small branches, The small -pegmatites are

commoner in the granite and quartz monzonite.

The pegrnatites in the Quartz Creek district can be classified, on the

basis of shape, as: (1) lenticular, (2) lenticular-branching, (3) oval, and

(4) irregular. Examples of each are shown in figures 2 to 6 and plate VII,

A and B, including' both the extreme variations and the average shape in

each type. Each of these examples represents many more pegmatites of simi-

lar shaper The lenticular pegmatites are 2,3 times more common than ir-
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regular pegmatites--the second most abundant type. The general order of

frequency is one oval pegmatite to 2,3 lenticular-branching pegmatites, 218

irregular pegmatites, and 6fl6 lenticular pegmatites.

Comparison of pegmatite shapes in this district with shapes in the

Black Hills J/ and other pegmatite districts has shown that the shape of a

J Page, IL. R. , et al~, Pegmat it e inves tigat ions 1942-1945, Black Hills,
South Dakota: U. S. Geol. Survey Prof, Paper (In preparation).

granitic pegmatite is controlled primarily by the type and competency of

country rock, and as the amount of material initruded becomes large it con-

trols the shape of the pegmatite to a greater degree,

The pegmatites in the Qaartz Creek district for the most part are in-

truded into granite, quartz monzonite, hornblende gneiss, and tonalite. The

hornblende gneiss and tonalite have a similar composition, but the horn-

blende gneiss is foliated and the tonalite is ecguigranular. Both rocks are

competent and the pegmatites tend to follow fractures and joints that cut

the poor to well-developed foliation in the hornblende gneiss. Though the

pegmatites intruded into hornblende gneiss are usually well exposed, the

adjacent gneiss is rarely seen. Wherever the foliation of the hornblende

gneiss was exposed adjacent to the pegmatite the angle between the folia.

tion plane and the side of the pegmatite was measured; the results are

plotted in figure 8 on a bar graph. This graph indicates that there is no

constant angle at which the pegmatites cut the foliation of the country

rock; though it is most common up to 60 degrees. The irregularity of the

pegmatites and their numerous changes in direction point to the emplace-

ment of the pegmatites along irregular fractures and joints. The horn-

blende gneiss and tonalite are too poorly exposed to allow measurement of

any overall joint systems. The largest body of coarse-trained granite is
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well exposed and 639 joints were measured (fig. 9). In local areas of

several hundred square feet where 50 to 60 joints are exposed, they are

related to 2 or 3 well-developed sets of joints. Over the entire granite

body, however, 639 joints show a random orientation. The main granite

body is cut by pegmatites only in its northwestern end, where the lenticular,

and lenticular-branching pegmat ites trend N. 450 W. In the hornblende

gneiss and tonalite the pegmatites trend from north to N- 450 2. (p1. II).

The trend of the lenticular pegmatites in the mafic rocks is quite uni-

form over the whole district. This points to a district-wide joint system

in the hornblende gneiss and tonalite, whereas the joint systems in the

granite vary from one locality to the next. A probable explanation of this

peculiar feature is that the joint system in the mafic rocks antedates the

intrusion of the granite, and that the jointing in the granite was developed

by local stresses at the time of the intrusion.

In comparing the various types of country rock to the shapes of peg-

matites it was found that in areas of fractured competent rocks, lenticular-

branching pegmat it es pr edominat e and er e f ound along int ers ect ing f rac-

tures; to a lesser extent irregular pegmatites and thin sinuous bodies

characterize such terranes~. The composition of the country rock has little

to do with the shape of the pegmatite, provided the rocks being compared

are of equal competency. Table 1 shows the frequency of occurrence of each

shape compared to the oval shape in each of the three most common types of

country rock, hornblende gneiss and tonalite, coarse-grained granite, and

quartz monzonite.



Table l,--latio of pegmatite shapes to the oval type in different kinds of
country rock,

S ~~Pegmati~te _shapes____
R ock type Lent icular Lent iclrbacig Irregular Oval

Hornblende gneiss 58iua-rnhn ,
ndtonalite LO .2 ,

Coarse-grained
granite 6.,2 2.,6 3.8 0

Quartz monzonite 6.4 2-O 6,0 lO

All pegmatites that cut more than one rock type are omitted (fig~ 7), Ex-

cept for the larger number of irregular pegmatites in the quartz monzonite

the ratios are remarkably similar, The higher ratio of irregular pegmatites

in the quartz monzunite probably can be correlated. there with the greater

number of large pegmatitls in this area This is discussed in more detai'

in a succeeding paragraph. The country rocks differ greatly in their miner-

alogy. texture, and chemicalI composition, and yet the shapes of the pegma-

tites show little variation. The rocks of this district have one important

character er ist ic in common: they ar e all t ight , brit tle, and cormpet ent . The

effect on the shape of the -pegmatites where the host rock possesses evcn

minor foliation is quite striking. Tab7.e 2 shows the frequency of occur-

rence of the different shapes as a ratio related to the oval shape in horn-

blende gneiss and tonalite.

Table 2,-R-at io of various pegmat it e shapes to the oval type in hornblende
gneiss and tonalite.

Rock typeLent icular }eticular-brachin Irreglar [Ova,
Hornblende gneiss 8,.7 2-0 2.,8 LO

Tonalit e 12.0 I9. 2 2.2 1.0

Foliation has a profound effect in sirslifying the shapes of the pegmatites
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by decreasing the number of branching types; the lenticular-branching type

is 4.6 times more common in the tonalite than in the hornblende gneiss.

Pegmatites in similarly competent rocks are found also in hornblende schist

in the Bridger Mountains Jf, Wyoming, and in Pikes Peak granite in the

J McLaughlin, T. 0., Pegmatite dikes of the Bridger Mountains,

Wyoming: Am. Mineralogist, vol. 25, pp. 46-60, 1940.

Eight Mile Park, Colo._/

J Heinrich, E. W., Pegmatites of Eight Mile Park, Fremont county,
Colorado: Am. Mineralogist, vol. 33, pp. 420-448, 1948.

Pegmatites in incompetent rocks such as mica schist are in general

concordant with the foliation and were intruded by shouldering apart the

country rock. Pegmatites of this type are most commonly lenticular, but

other common forms are troughlike, arcuate, and teardrop. Lenticular-

branching pegmatites are extremely rare. The schistosity of the wall rock

is commonly conformable around the entire pegmatite.

The second factor influencing the shape of pegmatites is in the quan-

tity of material intruded. With the intrusions of large quantities of

pegmatite material the control of the structures in the country rock on

the shape is usually obscured and the body becomes an irregular stocklike

mass. The directional control that fractures had on large pegmatites like

the Black Wonder, Bucky, or Buckhorn was obliterated by the large quantity

of material and is found only in the small stringers that extend outward

from the main mass.

Whether pegmat it es are ikicompet ent or incompet ent c ountry r ocks makes

a great difference when it comes to predicting their position, shape, and

attitude underground and in calculating ore reserves, Those in incompetent

rocks may be projected with some confidence, whereas, pegmatites in nQ.i:
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poetent rocks such as in the Qiartz Creek district, can be predicted only

if the attitudes of the controlling fractures are known.

Internal structure

The recognition of distinct lithologic and structural units within

peginatites dates back for many years. Hunt _J, who noted a remarkable

J Thant, T. S., Notes on granitic rocks: Am. Jour, Sci., 3d ser.,
vol. 1, pp. 89, 182-186, 1871.

banded arrangement "formed by successive deposits of mineral matter"' at

Brunswick, Topsham, and Newry, Maine, appears to be the first American

geologist to recognize a systematic internal structure in pegrnatites.

Many early authors of 25 to 40 years ago referred to segregations, veins,

layers, bands, and streaks. An excellent historical review of these early

writings is given by Cameron, Jelins, McNair, and Page _J. Until about 1940

_J Ceineron, Z. IT., Jairns, R. H., McNair, A. H., and Page, L. R.,
Internal structure of granitic pegmatites: Zcon. Geology Mon. 2, pp. 10-
13, 1949.

most of the work on pegmatites was carried out by mineralogists and geolo-

gists who emphasized the mineralogy and theories of genesis of pegmatites J,

_J See for exantple:

Fraser, H. J., Paragenesis of the Newry pegmatite, Maine: Am. Mineral-
ogist, vol. 15, pp. 349-364, 1930.

Hess, F. L., Pegmatites: Econ. Geology, vol. 28, pp. 447-462, 1933.
_________, The natural history of pegmatites: Tng. and Min. Jour.-

Press, vol. 120, pp. 289-298, 1925.
Landes, K. K., Paragenesis of the granitic pegmatites of central

Maine: Am. Mineralogist, vol. 10, pp. 355-411, 1925.
__________, Sequence of mineralization in Keystone, South Dakota

pegmatites: Am. Mineralogist, vol. 13, pp. 519-530, 537-558, 1923.
_________, Criteria of age relations of minerals: Econ. Geology,

vol. 27, p. 211, 1932.
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Laznxes, IC. K., Origin and classification of pegmatites: Am. Mineral-
ogist, vol. 18, pp. 33-56, 95-103, 1953.

_________, Colorado pegmatites: Am. Mineralogist, vol. 20, pp.
319-333, 1935.

Schaller, W. T., The genesis of lithium pegmatites: Am. Jour. Sci.,
5th ser., vol. 10, pp. 269-279, 1925.

__________, Mineral replacement in pegmat it es: Am. Mineralo-
gist, vol. 12, Pp. 59-63, 1927.

___________, Pegmatites: Ore deposits of the western states, pp.
144-151, Am. Inst. Mmn. Met. Eng., New York, 1933.

and put little emphasis on their structure.

Azfter 1940, because of the wartime need for pegmatite minerals, the

U. S. Geological Survey made numerous studies of the internal mineralogic

and structural units in pegmatites. As the economical concentrations of

valuable minerals in pegmatites tend to be concentrated in rock units dis-

tinct from the adjacent barren units, detailed mapping and interpretation

of various pegmatite units have proved of much aid in exploration, develop-

ment work, and mining J/. Drilling on the basis of structural interpreta-

J For example see:
Smith. W. C., and Page, L. R., Tin-bearing pegmatites of the Tinton

district, Lawrence County, South Dakota: U. S. Geol. Survey Bull. 922,
pp. 595-630, 1941.

Olson, J. C., Mica-bearing pegmatites of New Hampshire: U. S. Geol.
Survey Bull. 931-?, pp. 363-403, 1942.

Bannerman, H. M., Structural and economic features of some New Hanip-
shire pegmatites: New Hampshire Mineral Resources Survey, p1. 7, New
Hampshire State Plarnning and Development Commission, Concord, pp. 1-22, 1943.

Cameron, E. N., Larrabee, D. M., MeNair, A. H., Page, J. J., and
Shainin, V. E., Structure and economic characteristics of New England mica
deposits: Econ. Geologyr, vol. 40, pp. 369-393, 1945.

Johnston, W. D., Jr., Beryl-tantalite pegmnatites of northeastern
Brazil: Geol. Soc. America Bull., vol. 56, pp. 1015-1070, 1945;

Jalins, B. H., Mica deposits of the Petaca district, Rio Arrlba County,
New Mexico: New Mexico Bur. Mines, Bull. 25, 293 pp., 1946.

Cameron, E. N., Jahns, B. H., McNair, A. H., and Page, L. B., Internal
structure of granitic pegmatites: Econ. Geology Mon. 2, 115 pp., 1949.

Hanley, J. B., Heinrich, E. W., and Page, L. B., Pegmatite investiga-
tions in Colorado, Wyoming, and Utah: U. S. Geol. Survey Prof. Paper 227,
1950.
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tion of the internal units has given excellent results J.

J Page, L. IR., Uranixim in pegmatites: Econ. Geology, vol. 45, pp.
12-34, 1950.

Page, L. R., and Norton, J. J., Methods used to determine grade and
reserves of pegmatites: (In preparation).

The internal units of pegmatites have been classified as (1) zones,

(2) fracture fillings, and (3) replacement bodies _J. Many of the pegmatites

_J Cameron, E. N., Larrabee, D. M., McNair, A. M., and Stewart, C. W.,
Characteristics of some New England ric-bearing pegmatites (abstr.): Thon.
Geology, vol. 39, p. 89, 1944.

Jairns, R. H., Mica deposits of the Petaca district, Rio Arriba
County, New Mexico: New Mexico Bur. Mines Bull. 25, pp. 39-51, 1946.

Heinrich, E. W.,,, Pegmatites of Eight Mile Park, Fremont County,
Colorado: Am. Mineralogist, vol. 33, pp. 436-442, 1948.

Cameron, E. N., Jahns, H. H., McNair, A. H., and Page, L. R.,
Internal structure of granitic pegmnatites: Econ. Geology Mon. 2, pp. 13-
97, 1949.

of the Qgartz Creek district differ from those in other pegmatite areas in

that in addition to these three units they may contain the primary internal

structure designated as banding in this paper.

Zones

The zones of a pegmatite in ideal development are concentric shells

about an innermost zone or core; in many places they are incomplete, how-

ever, forming only along one end or in one part of the pegmatite. Zonal

structure is formed during the primary consolidation of the pegmatite magma

and may be cut by fracture fillings and replacement bodies. Zones have been

classified Jf as: (1) border zones, (2) wall zones, (3) intermediate zones,

JJalins, R. H., op. cit., p. 42, 1946,
Cameron, E. N., Jabns, H. H., McNair, A. H., and Page, L. R., op.

cit., p. 20, 1949.

and (4) cores.
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JBorder zones are fine-grained selvages that in most pegmatites are a

few inches or less in thickness. Most are of little significance in the

mining or quarrying of pegmatites, and hence in the industry are not dis-

tinguished from the adjoining wall zones that are coarser grained and much

thicker. Although they actually are the second zones from the margins of

pegmatite bodies, they are designated as wall zones in recognition of

terminology firmly est blished in the pegmatite mining industry. The inner-

nost zone or core occurs at or near the center of the pegmatite either as

an elongate lens or a series of disconnected segments. Any zone between

the core and the wall zone is an intermediate zone. Any number of inter-

mediate zones can exist, but few pegmatites contain more than three. If

the core is not exposed at any one level, the innermost exposed zone may

be identified erroneously as a core.

Banding

Banding is the name given to the layered structures forming pegmatite

units that differ in mineralogy, texture, or both and tend to have a non-

concentric arrangement within pegmatite bodies. Banding in a pegmatite

may divide the body either across or along the strike. Several distinct

types of banding are recognized in the Qpartz Creek distridt.

Banding parallel t o strike.--Pegmat it es in which banding is parallel

to the strike and dip of the body are called layered pegmatites (fig. 11).

The distinct bands or layers are mappable units of definite mineralogy or

texture and are not repeated. The layered pegmatites commonly consist of

several tabular units whose contacts are approximately parallel to the

hanging-wall and footwall sides of the pegmatite. These layers differ

from zones in that there is no repetition of units on the other side of
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the pegmatite. Pegmatites composed of two layers are by far the most com-

mon ty-pe in this district. These units commonly extend the entire length

of the pegmatite and aare from 1 to 30 feet thick. This type of banding is

confined to narrow lenticular and lenticular-branching pegmatites or to a

narrow lenticular part of irregular pegmatites. It is not found in thick

parts of irregular pegmatites or oval pegratites. The distinct upper and

lower units in many of these layered pegmatites can be distinguished in

only certain parts of the body and merge along strike into a single unit.

Where two layers merge, or telescope, the unit formed has the bulk composi-

tion of the two combined layers and a texture intermediate between that of

the upper and lower layers. In pegmatite No. 548, for example, an upper

layer, consisting of perthite (.50 percent), quartz (33 percent), albite

(15 percent), and muscovite (2 percent), and a lower layer, consisting of

albit e (74 percent ), quart z (20 percent ), perthite (3 percent ), and mus-

covite (3 percent), become progressively less distinct to the south and

finally merge into a single unit, consisting of albite (63 percent), quartz,

(20 percent), perthite (1.5 percent), and muscovite (2 percent).

Banding~ across strike.--Many pegmatites are banded across the strike

int o two or more mappable unit s dif fering in mineralogy, t exture, or both

(fig. 12). These are designated as pegmatites showing variation in compo-

sition along strike. Banding across strike results in two or more pegmatite

units that have their contact at an angle to, rather than parallel to, the

strike of the pegmatite units. In such pegmatites the bands occupy the

full width of the body, and are from 20 to several hundred feet across

parallel to the strike of the pegmatite body. The units have the shape of

what ever part of the pegmat it e they occupy; thus , one unit may o ccupy the

short, thin lenticular part and another long, irregular, bulbous part of a
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pegmatite. Banding across strike has been found only in lenticular and

lenticular-.branching pegmatites and all such bodies contain either two or

three bands (fig. 12).

Multiple banding.-Some pegmatites in the Qpartz Creek district are

composed of innumerable very thin bands that differ in texture, mineralogy,

or both. The bands are rarely mappable on ordinary scales. This type of

banded rock has been described as t"line rock' in the Pala district, Calif. Jf

J Schaller, W. T., Genesis of lithium pegmatites: Am. Jour. Sci.,
5th ser., vol. 10, p. 275, 1925.

Line rock in the Quartz Creek district is characterized by the repetition

of bands of minerals from 0.01 inch to 0.4 foot thick; the average thick-

ness is less than 0.5 inch.- The banding in most places, as in pegmatite

No. 670, is parallel to the strike of the body, but in a few places it cuts

across the strike. Line rock is found commonly as patches in a small part

of the pegmatite. ]So pegmatite with the exception of pegmatite No. 670 con-

tains more than 15 percent of line rock, and most of them contain less than

1 percent. Line-rock-tearing pegmatites, therefore, are not classified

separately.

Line rock is most common in albite-rich pegrnatites where the most

ob-vious banding is caused by layers of garnet and muscovite as much as

one-quarter of an inch thick (p1. IX, A and B), Layers of fine-grained

albite-quartz pegmatite are interspersed with coarser layers of perthite-

cuart z-albit e pegmat it e (a half inch t o about Lj inches thick). The layers

of pert hit e-quart z-alb ite pegmat it e are lenticular and usually pinch out

within short distances. Other layers may occur above or below to form an

echelon pattern. Rarely the albite-ciuartz pegmatite forms the lenticular

units in line rock. The banding may end abruptly against large crystals or



UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVE!

TRACE ELEMENTS INVESTIGATIONS
REPORT 138
Plate IX

A. Line rook in the lower part of pegmatite No. 670.
Fine dark layers are small brown garnets.

$~Ab

B. Line rock from pegiatite No. 461. Black layers are
garnet and muscovite and white layers are mainly albite
with a little quarts.
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an aggregate of minerals (fig. 1k). Line rock is most common adjacent to

the walls of the pegmatite, especially on the footwall side. Thin layers

of garnet and albite were noted terminating abruptly against euhedral

perthite crystals in several places. The perthite is veined by albite

along fractures and was either entirely crystallized or at least partly

crystallized before all the albite was deposited. Thus, the perthite is

not a late mineral which cut off the layering, but rather a buttress against

which the layering stopped. The arrangement of garnets and micas in bands

suggests at least local movement of the pegmatite magma with rapid minor

changes in composition so that first one mineral would be crystallizing

and then another. Thus a row of garnets might be formed in an area of

movement up to a projecting perthite crystal, which would either turn the

current or deposit a row up to its side and another along its top. This

row on top might be swept off its more exposed position where narrowing of

the channel caused the current to be swifter, or it might be icorporated

into the perthite upon further growth. The alternating lenses of perthite-

quart z-albit e p egmat it e in f ine-graine d albit e-quart z pegmat it e suggest s

zoned multiple poegmatites. They might have been formed by crystallization

from lenses of trapped liquid.

Line rock is common in many pegmatites in other areas: the Crystal

Mountain district, Coio._J, the Middletown district, Conn., the Pala disti49y

J Thurston, W. R., Personal communication,

Calif.Jf, the Eight Mile Park district, Colo.Jf, and the Bridger Mountains.

J Schaller, W. T., op. cit., pp. 272-273.
J Heinrich, E. W., Pegmatites of Eight Mile Park, Fremont County,

Colorado: Am. Mineralogist, vol. 33, p. 448, 1948.
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district, Wyo. _J

_J McLanghlin, T. G., Pegmatite dikes of the Bridger Mountains,
Wyoming: Am. Mineralogist, vol. 25, pp. 62-63, 1940.

Fracture fillings

Fracture fillings are tabular bodies that extend from inner units into

outer units of the pegmatite. In places they connect directly to the core.

Fracture filling units are common in pegmatites of the Q.iartz Creek

district but are usually small; many are only a few feet in length. Most

of these units are only a minor part of a pegmatite, though there may be

several in a single pegmatite. Discontinuous core segments and fracture

fillings are difficult to distinguish in some irregular pegmatites.

Most of the fracture fillings are coarse-.grained and consist predom-

~iy.g Qf perthite and quartz, or quartz pegmatite. In pegmatite NTo. 1096

a fracture filling of massive quartz extends from the core across the wall

zone.

Replacement units

INo mappable replacement unit s were found in the pegmat it es of the

Quartz Creek area, although there are several places where small areas were

replaced along fractures. Replacement units form by the replacement of

pre-existing consolidated pegmatite with later material. The interaction

of two minerals or of a mineral with the rest solution during the process

of crystallization is not considered as replacement in this paper. The

embayment of one mineral by another and the filling of small fractures

have been given as criteria of replacement, but these textures also can be

formed if an early-formed mineral is corroded by the rest solution and
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subseQuently coated by a later mineral.

The criteria used to distinguish a replacement body are, therefore,

the -oresence of relic textures or structures of the pre-existing rock that

indicate essentially complete consolidations Where a pegmatite is not

zoned or where no pre-existing textures or structures remain it may be

very difficult to recognize a replacement body.

The interaction of one mineral on another during the crystallization

process is more pronounced in pegmatites than in other igneous rocks be-

cause of the large grain size of the crystals which magnifies the embaying

of one mineral by another and the long crystallization period caused by

the presence of volatiles. Thus, a crystal of one mineral may be partly

or completely grown before the equilibrium in the solution will permit a

second mineral to start crystallizing. This crystal may form around the

first crystal, grow out from it or, in the new eqgailibrium, the first

mineral may be soluble and may be replaced by the second. Evidence of

this sort does not prove or disprove the presence of a replacement unit..

An excellent example of muscovite selectively replacing perthite and leaving

narrow albite stringers of the perthite intergrowth unreplaced, is illus-

trated in plate VIII,B. The pegmatite was essentially homogeneous and

shows no evidence of a separate replacement body.

Types of pegmatites

Pegmatites may be divided into homogeneous and heterogeneous pegmatites.

The homogeneous pegmatites are simple aggregates of feldspar, quartz, and

accessory minerals which cannot be divided into contrasting units on the

basis of mineralogy and texture. These pegmatites form the great bulk of

pegmatites in many regions, such as the Qpartz Creek district, Cobo.,

Black gills region, S. Dak., Spruce Pine district, IT. C.J/, and the Crystal
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A. A thin zoned pegmtite with an albite-quartz wall
zone and a quarts core (grey).

I iNC H

B. Replacement of perthite
Note the unreplaced albite
in muscovite.

by fine-grained muscovite (black).
lazillae of the perthitic structure
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_J Rrobst, D. A., Personal communication.

Mountain district, Colb. _J Homogeneous pegmatites commonly form relative-

J Thurston, W. R., Personal communication.

by small dikes and rarely contain minable concentrations of economic min-

erals. Because they lack the economic and rarer minerals, they have re-

ceived in the past little consideration by mineralogists and geologists,

Most of the pegmatite literature is devoted to descriptions of pegmatites

containing the rarer minerals. Recently, however, the U. S. Geological

Survey has undertaken regional mapping of pegmatite districts in South

Dakota, other parts of Colorado, North Carolina, and Connecticut--similar

t6 that described in this report--that should result in obtaining a broad

knowledge of the character and distribution of all types of pegmatites,

This work may yield the much-needed data required to understand the rela-

tionships of homogeneous and heterogeneous pegmatites.

Heterogeneous pegmatites are those that can be divided into different

rock units on the basis of mineralogy, texture, or both,

Homogeneous pegmat ites

Homogeneous or one-unit pegmatites form the great bulk of the pegma-

tites in the Qjiartz Creek district. Out of more than 1,800 pegmatites, 78

percent are homogeneous or "unzoned". Homogeneous pegmatites occur as

lenticular, lenticular-branching, oval, and irregular bodies. Only a few

of the larger irregular pegmatites are zoned; they contain one or more dis-

cont inuous cor es,. Examprles of homogeneous p egmat it es are shown in f igures

2, 3, 4, 5, and 6. The dominant minerals are plagioclase, quartz, and
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perthite. Most of the pegmatites contain as much as 2 percent of one or more

of the following minerals: muscovite, garnet, biotite, and magjnetite.

Beryl and tourmaline are present in some pegmatites but constitute only a

small fraction of 1 percent.

Heterogeneous pegmatites

Zonepaties.-Zoned pegmatites form roughly 1k percent of the

pegmatites in the area (figs, 7 and 10); most have only a core, a wall

zone, and a narrow border zone. Most of the border zones in the Quartz

Creek district are only a fraction of an inch thick and are cooling

selvages. Owing to their thinness they were mapped with the wall zones.

The mineralogy and texture of the wall zone usually resembles the

homogeneous pegmatites in the immediate vicinity. The core, except where

the wall zone is predominantly graphic granite, is commonly coarser grained,

and contains more perthite, or quartz, or both, than the surrounding wall

zone. Cores consisting only of massive quartz are very common (p1. VIII,

A) in the northwestern part of the district. Cores of perthite-quartz

pegmatite also are common. There are 14 pegmatites consisting of a wall

zone and a core, that have cores of cleavelandite-quartz, or cleavelandite-

lepidolit e-quart z pegnat it e. Thes e pegmat it es include the Bazooka, Whit e

Spar INo. 2, and the Brown Derby No. 2 and No. 3 pegmatites, that have been

described previously by Hanley, Heinrich, and Page _J. Not all the

JHanley, J. B., Heinrich, E. W., and Page, L. R., Pegmatite in-
vestigations in Colorado, Wyoming, and Utah: U. S. Ceol. Survey Prof.
Paper 227, pp. 66-68, 7l-74, 77-80, 1950.

lepi dolit e-bearing and cleavelandit e-bearing pegmat it es are zoned pegma-

tites; these minerals are also found in small homogeneous pegmatites,
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layer ed pegmat ites , and pegmat it es which vary in compo sit ion along their

length, The cores in small pegmatites may form a large proportion of the

pegmatite (1No. 267, fig. 10), but in large pegmatites they usually make

up 1 percent or less of the total rock (fig. 7). Pegmatites having an

intermediate zone as well as a core and a wall zone are rare. Only 7 peg~

matites in the Quartz Creek district contain intermediate zones. In 5

pegmatites this zone consists of muscovite-albite pegmatite surrounding

one or more small discontinuous cores.

The Q.artz Creek district has few well-zoned pegmatites. Those which

are zoned commonly consist of only a wall zone and a core. The core units

are usually irregularly distributed, discontinuous segments, and constitute

only a small part of the pegmatite. Judging from the sizes and distribu-

tion of the core segments only a small proportion of pegmatitic liquid

remained after consolidation of the wall zone. This crystallized in scat-

tered areas as core segments.

Laee e~aie.-aee pegmatites make up approximately 7 percent

of all pegmatites in the Qiartz Creek district. Layering is most common in

the thin dike-like lenticular and lenticular-branching types of pegrnatites.

Layering is not common in large irregular pegmatites, although a few of

the thinner irregular bodies are layered.

Most of the layered pegmatites contain a perthite-rich hanging-wall

unit and an albite-rich footwall unit (fig. 11). As an example, pegmatite

iNo. 685 (p1. II) on the north side of Wood Gttlch has a hanging-wall unit of

albite (50 percent), quartz (20 percent), perthite (4i8 percent), and musco-

vite (2 percent) and a footwall unit of albite (6.5 percent), quartz (15

percent), perthite (19 percent), and muscovite (1 percent). In a few

pegmatites the hanging-wall unit has more albite than perthite but this

unit always contains more perthite than the footwall unit. Pegraatite No.
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1363 (fig. II and p1. II) is the only body that contains a higher pro-

portion of perthite in what is believed to be the footwall unit; this

pegmatite, however, is nearly vertical (81 degrees). The texture of the

hanging-wall unit is coarser than that of the footwall unit, because

perthite tends to form larger crystals than albite. Perthite forms in

grains 0.5 to 3 inches in diameter and albite forms in grains 0.06 to 0.25

inch in diameter. In the albite-rich units the quartz grains are about

the sane size as the albite, but in the perthite-rich units they are near-

ly as large as the perthite.

Layered pegmatites with a perthite-rich hanging-Wall layer and an

albite-rich footwall layer have been described by Schaller _J in the Pala

J Schaller, W. T., The genesis of lithium pegmatites: Am. Jour.
Sci. 5th ser., vol. 10, pp. 271-274, 1925.

district, Calif.

The concentration of perthite as hoods in the upper part of zoned

pegmatites is common in many districts, for example, the Keyes No. 1 peg-

matite, Orange, N. H.; the W. T, Foster No. 1 pegmatite, Shelby, N. C.,

the Palermo No. 1, Grafton County, N. H., the Strickland-Cramer pegmatite,

Portland, Conn., the Beecher Lode, Dyke Lode, Etta, Da Patch, Hugo, and

the Bob Ingersoll Dikes No*y 1 ani 2 of the Black Hills, S. Dak. J/ The

J Cameron, E. N., Jahns, R. H., McNair, A. H., and Page, L. R., In-
ternal structure of granitic pegmatites: Econ. Geology, Mon. 2, pp. 44-45,
48, 1950.

perthite-rich hanging-wall layers in pegmatites 6f the Qpartz Creek dis-

trict appear to be the extreme development of perthite-rich hoods in thin

lenticular bodies. Two of the lepidolite-bearing pegmatites, pegmatite

No. 306 (Opportunity No. 4 claim) and pegmatite No. 452 (the Brown Derby
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No. 1) are layered, Pegmatite iNo, 306 consists of an upper albite-quartz-

perthite unit and a lower cleavclandite-quartz.-lepidglite unit. The Brown

Derby No. 1 pegriatite contains at least eight different units. Not all of

these are present throughout the pegmatite and some form lenticular pods.

The Brown Derby is described by Hanley Jf as having a border zone, wall

J Ianley, J. B., Heinrich, 2. W,, and Page, L. R., Pegmatite in-
vestigatiois in Colorado, coming and Utah: U. S. Geol. Survey Prof.
Paper 227, pp. 69-71, 1950.

zone, possible intermediate zone, and a compound core of three different

units. The Brown Derby has more mappable units than any other pegnat it e

in the region. Many of these layers are found in only: cet'tain parts of the

dike and merge along strike with other units0 The central part of the unit

has an albite-quartz wall zone on both hanging-wall and footwall sides,

but to the north the wall zone on the hanging-wall side disappears and the

pegmatite becomes a layered pegmatite. Other layered pegmatites probably

are incompletely developed zoned pegmatites.

The layer-ed pegiatites are most abundant in (1) along the ridge just

south of Quartz Creek in the southwestern corner of the district, (2) in

the vicinity of the Brown Derby mine, and (3) along the western side of Big

Gulch. Layered pegmatites are sparsely scattered among other types of

pegmatites in the first two areas but are the dominant type in the third

area. The layered type is almost absent in other areas. The distribution

of the -layered pegmatites suggests that their development is controlled by

a particular set of conditions. The country rock in these areas is horn-

blende gneiss as in many areas that are void of layered pegmatites. The

conditions under which these bodies cooled and crystallized probably con-

trolled their formation. The original composition of the pegmatite liquid
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may have been important, but probably was not the 'controlling factory be-

caus e there are dif fer ent mineral as semblages in layered pegmat it es, and

because many unlayered pegmatites are identical to layered ones in miner-

alogy, The possibility. of the layers being formed by replacement of pre-

existing peginatite rather than by difference in crystallization history

has been considered, but most of the perthit e is in- well-f ormed crystals,

surrounded by later albite and quart z, The crystals are only slightly

embaye d and are not cut by veinlet s of other minerals,. The fact s that

the perthite layer, with only one possible exception, is on top, that the

contact between the two layers is gradational, and that the layers may

telescope gradually into a homogeneous unit do not seema to fit the picture

of irregular replacement.

Pegmatites showing variation in composition along strike,--About 1

percent of the pegmatites have more than one unit, where the mineral com-

position of the unit changes along the length rather tinan across the peg-

mat ite (f ig . 12).e In some lent icular-branching pegmat it es, each branch has

a dif ferent mineral as semblage , In lent icular pegmat it es one end may be

of one mineral composition and the opposite end the other, or the center of

t he pegmat it e may be of one mineral compo sit ion and the ends a dif fer ent

mineral composition. In a few pegmatites one part may contain a core in

addition to the layers across the pegmatite.

The dominant variation is from a unit rich in perthite to one in which

perthite is less abundant -or even absent; however, parts of some of the

branching cleavelandite- and lepidolite-bearing pegmatites on the Oppor-

tunity INo, 1 claim. (NOe 209, -213, 214, 215, and 216) are- of this .type.

Pegmatites showing variation in composition along strike are in

lent icular , and lent icular-branching pegmat it es and, in part , may repr e-

s ent murlt iple inject ions Qf pegmat it e liquid,



63

Multiple pegmatites.--Multiple pegmatites are formed by multiple in-

trusions so that the walls of the pegmatite formed by the second injection

are tangent to that of the first. Thus, the various units have strikes

which trend within a few degrees of one another. Branching and irregular

pegmatite bodies may be the result of multiple intrusion of two or more

peginatite liquids into the same spot0 In general, adjacent pegmatites

probably are derived from liquid fractions of the same granitic magma and

may be expect ed to consist of the same minerals in approximat ely the same

proportions. It may be difficult, therefore, to distinguish between a

branching and a multiple pegmatite. There are in the Quartz Creek district

two pegmatites that have been formed by two separate injections of pegma-

titic liquids. Pegmatite No. 251 is a lenticular-branching body with a

wall zone and a thin core in each branch (fig. 13). The two branches join

near the north end, and instead of the cores joining as cores do in a

normal branching pegrnatit e, there are two parallel cores at the junction

showing that it is a multiple pegmatite formed at slightly different times

by two different injections. Pegmatite No. 216 on the Opportunity No. 1

claim is a north-trending albite-quartz-perthite pegmatite, which is cut

by a northeasterly-trending body of perthite-quartz and cleavelandite-

quartz pegmatite (fig. 13). The north-trending part of the pegmatite mass

is older than the northeasterly-trending branch. Though this pegmatite

resembles a multiple pegmatit e in that it is formed of two separate in-

jections, the cross-cutting relationship proves it to be an earlier peg-

matit e cut by a lat er one,

Mineralogy

A total of 27 minerals has been found in the pegmatites of the Quartz

Creek district. Perthite, plagioclase, and quartz are the essential mmn-
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erals and form from 95 to more than 99 percent of most pegmatites, Only a

very few pegmatites have units rich in muscovite, and this mineral cannot

be considered an essential mineral of the pegmatites (~this district. Thej

common accessory minerals are considered to be those found in more than 10

percent of the pegmatites~ fhese minerals, in order of their frequency,

are: muscovite, garnet, biotite, magnetite, and beryl. The quantity of

these minerals in anyr particular pegmatite is small; muscovite commonly

ranges from 0.5 to 3 percent, garnet, O,5 to 1 percent, biotite and magne-

tite, less than 1 percent, and beryl, a few small crystals,

The other 19 minerals are f ound in les s than 3 percent of the pegma-

tites of the district and are considered as rare accessory minerals.

They also commonly amount to only a small fraction of a percent of the

pegmatite. Table 3 lists all theaccessory minerals giving the number of

pegmatites which contain these minerals and the percent of the total pegma-

tites in which they are found.



Table 3.-'-Occurrence of accessory minerals in the
Creek district

pegmatites of Quartz

Number of pegmatites Percentage of pegmatites
Mineral in which mineral examined (l,S03) in which

was observed mineral was observed

uscovit e 1,058 5709

Garnet 965 52.9
agnetite or martite 422 23.1
Biotite 357 19.6
Beryl 232 12.7
Tourmaline 4@ 2.6
Colurnbite-tantalite 29 1.6
Monazit e 23 1.3
Lepidolit e 17 0.9
icrolit e 13 0.7
Chiorite 9 005
Topaz 0.4
Gahnite 0.4
Samar skit e 7 0.4
Epidot e 3 0.2
Apatite 3 0.2
Fluorite 2 0.1
Spodumene 10.06
Amblygonit e 10.06
Allanit e 10.06
Lithiophilite-trithylite 10.06
Betafit e 10.06
Chrysocolla 10.06
Unknown 10.06

65



66

Plagioclas e

Plagioclase occurs in all pegrnatites of the Quartz Creek district

and is the dominant mineral in most of them. It may form as much as

90 percent of all types of structural or mineralogic units. The

plagioclase occurs in fine-=grained sugary aggregates of equigranular

grains, and in coarse platy crystals (cleavelandite). Cleavelandite

has been found in 28 pegmatites in this district0 Where used in this

report, the term plagioclase refers only to the typical granular form,

and the term cleavelandite refers to the platy form0 Plagioclase

commonly is abundant in (1) homogeneous pegmatites, (2) wall zones of

zoned pegmatites, and (3) footwall layers of layered pegmatites. These

units may contain more than 98 percent plagioclase and quartz0 Cleave-

landite, on the other hand, is restricted for the most part to central

parts of the pegmatites.

The plagioclase ranges in size from less than 0.003 inch to about

1.5 inches across; the average size is about 0.12 inch. Crystal shape

is usually not discernible, but the cleavage surfaces commonly are

curved or warped. Twinning is visible only on the large pieces.

Plagioclase is found in graphic intergrowth with quartz in a few

places. Most of the plagioclase is white, but cream-colored, brownish,

and pinkish shades are common. The plagioclase: loeaJ.Iy resembles the

perthite in color, but can usually be distinguished by the warped
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surfaces, twinning lamellae, lack of perthitic structure, and to a

lesser extent by its occurrence in fine aggregates.

Cleavelandite is found in thin plates 0.003 to 0.006 inch thick

and 0.5 to 4 inches in maximum dimension. The average plate is

approximately 2 inches long, 1.5 inches wide, and 0.04 inch thick.

The crystals are white and semi-transparent. The surface of the

crystal is wavy and twin lamellae can be seen along the edges.

The lowest index (Ngi) from the (010) cleavage flakes was

determined on 439 specimens of plagioclase and on 17 specimens of

cleavelandite from the Quarts Creek district. The index of the

plagioclase ranged from 1,527 (Ab99An1 ) to 1.541 (Ab74An2 6) and of

the cleavelandite from l.528 (Ab97An3 ) to 1.530 (Ab95An5). The

plagioclase has an average of 1.532 (Ab93An7) and cleavelandite

1.529 (Ab96An4 ). The plagioclase ranges from sodic albite to

calcic oligoclase, and the cleavelandite is a sodic albite. Table 4

gives the results of these determinations, the type of country rock,

and the type of pegmatite or pegmatite unit from which each specimen

was taken.



Table 4.-.-The range of refractive index ( Ng) of plagioclase and cleavelandite from all ty-pes of pegmatite units
in the quartz Creek district and its relation to different types of country rock.

Country rock
iype of pegmatite
or pegmatite unit

Number of determinations and refractive
index (Ng,.) of plagioclase

Number of determinations
and refractive index (I )
of cleavelandite

1 . 21 1.52S 1.529 l.5 0 l..5 1 1.. 2 1..,3 1.5 4 l..551..6.53 159150151
L.52S 1.5'29 1.530

Hornlne nss
end tonalite
Homogenous peg#atite
Zoned pegiatites

Vail zone
Intermediate zone(s)
Core

Layered pegiatites
ILower layer
Median layer
Upper layer

Pegmatites which change
in composition along
strike

Fracture filling

16 41 39

2 25
1
2 5

6
1

1 7

12

11 11 6 1 4 10 5

11 9
1 1
5 1

3 1
1
5

1 1

2 2

1

1

1
1 1

Granite and hornblende gneiss

Homogeneous pegmatites
Zoned pegmatites

Wall zone
Core

Layered pegmatites
Lower layer
Median layer(s)
Jpper layer

Peginatives which change in
composition along strike

2 3 10 9 6 1

2
1 1

2
2

2 1 2

2 2 1

1

1

1 1 3 1

2 1

6 2

2
3

1

1

.1

1 1

1

1

1 2

1--528 1.329 1.p)0



Table 4 -The range of refractive index (I1i) of plagioclase and cleavelandite from all types of pegmatite units
in the Quartz Creek district and its relation to different types of country rock,.-Continued

Country rock
Type of pegmnatite

Number of determinations and refractive
index (41 of plagioclase

Number of determinations
and refractive index (i4 )
of cleavelandite

1.57 l~52 1.29 .53 1.31 .53 .33 .531. 1)3 1.536 1.537 1.38_1.539 1.5~4Q l.54l 1.528 1.529 1.530

.Fine- and coarse-grained
granite
Homogeneous pegmatites
Zoned pegmatites
Wall zone
Core

Q,uartz monzonite
Homogeneous pegmatite
Zoned pegmatites
Wall zones
Intermediate zone(s)

Layered pegmatite
Lower layer
Upper 1ayer

Country rock unknown
Homogeneous pegmatite

6

1
1

9 9 5 10 1 1

1

1

2

1

4 7 19 12 5

3
3.

2

1
1

1

1 1
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The refractive indices of plagioclase were determined for all internal

units in each beryl-bearing peginatite and for a selected number of pegina-

tites in each type of country rock. The refractive indices of the plagio-

clase in pegmatites with the hornblende gneiss and tonalite wall rocks

average l.530, and those in the quartz monzonite averaged 1.538. Re-

fractive indices of plagioclase in pegmatites from the hornblende gneiss

near qulartz monzonite are in the same range as those in the quartz monzon-

ite. The refractive indices of plagioclase in pegmatites decrease from the

quartz monzonite area southward; the difference appears to be controlled by

the regional distribution rather than composition of the country rock,

In the zoned pegrnatites of the Black Hills J/ and other districts,Jf

JPage, L. R., et al, Pegmatite investigations, 1942-l9p5, Black
Hills, South Dakota: U. S. Geol. Survey Prof. Paper (in preparation).

JCameron, 2. I., et al., op. cit., p. 99, 1949.

a systematic variation in the plagioclase has been noted from zone to zone

with the anorthite content decreasing toward the core. Most pegmatites in

the quartz Creek district do not have the well-developed zones but when

zoned show a rather large wall zone with scattered core segments. Table 5

shows that there is nbt much change in the indices of the 17 pegmatites that

are composed of just wall zone and core; eight showed no change of index,

five decreased slightly in index (0.001 to 0.002) from wall zone to core,

while four increased in index (0.001 to 0.006). In two well-segregated

pegmatites with intermediate zones there is a decrease in refractive index

of 0,005 towards the core, indicating a decrease in anorthite content,

which is in accord with previous work. In a well-segregated pegmatite the

plagioclase probably will tend to show a systematic change of anorthite

content toward the center; but when the zoning is poor, the plagioclase
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will either have the same composition or have erratically distributed

Table 5,--Lower refractive index (Ial) of plagioclase in zoned pegmatites.

Pegmat it e No. Nej of plagioclase Yi'i- of plagioclase Na of plagioclase
(pl.II)in wall zone in intermediate zone in core

174 1,529 1.528
279 1.551 1.529
289 1.529 1.530
451 1.529 1.529
453 1.529 1,529
454 1.529 1.529
455 P.529 1.529
456 1.529 1.529
535 1.535 1.529
536 1.528 1.528
674 1.531 1.530
847 1.533 1,539
989 1.530 1.529

1002 1.531 1.530
1028 1.529 1.531
10)44 1.529 1.530
1202 1.530 1.530
1402 1.537 1.532
1666 1.529 1.529

A comparison was also made between the refract ive indices of plagio-

clase from the hanging-wall layer and the footwall layer of two layered

p egmat it es (t able 6) . As the hanging-wall layer is relatively rich in

p ert hit e and t he f oot wall layer r elat ively poor, it was thought t hat t his

change in the alkali content might be reflected in the ratio of sodium to

calcium in the plagioclase. Of t he eleven pegmat it es invest igat ed, six

showed no variation in index and five showed an increase of 0,00l to 0.002

in index from the hanging-wall layer to the footwall layer0 As the limit

of accuracy of the index determinations is approximat ely 0.001l+, the re-

sults show a negligible change. The concentration of perthite and thus

the potassium content in the upper layer seems to have lit tle effect on

the ratio of sodium to calcium in the plagioclase.
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Table 6.--Lower refractive index (a)of plagioclase in layered. pegmatites

Pegriatite No, iNag of plag'ioclase in N of plagioclase in

(pl.II)haning-wall layer footwall layer 4
270 1.528 1.530

321.529 1.530
432 1.530 1.530
433 .2 .2
435 1.529 1.529

548 1.529 1.529s,
778 1.535 1.535

1004 1.529 1.529
1043 1.530 1.531
1105 1-530 1.531
1172 1.529 1.531

A comparison of the refractive indices of plagioclase in beryl-bearing

ancd non-beryl-bearing pegmatites (table 11) shows that both have a wide

range ad that the non-beryl-bearing pegmatites have more calcic plagioclase.

Cleavelandite occurs in crystals commonly many times larger than the

plagioclase, has a flat platy crystal habit compared to more equant grEain5

of plagioclase, and.c is invariably white or bluish white whereas plagioclase

is white, yellow, green or pink. These two varieties probably did not form

under identical chemical and physical conditions. Cleavelandite occurs in

20 pegmat ites in the Quartz Creek district and has been noted in homogen-

eous, zoneJ, and layered pegmatites, and pegmatites which vary in composi-

tion along the strike, In zoned pegmatites it is found in the intermediate

zone in three places and in the core in sixteen, The tendency for cleave-

landite to form in the central part of pegmatites has been noted in other

parts of Colorado Jf and in other districts in the United States _J.

J Caneron, E. I., et al., op. cit., p. 58, 1949.

Cleavelandite has distinctive mineral associations. In the Qiartz

Creek district it is associated with quartz, lepidolite, microlite, beryl,
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topaz, columbite-tantalite, perthite, muscovite, garnet, and tourmaline.

Many of these minerals are normally found with cleavelandite though the re-

verse is not always trae. Cleavelandite is associated with lepidolite in

lL4 of the 17 lepidolite-bearing pegmatites, with topaz in 8 of the 8 topaz-

bearing pegmatites, and with Trcin 12 of the 15 microlite-bearing

pegmatites. The association of cleavelandite with lithium minerals aand

some of the rare accessory minerals has been noted in other districts. In

the Tin Mountain pegmatite, Custer County, S. Dak., cleavelandite occurs

in the core associated with spodumene, lithium mica, beryl, amblygonite,

cdesiterite, columbite-tantalite, apatite, microlite, and pollucite. In

the Harding mine near Dixon, N. Mex. _J cleavelandite in fracture fillings

J Adams, J. W., Personal communicat ion.

is associated with purple muscovite, microlite, and spodemene. In the

Rutherford and Morefield pegmatites near Amelia, Va. Jf, cleavelandite is

_J Glass, J. J., op. cit., pp. 761-763, 1935.

associated with cassiterite, manganotantalite, microlite, and zircon. The

regional distribution of cleavelandite-bearing pegmatites (fig. 20) shows

that with the exception of two bodies, all the deposits containing cleave-

landite also contain lepidolite or are adjacent to pegmatites containing

lepidolite. This suggests that some of the elements common to lepidolite

and its associated minerals may be responsible for the formation of platy

plagioclase. The elements that might promote the growth of cleavelandite

are lithium (in lepidolite, zinmwaldite, amblygonite, and spodumene),

rubidium or (Cbslu (in lepidolite, muscovite, tourmaline, beryl, and

pollucite), and fluorine (in lepidolite, fluorite, and topaz). Fluorine

is more difficult to evaluate because it may be present as an essential
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constituent, as in fluorite, topaz, or lepidolite, or-it may occur una

detected as a minor constituent in .other minerals such as muscovite by

substituting for the OI~ radicaL. Spectrographic analyses of both cleave-

landite and albite from a number of pegmatites should be made to find

whether small quantities of lithium, fluorine, or other elements are

present in one type of plagioclase and not in another.

Perthite

All the po tas sium f eldspar examined in pegmat it es of the Qjpart z Creek

district was white, cream-colored, or pink perthite; no orthoclase or micro-

dline free of vein-like laminations of albite was noted. The albite

laminae are thin, roughly parallel, and white, The albite is well twinned

and the twinning is parallel in all laminae, The twin planes parallel

the long dimension of the albite laminae and have the same orientation in

a single perthite crystal.

Perthite occurs in most pegmatites and in some it .is the predominant

mineral. It is absent from some sodic-rich units, but forms as much as 93

percent of perthite cores. Sodic-rich pegmatites commonly contain less than

15 percent perthite; other pegmatites are in a large part graphic granite.

Generally the perthite-rich pegmatites are most abundant in the northwest

part of the district.

All pegmat it e unit s cont ain per thit e, but it is most abundant as

graphic granite in homogeneous pegmatites, wall zones of zoned pegmatites,

or as bloc1~y perthite in cores of quartz-perthite pegmatite. The largest

pert hit e-bearing pegmat it es in the district contain graphic granit e

whereas graphic granite is not common in the small cores of zoned pegma-

t it es. The hanging-wall unit of lay ered pegmat it es is commonly rich in

perthite.
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The perthite is in crystals a quarter of an inch to 8 feet in maxi-

nrui dimension. The crystals are largest in cores where they average 1-5

feet. Perthite crystals in the wall zone or in layered and homogeneous

pegmatites are 2 to 3 inches in size In fing-grained plagioclase-rich

pegmatites the perthite crystals are smaller than in pegmatites where

perthite is the dominant mineral, Graphic granite crystals are from a

half to 4 feet in length and average about 80 percent perthite and 20 per-

cent quartz. About a ton of graphic granite was crushed, quartered, and

analyzed _J. This analysis (table 7) indicates that the soda is almost

J Analysis obtained through the courtesy of C. A. Wemlinger, Vice
President in Charge of Operations, Beryllium Mining Co., Inc.

entirely in the albite laminae of the perthite. 1Normative minerals J,

Washington, H. S._, U. S., Geol. Survey Prof. Paper 99, pp, 1162-
15,1917.

calculated from this analysis, verify that there is little present other

than quartz and feldspar and that the microcline molecule is 4.5 times as

abundant as that of plagioclase.

Perthite forms- blocky equidimensional crystals that are surrounded and

veined by an aggregate of quartz, albite, and muscovite. In most places

perthite is the first essential mineral to crystallize, but rarely it ap-

pears to be later than some or all of the associat-ed minerals.
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Table 7. --Chemical analysis L/ of graphic granite from the Bucky mine,
Qiartz Creek district, Colorado

OxidePrcn

SiO2  -6
A1203 142
K201.9
Na2O .6
CaO .0
Fe2O3  0.01
MgO Trace
Cr2O3  None

99.13

LI C. A, Parker, analyst .

Qytart z

Qpartz com-1Thises 15 to 30 percent of all pegmatites in the district;

the average is about 20 percent in homogeneous pegmatites, non-lepidolite-

bearing layered pegmatites, and wall zones of zoned pegmatites. Although

the ratio of perthite to plagioclase varies widely in these ty-pes of rock,

the quartz content is nearly everywhere 15 to 20 percent. Many cores and

fracture fillings are made up solely of milky quartz, whereas other cores

and fraeture fillings are mixtures of blockyr perthite and quartz. The

quartz in fracture fillings, intermediate zones, and cores is 10 to 100

percent of the ~unit,

The quartz is generally -white to gray, although smoky varieties are

found in a few pegmatites, usually as small oval blobs of from 1 to 10

feet, The smoky varieties are usually associated with radioactive minerals,

for example, with micrdlite in pegmatites No, 215, No,~ 216, and No. 452,

and with allanit e in pegmat it e No. 847, Small pat ches of smoky quart z

have been found without visible radioactive minerals.

Quartz in most places fills interstices and forms veins in perthite

crystals, indicating tbat it crystallized after the perthite. Barely,
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however, the reverse is trae. The quartz associated with blocikj perthite is

in crystals 2.to 18 inches in size and is commonly slightly Liner grained

than perthite. In graphic granite, the quartz forms cnude cuniform-sh~aped

rods 0.03 to 0.25 inch thick and as much as 1.5 feet 1ong.

Albite is jinterstitial to quartz and in places appears to vein it.

This relationship indicates that albite crystallized last, but in many

places the mutual intergrowths suggest a contemporaneous age. Where quartz

occurs solely with albite it forms crystals 0.03 to 0.5 inch in diameter;

as the proportion of perthite increases in the unit the size generally in-

creases . Muscovite and quartz in many places are intergrown and appear to

have crystallized at about the same time.

Muscovit e

Muiscovite is found in about 60 percent of the pegmatites in the Quartz

Creek district. On the east side of Quartz Creek it occurs in 85 percent

of the pegmatites. On the west side the iron content of the pegmatites is

higher, considerable magnetite is present, and biotite occurs in place of

part of the muscovite. Muascovite is found in all types of internal units

in the pegmatites and forms 0.5 to 3 percent of the rock; rare small pegma-

tites contain as much as 10 percent.

The muscovite is clear to green and individual sheets show black min-

eral staining. The larger pieces have reeves and "A" structure. Most of

the muscovite, however, is about 0.25 inch in diameter, and commonly is

intergrown with quartz. In only two pegmatites, the Buckhorn (No. 659)

and the Buckyr (No. 1574), are muscovite bboks more than 3 inches in size;

books 1 foot in size occur in the Bucky pegmatite.

The muscovite is in both flat and curved forms. The flat variety is

common in most rocks; the curved variety is found in 23 pegmatites, all on
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the northwestern slope of Wood Gulch, where it occurs in a series of

concentric shells 0.12 to 0.5 inch thick.

The composition of muscovite is expressed in three constituent mole-

cules J, the end members of a trianguilar composition diagram. and the

J Winchell, A. IT.? Zlerents of optical mineralogy: pt~ II, p. 268,
1947.

Volk, G. W., Optical and chemical studies of muscovite: Am. Miner-
alogist, vol. 24, pp. 255-266, 1939.

composition of any sample of muscovite can be expressed in terms of these

three end members. The end members are potassium muscovite (IGK2Al6Si6O24),

phengite (H6K2(Fe,Mg)2A14 Si6024), and ferric iron muscovite (flK2Fe2AlkSi6

24-The refractive indices of muscovite increase with the proportion of

the ferric iron muscovite in the mineral0 The total amount of iron can

not be ascertained by optical methods alone, however, as the iron may also

be in the ferrous form in the phengit~e member. Specimens containing

pThengite and the potassium muscovite member have the same indices for equal

amounts of the ferric iron muscovite. Information obtainable from refrac-

tive index determinations on the chemical composition of muscovite is there-

f ore less useful than similar data on plagioclase and beryl. Volk _J made

/ Volk, 0. W., op. cit., pp. 257-259, 1939.

22 chemical analyses and obtained the optical data on muscovite from various

pegmatites scattered throughout the world. These analyses are in an area

on the diagram midway between potassium muscovite, phengite, and 0 to 38

percent ferric iron muscovite. The median refractive index (Ne) was de-

termined on 95 specimens of muscovite from the Qiartz Creek district and

ranged from N@ 1.585 to 1.606 (table 8), indicating from 0 to 28 percent

of the ferric iron muscovite molecule. It was thought originally that a
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variation in the refractive indices, ad thus in ferric iron content,

might be found between units or layers. Table 9 shows the median refractive

indices (Ne) of muscovite from the wall zone and core of seven zoned pegma-

tites, There is a small variation in the refractive indices but the varia-

tion is not constant, either in direction or amount. The median refractive

indices of muscovite in layered pegmatites (table 10) show a small but un-

systematic variation between the hanging-wall to the footwall layers, A corn-

parison of median refractive indices of muscovite from pegmatites in various

types of country rock was made. The lack of sufficient samples from iegma-

tites in the granite and quartz monzonite made this work inconclusive, but

the variations are in~ the same range as those' from pegmatites in the horn-

blende gneiss or tonalite. Comparison was also made between the muscovite

in various beryl-bearing and non-beryl-bearing units. The refractive indices

of the muscovite in the beryl-bearing units were in the same range as those

in the non-beryl-bearing units.
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Table 8.-NuTmfer a:id distributtion of meflan refractive indices (Ig,) found
in flat and curved muscovite

IMedian inC~ex
(1R)

1.585
1.536
1.587
1.588
1.589
1.590
1.591
1.592
1.593
1.594
1.595
1.59 6
1.597
1.598
1.599
1.600
1.601
1.602
1.603
1.604
1.6o5
1.606

humb er
Flat trcs covit e

0
0

4

12
7
4

7

8

6

5

of s-pecimens
Curved mus covit e

1
0
0

0
2
1
0
2
0

0
2
0

1
0
3
0

Table 9.--Median refractive index (No) of muscovite from zoned pegmatites

Pega;atite ]NT( of muscovite Ng of muscovite
2To. in xwall zone in core

174 --- 1.592
208 1.599 1.578 (zirnnwaldite)
213 1.592 1.599
245 1.596 1.594
266 1.597 ).595
268 1.595 1.597
321 1.594 --
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Table l0 .--Mc dian refract ive index (NT ) of mus covit e in layer ed pegmat it es

Pegmat it e 1i ( of muscovit e in N(a of muscovit e

.1, hanring wall in footwall

913 1.597 1--
927 i.604 1.600
937 l,597 --
944 1.601 1.601
953 1-599 1.602
954 1.605 1.603
958 i.606 1.598
959 1.605 1.605
963 1.605 1.603
969 1.605 1.602

951.598 1.601
997 i1.603 1.598

1132 1.601 1.601
1172 1.595 1.594

It was thought that the curved muscovite in the Qpartz Creek district

might also be a lithium mica, but median indices (N(3) determined for 16

specimens of curved muscovit e show the sazne range of index and approxi-

mat ly the sam~e distribution as the flat muscovite (table 8). Thrthermore,

the angle 27 of the curved mica (40 degrees) is much too high for a lithium

mica. Several lithium micas were foiuid, however, in making refractive index

determinations on muscovite. These miceas are colorless, flat, and asso-

ciated with cleavelandite. Their median index ranges from 1.560 to 1-578

which is below that of the muscovite series. These specimens are in the

zinnwaldit e range of the lepidolit e series. There is no sure way to dis-

t inguiish 'hit e lithium mica from muscovit e in hand specimen. The lithium

micas are more brittle, and the presence of clea~velandite should lead one

to consider the possibility of lithim micas being present. A sirmple test

to distinguish the two involves the use of a blowpipe: the lithium micas

can be fused but muscovite can not.
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Garnet

Approximately 55 percent of the pegmatites of the Quxarts Creek district

contain minor quantities of garnet. It is commonly in crystals less than

0.0J inch in diameter and may be overlooked easily. Garnet ranges In size

from less than 0.01 inch to 1 inch in diameter, but crystals over 0.15 inch

are rare. This mineral occurs in all the pegmatite units, but has a decided

preference for the fine-grained plagioclase-rich parts, such a-s found in

the footwall units of layered pegmatites, the vall zones of zoned pegma-

tiles, and homogeneous pegmat it es. It is found in cryst als 0.20 inch and

larger in the coarser-grained cores, but in most cores it is absent.

Rhougha garnet is wid1ely dis tribut ed throughout the district, is const itut es

only a trace to less than 1 percent of most pegnatites;- in a few of the

smaller ones it makes up as much as 1 percent of the rook.. Garnet is -

erratic in distribution, and some parts of a pegmatite may contain several

percent while others contain none. In the Buc4y pegrnatite (70 1574) rock'-

exposed in two pits contains several percent garnet, irhereas in the same

unit in other pit s t he mineral is absent . Brown garnet is c onspicuous .in

"line rock ", forming long thin bands which contrast wit-h the white plaglo-

clase-rich bands.

The garnet occurs singly or in clusters as light-brown, reddish-brown,

and black euhedral crystals, Some crystals are black on the outside due to

manganese staining, but others are black throughout the czystal, The garnet

in many pegmatites is clear reddish brown with no manganese staining. One

of the larger crystals is an intergrowth of garnet and quarts.

The garnet group mayr be divided into six members -almandite

(?e3 Al2 Si3 01 2 ), spessartite (Mn 3Al2 Si3 O1 2 ) pyrope'0(M 3 Al2 Si30) rossu-

larite (Ca3Al2Si3O12 ), andradite (Cag9e2Si3012 ),- an&d nwarovite (- gr 31
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Ford _/, Fleischer _J, and Wright _J have shown that garnet specimens do

Jf Ford, W. E., A study of relationships existing between the chemical,
optical and other physical properties of the members of the garnet group:
Am, Jour. Sci., L4th ser., pp, 33-49, 1915.

JFleischer, Michael, The relation between chemical composition and
physical properties in the garnet group: Am, Mineralogist, vol. 22, pp.
751-759, 1937.

/Wright, W. I., The composition and occurrence of garnets: Am,
Mineralogist, vol. 23, pp. 436-449, 1938.

not correspond usually to any single chemical type, but contain two or more

molecules in solid solution, It was shown first by Ford J that the index

J Ford, W, E., op, cit., pp. 33-49, 1915.

of refraction and specific gravity of a garnet depend in a simple and direct

way on the chemical composition, He calculated the index of refraction and

the specific gravity of 23 garnets from their chemical composition. These

values agreed within less than 2 percent with those determined by direct

measurement. The reverse process is not so simple, as a single determination

of refractive index or specific gravity may correspond to several combina-

tions of end members. It would be possible from a series composed of three

different molecules to have a number of different combinations with the

same index of refraction. The problem is somewhat simplified because all

garnet s are in one of two groups: the aluminum-bearing garnets (almandite,

spessartite, and pyrope) and the calcium-bearing garnets (grossularite,

andradite, and uvarovite). These two groups, as shown diagrammatically by

Winchell _J, are miscible with each other only in limited amounts.

J Winchell, A. 1S., Elements of optical mineralogy: pt. 2, p. 175,
1947.

Wright _J compiled 35 analyses of garnets from pegmatites and 18 from
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Jf Wright, W. I., op, cit.,pp. 459, 446, 1938.

granites which he converted into weight percent of the five common members

of the garnet group, naznely: almandite, spessartite, pyrope, grossularite,

and andradite. flis conclusions from studies of garnet from pegmatites and

other types of rock are: Ci) that there is a remarkable constancy of one

variety of garnet in each rock type, and (2) that spessartite and almandite

constitute 85 to 90 percent of the molecules from pegmatites and granites.

Thus, if one of the major constituents is known, the other can be estimated

within a limit of error of 5 to 15 percent. Winchell _J has compiled data

_J Winchell, A, N., op. cit ,po. 179-181, 1947.

by Ford and others into several diagrams from which, if the garnet group is

known, and the specific gravity and index of refraction have been deter-

mined, a general composition in terms of the garnet molecules can be de-

rived.

Indices of refraction were determined on garnet from 15 widely scatter-

ed pegmatites in the Quartz Creek district. Specific gravity was not de-

termined, but all specimens were qualitatively tested and found to contain

manganese. All the indices of refraction are between l.8l0 and 1.820 with

many specimens having refractive indices about 1.815. The indices of re-

fraction show small variations, but in general the garnet of this region is

remarkably similar in index and composition. The proportion of almandite

and spessartite can be roughly evaluated by neglecting the small percent

pointed out by Wright to be taken up by the other garnet molecules and

assuming that the mineral to be made up only of spessartite and almandite.

In this case the garnet would range from 67 percent spessartite, 33 percent
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almancdite (N = 1.1810) to 53 percent spessartite, 67 percent almandite

(N =' l.820). Most of the values would be closer, however, to 50 percent

spessartite and 50 percent almandite (N = 1.815).

Garnet is associated with all the common and almost all the rare peg-

matite minerals. It does have, however, a tendency to occur more abundant-

ly with fine-grained plagioclase. In pegmatite units that are perthite-rich,

Garnet, if present, commonly will be associated with the plagioclase.

Magnetite and martite

Magnetite, commonly altered to martite, is widespread in minor quan-

tities and is found in approximately 20 percent of the pegmatites. Most

pegmatites contain only a few scattered crystals, but several of the small-

er pegmatites have about 1 percent.

Magnetite and martite are dull to steely black in color and rarely

form well-developed octahedra. Almost all specimens, however, have good

octahedral (111) parting which easily distinguishes this mineral from

columbite-tantalite. The mineral ranxges in size from grains less than

0.10 inch in size to round masses as much as 5 inches in diameter.

Magnetite and martite are found as an accessory mineral in the feld-

spathic pegmatites, but are not found in any of the lepidolite-bearing

units. They are in both the perthite-rich and the albite-rich pegmatites,

and are one of the few accessory minerals found in graphic granite. The

distribution of magnetite and martite is usually erratic; a few small areas

in the pegmatite may contain 1 or 2 percent and the rest of the pegmatite

only a trace. They are associated commonly with perthite, albite, quartz,

and biotite, and in a few places with garnet. Few beryl-bearing pegma-

tites contain either magnetite or martite, the two minerals are nowhere

adjacent to each other. Wiuscovite is nowhere associated closely with the
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magnetite although they may both be in the same pegmatite, wThereas biotite

is closely associated with magnetite or martite.

The association of magnetite with biotite but not with muscovite is

easily explained. Those parts of the pegmatite with sufficient iron to

form magnetite also bad sufficient iron to form biotite; those parts free

of iron would contain ruscovite in place of biotite.

Biotite

Biotite is found in almost 20 percent of the pegmatites on the west side

of Qaartz Creek, but is found in only 6 percent of the pegmatites on the

east side. In most of the pegmatites biotite forms considerably less than

1 percent of the rock; in a few of the smaller pegmatites it forms several

percent.

Biotite is dark to greenish black and occurs in widely scattered blades

from a fraction of an inch to 8 inches in maximum dimension; in most pegma-

tites the blades are 0.25 to 0.5 inch. The larger blades usually occur in

small areas and may be either restricted to core segments or small patches

in the otherwise uniform homogeneous pegmatite or the wall zone of a zoned

pegmatite.

The median refractive index (Ne) of seven specimens ranges from 1.636

to 1.671. Not only do the refractive indices vary from specimen to speci-

men but also in different parts of the same book. Much of the biotite is

partly altered to chlorite and the variation in refractive index depends

on the extent to which the biotite has been altered. These median refrac-

tive indices indicate that the biotite approximates siderophyllite J/ in

J97_ Winchell, A. N., Elements of optical mineralogy: pt. II, p. 273,
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composition and is high-iron rather than high-magnesium biotite,

Biotite was found in part of the lepidolite-bearing pegmatites, but it

is not in the same units as lepidolite. It is common in both perthite- and

albite-rich pegmatite and is one of the few accessory minerals in graphic

granite. Biotite is commonly associated with magnetite or martite; musco-

vite is found only in the magnetite-free part of these pegmatites.

Beryl

Beryl is found in 232 pegmatites and is widely distributed; in most peg-

matites in the Qiartz Creek district there are only a few small crystals,

Beryl is found in all types of pegmatites and pegmatite units: homogeneous

pegmatites; core, intermediate, and wall zones of zoned pegmatites; various

layers of layered pegaiatites; and units of pegmatites that differ in com-

position along strike.

Beryl may be brown, white, gray, greenish white, pale green, greenish

gray, or pale blue green. The white, brown, and greenish white beryl is

the most common, and it is difficult to distinguish from feldspar in many

exposures. The beryl crystals range from 0.006 inch to 2 feet in diameter.

In fine-grained albite-rich pegmatites the beryl crystals are 0.10 to 0.25

inch in diameter, but larger crystals occur in the- coarser-grained inter-

mediate-zones and cores. Although beryl was found in a higher percentage

of the albite-rich units than in perthite-rich ones only the latter con-

tained beryl in pieces large enough to be hand cobbed. The average beryl

crystal is app-roximately twice the size of the albite and about half the

size of the associated perthite grains.

Beryl occurs as subhedral to eahedral hexagonal crystals; tapered

crystals are rare except at the Buckyj pegmatite (No. 1574). Intergrowths
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of beryl with feldspar, quartz, tourmaline, or other minerals are common

in some regions, as in northeast ern Brazil Jf, New Hampshire, Connecticut J

J Johnston, W. D., Jr., Beryl-tantalite pegmatites of northeast-ern
Brazil: Geol. Soc. America Bull., vol. .56, pp. 1032-1034, 1945..

J Shaub, B. M., Contemporaneous crystallization of beryl and albite
vs. replacement: Am. Mineralogist , vol. 22, PP. 1045-1051, 1937.

and the Eight-Mile Park district, Colb. Jf, but in the Quartz Creek dis-

J Heinrich, E. W., Pegmatites of Eight Mile Park, Fremont County,
Colorado: Am. Mineralogist, vol. 33, pp. 557-558, 1948.

trict only one mixed crystal was found. It was intergrown with garnet and

quartz near the center of the crystal and with albite near the outer edges.

Beryl may contain as much as the theoretical maximum of 14.0 percent

BeO. In most beryl, however, substitutions involving 0520, i2O, Na2O,

and A12 03 lower the Be0 content and it commonly ranges from 11 to 13

percent _/. Winchell _/ and later Schaller _/ have shown that the decrease

JSchaller, W. T. , Unpublished chart,.
Adams, J. W., Beryllitim deposits of the Mt. Antero region, Chaffee

County, Colorado: U. S. Geol. Survey Bull., (in preparation).
JWinchell, A. N., Elements of optical mineralogy: part II, p. 213,

1947.
J Schaller, W. T., Unpublished chart .

in BeO content is accompanied by an increase in the refractive indices,

and have compiled charts showing the alkali and BeO content

for any particular refractive index, According to Schaller's chart, the

refractive index of the slow ray (Nw) of beryl containing 14 percent BeO is

1.566, whereas the refractive index of beryl containing 10 percent BeO is

1.600.

The refractive index of the slow ray (Nv), determined for 183 beryl

specimens from various units, ranges from 1.573 to 1.585 and averages 1.578.
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These determinations are compiled in table 11 together with the deter-

rainations of the minimum refractive index on cleavage plates of the asso-

ciated plagioclase. The table is divided according to country-rock types

and subdivided according to the type of pegnatite and internal structure.

This table shows that the refractive index of beryl, and therefore the

composition, varies irregularly in the different types of pegmatites and

internal units. There appears to be no correlation between type of coun-

try rock and the refractive index of beryl. Only two specimens of beryl

were obtained from pegmatites in the quartz monzonite and six from pegna~-

tites in fine- and coarse-grained granite.

It has been noted in the Black Hills _J and other districts _J that

_J Page, L. R., et al, Pegmatite investigations, 1942-1945, Mlack
Hills, South Dakota: U. S. Geol..Survey Prof. Paper (in preparation).

J Cameron, E. IT., let. al, op. cit., p. 99, 1949.

there is a systematic increase in the alkali content of beryl from the wall

zone inward toward the core. Similar data on beryl from zoned pegmatites

from the Qpartz Creek district is rather meager because a large part of the

beryl found was from a single zone of a zoned pegmatite. The refractive

indices of beryl from different units of zoned pegmatites are compiled in

table 12 together with the mininnun refractive index of albite for compari-

son. Most pegmatites have only small cores and are zoned poorly. A dif-

ference TC S.O01 is all that is noted from wall zone to core of the more

simply zoned~ pegmatites. The refractive indices of the slow ray of beryl

from three pegmatites that contain beryl in an intermediate zone as well as

either a core or a wall zone differ as much as 0.003 between the inter-

mediate zone and either the core or wall zone. This increase inward in al-

kali content is in accord with the findings of previous workers.
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Table ll.--.~The number of refractive index determinations of plagioclase and beryl, their
relation to different types of country rock, and types of pegmatites or units.

Country rock and
type of unit

Hornblende gneiss and tonalite
Homogeneous pegmatite

Zoned pegmatites
Wal) zone
Intermediate zone(s)
Core

Layered pegmatites
Lower layer
Median lawyer( s)
Upper layer

Pegmatites which change
composition along strike
Fracture filling

Grntadhrbed gneiss
and tonalite

Homogeneous pegmatite

Lowest refractive index on
plates of plagioclase

l.52S 1.529 1.530 1.531

cleavage

Other

13 16 21 6 1.532-5

1 ig 6: 2 1.53)4-1
1
1

1
7

1
3

5 3 1

1 6 5 i

2 1 3
1

Highest refractive index on cleavage plates of beryl

lA7~ 1. 76

14

3

1.1577 l-F57g 1.579 l-5S0 l-5S1 Other

7 10 17 13 2

3 3 1 1 1
1 1

2 14 7 14 2

1

1 2 3

1 1.527-1
1.534-1

3 S 9 6 1.527.-2
1.532-1

3 1.573-1
l-5g2-2
1.-583-1
1.-5S5-l

1-5g2-2

1

2

2
2

2 2 14 6 3 14 2 1.574-1
1.5$4-1

Zoned pegmnatites
'wa11 zone
Intermediate zone( s)
Core

Layered pegmatite
Lower layer
Upper layer

Pegmatites which change
along strike

2

1 2

2

3

2 3

2 1
1.533-1

2 3 1.539-1

2
1

2
3-

1. 535-1
1. 535-1

1
1 2

1

2 1

1 1

3 3

1 1

2 2

2

1 1.574-1

.



Table 11.. ~The numn-ber of refractive index determinations of plagioclase and beryl, their
relation to different types of country rock, and types of pegniatites or units Continued

Country rock and
type of unit

Lowest refractive index on cleavage
plates of plagioclase

l.5 28 1.529 1.530 1.531 Other

Highest refractive index on cleavage plates of beryl

1.575 1.576 1.577 _1.57S 1.579 1.580 1-581 .Other

Fine- and coarse-grained granite
Homogeneous pegmatite

Quartz monzonite
Zoned pegmatites

Wall zone
Core

Country rock unknown
Homogeneous pegmatites 1 1-532-1 1 1

3 1 1 1

1.537-1
1.532-1
IL.535-1

1 1 . 3-

1
1

91
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Table 12.-Refractive indices of plagioclase and beryl from beryl-bearing
units of zoned pegmatites

Pegatte>~ wall1zone - Int ermediat e zone Cor e

Pemaiteof Ne ,of Ne of Ne of Nes of Nw. of
]No. plagioclase beryl plagioclase bey plagioclase beryl

174 1.529 1.528 1.580
250 1.530 1.580 1.579
279 1.531 1.576 1.529
289 1.529 1.530 1.578
436 1.529 1.578 1.577
454 1.529 1.529
455 1.529 1.529 1.578
535 1.534 1.577 1.529 1.580
847 1.533 1.576 1.539 1.579
989 1.530 1.529 1.580

1002 LA531 1,530 1.578
1025 1.529 1.53I 1.578
1044 1.529 1.530 1.575
1202 1.530 1.530 1.578

(1) 1.532 1.578
1402 1.537 (2) 1.535

(i) 1.528
1574 (2) 1.530 1.579 1.528 1.582

Refractive indices of beryl and plagioclase from layered pegmatites

have not been published Tb i gives the refract ive indices of these two

minerals in 12 two-layered pegmatites. These pegmatites contain an upper

layer of perthite-rich rock and a lower layer of albite-rich rock. Most of

the beryl is found in the coarser-grained upper layer; in two pegmatites it

occurs in both layers. In these two pegmatites the beryl showed essentially

no change in refractive index between units.

Beryl is associated with plagioclase, quartz, perthite, muscovrite, gar-

net, lepidolite, tourmaline, topaz, microlite, tantalite, monazite_, gahnite,

and biotite. Beryl is not associated with any one of these pegmatite min-

erals to the -exclusion of the others. It has not, however, been found in

graphic granite pegmatite,. Beryl usually is in clusters or groups of

crystals; in many pegmatites only three or four closely spaced crystals
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are found, In pegmatite lb, 279, 55 crystals of beryl were found in an area

about 2 feet square. This was the only beryl noted, although this branching

pegmatite exceeds 720 feet in length. Many other pegrcatites have a similar-

ly spotty distribution of beryl.,

Table 13.--Refractive indices of plagioclase and beryl from beryl-bearing
layered pegmatites

Lower 1a' er Upper 1a
Pegmatite N~iof f lb of 5,1of N. of

ibo. plajgioclase beryl plagioclase beryl

270 1.530 1.528
417 1.529 I 1-577 1.530 19577
432 1.530 1.529 1.576
433 1,530 1.530 1.577
435 1.529 1.529 1.575
462 1.529 1.529 1.,578
548 1.529 1.529 1.576
778 1.535 1.535
985 1 1530 1.578 1.530 1.577

1004 1.529 1.529
1105 1.530 1-579 1.531
1172 1.531 1,529

Tourmaline

Tourmaline is relatively rare in the Quiartz Creek district, and has been

found in only 48 of the 1,803 pegmatites studied. In many peginatite areas

tourmaline is present in most pegmatites, but the Quartz Creek district is

distinctive for its lack of tourmaline and the low boron content of its

pegmatites. Except in the lithium-bearing pegmat.tes, only a few grains

occur in each pegmatite3 Some units in the lithium-bearing pegmatites

contain as much as 3 percent tourmaline,

The tourmaline is black, &ark green, blue, light green, and pink. The

green, blue, and pink varieties are found only in the lepidolite-bearing

pegmatites; the black variety occurs in both lepidolite- and non-lepidolite-



9i

bearing pegmatites. Of the 48 tourmaline-bearing pegmatites 38 contain

only the black variety. It occurs in subhedral to anhedral crystals; com-

monly the m(l0lO) and a(ll2b) prism faces are the only faces developed0 In

many places it is in small pods of coarse-.grained quartz or quartz-perthite

pegmatite in an otherwise homogeneous body. Black tourmaline has been

found associated with quartz, perthite, albite, muscovite, beryl, garnet,

cleavelandite, biotite, monazite, columbite-tantalite, and gahnaite, but

not with lepidolite and topaz.

The black tourmaline was found only in outer zones, completely free of

lepidolite; in many zones it is restricted to the extreme hanging-wall or

footwall part. Dark-green tourmaline was found either in zones containing

lepidolite or the adjacent zones. It is common in the outer part of

lepidolite-bearing units and the inner part of the adjacent unit. It is

nowhere in contact with lepidolite, but occurs in the cleavelandite-quartz

part of the zones. Pink and pale-green tourmaline occur adjacent to

lepidolite in lepidolite-bearing units. These two varieties of tourmaline

commonly occur together; the pink variety is more abundant. In the Brown

Derby No. 1 pegmatite (No. 452) these varieties are together as "watermelon"

tourmaline, in crystals which have a pink core and light-green rime The

dark blue variety of tourmaline is not present as individual crystals, but

forms massive wavy bands in lepidolite-bearing pegmatites where it occurs in

part with the black tourmaline and in part with the dark-green tourmaline,

There is commonly a thin band of small garnets in the center of the blue

bands, Figure 15, a sketch of part of pegmatite No. 4-53, shows the relation

of various colored tourmalines to the pegmatite units,

The indices of refraction vary as well as the color., Table 14 gives

the higher refractive index (N.) of 19 tourmaline specimens; eleven are of
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black tourmaline and range from 1.652 to 1.664. The two specimens with

the lowest refractive indices are from the outer edges of lithium-bearing

pegmat it es. Three dark-green tourmaline specimens have refractive indices

of 1.646 and 1.647, all lower than black tourmaline. The black variety

grades into the dark-green variety and it is to be expected that, if

enough determinations of indices were made, a gradational series would be

formed, with the green varieties having the lower refractive indices. Two

pink tourmaline specimens from different pegmatites have refractive in~-

dices (ija) of 1.643 and 1.637. A pale-green tourmaline and a pink tourma-

line from adjacent areas in pegmatite INo. 452 have a refractive index for

the slow ray of 1.637; the pink core and the pale-green rim of a "water-

melon"' tourmaline had a refractive index for the slow ray of 1.634. The

pale-green and pink varieties appear to vary in composition and varia-

tion can not be correlated with color. The different colors may be caused

by either the presence of a minor element that does not affect the re-

fractive indices, oxidation or reduction of an element in different states

of oxidation, or to a slight rearrangement of the molecular structure of

tourmaline. The sequence from black tourmaline on the outer parts of

lepidolite-bearing pegmatites to pale-green and pink tourinaline in the

lepidolite-bearing part can be correlated with a progressive change in

refractive indices9 but the pale-green and pink crystals which grew to-

gether in the samne environment without detectable changes in index can

not.
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Table 14,--Re 'ract ive index (N) of t ourmaline, Quart z Creek dist rict

Percnatie NO - - - ,

205
215
231
251
306
311

1238
1238
1278
1322
1607
215
306 .
306 4
306
452
452

452

Peemat it e Name

Opportunity No. 1

Opportunity No. 4

Opportunity
Opportunity
Opportunity
Opportunity
Brown Derby
Brown Derby

No.
No.
No.
No.
No.
No.

1
4
4
4
1
1

Brown Derby No. 1

Early work has shown that change in color in tomurmaline commonly varied

with the density of the crystals _J, the axial ratio a:c _J, and the re-

/JJ
Toscana

DtAchiardi, A., Mineralogia della Toscana, Pisa, 1872,
D'Achiardi, G,, Le tourmaline del graniteo elbano: Atti della soc.
di Scienze Naturali, Memorii 15, 1896.

fractive indices, Color also was shown to vary with the chemical cornposi-

t ion by more recent spectrographic work J/; Carobbi and Pierticcini _/ con-

J Warner, T. W,, Spectrographic analysis of tourmalines with correla-
tion of color and composition: Am. Mineralogist, vol. 20, pp. 551-536,
1935.

J Carobbi, G., and Pieruccini, R., Spectrographic analysis of tourma-
lines from the island of Elba witgcorrelation of color and composition:
Am. Mineralogist, vol. 52, pp. l2143Q6i947.

dlude from their studies that the pink color is caused by manganese with

lithium and cesium. In the Qjuarts Creek district, manganese is present in

most units but appears to be concentrated in the outer zones as indicated

ITPegmatite No. Color

Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Black
Dark Green
Jark Gr een
Dark Green
Pink
Pink
Pale Green

(Pale Green
rim)

(Pink center)~

l.657
1.652
1e657
1.657
1.655
1 663
1.657
1.659
1. 655[
1. 6644
1.664
1.646
1.647
1.646
1.643
1.637
1.637

1.634
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by the higher concentration of garnets, The presence of manganese i~ a unit

does not insure that the tourmaline will be pink, though the pink variety

usually is high in manganese. Shainin _J had spectrographic analyses made

J Shainin, V. E., Unpublished analyses of tourmaline from Newry-
Rumford area, Maine.

of the minor base elements in four tourmaline specimens (table 15). These

analyses show that the greatest amount of manganese (0.5 percent) occurs in

a pink specimen and that all specimens contain manganese but that another

pink specimen contains no more manganese than the green and blue specimens.

Table 15.--Spectrographic determination of minor elements in tourmaline from

Maine j/

Color Mn Ti Ga Sn> Pb Zn

Deep blue .2 .01 .02 .01 <.001 .5
Green .2 .005 .02 .05 .02 .1
Pink .5 <.001 .02 .01 -- .2
Deep pink .2 <.00l .01 ,05 .05 .02

j Analysis made in the Investigations Section of the Geochemistry and
Petrology Branch of the U, S. Geological Survey for Vincent Shainin0 Janet
fletcher, Analyst.

Lithium and cesium are both more abundant in the lepidolite units,

lithium is a major component and cesium a minor component. Stevens Jf in an

J Stevens, R. B., New analyses of lepidolites and their interpreta-
tion: Am. Mineralogist, vol. 23, p. 615, 1938.

article on lepidolites gives the analyses of 17 lepidolites from widely

scattered districts in which Os20 ranged from 0 to 0.67 percent; the average

was 0.23 percent. These analyses show that cesium is coQcentrated in appre-

ciable amounts with the lithia, and that the two are comparatively abundant

in those parts of the pegmatite where the pink and pale.-green varieties of
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tourmaline occur. The coloring elements are difficult to determine be-

cause of' the large number that are present in minor amounts in tourmaline.

Tourmaline acts as a scavenger and takes into its structure small quantities

of a great variety of elements.

A list compiled from the spectrographic work of Shainin J/, de Azcona J/,

JShainin, V. E., Unpublished analyses from Newry.-Rumnford area,
Maine,

J d~e Azcona, J. M. L., Is there lead of radioactive origin in tourma-
line: Report of the Committee on the Measurement of Gologic Time 1943-
l944-1l94I5-l946, p. 61, 1947.

Carobbi and Pieruccini _J, and Warner Jf includes the following 50 elements

JCarobbi, G., and Pieruccini, R., op. cit., p. 123, 1947.
JWarner, T. W., op. cit., p. 53.5, 1935.

found in tourmaline: B, Si, Al, Ti, Fe, Ni, Mg, Mn, Cu, Ca, Na, K, Ba, Li,

Sr, Cs, Be, V, Ta, Sc, Sn, Ce, CGa, Pb, Zn, Cr, Co, Se, Ag, and Sb. Some

of these elements are reported in tourmaline from only one area, while

othbres are almost universal. The presence of some of these elements de-

pends on whether or not they were available in the peginatitic liquid at the

time the tourmaline was formed.

MBZrgr elements appear to have little or no effect on the color of tourma-

line as they are present in some colored tourmalines and absent in others.

Other elements may be responsible for a change in color only when found

together with some other elements,

In re'suml, all tourmalines in the Quartz Creek district other than the

black variety are in the 1eidolite-bearing pegmatites. There is a gradual

color change from black through blue and dark green to pink and light green

paralleled by a change in refractive indices as the lepidolite-bearing parts

of the pegmatite are approached. Changes in the concentration of a group
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in color of the tourrmaline'. The amount of alkalies probably is responsible

for the color change and these elements probably have a greater affinity

for the tourmaline structure than r-aniy metallic elements.* Iron and manganese

are usually equally available in most pegmatite units. Whnen iron is allowed

into the structure it helps to darken the mineral to black or dark green,

but "The development of the lighter shades demands the presence of lithia

and other alkalies. The various shaades of green and blue are probably

caused by the presence of various other elements.

Coluiibit e-tantalit e

Columbite-tantalite has been found in 29 pegmatites of the Quartz Creek

district. It occurs in homogeneous pegmatites; wall zone, intermediate

zone, and core of zoned pegmatites; layered pegmatites; and in parts of

pegmatite which show variation along strike. These columbite-tantalite-

bearing pegmatites are widely scattered over tIhe entire district.

Columbite-tantalite is found in only a few crystals in most peginatite.

units except in pegmatites No. 1234 and No9 452 (Brown Derby No. 1). In

the latter pegmatite it makes up 1.4 percent of the rock in a small unit

about 20 feet long and 1 foot wide.

In the Qu~artz Creek district the columbite-tantalite is black with a

dull to lustrous surface. It has a black to broirn streak. The tabular

crystals range from the thickness of a sheet of paper to 1 inch and are

from a fractIon of an inch to 4 inches long. The crystals are usually sub-

hedral to euhedral with the brachipinacoid, b(0l0), forming the tabular

faces present in most specimens. Other faces which were noted on some of

the colunbite-tantalite crystals are: a(lOO), d(llO), g(l3o), k(Oll), and

u(lll).
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The columbite-.tantalite, (Fe,Mn2)(Cb,Ta)206, series is one of complete

gradation between iron and manganese, ad columbiun and tantalum. Members

of this series are divided on purely arbitrary standards with the columbite

consisting of that part of the series where columbium exceeded tantalum in

amount, and the tantalite part of the series where tantalum is in excess. A

secondary division is made in these two main divisions by naming the mineral

ferrocolumbite or ferrotantalite if the ratio of iron to manganese is greater

than 3:1, and manganocolumbite or manganotantalite if the ratio of manganese

to iron is in excess of 3:1L The specific gravity, the streak Jf, and pro'-
JDe Almeida, S. C., Johnston, W. D., Leonardos, O0, H., and Scorza,

E. P., The beryl-tantalite-cassiterite pegmatites of Paraiba and Rio Grande
do Norte, Northeastern Brazil: Econ, Geology, vol. 39 . 218, 194j,

ably certain other physical properties vary with the columbium and tantalum

content. Because chemical analysis of these two elements is expensive, the

approximate composition is obtained by specific gravity determinations and

reference to charts that related the specific gravity to the columbium-

tantalum ratios The ratio of iron to manganese has only a minor effect on

the change of gravity, and the higher the specific gravity the higher the

tantalum content. Table 16 gives the specific gravity of 8 specimens from

the Qpiartz Creek district as determined on a Jolly balance. These specimens

range from an almost pure manganocolumbite (specific gravity 5.0 and 5.l) to

a columbium-rich tantalite (specific gravity of 6;7). As only the latter

specimen falls in the tantalite field, this district appears to be one that

contains columbite almost to the exclusion of tantalite, Hanley Jf gives the

JHanley, J-. B. , et, als op. cit0., p, 71, 1950

specific gravity of a piece of columbite-tantalite from 'egmatite Nfo. l452

(Brown Derby No, 1 claim) as 5.61 and the chemical composition of 72 per.-

cent Cb205 and 6 percent Ta209,
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The sp cimen on which the chemical work was done was collect ed by Eckel !,

/Eckel, B, B., op. cit., p. 24j, 1933.

and was a different specimen from a different pegmatite unit from the Eanley

specimen. Because the columbiwn-tantalua ratio commonly varies from zone

to zone and evidently does on the two specimens used, the agreement is not

good between the conrposition obtained from the specific gravity and that

given by Eckel.

Table 16.---Measurements of specific gravity on columbite-tantalite

Pegmatite INumber Internal Unit Specific gravity

205 I Core6.
205 Core63
245 Core5,
452 Layer 5.8

1234 Wall zone 5.0
1234 Wall zone 51
1557. Core 6.7
1574v Int ermediat e 6.0

zone

Columnbite-tantalit e is found in direct contact with the following min-

erals in one or more pegmatites: quartz, albite, perthite, beryl, musco-

vite, monazite, biotite, tourmaline, and gahnite. It also has been found

in the same zones, but not in direct contact with: garnet , topaz, micro-

lite, martite, and lepidolite. Though it is associated with almost all

the pegmatite minerals, there are three associations which are most common

in the Quartz Creek district: (1) with massive quartz (2) with cleave-

landite or cleavelandite and quartz, and (3) with feldspar (either perthite

or plagioclase) and monazite. That its association with monazite is not

pure happenstance can be seen in that 9 of the 24 monazite-bearing pegma-
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tites, or 37 percent, contain columbite-tantalite (fig. 19).

Monazite

Monazite, (Ce,La,Td.,Pr)P04 , is found in 24, or approximately 1.5 per-

cent of the pegmatites. It occurs in homogeneous pegmatites; cores, pods,

and intermediate zones in zoned pegmatites; and in layered pegmatites. In

three pegmatites, namely the Brown Derby No. 1 (No. 452), the Black Wonder

(No. 847), and the Bucky (No. 1574), monazite is found in more than a

half-dozen crystals. A unit 20 feet long and 1 foot wide at the Brown

Derby No. 1, pegmatite No. 452, contains aporoximately percent. Of

two localities in the Black Wond.er pegma.tite (No. 847), one is worth

special attention in that it contains 0.05 percent monazite in ea inter-

mediate zone of plagioclase-irnscovite-quarts pegmatite surrounding a quartz

pod. This intermediate zone is about 4 feet thick, and the quartz pod-is

approximately 15 feet long and. 6 feet wide. In the Bucky pegmatite (No,

1574) the monazite occurs erratically in the mica zone around the quaartz

core.

Monazite occurs as euhaedral, dark-red to clove-brown crystals, that

range in size from 0.25 inch long, 0.12 inch wide, and 0.03 inch thick to

2 inches long, 1.5 inches wide, and 0.5 inch thick. Most of the larger

specimens come from the Brown Derby No. 1. Crystal forms identified include

the a(l00), m(llO), n(120), v(hi1), r(lll), x(101), c(0Ol), and h(305)

faces. The crystals are usually flattened parallel to the a(l00) face,

and some of them are also twinned parallel to this face.

The specific gravity of the monazite varies from 5.0 to 5.6, as de-

termined by the Jolly balance.

Optically, the monazite is colorless to yellow, with high bire-
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fringence. The lower index of refraction, (Na), ranges from 1.78 to 1.80,

averaging about 1.79. Table 17 shows that the specific gravity and lower

indices (NA) do not vary with a consistent relationship.

In the Qaartz Creek district monazite is associated with qgaartz, al-

bite, perthite, muscovite, columbite-tantalite, gahnite, biotite, and gar-

net. It usually is found, however, in a feldspar-rich part of the pegma-

t ite, and commonly produces a red stain in the feldspar immediately ad-

jacent to it. Of the 24 pegmatites containing monazite, 9 also contain

columbit e-t ant alit e,,

Table 17.--Lower index of refraction (Ex) and the specific gravity of
monazite

jPegraatite Number j Internal unit ,Index of refraction Specific
_____________(ix) gravity

452 Pod 1.80 5.3
290 Pod j1.79 5.1
847 Pod 1.78 5.1
847 Intermediate 1.78 5.6

zone
997 Footwall layer 1.79 5.3

Lepidolit e

Lepidolite is found in 17 pegmatites, comprising homogeneous pegma-

tites, coro, and intermediate zones o:f zoned pegm' tites, interior layers

of layered pegmatites and in parts of pegatites which show variation in

compoosition alone strike. Thus, no particular type of~ pegrmatite seems to

be favored. In the limited number of zonred pegmatites it appears to be

commonest in the central parts.

The lepidolite is white, lilac, or various shades of purple; lilac

to purple varieties are most common. It has three forms: (1) fine-

grained aggregates with individual sheets less than 0.25 inch in diameter,
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(2) large platy books 2 to 10 inches in diaetes, and (3) curved concentric

books, 0ft5 to 2 inches across (p1. x). The large-plate lepidolite is found

in 5 of the 17 pegmatites and form a group between the Brown Derby No. 1

dike (No, 452) and the Brown Derby No. 5 dike (No; 535), a maximum distance

of 2,200 feet. Only three pegmatites on the Brown Derby No.l claim (No. 452,

454, and 457) have curved lepidolite. The plate and curved lepidite are

either purple or lilac. An analysis is reported by Stevens Jf on large

J Stevens, R. E., New analyses of lepidolites and their interpreta-
tion, Am. Mineralogist, VOl. 23, p. 615, 1938.

plates of pale-purple lepif&.Lite from Ohio City. The sample probably came

from either dikes Noe 452, No. 453, or No. 454 (Brown Derby No. 1 claim),

as these dikes were the only ones that had been developed at the t ime con-

taining lepidolite in large plates. The analysis follows:

1120 5.05 MgO None
3102 49.-58 MnO 2.78
A1203  23.87 TiO2  0.06
K20 10 .14 H0- 0.51
NaO 0.57 R04 1.22
CaO None F '4
Rb2O 1.62 103.19
Cs2O 0.09 Less 0 F% .
FeO 0 .21 1/ 100 .04

21/ Total iron reported as FeO.
The formula for this lepidolite as determined from the analysis is

K4 Li7Al5 'A12S11 5040 (FOH)8 . Hanley J/ reports that the physical and

JHitiey, J. B., Heinrich, B. W., and Page, L. R., Pegmatite inves-
tigations in Colorado, Wyoming, and Utah: U. S. G-eol. Survey Prof. Paper
227, p. 72, 1950.

optical properties of all the lepidolite from the Brown Derby claim (pegma-

tites No. 452, No. 1453, and No. 454)are similar and the only chemical dif-

ference is that the manganese content of the large plates is slightly
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higher. Winchell _/ in a t riangular diagram shows that the median index of

J Winchell, A. IN., Elements of Optical Mineralogy: Part II, 3d ed.,
P. 271, 1927.

the lepidolite group of mica increased from the pwoiythionite

(H2K2Li3A13 Si8O24) and lepidolite (H4K2Li3A15 Si6O24 ) end members to the

protolithionite end member, (HgK2 Li 4Al3Si6O24 ), This increase of re-

fractive index is in general paralleled by an increase of iron and a de-

cr eas e of lithium and can be us ed t o det ermine t he approximat e Li2O cont ent .

The median index (Ne ) of 14 lepidolit e specimens from six different pegma-

tites (table 18) ranged from 1.555 to 1.578. Six specimens are white, or

white with just a tinge of lilac, and these specimens have the highest

indices (l,56o, 1.564, 1.564, 1.565, 1.575, and 1.578). The two specimens

with the 1.575 and the 1.578 median index give a strong qualitative test

for iron, and fall well in the range of zinnwaldite rather than true lepido-

lit e. The other f our lepidolit e specimens with high refract ive indices are

probably between lepidolite and zinnwaldit e in composition. Three specimens

of book lepidolite bad median indices of 1.557, 1.559, and 1.562 and one

specimen of curved lepidolit e had a median index of 1.560. These values

average only a little higher than the purple lepidolite occurring in fine-

grained aggregates and show that the chemical composition of the different

forms vary only to a minor extent. The shape and size of lepidolite gives

no clue as to its chemical composition or optical properties. The best

guide noted was color, with the paler and whiter forms having higher

refractive indices and less lithia.
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Table 18.-Mediana refractive index (Ne) and description of lepidolite from
Qpartz Creek district

kelmatite No. Pegmatite Name I N2 IDescription_

Opportunity No. 1

Opportunity
Opportunity

Opportunity

Brown Derby

Brown Derby

208
215

306

306

306

452

452

452

452-

461

535

535

535

637

1.578
1.565

1.557

1.558

1.564

1.557

1)555

1.559

1.560

1.562

1.560

1.564

1.557

1.575

Lepidolite is found in amounts that range

Only the Brown Derby No. 1 (No. 452) has units

from a trace to 95 percent.

containing lepidolite in ex-

cess of 10 percent of the rock, the White Spar No. 2 (No. 602) has lepido-

lit e making up 6 to 10 percent of the rock, and all others contained smaller

proportions. The units~that contain lepidolite and are commonly lens

shaped, are usually small; several are less than 15 feet long. The Brown

Derby No. 1 pegmatite (No. 452) contains by far the largest lepidolite

body. This unit is 319 feet long.

Lepidolit e was as so ciat ed with the f ollowing minerals: cleavelandit e,

No.
No.

No.

No.

No.

4
4

4

1

1

White (1/4-1/8 inch sheets).
White with lilac tinges
elongat e (3/4 inch) blades
in a radial aggregate

Lilac, 1/4-1/2 inch sheets
?urple, fine-grained ag-.
gregates (1/32 inch sheets)

White with lilac tinge
(1/4 inch sheets )

?arple, f ine-grained ag-
gr egat es (1/16 inch sheet s)

?arple, f ine-graine d ag-
gr egat es (1/8 t o 1/4 inch
sheet s)

Lilac, book lepidolit e
(6-inch sheet s)

?urple, curved lepidolite
(1 to 2 inch curved books)

A2 1%pe, book lepidolit e
(2 inch sheets)

Silvery white blades
(1/4-1/2 inch sheet s)

White, fine-grained
aggregate (1/16 inch sheets,

Lilac book lepidolite
(5 inch sheets)

Whit e (in aggregat e with
1/8-1/4 inch sheet s)

No. 1

No. I

Brown

Brown

Brown

Brown

Brown

Derby

Derby

Derby

Derby

Derby

No.

No.

No.

S

S

5
)



quartz, muscovite, perthite, topaz, beryl, microlite, albite, pink and green

tourmaline, columbite-tantalit e, and apatite. Cleavelandit e, the usual

form of albite found with lepidolite, is its commonest associate. In two

small pods the lepidolite is white and probably zinnwaldite. Topaz,

microlite, and colored tourmaline characterize the lepidolite units and are

rarely found outside of them.

Lepidolite in many places grows in compact aggregates with cleave-

landite or quartz; these minerals appear to have crystallized simultaneous-

ly. In other places, lepidolite veins and cuts cleavelandite, quartz, and

perthite. Topaz commonly is surrounded by a rim of lepidolite that may be

in part a product of reaction with the remaining liquid. Lepidolite appears

to have been deposited late in the course of crystallization because in

zoned pegmatites it is confined to the core where it is in part contempor-

aneous with the quartz and cleavelandite, and in part of later age.

Pyrochlore-microlit e

Pyrochlore-microlite is found in 14 pegmatites, all on the east side of

Quartz Creek. It does not occur in homogeneous pegmatites, wall zone of

zoned pegmatites, or the hanging-wall layer of layered pegmatites; but it

is found in the intermediate zone and cores of zoned pegmatites, interior

and lower layer of layered pegmatit es, and unit s of pegmatites which change

in composition along strike. The most favorable place is the core of zoned

pegmatites, as 7 of the 14 pegmatit es that contain pyrochlore-microlite

occur in this unit. Pyrochlore-microlite commonly occurs in a few scat-

tered crystals, except in pegmatite No. 217 (Opportunity No, 1 claim) and

pegmatite Nc. 452 (Brown Derby No. 1). In pegmatite No. 217 it occurs in

concentrations of 10 or 12 crystals in cleavelandite and quartz, whereas
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pegmatite ho. 452 contains 0.35 percent rnicrolite _/ in a central lepidolite

J Hanley, J. B., et al., op. cit ., p. 73, 1950.

unit.

Pyrochiore-microlite is light yellow, light greenish yellow, olive

green, light brown, or dark brown. The crystals are from 0.01 to 0.4 inch

in diameter. In massive fine-grained lepidolite the crystals are anhedral,

but in quart z and cleavelandite they are euhedral with well-developed to

distorted octahedrons, o(lll), and modified dodecahedrons, d(ll0).

Pyrochlore is essentially NaCaCb2O6F, and microlite is essentially

(Na, Ca)2 Ta206 (0, OH, F). The two species form an isomorphous series with

the columbium-rich members called pyrochlore and the tantalum-rich members

microlite. Besides the element s given in the above f ormulas, oxides of

some of the following elements may comprise several percent of the mineral.

K, Mg, Fe, Mn, Sb, Ce, La, Di, Er, Y, Th, Zr, U, Ti, Sn, and W.

Considerable work has been done on the microlite from the Brown Derby

No. 1 (pegmatite No. 452), especially during World War II, when it was

mined along with the lepidolite. An analysis of microlite from this peg-

matite by J. G. Fairchild has been previously reported _/ and is given

below:

J' Eckel, E. B., and Lovering, T.* S., Work of Eckel, Lovering, Fair-
child, Microlit e f ro m Ohio City, Color ado : Report of the Commit tee on the
Measurement of Geologic Tirre, pp. 78-79, 1935.
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Ta,205  68.47 BeO none
0b20.5 4,45 P205  none
TiO2 -10 CaO 9.19
SnO2 -95 M4g0 .04
UO2  1.69 PbO ,4O
U03  2,40 Na2O 2, 94
Tho2 4- rare earths zione 1(20 .25
A1203  .10 F 1.51
Fe203  1.91 Cl none
Mn0 .11 Insol. 4 Sib 2  .92
ZnO none H20 2.84
Cu0 .04 98.4l

Bi203  .07 ILess 0 =F .64
As205  trace(?) 97.77

The specific gravity of this material is 5.604, and its index of re-

fraction, as determined by J. J. Glass of the Geological Survey, is close

to 1.93. This analysis indicates that the mineral is microlite having a

high ratio of tantalum to colinnbium. As would be suspected from the

uranium content this mineral is highly radioactive and can be easily

det ect ed with a Geiger-Mueller count er .

The mat erial from the Brown Derby No. 1 pegmat it e (No. 452) is dark

brown to light brown. An olive-green specimen from the Brown Derby No. .5

pegmatite (No. 535) was analyzed spectrographically, and it was found that

the tantalum was more abundant than the columbium. This specimen is also

on the microlite side of the series. It gave a positive test with the

Geiger-Mueller counter, buat not as strong as that given by the dark-brown

variety,

One light-gr eenish-yellow specimen f rom pegnat ite No. 461 gives no

reaction to the Geiger-Mueller counter. The dark color of the pyrochlore-

microlite may be caused by the radioactivity of the uranium, as are the

brown halos surrounding the dark pyrochiore-microlite in the lepidolit e.

Similar observations were made by Adams _J at the Harding mine near

J Adams, J. W., Personal communication.
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Dixon, IT, Mex., where he found that light microlite was not radioactive

but dark microlite was.

Pyrochlore-'microlite is associated in the Qj.artz Creek district, with:

cleavelandite, lepidolite, quartz, and muscovite. The two types of occur-

rences are: Ci) with mas sive fine-grained lepidolit e, and (2) with cleave-

landite and smoky quartz. In eight pegmatites it occurs in lepidolite and

in s ix in cleavelandit e and quart z. In most places, where it occurs in

lepidolit e, cleavelandit e is pres ent in minor amount s; where it occurs in

cleavelandite, lepidolite is a minor constituent. Lepidolite is present

in 12 out of the 14 pyrochiore-microlite-bearing units, and cleavelandite

in 13. The occurrence of pyrochlore-rnicrolite with either lepidolite,

cleavelandite, or both, is common in pegmatites in other areas. It occurs

with lepidolite and cleavelandite at the Bob Ingersoll mine, Penfield

County, S. flak., with cleavelandite and lepidolite at the Tin Mountain

mine, Custer County, S. flak., with cleavelandite and a lithium mica in

the Harding mine, near Dixon, N. Mex. Jf, with cleavelantite at the

_J Adams, J. W., Personal communication.

Rutherford and Morefield mines, near Amelia, Va. Jf, and with lepidolite

J Glass, J. J., The pegmatite minerals from near Amelia, Virginia:
Am. Mineralogist, vol. 20, p. 753, 1935.

and albite (type not defined) from a pegmatite at Topsham, Maine Jf.

_J Palache, C., and Gonyer, F. A., Microlite and stibiotantalite from
Topsham, Maine: Am. Mineralogist , vol. 25, p. 412, 1940.
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Topaz

Topaz is relatively rare in pegmatites and the pegmatites of many dis'-

tricts do not contain this mineraLA The Quartz Creek district contains

eight topaz-bearing pegmatites, which is less than half of a percent of all

p egmat it es napp ed.

The topaz is milkyr whit e, though some has a greenish stain on the out-

side. The crystals are subhedral to euhedral and are predominantly long

tapering prismatic crystals, They are usually 4 to 8 inches in diameter

and a foot or two in length, but specimens haye been found which attained

12 -inches in diamet er and 4i f eet in length. The prism faces, m(llO),'and

the pyramid faces, i(223), are the best developed.. The basal pinacoid. o(001.

was not ed on a f ew specimens, and pr obably other f aces could be f ound wi th

continued study. Basal cleavage is well developed on most specimens. The

lower index of refraction (i'i) was determined to range from .1 .616 -to l-26l8

(table 19) on four topaz specimens from three different pegmatites..

Winchelij and Pardee, Glass, and St evensJ_ have shown that the indices

J WinchelL, .A. Ne Element s of Optical Mineralogr: Part II, p. l99i
l9474

/JPardee) J~. T..~, Glass, J- Je .-and Stevens, R. ZE,. Massive low-
fluorine t opaz f rom t he Brewer mine, Sout h Carolina: Am, Mineralogist ,
vol. 22, pp. 1063-1064, 1937.

of topaz Increase wIth the increase of water content and decrease of th-e

fluorine content, The indices of topaz in the Quartz Creek district show

that there is a uniform water and fluorine content., and by interpolatin~

from a -table given by Wincheil J that .they contain between 17.0.and l8.5

percent fluOrine and. 0-.9 to 1.5 percent wat er,
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Table 19.--Lower index of refraction (N0 ) of' topaz from the Qpartz Creek
district

Pegmatite Thumber Pegmatite Name Na

215 Opportunity No. 1 1.616
452 Brown Derby No, 1 1L617
452 Brown Derby No. 1 1.618

1574 Bucky l.6l6

Topaz is found only in lepidolite-bearing pegmatites and is directly

associated with the following minerals in one or more pegmatites: lepido-

liter cleavelandite, quartz, 3rnscovite, beryjl, perthite, and tourmaline.

It is always found with the first three minerals0 Purple lepidolite com-

monly forms a coating around topaz. Its association with lepidolite would

be expected as this mineral also contains fluorine in its chemical composi-

tion0 Stevens jf made analyses on 17 different lepidolite specimens and

_J Stevens, R. E., New analyses of lepidolites and their interpreta-
tion: Am. Mineralogist, vol. 23, p. 615, 1938.

found the fluorine content ranges from 4.O9 to 9.19 percent, the average is

7,O3 percent. On the Opportunity No. 1 claim, pegmatite No, 215, some of

the topaz has a thin pale-green micaceous coating of polylithionite. This

specimen of polylithionite is biaxial negative and has Ng l 1558 ad Ng

1.565r Both polylithionite and lepidolite appear to form as a product of

reaction between the early-formed topaz crystals and the residual liquid,

and corrode the surface of the topaz crystals in some places. The topaz

always occurs with the lepidolite, as the fluorine evidently comes off from

the original magma at the same time as the lithium. Thus, in a pegmatite

district in which both topaz and lithium minerals are present they should

be associatedA Less than 0,5 percent of the pegmatites of the Quartz Creek
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district contain topaz, yet almost 50 percent of' the lepidolite-bearing

pegmatites have topaz, and all of the topaz-bearing peginatites contain

1lepi doli te.

Gahnit e

Gahnite, the zinc spinel, is a rare mineral found in only eight peg-

matites. It occurs in homogeneous pegmatites, in intermediate zones and

cores of' zoned pegmatites, and in layered peginatites.

Gahinite is greenish black to dark green, and occurs in anhedral

masses, The crystals are from 0.03 to 0.75 inch in diameter. The mineral

is green, isotropic, and has an index of' refraction of 1.81 0,005.

Gahnite. does not appear to have any favored mineral association . In

pegmatite INo. 151:0 it is found with massive quartz, and muscovite, in pegna-

t ite 1k. 1574 with albite, quartz, muscovite, and beryl, and in pegmatite

1k. 452.with albite columbite-tantalite, monazite, tourmaline, garnet,

biotite, and quartz. The pegmatites containing this mineral are widely

scattered and its presence depends upon the availability of zinc in the

pegmnatitic liquid.

Gahinite is rare or absent in riost pegmatite districts, but has been

reported from the Tims Hill deposit in Connecticut J.

J Foye, W. G., Mineral localities in the vicinity of Middletorn,
Connecticut: Am. Mineralogist, vol. 7, p. 9, 1922.

Allanit e

Allanite is rare in the Qulartz Creek district. In the Black Wonder

(1To..847) it occurs in several pods, a few feet thick and about 10 feet

long. This pegmatite is over 6,700 feet wide and 12,600 feet long and the
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pods represent only a minute fraction of the total pegmatite. The pods

are quartz (about 90 percent) and albite. A few scattered crystals of

allanit e occur in smoilg quart z.

The allanite is in prismatic crystals, with a square cross section,

as much as 0.5 inch across and 2 inches long. The mineral is black. has a

shiny lustre, and is ringed by a reddish-brovrn decomposition product, At

least three different substances are observed under the microscope9 One

is isotropic, reddish brown in color, and has a refractive index a little

less than 1.62; the second is anistropic and colorless; and the third is

isotropic and grayish green. These obserations are in agreement with

those of Eitchens who describes the allanite from Fitchburg, Mass.J

JHitchens, C. S., The pegmatites of Fitchburg, Massachusetts: Am,
Mineralogist, vol. 20, p. 18, l935.

Uni dent if ied mineral

~A unidentified shiny greenish-black mineral, believed to be a new

species, was found at the Bucky pegmatite (No. 1574). This mineral occurs

in scattered pockets in the mica zone. A total of 17 pounds was collected

during the mining operation. This mineral is associated with muscovite,

altered feldspars, quartz, monazite, and coluirbite-tantalite. It appears

to be most closely associated and in places intergrorn with colurabite-

tantalite.

The mineral has a conchoidal fracture, and superficially resembles

samarskite, fergusonite, or euxenite, A .pow'der X-ray film was compared

with the files of known minerals in the X-ray libraries of the Geological

Survey and Columbia University with negative results. A spectrographic

analysis made by A, T. Meyers in the &eological Survey Trace Elements



Section Washington Laboratory indicates with the order of magnitude of con-

centration, the following components:

01205 XO.0 2 5
Ta2O5  X,0 512-

U38X.O La2O3 Traces

Fe203  .X b0 0

Zrdg j

Looked for but not found: Ja, Bi, If, wid P.

A det erminat ion of equivalent uranium made by measturing the radiat ion

from uranium and thorium, gave a value of 11 to 12 percent which would

show that the X.0 given for 13305 would be nearly 10 peroant. *Like. maziy

other radioactive colwnbo-tantalates this mineral is mtaicb.

This mineral, in thin section, is pale yellow, isotropic, and has an

index of refraction of 1.80 & 0.05.

The mineral has a specific gravity of 3,8, and some of it contains

small cavities lined with a fine-grained yellow material,

Other minerals

Finely-grained chlorit e occurs in nine small pegoat it es in the Qpart-z

areek district. It comprises several percent of these small pegnatibes.

Ei!a grain sire is from 0.03 to 0.06 inch. Chlorite is found in fine-grained.

albite-rich pegmatites and is in part an alteration product of biotite,

Samarskit e, .or a similar mineral, such as euxenite, is present in,

seven pegmatites. Only one or two crystals of this mineral, 0.03 to 0.5

inch long, are found in each pegrnatite. It has refractive indices above

1.85 and in feldspar is surrounded by a reddish halo. This mineral is

commonly as soc iat ed with smoky quart z, and is strongly radioactive.

Epidote occurs in three pegmatites as fine-green veinlets, -and was
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introduced into the pegmatite after its solidification,

Light-blue apatite, as crystals 0.25 to O-5 inch across, occurs in

three pegmatites. In most pegmatite districts apatite is very common, but

in the Quartz Creek district it is very rare.

Light purple fluorite is found in two pegmatites as grains about 0.06

inch in size. It is extremely rare.

Spodumene and amblygonite occur only in the Bazooka pegmatite (No. 4124)

in a circular core unit 20 feet in diameter. Sp6duwiene in white lathlike

crystals i~s fiwad on the smail dump. No amblygonite was found by the

writer, but was observed by Hanley J.

_J Hanley, J. B., et al, op. cit., pp. 66-68, 1950.

Phosphates of the lithiophilite--triphylite series and their altera-

tion products are found in the Bucky pegmatite (No. 1574). Two crystals

were noted in the mica zone and one crystal was found in perthite-quartz

pegmatite adjacent to a subsidiary core segment, approximately 2,500 feet

to the southeast.

Betafite is reported by Hanley _/ associated with monazite, gahnite,

JflHanley, J. B,, et. al., op. cit., p. 71, 1950.

and. columbite-tantalite in the Brown Derby No. 1 pegmatite (No. 452). It

was not observed by the writer and is probably very rare.

Alteration of wall rocks

The alteration of wall rock by the introduction of pegmatitic materials

is common in many districts. Jahins _J describes impregnation of quartzite

J Jahins, R. H., Mica deposits of the Petaca district, Rio Arriba
County, New Mexico: N. Mex. Bur. Mines Bull. 25, pp. 52-54, 1946..
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and mica schists in the Petaca district by muscovite, microcline, anid plagio-

clase to the extent that the contact between some of' the pegmatites and the'

country rock is gradational. The formation of muscovite and tourmaline in

the country rock adjacent to the pegmatites in New Englanad has been briefly

mentioned _J. Numerous pegmatites in the Black fills of South Jakota show

J Cameron, E. N., Larrabee, D. M., Page, J. J., Stewart, G. W., and
Shainin, V. E., Pegmatite investigations in Maine, New hampshire, and Con-
necticut, 19)42-1945: U. S. %eol. Survey Prof. Paper. -(In preparation.)

abundant alteration at the wall rock-pegmatite contact _/. The felen

_J Page, I. R., et al, op. cit. (In preparation).

Beryl pegmatite in Custer County has patches of granulite along its sides

from a few inches to 6 feet thick. The graniulite varies in composition

from place to place and consists of quartz (jo to 70 percent), muscovite

(5 to 30 percent), biotite (2 to 15 percent), and minor quantities of tourma-

line and apatite. The Elkhorn pegmatite, also in Custer County, has intense-

ly tourmalized the qaartz-mica schist on the hangibg-waUlside of the pegma-

tite.

In the Qgartz Creek district, however, there has been practically no

alteration of the country rock adjacent to the pegmatite. The only notice-

able alteration was of hornblende gneiss, which appeared slightly more fri-

able adjacent to the contact. The three main types of country rock, horn-

blende gneiss and tonalite, granite, and quartz monzonite, are equally free

of alterationA

Alteration of the country rock might not be expected in the granite and

quartz monzonite, as both rocks contain essentially the same minerals as

the pegmatites. On the other hand, the hornblende gneiss and tonalite are
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markedly different in chemical com-position 'rom the pegTmatites. Similar

hornblende rocks in other districts have been intensely altered. JabxnsJ

JJahns, IR. H., op. cit,, p. 54L 1946.

in his description of' the Petaca district states, "where amphibole schist

lies against pegmatite, as in the Green Peakc deposit, it has been converted

to a dense aggregate of biotite flak'es"f. McLaughlin _J in a paper on the

J McLaughlin, T. G., Pegmatites of the Bridg;er Mountains, Wyoming:
Am. Mineralogist, vol. 25, p. 53, 1940.

pegmatites of the Bridger Mountains, Wyo., states that all the older pegma-

tite- dikes are accompanied by alteration on the hanging-wall side of the

dike, where the percentage of hornblende in the original hornblende schist

was greatly reduced and quartz became the predominant mineral.

The type of country rock may affect the kind or amount of alteration,

but the type of country rock does not appear to be the prime controlling

factor, The only difference between the pegmatites of the Qaartz Creek

district and those of many other districts that have widespread alteration

along pegmatite contacts, is in the composition of the original pegmatite

liquid. Tourmaline, apatite, and muscovite are some of the commonest

minerals formed in the zone of alteration. Both tourmaline and apatite are

among the commoner minerals in most pegmatite districts and may occur in

almost eyery pegmatite; but in the Quartz Creek district tourmaline is a

minor constituent of 48 out of 1,803 pegmatites and apatite is found in two.

Tourmaline is the only boron mineral found; but phosphorous occurs in apa-

tite, in lithiophilit--tripbylite in one pegmatite, in amblygonite in

another, and in monazite in twenty-three. Muscovite, though common in the

number of occurrences, is small in amount as compared to many other areas,
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These facts indicate that the original pegisatitic magma contained little B,

P, and OH, and possibly other volatiles. Alteration of the wall rock is

dependent upon solutions derived from the cooling pegmatite; therefore,

this deficiency of water and other volatiles is a determining factor in

adding new minerals to wall rocks.

The lack of alteration in the Quartz Creek district appears to be

caused by the insufficient concentrations of the elrmnts needed to form

alteration minerals, though they were available in the pegmatite magma to

form rare minerals in the pegmatite during all stages of crystallization0

Distribution of minerals

Some pegmatite districts are important as a source of lepidolite, sheet

mica, celumbite-tantalite, beryl, or other pegmatite minerals. The granitic

pepatites of most districts consist essentially of perthite, plagioclase,

quartz, and muscovite, but not all pegmatite districts bare the saue assem-

blage of minor minerals0 It is this assemblage of minor minerals and vani

ants of ecrnon minerals, such as curved muscovite and colored tourmaline,

that indicate the differences in the overall composition in the original

source maga of each district0

.Not only do the less cernon minerals vary from district to district,

but from pepiatite to pegmatite. During World War II the V. 5. Geological

Survey was studying pegmatites that produced critically needed materials and

pegiatites were grouped simply according to minerals- of economic interest.

It was recognized by many investigators that a certain type of mineral, would

occur in certain groups of pegmatites, that is, the lithium-bearing pegma-

tites of a district would not be scattered haphazardly throughout an area

but would occur in a cluster or groups throughout a district. This group-

ing of mineralogically similar pegmatites is illustrated in the Black Hills

of South Dukota where such we.l-known lithium producing pegnatites as the
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Et ta, Peerless, Hugo, and Edison, are all in one group i and the Helen Beryl,

Helen Beryl No. 2, and Tin Mount ain, in anot her.

The areal mapping on which this report is based afforded an excellent

opportunity to study the distribution of minerals in a medium-sized pegina-

tite district. A series of maps, (figs, 16, 17, 18, 19, and 20), show the

distribution of beryl, tourmaline, curved muscovite, biotite, magnetite,

monazite, columbite-tantalite, cleavelandite, topaz, lepidolite, and micro.

lite throughout the Quartz Creek district. Some minerals such as flat

muscovite, and garnet are too widespread to be significant, whereas others

like chlor it e, amblygonit e, and spo dumene, are t oo rare t o b e of us e

statistically. Each pegmatite that contains at least one crystal of a

particular mineral is indicated on the map as a bearer of that mineral.

This scheme of representation has the serious defect in that large pegma-

tites appear to have a greater quantity of the mineral than do the smaller

pegmatites. For example, the Black Wonder pegmatite (12,600 feet long by

6,700 feet wide), contains only a few crystals of beryl in two small

pockets, yet it appears on the map to be a large beryl-bearing area. Two

facts are emphasized by these maps; (1) the relation of distribution of

certain minerals to all the pegmatites in the district, and (2) the con-

stant association of two or more minerals. The associated minerals are

grouped on the same figure.

Two hundred and thirty-two beryl-bearing pegmat ites are shown -in

figure 16. The group of beryl-bearing pegmatites in the northwestern corner

of the area mapped has a northeastwardly trend; a second group ext ends

northeast from near Opportunity claims in the southwest part of the area

mapped; a third group extends from Wood Gulch northwest to the Brown Derby

mine; a f ourth small group occurs in the vicinity of the Buckhorn mine on
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the eastern edge of the district; and a fifth small group is around the

Bucky mine in the northeast corner of the district, There are scattered

beryl-bearing pegmatites, including the Black Wonder, in the north-central

part of the area mapped, which actually contain a little 'auyl.

Figure 17 shows the location of the groups of tourmaline- and curved

mus covit e-bearing pegmat it es. T ourmaline is most abundant in an ar ea near

the Opportunity claims on the southwestern edge of the district, in the

vicinity of the Brown Derby No. 1 pegmatite, and adjacent to the qpuartz

monzonite in a small area along the northern edge of the map. Curved

muscovite is found only in the northwestern slope of Wood Gulch. It is

surprising that these relatively rare minerals are grouped so closely in

t he hundreds, of pegnat it es mapped.

Magnetite and biotite are found in 422 and 357 pegmatites, respective-

ly. Almost every pegmatite in the northern part of the area (fig. 18)

contains these two minerals, but in the southern part these minerals appear

only in small clusters of pegmatites.

Figure 19 shows the di stribut ion of columbit e-t ant alit e-bear ing and

monazite-bearing pregmatites. Although they are not as abundant as the

other minerals studied, the special association of pegiratites containing

these minerals are clearly the same. Qnly one or two crystals of these

minerals were formed in each pegmatite. They tend to occur in clusters

of several pegmatites, as is apparent from the maps.

Figure 20 shows the grouping of lepidolite-, cleavelandite-, topaz-,

and microlite-bearing pegmatites, The intimate association of these four

minerals is clear. These minerals are abundant in four main groups of

pegmatites? (1) in a6't1yestern part of the district around the Oppor-

tunity claims, (2) in the vicinity of the Brown Derby mine, (3) in the
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vicinity of the White Spar claims, and (4) in the vicinity of the Bucky

property.

Relationship of the pe mtites to the country rock

One of the problems of pegmatites, as with many other igneous rocks, is

the effect the country rock has on their occurrence aand mineral composition.

The pegmatites in the C.iartz Creek district occur more commonly in horn-

blende gneiss and tonalite, and less frequently in granite and quartz

monzonite. If the pegmatites were derived from the same magmas as either

the granite or quartz monzonite, they would tend to occur along the outer

edges of the parent igneous rock and in the adjacent country rock. In the

Qpartz Creek district, however, pegmatites are found on the edges of both

the granit e and the ctuart z monzonite. Also the pegmat it es would not pene-

trate far into the granitic rocks, if they came from the outside6

An equally logical reason for the pegxnatites distribution in this

area is that the granite and quartz monzonite are less fractured and afford

less easy passage to the pegmatite solutions. The pegmatites find zones of

weakness to intrude only on the edges of these bodies, where cooling frac-

tures are common. This does not preclude that~ the pegmatites were not de-

rived from the original magma of either of these two rocks. It does seem,

however, that the presence or absence of pegmatites in a particular rock

or part of a rock may be the result of the ease of intrusion rather than

the source from which they are derived9

A statistical count of the types of pegmatite minerals found in the

various rock units was made on the pegmatites in the chief rock types,

All pegmatites that occurred in two or more types of country rock were ex-

cluded, Certain minerals such as plagioclase, quartz, and perthite are omni-
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present arid thus show no differences; whereas others like topaz, gahnite,

and spodumene are too rare to give a significant statistical count.

Another problem is the distribution of minerals in groups which may

appear to show concentrations of a mineral in one rock type, but which

are related to the areal distribution rather than to the rock type. Some

minerals such as lepidolite and cleavelandite are not found in pegmatites

in either the granite or the quartz monizonite. The small number of pegma-

tites in which they are found, however, precludes any statement as to the

effects of the country rock. Tourmaline, on the other hand, is fairly uni-

formly distributed in the three dominant types of country rock considering

that it is found in only 46 pegnatites. The ratio of tourmaline-bearing

to non-tourinaline.-bearing pegmatites is 1:30 for horniblende gneiss and

tonalite, of 1:21 for granite, and of 1:85 for quartz monzonite.

Beryl-bearing pegmatites show a marked preference for certain types of

wall rock. Beryl occurs in 232 pegmatites and though irregularly distributed,

it is believed, at least in the case of greailte, which is also irregularly

distributed in many areas of beryl-bearing pegmatites, that the distribution

is wide enough to discount the general areal pattern of beryl occurrences.

The ratio of beryl-bearing pegmatites to non-beryl-bearing pegmatites is

l:6.i in hornblende gneiss and tonalite, 1:20 in granite, and 1:189 in

quartz monizonite. These figures show wide variance and suggest that the

concentration of the beryl in pegmat it es is influenced by the country rock.

It was thought that the granite Hight absorb BeO from the pegmatite liquid,

and, therefore, bulk samples were taken from a graphic granite-rich pegma-

tite (no. 512) and the adjoining coarse-grained granite. The pegmatite

sarrple consisted of perthite (62 percent), quartz (20 percent), albite (15

percent), and muscovite (3 percent),. A little more than half of this rock
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was graphic granite. The granite was estimated to contain microcline

(67 percent), albite (20 percent), quartz (8 percent), and biotite (5

percent). The pegmatite contained a trace of BeO and the granite contained

an amount less than was detectable spectrographically (under 0.0001 per-

cent). Bulk samples were taken also of the footwall layer of the Brown

Derby No..1 pegmatite (No. 452) and of the hornblende gneiss, within 8

inches of the contact. Samples were split down from about 1,000 pounds of

original material. The pegmatite was estimated to consist of albite (89

percent), quartz (10 percen.t), tourmaline (1-2 percent), muscovite (less

than 1 percent), and garnet (trace). It bad an average grain size of 0.12

inch and there was no visible beryl. The analysis showed this pegmatite to

contain 0.030 percent BeO and the hornblende gneiss a trace. The results

of these two sets of samples should be supplemented by much more data.

Graphic granite pegmatites are commonly lean in beryl and the Brown Derby

pegmatite had beryl in other units than the one sampled. This small amount

of work seems to indicate that granite does not absorb BeO from the pegma-

tite fluid and thereby cause the difference between the BeO content of peg-

matites in granites and in hornblende gneiss. The possibility of the BeO

being derived from the country rock has not been investigated. Samples of

the hornblende gneiss away from the pegmatite are needed to see if it too

contains a trace of BeO.' More probably, however, the trace of BeO in the

hornblende gneiss is derived from the pegmatite, as BeO tends to be con-

centrated in the last stages of magmatic differentiation J and is chiefly

J ankama, K., and Sahama, T. G., Geochemistry, p. 443, 1950.

found throughout the world in granites and nepheline syenites,
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The problem of the origin of p eatites is complex and involves not

only The method by which they are derived from the original magma, but also

their crystallization, Pegmatites afpear in many areas to be related

areally to large bodies of intrusive r'ock, Most of these intrusive rocks

crystallized from mamas of silicic composition and thus pegmatites are

commonly associated with igneous rocks such as granites. Goranson J/ has

J Goranson, R., The solubility Qf water in granitic magmas: Am.
Jour. Sci., 5th ser., vol. 22, p. 481, 1931.

shown that certain natural rhyolitic glasses may contain 8 to 10 percent

water. Thus, from a granitic magma, containing only 1 to 2 percent water,

the amounts of water released in the later stages by slow crystallization

of such a magma would be very large. In addition to water, the other vola-

tile elements such as F, Cl, B, and P, would be concentrated, The alkalies,

INa, K, Li, Cs, and Rb, also tend to be concentrated in the later stages of

crystallization.

Granitic pegmatites have some of the properties of granites and some

of various types of veins. They appear to be an intermediate type and have

been correlated by various writers to both igneous rocks and veins. Beryl.

a typical pegmatite mineral, is found in both granites and quartz veins as

well as in pegmatites suggesting a continuous gradation between these rock

types. Beryl, for example, is found in the granites on Mt. Antero, .Colo, Jf

J Adams, 5. W,, Beryllium deposits of the Mt. Antero region, Chaffee
County, Colorado: U, S. Geol., Survey Bull, (In preparation.)

and in the Victorio Mountains, N. Mex, J and beryl-quartz veins are found
jHolser, W, T., Unpublished GeoL. Survey report on the occurrence of

helvite and beryl in the Victorio Mountains, New Mexico.
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in the Victorio Mountains J, the California vein on Mt. Antero J, the

J Holser, W, T,, op, c~Jt.

Boretna vein, Arizona J/, and Kazakhstan, Russin J.

J Hobbs, S. W., Tungsten deposits in the. Boreana district and the
Aquarius flange, Mohave County, Ariuona: U. S. G-eol. Survey Bull. 940-I,
p. 254, 19)44.

J Sinegub, B. S., Berill: Nemetallicheskiye iskopayemy.<SSB32,
Moscow-Leningrad, vol. 2, pp. 129-157, 1943.

Most of the pegrnatites in the Qpart z Creek district are simple pegma-

tites composed of minerals, typical of granites--perthite, quartz, plagioclase,

muscovite, and garnet. The unusual "distinctive" minerals of pegrnatites

rarely are found. Such minerals as cleavelandite, lepidolite, topaz,

microlite, gahnite, and columbite-tantalite occur in less than 2 percent

of the peginatites in the Qpartz Creek district. The predominant mineralogical

difference between pegmatites in many districts and their associated granites

is that the pegmat it es are somewhat higher in muscovite, indicat ing a higher

wat er cont ent of the original liquid. In the Qpiart z Creek district , how-

ever, muscovite is a relatively minor mineral, suggesting that the original

magma was water-poor. The few pegmatites that have minerals containing

other volatile elements are the result of a later stage of segregation and

crystallization.

More than 90 percent of the pegmatites in the Qaartz Creek district

have an average grain size of less than 1 inch. This texture is commonly

aplitic, and may resemble that of a fine- to coarse-grained granite. Many

of the pegmatites in the Qpartz Creek district resemble typical ignieous

rocks and have been mapped by Crawford and Worcester J as granite in the
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JCrawford, 'R. D., and Worcester, P. G., Geology and ore deposits of
the Gold Brick district, Colorado: Colorado @eol. Survey Bull. 10, 1916.

northern part of the area.t The lepidolite-bearing Brown Derby pegmatites,

on the other hand, are rruch coarser textured and contain many minerals dis-

t inctive of pegmatites that have been described as showing "abundant evi-

dence of bydrothermal replacement ," by Landes _J.

JLandes, K. K., Colorado pegmatites: Am. Mineralogist, vol. 20, p.
333, l935-.

The pegmatites of every district have distinctive characteristics that

usually are reflected in the rare minerals. For example, the peginatites

of the Black Hills are in general rich in tourmaline, muscovite, apatite,

and other phosphate minerals. Very little topaz and lepidolite are found.-

in this large district. These minerals show that the original magma was

comparatively rich in F, B, OH, and poor in F. The pegmatites of the Quartz

Creek district, on the other hand, differ from those in the South Dakota

district and many others in that they are relatively lean in muscovite,

biotite, tourmaline, and phosphate minerals, and are relatively rich in

topaz, lepidolite, and columbite-tantalite. These minerals indicate that

the original magma of the Qjaartz Creek district pegmatites was lean in OH,

B, and P, and comparatively rich in F, Ta, and Cb. In the entire Qpartz

Creek district, only three pegmatites contain enough muscovite to be con-

sidered as soinrces of scrap mica; the content is commonly 0,5 to 3 percent.

Biotite is less than 1 percent. The lack of these two minerals in most

pegmatites indicates that the pegmatites of this area contain relatively

little OH. Tourmaline is found in only 48 peginatites and the content is

only a fraction of 1 percent. The dominant phosphorous mineral is mona-
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zite, which is present only as a few small crystals in 24q pegmatites. Other

phosphate minerals are apatite, amblygonite, and lithiophilite +-tripbylite,

which are found in only one or two pegmatites and are exceedingly rare.

Fluorine is a constituent of topaz in 8 pegmatites, lepidolite in 17 peg-.

matites, microlite in 14 pegmatites, and in fluorite in 2 pegmatites.

Colunbium and tantalum are present in columbite-tantalite in 29 pegmatites;

in microlite in 14 pegmatites, and in samarekite (?) in 7 pegrnatites, and

in an unidentified mineral in 1 pegmatite.

Within a particular district considerable variation is shown in the

areal distribution of pegmatite minerals. As previously discussed, pegma-

tites of some of the rare elements occur in groups. Thus, beryl-bearing

pegmatites are found in severa, clusters scattered over the area (fig. 16).

This is also true for some of the other rare minerals as lepidolite, topaz,

cleavelandite, microlite, colunbite-tantalite, monazite, tourmaline, and

curved muscovite (figs. 17, 18, 19, and 20). Pegmatite magma evidently

escapes from a particular part of the chamber of its parent granitic magma

in a specific direction dividing into separate units before final emplace-

ment. This would account for the distribution of certain types of pegmatite

minerals in one area. The distribution of these~ minerals in different

groups is related to their origin. As the parent granite magma cools,

pegmat it e li quids are segregat ed in dif fer ent part s of the magma and escape

from various parts at different times. The pegmatite magma which is driven

from the parent chamber earliest probably contains less volatile material,

and forms the greater part of all pegmatites--those that most closely re-

semble other granitic rocks. The minerals found in any pegmatite depend

on the original composition of the material segregated in a pocket, and

on the stage of crystallization at which it was derived. The more highly

volatile constituents are in the later derivations and form the few rare
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peginatites. Many minerals are almost always found in close association

with another mineral because these minerals may contain common ions which

make their association imperative, or elements that are concentrated at the

same stage in crystallization.. Minerals containing common ions include:

lepidolite, topaz, and microlite--all of which contain F; and lepid.olite,

and colored tourmaline which contain Li. Minerals which owe their associa-

tion to elements segregated at approximately the same stage are columbite-

tantalite and monazite. In places where these two minerals are not

associated it probably reflects a lack of elements to form one or the other

mineral,

The commoner minerals are segregated continuously or recurringly

through the differentiation of the parent granite. In pegmatites that con-

tain the rarer elements, minerals such as plagioclase, perthite, quartz,

and muscovite are still the predominant minerals. The rarer elements such

as Li, Cs, Rb, F, Cl, Ob, and Ta are probably in the more soluble part of

the pegmatite material and certainly are among the last to crystallize.

The reaction of these late crystallizing rest solutions on the earlier

crystallized material causes embayment and veining of the earlier crystal-

lized minerals. This is given as proof of replacement by later solutions

by some authors J. WThether the first magmatic part of a pegmatite was re-

JSchaller,'W. T., The genesis of lithium pegmatites: Am. Jour. Sci.,
5th ser.,.vol, 10, pp. 269-279, 1925.

__________, Mineral replacement in pegmatites: Am, Mineralo-

gist, vol. 12, pp. 59-63, 1927.
Landes, K. K., Paragenesis of the granite pegmatites of central

Maine: Am. Mineralogist, vol. 10, pp. 355-41ll, 1925.
______, Origin and classification of pegmatites: Am. Miner-

alogist, vol. 20, pp. 81-105, 153-175, 1935.
hess, F. L.,.The natural history of the pegmatites: Eng. and Mim.

Jour.-Press, vol. 120, pp. 289-298, 1925.
Gevers, T. W., Phases of mineralization in ]Yamaqua land pegmatites:

Trans. Geol. Soc. South Africa, vol. 39, pp. 551-377, 1936,
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kndersen, Olaf, Discussions of certain phases of the genesis of peg-
matitesz Norsk. geol. Tidsskr., Bcl. 7, pp. 1-55. 1931.

Berry, fl. H., The genetic relationships of pegmatites, aplites and
tin veins: Geol, inag., vol. 68, pp. 454-475, 1951.

Jahns, R. H., Mica deposits of the Petaca district, Rio Arriba County,
New Mexico: New Mexico Bur. Mines Bull. 25, pp. 72-75, 1946.

placed by hydrothermal solutions brought in after the first part of the

pegmatite had solidified, or whether the earlier crystallized minerals were

acted on by a rest solution that became unstable with the earlier crystal-

lized minerals as the pressure and temperature changed the results would

give identical textural relations with the earlier formed minerals being

corroded and veined by the later. Evidence on whether pegmatites were

formed in a closed system or by a series of hydrothernal replacements must

depend on the mineralogical and structural relations rather than on a tex-

tural study. Studies of internal structure of the pegmatites and the order

of sequence of mineral groups are markedly uniform and can be correlated

from district to district as well as among pegnatites in the same district.

The uniformity of sequence of mineral assemblages, and the relationship

of the minerals themselves point to a similarity of conditions which would

not be expected from hydrothermal replacement. A discussion of hydrothermal

replacement versus forming in situ has been discussed thoroughly by Cameron,

Jairns, McNair, and Page J/; St ockwell J/; Hanley J/-; and Page J,. and will

_J Cameron, E. N., etal., op. cit., pp. 97-106, 1950.
JStockwell, C. H., Genesis of a lithium pegmatite on the Bear Min-

eral claim, Southeast Manitoba: Royal Soc. Canada Proc. and Trans., 3d
ser., vol. 27, pp. 27-36, 1933.

,The genesis of pegmatites of southeast Manitoba:
Hoyal Soc. Canada Proc. and Trans., 3d ser., vol. 27, pp. 37-51, 1933.

J Hanley, J. B., eta)a., op. cit., pp. 7-9, 1950.
J Page, L. H., et al, op. cit. (In preparation.)

not be repeated here.
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Reserves

Reserves of pegrnatite minerals are difficult to estimate because normal

procedures of sampling can not be used. The grade, however, can be obtained

by measuring the areas of industrial minerals exposed on pegmatite surfaces

ancd relating it to the total exposed area. The percent of mineral exposed

may be converted to a weight percent of mineral by making proper corrections

for specific gravity.

The tominage of rock con-taining an industrial mineral cani be calculated

from a detailed map of the internal structure of pegmatite.

Reserve calculations have been made for all of the industrial miner-

als in pegmatites of the Quiartz Creek district. The minerals that sustained

mining operations in the past were lepidolite or scrap muscovite and beryl.

Potash feldspar might sustain mining operations, if transportation were

less costly.

The total reserves of clean h--nd-cobbde' feldspar, are estimated to be

795,600 tons of potash feldspar and 9,740 tons of soda feldspar. These

feldspar reserves are all in pegmatite units containing more than 25 per-

cent feldspar, in grains greater than 12 inches in length.t The minirnun

size of a unit included in these calculations was 200 feet long and 40 feet

thick.

In addition, there is considerable feldspar recoverable by milling.

Most of this feldspar is in the form of graphic granite. A number of these

pegmatites pose considerable transportation difficulties because they are

several miles over mountainous terrain from the nearest road. A total of

251,300,000 tons of milling grade feldspar are calculated in 40 pegmatites.

This is an average of 6,028,000 tons per pegmatite. The largest tonnage

is in the Rlack Wonder (No. 847), which has 225,200,000 tons of milling
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feldspar.

There is no sheet mica and very little scrap mica in the Qpartz Creek

district. The total reserves of scrap muscovite is estimated to be 13,500

tons of which 1,400 tons is recoverable by hand methods. The scrap mica

obtained is a byproduct of the mining of beryl-bearing pegmatites. There

are only three pegmatites (the Buckyj, the Buckhorn, and the Beryl and Bare

Minerals Lode) which contain either enough muscovite or muscovite in large

enough pieces to be considered recoverable as a byproduct of beryl mining,

The muscovite reserves of these three pegmatites are calculated as 1,400

tons.

The total beryl reserve estimated for the Qpartz Creek district is

about 350 tons, The second largest pegmatite in the district was estimated

to contain 160 tons of beryl as of November 1949. This deposit is twice as

large as the reserves of any other pegmatite. Pegmatite No. 452 (Brown

Derby No. 1 dike) contains 75 tons, the second largest beryl reserve in the

area and pegmatite No. 538 is third with 40 tons of beryl. Thirty-eight

of the pegmatites contain less than 10 tons of beryl. Of the total. 350

tons of beryl, probably 325 tons are hand cobbable.

Some of the pegmatites that have beryl reserves also contain lepidolite,

microlite, topaz, columbite-tantalite, and monazite. The lepidolite re-

serves of the entire area amount to 3,560 tons. The largest deposit is the

Brown Derby No. 1 dike (pegmatite No. 452) which has 1,600 tons of reserve.

Only four lepidolite deposits have reserves over 100 tons. The topaz re-

serves are 900 tons, those of microlite 900 pounds, columbite-tantalite

4,000 pounds, and monazite 400 pounds. The reserves of the last three

minerals, because they occur in such small widely distributed quantities,

are very difficult to calculate.
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Prospecting for beryl

Of the 1,803 pegmatites found in the Quartz Creek district, 232 of them

contain some beryl. Only one or two crystals of beryl, 0.10 to 0.25 inch

in diameter, occur in most of these pegmnatites. Of the 232 pegmatites, 4p2

have more than 2 square inches of beryl exposed, and of these only a very

few could be considered as possible sources of appreciable beryl production.

The finding of pegmatites that contain beryl in sufficient quantities

to be of commercial value is very difficult. The beryl in this district is

commonly whit e and appr oximat es the phy sical appearance of f eldspar or quar tz.

It is commonly overlooked by prospectors. Favorable beryl-bearing zones

occur in covered areas in many places and diligent prospecting in these

favorable areas might uncover worthwhile deposits.

Several broad statements can be made concerning the favorable and

unfavorable areas for finding beryl in pegmatites in the Quartz Creek dis-

trict. Granite and qulartz monzonite appear definitely unfavorable as a

host rock for beryl pegmatites. Only three pegmatites were found in

granite that contained beryl and none of the exposures contained as rrnch as

2 square inches of beryl. Only one pegmatite in quartz monzonite contained

beryl. All pegmatites in the Quartz Creek district that contained as much

as 2 square inches of beryl had hornblende gneiss wall rocks. The horn-

blende gneiss covers a large area that is favorable for detailed pros-

pect ing.

Detailed studies also indicate that beryl is most common in albite-

rich pegmatites. The albite-rich pegmatites are almost universally fine

grained. The grain size of the beryl in these pegmatites ranges from 0.06

to 0.5 inch and no beryl has been recovered commercially from them. Perthite-

rich pegmatites, though less common as a source of beryl, have a large
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enough grain size so that most of the beryl can be band cobbed. The small

grain size of the beryl-bearing albite-rich pegmatites precludes economic

recovery of beryl under present technological conditions, though at some

future date, such beryl-rich rock, if found in sufficient quantities, may

be of economic importance and warrant the erection of a mill. Deposits of

this type, therefore, can not be expected to be of immediate concern to the

prospector.

Some pegmatites have both albite- and perthite-rich parts. The

perthite-rich parts may be~a source of beryl at the present time but the

albite-rich parts, though equally rich in beryl, will be too fine grained

to mine. The beryl in pegmatites containing cleavelandite is coarse

grained and may be recovered by band methods, consequently cleavelandite-

bearing pegmatites should be prospected carefully.

graphic granite pegmatites, one of the most common types of perthite-

rich pegmatites in the district, do not contain beryl and should be avoided

in searching for beryl deposits. Beryl favors blockyr perthite-quartz peg-

matite units or perthite-muscovite-rich units, though the very irregular

distribution of beryl may cause one part of a unit to be completely barren

of beryl, whereas in other parts it may be abundait. Prospecting for beryl

should be most intense in perthite-quartz units, and the edge of quartz

cores especially where a feldspar-rich muscovite-bearing unit may be covered

by float. Much beryl is found in lepidolite-bearing pegmatites and

lepidolite is considered one of the more favorable indicators of beryl in

prospecting.

In general, the Quartz Creek district is not too favorable a district

to prospect forsberyl, because the good mica and feldspar deposits are of

small size and production of beryl in the past has been as a byproduct of

mining for one or the other of these minerals. There are no sheet mica
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deposits in the district, the scrap mica deposits are not large, feldspar

in large quantities must be recovered by milling of graphic granite, and

deposits of hand cobbable feldspar are small. The size of the deposits of

these minerals added to the high cost of transportation almost preclude

profitable mining operations in this district at 1951 prices. Little feld-

spar has been sold by local producers, and the high cost of transportation'

vxnd the small size of the perthite units are not encouraging for the produc-

tion of feldspar. Because of these factors that concern muscovite and

feldspar, the future of this district as a source of beryl is not too

bright.

IESCRITIONS OF INDIVIDUAL IJPOSITS-

Opportunity No. 1 claim (pegmatite !No. 21$)

The Opportunity No. 1 claim is in the NE) sec . 17, T. 49 N., R. 3 .,

New Mexico principal meridian. This prospect is claimed by Earl A, Serry,

and is south of the Doyleville road on the eastern slope of a north-trending

ridge. The claim covers more than 10 pegmatites, but the main workings are

on the largest one, No. 215. This pegmnatite is exposed by five small cuts,

the largest of which is 37 feet long, 10 feet wide, and 10 feet deep; the

other four are each about 8 feet long, 4 feet wide, and $ feet deep0 No

minerals have been Qrdue fipo this pgbispect

The pegmatite is a lenticular-branching pegmatite 730 feet in maximun

length and L4Q feet in maximum thickness. Much of the pegruatite, however,

has a thickness of less than 5 feet. It dips 454 to 804 SE., and cuts both

fine-grained granite and hornblende gneiss.

The pegmatite is divided into four units along the strike of the body

(fig. 21), Albite-quartz-perthite pegmatite forms a unit in the stringers
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pJegmatite. Th-is unit has an average grain size of 0..25 inch and is esti-

mated. to consist of albite (65 percent), quartz (20 percent), perthite (15

percent), muscovite (less than 1 percent), and one small--0.25 inch--pale-.

green beryl crystal. Near the south end of the pegmatite, the body widens

considerably at the junction of a small northward-trending branch with the

main body of the pegmatite. This wide area contains several units. Along

the western side is a unit of quartz-albite pegmatite that has an average

grain size of 3 to 4 inches, and is estimated to contain quartz (75 percent),

albite (20 percent), muscovite (3 percent), perthite (2 percent), and

tourmaline (less than 1 percent). The eastern side of this bulge area is

dominantly pert hit e-cle avelandit e-cguart z pegmat it e, has an average grain

size of about 2 to 3 inches, and is estimated to consist of pink perthite

(60 percent), white cleavelandite (20 percent), quartz (20 percent), mus-

covite (less than 1 percent), black tourmaline (less than 1 percent), and

garnet (trace). The perthite occurs in crystals as much as 12 inches

long. The central part of this bulge, and the remainder of the pegmatit e

to the north, is cleavclandite-guartz peginatite, This pegmatite has an

average grain size of l,5 inches and is estimated to consist of white

cleavelandit e (69 percent ), quart z (20 percent ), perthit e (8 percent ),

muscovite (2 percent), black and dark green tourmaline (1 percent), lepido-

lite (less than 1 percent), topaz (less than 0.5 percent), beryl (0.1

percent), and garnet (trace), microlite (trace), coluiibite-tantalite

(truce), and monazite (trace), Locally clots of varying lepidolite content

are orcsent. In one 3-foot area lepidolite constitutes as much as 5 per-

cent of the rock. It occurs as fine-grained aggregates and in larger

plat es 0.25 to 1 inch in diameter. The topaz is milkyr white, has a good
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cleavage and comnmonly occurs with white beryl. Beryl and topaz have an

irregular distribution. Microlite is found in the southern part of this

unit with siaoky quartz and platy cleavelandite as clusters of distorted

o e't-ahedronis, modified by dodecahedrons as much as 0.25 inch in diaeter,

Probably the microlite content of this small part of the pegratite is a few

pounds ier ton. Columbite-tantalite is less common than the microlites

and only a few small crystals, the largest an inch across, were found.

Monazite was noted in four crystals and is associated with columbite-

tantalit e.

Pegmatite NO 4 .

Pegmatite INo. 417 (p1. II) is on the western side of xthe wesd

branch of Wood Gulch, near the western edge of sec. 2, T. 49 i'., R, 3 Z,,

1New Mexico principal meridian. It is a few feet above the canyon bottom

and can be reached by the secondary road running up Wood %uch. It is

opened by one small pit 18 feet long, 4 feet wide, and 4 feet deep at its

western face.

The pegmatite is irreguilar, and is approximately 370 feet long an~d

105 feet in maximum width. Part of the irregularity is the result of its

exposure on a dip slope. The pit, which is near the center of the pegma-

tite, cuts completely through the body, and at this point the pegmatite is

6 feet thick., The pegmatite intrudes hornblende gneiss, and has a wall

zone and a core. The wall zone is the greater part of the body and has an

average grain size of 0.12 inch. It consists of albite (55 percent),

quartz (35 percent), perthite (5 percent), muscovite (5 percent), and beryl

(0.75 inch crystal). The core has an average grain size of 3 inches and

consists of perthite (45 percent), albite (42 percent), qaartz (8 percent),
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muscovite (5 percent), beryl (0.2 percent), and one small piece of samar-

skiteA The beryl forms pale green, euhedral crystals that range in size

from 0.25 inch by 0.25 inch to 2 inches by 4 inches. Grain count of 101

square feet of the core contained 0.2 percent beryl in.33 crystals. The

beryl reserves of this unit are calculated as 3.8 tons.

Brown Derby Dike INo. 1 (pefgnatite No. 452)

The Brown Derby Dike INo, 1 is the east ernrnost of the Brown Derby group

of dikes, in sec. 3, T. 49 I., H. 3 E., New Mexico principal meridian, This

dike is a few hundred Leet below the crest of a long ridge at 9,300 feet

on the east side of Qjpartz Creek. An access road was built by the Federal

Governments from Colora~do State Highway l62 to the workings, a distance of

approximately 2 miles.

The pegnat it e has been described by J7 B. Hanley _J. Since this mapping

_J Hanley, J. B., Heinrich, E. W., and Page, L. R., Pegmatite investi-
gations in Colorado, Wyoming, and Utah, 1942-1944: U. S. Go< Survey
Prof. Paper 227, pp. 68-71, 1950.

was finished (December 1944), the high-grade pod-shaped concentration of

lepidolite in the iepidolite-quartzacleavelandite core has been completely

mined out (p1. XI), In addition, the lepidolite-quartz-cleavelandite core

in tunnel 2 has been mined approximately 30 feet east of the former face

to a width of 20 feet. This additional work was completed by the Hayden

Mining Company before it ceased mining in 1945.

In May and June, 1950, the U. S. Bureau of Mines drilled two core holes.

Diamond-drill hole No. 1 (fig. 22) is inclined 60 degrees, has a bearing of

N. 770 W., and was drilled from the dump of dike No. 1. The hole has a

length of 208.5 feet, and cut both dikes No. 2 and No. 3. Diamond-drill
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hole UNo. 2 was drilled frau the hillside above tunnel 3 and cut dikes Ios.

1, 2, und 3. The bearing of the hole is ]N. 830 W., and the inclination is

a minus 65 degrees.

The Brown Derby iNo. 1 dike is a lenticular and branching pegmatite,

with two branches at its southern end. It is exposed for a total length

of 913 feet.

The west branch is exposed in a series of six prospect pits. It is

made up of a wall zone of albite-qpartz pegmatite and a core of albite-

~quartz-biotite pegmatite.

The albite-quartz pegrLatite forms nearly all of the west branch of

the dike. It has a grain size of 4 to 6 inches and is estimated to contain

quartz (52 percent), cleavelandi.te (45 percent), muscovite (3 'percent), and

less than 1 percent of garnet, tourmaline, and lepidolite.

The albite-quartz-biotite pegnatite of the core is exposed in pit 3Ta=.

11, and is 20 feet long by 1.5 feet wide. The grain size of the core ranges

fran 0.12 to 0.25 inch. The unit contains albite (86 percent), quartz (5

percent), biotite (4 percent), monzonite (2.2 percent), columbite-tantalite

(1.4 percent), gehinite, the zinc spinel (1 percent), and less than 1 per-

cent garnet, tourmaline, and trace quantities of fluorite and betafite.

IManazite forms well developed euhedral crystals, 0.25 to 1.5 inches across,

ancd caluTite-tantalite are tabular crystals, 0.25 to 1 inch across.

The main part of the pegmatite is composed of six different units,

identified from hanging wall to footwall as follows: perthite-albite-

quart z p egmat it e (hanging-wall layer ), hanging-wall quar tz po d, curved

lepaidolite layer, lepidolite-microlite pad, quartz-cleavelandite-lepidolite-

topaz layer, and albite pegmatite (foatwall layer).

The perthite-albite-quartz pegriatite makes up the entire width of the



142

northern part of the dike and the eastern branch of the southern part of

*the dike. Elsewhere..in the lepidolite-bepring part of the dike, it occurs

as the hanging-wall layer, with the exception of the vicinity of the in-

clined shaft where it is missing. At this point the quartz pod takes the

place of the perthite-albite-quartz pegmatite. This pegmatite has an

average thickness of about 8 feet. In the lepidolite-bearing part of the

pegmatite it does not exceed 4 feet. The grain size of the unit is about

12 inches, and the composition is estimated to be perthite (4o percent),

albite (30 percent), quartz (20 percent), muscovite (10 percent)3 beryl

(0.l percent), and trace of tourmaline. Beryl crystals range from 0,25

to 2 inches in diameter.

The hanging-wall quart z po d is approximat ely 84 f eet long and 2 f eet

thick. Its grain size is 24 inches, and the constituents are estimated

as quartz (70 percent), cleavelandite (25 percent), and lepidolite (5

percent). The lepidolite is in sheets from 5 to 4 inches across,

The curved lepidolite layer is the uppermost of the lepidolite-bearing

units; it is 190 feet long and averages 2 feet thick. This unit forms the

back of the extension of tunnel 2 and much of the back of the stoped area

in the inclined shaft. The grain size of the curved lepidolite layer is-

4 to 5 inches and the composition is cleavelandite (44 percent), quartz

(40 percent), curved lepidolite (15 percent), topaz (1 percent), less than

one percent muscovite and tourmaline, and a trace of apatite0 The curved

lepidolite ranges from 0.25 to 2 inches across, and the topaz ranges from

4 to 8 inches across.

Two pJrincipal lepidolite-microlite pods are known. In addition,

smaller pods have been exposed in pits and trenches. The largest pod was

mined in the inclined shaft and the other was discovered underground and
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mined by tunnel 2. The pod at the inclined shaft was approximately 60 feet

long with a maximum width of 8 feet. It was mined from the inclined shaft

for a total length of about 170 feet down the dip. The pod exposed in

tunnel 2 is approximately 30 feet wide by 6}. feet thick, and is present in

in the face of the tunnel. The mined length is approximately 40 feet.

The average grain size of the unit is 1 inch, and the average composition

is cleavelandite (43 percent), lepidolite (40 percent), quartz (15 percent),

topaz (2 percent), microlite (0.35 percent), and a trace of beryl. The

lepidolite is in crystals 0.03 to 0,12 inch across, and is irregularly dis-

tributed.gwithin the pods. Microlite crystals range from less than 0.01

inch to 0.25 inch in diameter and are in shoots within the pods. This unit

in tunnel 2 is extremely low in microlite, and has also a low lepidolite

content. The pod has been nearly mined out in the incline; the remainder

shown in the bottom is pinching to the southeast.

The quar tz-cleavelandit e-lepi dolit e-t opaz layer is the f oot wall part of

the lepidolite-bearing units of the pegmatite. It is exposed on the sur-

face for 319 feet and has an average thickness of 2 feet. The unit has an

average grain hize of 4i to 6 inches and consists of quartz (55 percent),

cleavelandite (25 percent), lepidolite (10 percent), topaz (10.percent),

less than 1 percent muscovite, and less than 0.1 percent beryl. Lepido-

lite is in flat books ranging from 1 to 7 inches across and topaz crystals

are as much as 42 inches long. Beryl is in crystals ranging from 1 to 4

inches in diameter.

The albite pegmatite (footwall layer) has an average thickness of 1.5

feet. It occurs discontinuolusly along the lepidolite-bearing part of the

pegmatite. It has a grain size of 0.25 inch, and composition estimated to

be albite (90 percent), quartz (8 percent), tourmaline (2 percent), less
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Reserves estimated for the entire dike total 30,500 tons of perthite,

7,600 tons of scrap mica, 3,980 tons of soda feldspar, 1,571 tons of

lepidolite, 823 tons of topoaz, 76 tons of beryl, 282 pounds of monazite,

179 pounds of coburTbite-tantalite, and 57 pounds of microlite.

Brown Derby No. 5 (pegmatite No. 535)

The Brown Derby No. $ (pegmatite No. 535) (p1. II) is in a small gulch

on the west side of the Brown Derby ridge at an elevation of.8,900 feet,

It is in the south-central part of sec. 34, T. 50 N., R. 3 E., New Mexico

principal meridian.

This claim is reached by a short spur road from the main Brown Derby

road and is owned by Mrs. Marie Disberger. The workings consist of two small

open cuts and an adit. The larger cut has a main part, 32 feet long, 15

feet wide, and 18 feet deep at the eastern face. The southern branch of

this cut is 12 feet long, 6 feet wide, and 6 feet deep at the northeast

face. An adit, approximately 10 feet long, was driven from the eastern

end of this cut. A second shallow cut, 10 feet long and 8 feet wide, is

northeast of the main cut. This pegmatite was originally mapped by J. B.

Hanley and R. Miller. III, on September 3, 1943, with plane table and tele-

scopic aliclade. The internal structure of the pegmatite was revised by

the writer in September 1949 (fig. 23).

The Brown Derby No. 5 pegmatite intrudes greenish-black tonalite.

The pegmatite is irregular in shape, has a length of 210 feet, and a mai-

mun width of 50 feet. It consists of three zones: wall zone, intermediate

zone, and core. The wall zone is 2.5 feet thick where it is exposed in the

large open cut, has a range in grain size of 0.12 inch to 0.25 inch, and
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consists of albite (61 percent), quartz (25 percent), perthite (10 per-

cent), muscovite (4 percent), black to greenish-black tourmaline (<l per-

cent), lepidolite (trace), garnet (trace), and beryl (4 0.1 percent). One

exposed area of the wall zone, about 3 feet square, contains 17 beryl

crystals ranging in size from 0.5 inch by 0.5 inch to 1 inch by 1.5

inches. This unusually rich area averaged 1.15 percent beryl, but con-

tained only three cobbable crystals. The beryl is in blue-green euhedral

crystals,

Inside the wall zone a small intermediate zone is found in the south-

eastern -part of the ematite. This zone is approximately 50 feet long and

14 feet thick. It has an average grain size of 4 inches and consists of

quartz~ (55 percent), white cleavelandite (35 percent)1 lepidolite ( 5 per-

cent), white bloc1kr perthite (4 percent), muscovite (1 perc.ent), beryl

(0.1 :?ercent), topaz (<C1 percent), garnet (<,l percent), greenish-black

tourmaline (<.1 percent), apatite (trace), microlite (trace), and columbite-

tantalite (trace). Lepidolite occurs as fine-grained aggregates and as

large flat sheets that are 4 to 6 inches in diameter. The workings are on

this zone, and mining was directed toward the recovery of the fine-grained

lepidolite; most of the large sheets were thrown onto the dturp. The beryl

is in blue-green euhedral crystals from 0.5 to 3.5 inches in diameter. The

beryl content increases in the northern part of the zone and appears richest

in the small northern pit. A beryl count made on an area 4 feet by 5 feet

in this upper pit contained 0.43 percent beryl. About 15 pounds of beryl

were also found lying on the 6.ump from this pit. The topaz is milkyr white

and forms euhedral crystals 4 to 6 inches long adjacent to the lepidolite,

The garnet forms crystals as much as 1.5 inches in diameter, and commonly

is surrounded by coronas of muscovite. It is most common near the contact
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with the underlying wall zone. The apatite is in widely scattered light-

blue 0.5 inch crystals. Microlite was not seen in place, but was found on

the dump in distorted octahedrons O.l2 to 0 25 inch in diameter. The

olive-green ricrolite is faintly radioactive and is found between plates

of cleavelandite. One crystal of columbiteo-tantalite, 0.06 inch thick by

0.75 inch wide, was found between plates of cleavelandite.

The core at its southeastern end has a gradational contact with the

intermediate zone. The minerals of the core have an average grain size of

6 inches0 It consists of white massive quartz (40 percent), white blocky

perthite (39 percent), albite (20 percent), muscovite (1 percent),

lepidolite (trace), blue-.green beryl (1 crystal, 4 by 6 inches), and

columbite-tantalite (two thin pieces, 005 inch long by 0.06 inch thick).

The reserves of the intermediate zone are estimated to be 0.75 tons of

beryi, 30 tons of perthite, 7.5 tons of scrap mica, 260 tons of cleave-

landite, and 37 tons of lepidolte.

Pegmatite No0 537

Pegmatite No0 537 (p1. II) is on a small ridge in the SE~ sec0 34,

T0 50 N 0, R. 3 E0, New Mexico principal meridian0 It contains one small

adit approximately 4 feet wide and 6 feet long0 This working is several

hundred feet above and 600 feet to the northeast of the Brown Derby mine

road0 An old unidentified location marker is found near the adit.

Pegmatite No0 537 is an irregular dumbbell-shaped body (fig0 24) 530

feet long and 84 feet in maximum width. The pegmatite intrudes hornblende

gneiss, has a fine-grained wall zone, and has three small discontinuous core

segments0 The wall zone is more than 90 percent of the pegmatite and has

an average grain size of 0.25 inch0 It consists of albite (60 percent),

quartz (25 percent), perthite (10 percent), muscovite (5 percent), and
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garnet (less than 1 percent).

The northern and southern core segments of this pegmatite have an

average grain size of 6 inches and consist of perthite (66 percent ),

quartz (20 percent), albite (10 percent), and muscovite (4 percent). The

perthite ranges in size from 5 to 12 inches. Beryl is found in only the

northern core segment. A grain count on the sides of the srrall adit in

this core showed 0,31 percent beryl. The beryl is present as 22 pale green

emhedral crystals that range in size from 0.25 by 0.12 inch to 2..5 by 4

inches, The core segment containing beryl is 52 feet long and 10 feet

wide, and is estimated to contain 3.4 tons of beryl. The central core

segment is a few feet wide, has an average grain size of 6 inches, and con-

tains qaartz (85 percent), perthite (10 percent), albite (5 percent), and

muscovite (less than 1 percent). No beryl was noted in this pod.

Pegmat it e No. 538

Pegmatite No. 538 (p1. II) caps the top of a small ridge in the SEZ

sec. 34, T. 50 N,., R, 3 E., New Mexico principal meridian, One small cut,

6 feet square byr 1 foot deep, exposes the southern end of this pegmatite,

This cut is approxinately 650 feet northeast of the Brown Derby road and

several hundred feet above it. Pegmatite No. 538 is an elongate lenticular-

branching pegmatite, approximately 550 feet long and 60 feet in maximum

width (fig. 24). The pegmatite intrudes hornblende gneiss, and consists

of wall zone and three small discontinuous core segments located in the

thicker part s of the pegmatit e. The wall zone comprises more than 60

percent of the pegmatit e, has an average grain size of 0.25 inch, and con-

sists of albite (57 percent), quartz (25 percent), perthite (10 percent),

and muscovite (8 percent)0 The core segments have an average grain size

of 4 inches and consist of quartz (50 percent), perthite (32 percent),
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arbite (i5 percent), and muscovite (3 percent). Perthite occurs in cnys-

L4ls 6 to 8 inches in diameter, Pale-green bervi was noted only in the

southernmost core segment, where it was estimated, from several betrl counts,

to be 0.95 percent of the rock. The beryl crystals range from 0.12 inch by

0.12 inch to 6 inches by 6 inches in area. The southern pod is'128 feet

long and has a maximum width of 3.5 feet, It was calculated to contain 42

tons of beryl to a depth of 24 feet.

Pegmatite No. 560

Pegmatite No. 560 (p1. II) is an unclaimed pegmatite at the foot of

the mountains on the east side of Qiartz Creek in the west central part of

sec. 34, T. 50 N., R. 3 Z., New Mexico principal meridian. This pegmatite

is 1,500 feet south of State Highway~162 and lies directly across a meadow.

It is extremely irregular (fig. 25) and. Las a maximm length of 430 feet

and a maximum width of 200 feet. It cuts across the hornblende gneisS-

granite contact. This pegmatite consists of a narrow wall zone, a large

core, and a small pod on the south end. The wall zone Las an average grain

size of 0.12 inch and is estimated to consist of albite (60 percent),

quartz (36 percent), perthite (4 percent), muscovite (less than 1 percent),

and garnet (trace). The core comprises the greater part of the pegmatite

and has an average grain size of 4 inches, It consists of perthite (50

percent), quartz (30 percent), albite (20 percent), and muscovite (trace).

On the south end of the pegmatite there is a lenticular pod, 78 feet long

ead 18 feet wide. This pod has an average grain size of 1 to 2 feet, and

contains perthite (75 percent), quartz (20 percent), albite (.5 percent),

and beryl (o,45 percent). The beryl is pale green and ranges in size from

1 by 2 inches to 4 by 8 inches, This pod contains the only beryl that was
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noted in the pegmatite. Reserves of beryl are calculated to be 9.5 tons

to a depth of 20 feet.

Beryl and bre Minerals Lode (yegrnatite No. 590)

The Beryl and Pare Minerals Lode (No. 590, p1. II) is a small lenticu-

lar pegmatite on the north-facing slope of Tollgate Gulch, in the SZ~

sec. 3)1, T. 50 N., R. 3 E., New Mexico principal meridian. This lenticular

pegmatite is 154 feet long an~d 55 feet wide. ond di.ps gently to the south

at the angle of 5 to 10 degrees (fig. 25).

The property is about a quarter of a mile south of a smnt privatee road

in the bottom of Tollgate %ulch, and is reached by a narrow p5ath winding up

the hillside.

The claim on this pegmatite was located by Jesses Field on November 27,

l94-9. Mr0 Field has opened at least six small pits ranging from a few feet

square by 1 foot deep, to 22 feet long, 10 feet wide,. and 2 feet deep. These

pits are on local concentrations of beryl an~d thus expose the richest parts

of the beryl-bearing pegmatite. To date Mr. Field has recovered approximate-

ly 400 poun-ds of beryl, 2 pOunflS of colurmbite-tantalite, and approximately

800 pounds of muscovite. The Beryl and Pare Minerals pegmatite intrudes

hornblende gneiss and may be divided into three zones: wall zone, inter-

mediate zone, and core. The top of the pegmatite has been eroded, exposing

the flatlyinig central units. The wall zone is thin and irregular. an~d is

exposed in only a few places along the edge of the pegmatite. It has an

average grain size of 0.25 inch and consists of albite (5j ercent),

perthite (20 percent), quartz (25 percent), and muscovite (<l percent).

The intermediate zone is well exposed by the workings. It has an

average grain size of approximately 3 feet and is estimated to consist of
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perthaite (50 percent), muscovite (30 percent), quartz (20 percent), albite

(<.1 percent), beryl (0.1 percent), columbite-tantalite (<o.o$ percent),

gahnite (traces), and an unidentified mineral which resembles the samar-

skite, fergusonite, or euxenite group of minerals.- The perthite occurs

in crystals from 1 to .5 feet in diameter. The muscovite is abundant in the

outer part of this zone and occurs in books as much as 8 inches across.

It is reeved, soft, and heavily stained and is all scrap mica. It closely

resembles the mica obtained at the Buck4 and Buckhorn properties. Beryl

ranges from 0.5 to 8 inches in diameter and is white. The percentage of

beryl obtained in the 'pits is estimated from the amount of beryl recovered.

and the size of the workings to be O.4 percent. Because the pits were in

the beryl-rich parts of the pegmatite and as many parts of this zone are

completely barren of beryl, the overall content in this zone is approximate-

ly 0.1 percent. Columbite-tantalite was found intergrown with perthite in

one pit. These crystals are from 0.01 to 0.12 inch thick and as much as 2

inches across, but no columbite-tantalite is exposed in the rest of the

pegmatite. Galmite is intergrown with fine muscovite in one small area.

This mineral crystallizes as dark-.green octahedrons 0.01 inch in diameter.

Inside the intermediate zone is a core made up entirely of quartz, that

extends the length of the pegmatite.

White Spar No. 2 (pegmnatite No. 604)

The White Spar No. 2 pegmatite iS in sec. 3j, T. 50 N., R, 3 E., New

Mexico principal meridian. It is on the north side of Tollgate G'ulch, 0.9

mile from State Highway 162, and is reached by a mine road that follows the

gulches The pegmatite is now being mined for lepidolite by Coansolidated

Feldspar Company. It was located in August 1942 and is owned by the Colo-

rado Feldspar Company.
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The pegmatit e was examined and mapped with plane table and t ele-

scopic alidale by E., W. Reinrich and Roswell Miller IIU on July 28,

1943 _J.

J Hanley, J. B., Heinrich, E. W., and Page: L. U., Pegmatite investi-
gations in Colorado: Wyoming, and Utah, 1942-1944: U. S. Geole, Survey-
Prof. Paper 227, pp. 77-80, l950.

Two prospect pitebave been made in the pegmatite, one about 40 feet

long and 10 feet wide at the north end of the dike and one approximately

60 feet long and 25 feet wide at the south end.

The petite is about 260 feet long and ranges iin width from 6 feet

near tbe center to nearly 5o feet at the north end. The trend is north,

but the southern contact of the pegmatite strikes N. 150 W., and dips 700

NE. The pegmatite cuts hornblende gneiss, whose foliation strikes N. 250

Ve and dips 700 to 800 NE. The pegmatite consists of a core of fine-grained

&lbite-auartz-perthite-lepidolite pegmatite surrounded by a discontinuous

wall zone of albite-perthite-quartz-muscovite pegmatite, The wall zone is

discoinuous over the length of the pegmatite: and has & maximum width of

5 feet. Its grain size averages 0.25 inch, and the composition is estimated

to be. 45 percerg aibite, 30 percent pertbite, 20 percent quaxt~ 5 percent

Jmusao~ite e and les s than 1 -percent lepido3.it e. The lepidolit e has an

average grain size of 0.12 inch but occurs in books as much as 1 inch

across, The core ranges from 6 to 32 feet wide., It has a finer grain

size than the wall zone, averaging 0O02 inch, and contains 45 percent

plagioclases 3,5 percent quartz, 10 percent perthite, 10 peret lepidoliter,

less than 1 percent garnet, and traces of beryl, microlite. fluorite, and

ehrysocolla. The lepidolite has an average grain size of 0.03 inch, and

occurs in lenses and stringers up to 4 inches wide. The lepidolite ex-
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posed in the northern pit is banded with coarser-grained albite and quartz0

A arab sample of the core taken by Heinrich J/ from the southern pit

J anley, J. B., et al, op. cit., p. 80, 1950.

and analyzed spectrographica'lly by the Geolocical Survey contained 0.7 per-

cent Li2O, or about 17 percent lepidolite, 0.05 percent Be0, and no Gb or

Ta.

White Spar No. 1 (pe1matite No. 636)

The White Spar No. 1 pegmatite is in sec. 55, T. 50 N., IR. 3 E., New

Mexico principal meridian. It is on the north side of Tollgate GOnlch and'

is connected to State Highway 162 by a mine road 0,7 mile long running-up

the bottom of the gulch. A claim was located on this pegnatite in 1942 by

the Colorado Feldspar Company. E. W. Heinrich and Roswell Miller III of

the Survey examined and mapped this property with plane table and tele-

scopic alidade on July 29, 1942.J

JflHanley, J. B., Heinrich, E. W., and Page, L. R?., Pegmatite inves-
tigations in Colorado, Wyoming, and Utah, 142-1944: U. S. Geol. Survey
Prof. Paper 227, pp.' 77-80, 1950.

The mine workings consist of five prospect pits, the largest of which

is 50 feet long and hias a nmaiimum width of 25 feet.

The pegratite crops out on the top and on the south-facing slope of a

narrow ridge paralleling and separating Tollgate Gulch from a gulch to the

north. The pegmatite is intruded into hiornblende gneiss, but none of the

contacts are exposed.

The pegmatite trends N. 200 E., and dips 3QO-35O SE. It has a length

of 200 feet ad a mezximuxm width of 85 feet.
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Four zones are well developed within the pegmatite. A wall zone of

fine-grained albite-perthite-quartz-muscovite pegnatite completely sur-

r ounds an int ermediat e zone of f ine-grained cleavelandit e-quart z-perthit e-

lepidolite pegmatite and cores of lepidolite-quartz peginatite and quaartz

pegmatite. The wall zone is 9 feet thick on the hanging-wall side and 33

feet on the footwall side Jf, and has an average grain size of 2 inches,

J Ranley, J, ;, Heinrich, E. W,, and Page, I, R.,, op- cit., p. 77,
1950,

The composition is estimated to be 4~i5 percent albite, 32 percent per-

thite, 20 percent quartz, and 3 percent muscovite, Perthite is in crystals

as much as 24 inches long and 15 inches wide, and mxseovite books average

1.5 inches across and 1 inch thicken.

The cleavelandit e-qjaart a-perthit e-lepi dolit e int ermediat e zone on t he

western and southern edges df' the quartz core, is 90 feet long and ranges in

width from 1 to 18 feet The grain size is 1 inch, and the zone is esti-

mated to contain 55 percent cleavelandite, 25 percent quartz, 15 percent

perthites 5 percent lepidolite, 0.0l percent beryl, 0.003 percent t opaz,

and 0.0003 percent colunbite-tantalite,and a trace of microlite. Perthite

crystals average 12 inches in length and 8 inches in width. The lepidolite

is in books 3 inches across and 0.5 inch thick. The beryl is yellow to

pale blue-green and occurs in crystals frQo 0.5 *Ao 1,7j -inobes iniamet*z'.

Topaz crystals are small, ranging ini sine from 0.06 to 1 inch. The

columbite-tanta14te crystals are as much as 0.4 inch.Jong and 0.25 inch

wider

The pegmatite cores are of two types: white rrassive qu.artz pegmatite

and lepi dolit e-quart zemicrolit e pogmatta T%0 he qyartz p0mat ite occurs at

one large irregular ipss 80 feet lbng and 3 to 13 j'eet wide, and seven
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The core of the lepidolite-cpiartz-microlite pegmatite is on the west

side of the quartz pegmatite, between the core and the intermediate zone of

cleavelandite-quartz-perthite-lepidolite pegmatite. This core is 20 feet

long and from 1 to 8 feet wide, and Las a grain size of 0.03 inch, and con-

tains approximately 90 percent lepidolite, 10 percent quartz, and 001 per-

cent microlite.

Buckhorn (pegmatite No, 659)

The Buckhorn (pegmatite No. 659, p1. II) caps the top of a ridge on

the north side of Tollgate Gulch in the SFE} sec, 27, T. 50 N,, R. 3 E.,

New Mexico Principal meridian. This irregular pegmatit e (fig. 26) Las a

ma.ximum length of 1,750 feet and a maxiiumr width of 1,360 feet. It is be-

tween 8,900 and 9,400 feet above sea level and 350 to 850 feet above

Tollgate @uilch, The nearest road is State Highway 162, 0.I mile to the

west.

At least three claims Lave been located on this pegmatite. Claim

notices show two of these to be: the Buckhorn, which is on the northwestern

part of the pegmatite and the Feldspar claim in the northeastern part of

the pegmatite, both located by Bert and Florence Tucker. On the Buckhorn

claim there are several small trenches, the largest i( 30 feet long and

5 feet wide, and the smallest is about 4 feet long, 3 feet wide, and 2

feet deep. The Feldspar claim Las a trench 15 feet long, 3 feet wide, ad

2 feet deep. Several hundred feet to the east of the Feldspar claim is

an unnamed claim which Las a small shaft, 4 feet Square and 8 feet deep,

and a trench 15 feet long and 3 feet wide. Ho mining has been done on~

these claims.

154
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The Buckhorn pegmatite (fig. 26) intrudes hornblende gneiss and tona-

lite, The greater part of this pegmatite has only one zone, but it contains

several small disconnected core segments in its upper part along the ridge.

Around one of these cores is a small intermediate zone. The small cuts in

the Buckhorn claim are made on this intermediate zone. The wall zone,

which forms more than 90 percent of the pegmatite, has an average grain size

of 0.25 to 0.5 inch, It is estimated to contain albite (59 percent),

quartz (20 percent), white to pink perthite (20 percent), fine-grained grayr-

green rruscovite (1 percent), garnet (trace), and biotite (trace). Though

most of these minerals are fine grained, the perthite occurs in blockyj

crystals 1 to 3 inches in diameter.

The intermediate zone is 1.5 to 2 feet thick. It has an average

grain size of approximately 1 foot, and consists of perthite (50 percent),

muscovite (k0 percent), and quartz (10 percent), A few greenish crystals

of beryl, approximately 1 inch in diameter, were noted. Adjacent to the

core in a feldspar-rich part of this zone three or four crystals of

columbite-tantalite and monazite, about 0,5 inch long, were found. The

muscovite in the intermediate zone occurs in books as large as 10 by l8

inches. It is greenish-grayr, and has a strong "A" structure. It crumbles

easily between the fingers. It closely resembles the scrap mica from the

Buckyr mine, which is prized as a grinding mica. The intermediate zone is

about 150 feet long, and diminishes in grade to the south. The amount of

scrap mica available, therefore, is small.

The core segment inside the intermediate zone is south of the other

core segments and differs considerably from them in composition and tex-

ture. This core has an average grain size of 2 feet and consists of

perthite (91 percent), quartz (7 percent), muscovite (1 percent), and



156

beryl (037 percent) as determined by a beryl count along the sides of the

largest cut. The beryl is pale green and ranges in size from 0.Ol7 by

0.058 root to 0.27 by 0.45 foot.

The other cores lying alone the top of an east-west trending ridge

are only 10 to 20 feet thick, They may be the eroded remnants of a once

much larger and continuous core, The average grain size of the minerals

in these core segments is 8 to 12 inches, and though they vary in the per-

centage of minerals, they are estimated to contain perthite (53 percent),

quartz (45 percent), albite (1 percent), and muscovite (1 percent).

The small shaft to the east of the Feldspar claim was sunk in a

quartz-rich part of this pegmatite. It yielded approximately 75 pounds of

beryl. These beryl crystals are 1 to 2 inches across, are white, and

closely resemble quartz. This appears to be a beryl-rich pocket and others

might be found on further exploration, The amount of beryl is not likely

to be large, as the core segments are extremely thin, A limited amount

of feldspar could be obtained from these core segments, but as the cost of

feldspar is low and transportation costs are high, the economic feasibility

of this is questionable.

Black Wonder (pegmat it e No . 84'7)

The Black Wonder pegmatite is the largest pegmatite in the district,

covering parts of secs. 20, 21, 22, 27, 28, 29, 32, and 35, T. 50 N.,

R, 3 E., New Mexico principal meridian, It is 12,600 feet gbng and has a

maximum width of 6,700 feet, The northeast end is less than 200 feet from

Willow Creek and the southwest end is at Big Gulch, A road from Big Gulch

to the State Highway 162 traverses the pegmatite for 1.5 miles. IMuch of the

eastern edge is within a quarter of a mile of the highway, The western part
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of the pegmatite forms the southern extension of a prominent north-trending

ridge. This ridge rises to the north, and the highest point on the pegma-

tite is ovrer 9,700 feet. The southern and eastern edges of the pegmatite

are at an altitude of slightly above 8,500 feet.

The Black Wonder is extremely irregular, consisting of a large nuifber

of intersecting dikes of uneven spacing and size.

Most of the pegmatite intrudes hornblende gne iss, but part of it cuts

coarse-gralined granite at the southeast and pre.-Cambrian sediments in a

snall area at the northeast.

The pegmatite Las aroused little mining interest. Two claims ha~ve

been filed on different parts of the pegmatite: the Black Wonder and the

Beryl claim. The Black Wonder prospect, in the eastern part of sec. 29,

was located in May 1948 on a mafjnetite-rich area in the pegmatite, and con-

sists of one cm'all pit. The Beryl claim, located in June 1948 by Bert

Tucker, is in sec, 27 and consists of three pits on a beryl-bearing unit

and a fourth on a monazite-bearing unit.

The -oegmatite consists of a tWickr wall zone enclosing srmal1 widely

scattered cores and cut by occasional fracture fillings. Only a few of

the cores heave an intermediate zone between them and the wall zone. The

wall zone, constituting over 95 percent of the pegmatite, varies in tex-

ture and composition. In the southern and western parts of the pegmatite

it is a graphic granite unit, grading to the north and northeast into a

unit with only a few crystals of graphic granite in a matrix of albite and

quartz. The wall zone at the south and west end has an average g~rain size

of 3 inches and is estimated to contaIn 60 percent perthite, 24 percent

albite, 15 percent quartz, 1 percent martite, less than 1 percent biotite,

ancd a trace of garnet. Graphic granite crystals, as rmurch as 5 feet across,
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constitute 50 percent of this part of the wall zone. Small local concen-

trations of martite are common, such as the one upon which the Rlack

Wonder claim was made. Martite comprises 10 percent of the wall zone at

the prospect pit and to the northeast for 50 feet, in crystals as much as

Lp inches across. The wall zone to the north and east has an average

grain size of 1.5 inches and is estimated to contain 55 percent albite, 30

percent perthite, 15 percent quartz, less than 1 percent garnet, and a

trace of martite. Graphic granite constitutes less than 10 percent of this

part of the wall zone in crystals less than 6 inches across.

At the Beryl claim, two different types of intermediate zone surround

quartz cores. One intermediate zone contains monazite and coluifbite-

tantalite, and the other beryl crystals. The intermediate zone that con-

tains beryl is between two small quartz pegmatite cores, 7 feet apart, the

larger of which is 25 feet long by 10 feet wide. Two prospect pits, the

larger of which is 9 feet long by 6 feet wide, are along the east side of

the larger quartz pegmatite core. Another pit, 15 feet long and 4 feet

wide, is on the east edge of the smaller quartz pegmatite core. The inter-

mediate zone is not exposed completely around the larger core, but lies

east of it, surrounding the smaller one. This zone has a maximum size of

30 feet long and 15 feet wide. The grain size averages 2 inches, and the

zone is estimated to contain 79 percent al1bite, 10 percent quartz, 5 per-

cent perthite, 5 percent muscovite, 1 percent garnet, and 0.2 percent beryl.

The muscovite is in books from 0.25 to 5 inches across. Garnet crystals

range in size from 0.25 to 2 inches. Beryl is concentrated along the

eastern edge of the larger quartz pegmatite core in semitransparent yellowish-

green crystals from 0.5 to 1.25 inches in diameter,

The monazite-bearing intermediate zone is approximately 400 feet north-
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east from the beryl-bearing zone, and is exposed by a prospect pit 4 feet

long and 3 feet wide, on the east side of. a quartz pegmatite core, The

core is 15 feet long, 6 feet wide, and is 2 feet thick at its edge in the

pit. This intermediate zone is estimated to be 15 feet long and 4 feet

wide. Its grain size is 6 inches and the composition is estimated to be

55 percent albite, 30 percent muscovite, 15 percent quartz, and traces

of monazite and columbite-tantalite. Muascovite books are as much as 8

inches across, and monazite crystals average 0.75 inch long by 0.12 inch

wide0 The columbite-tantalite averages 0.12 inch by 0.06 inch.

The cores are nearly all small, measured in tens of feet long and less

than 10 feet wide. They range from 100 percent quartz to 10 percent

quartz and 90 percent perthite, In the northeast part of the pegmatite

muscovite books form as much as 30 percent of the cores in crystals as

much as 5 inches across, In some of the cores the quartz is smoky, sug-

gesting the presence of radioactive minerals. Several small crystals of

allanite~ were found in one core.

In various places the wall zone is cut by fracture fillings of white

quartz0 These fracture fillings range from a fraction of an inch to 6

inches in width.

Trio No, 1 (pegmatite No. 1402)

The Trio No. 1 pegmatite is on the ridge west of Willow Creek at an

altitude of l0,000 feet, in sees. 16 and 21, T- 50 N0 , R. 3 B., New Mexico

principal meridian. The nearest road is along Willow Creek 1 mi2le north-

east of the claim. This road joins State Highway l62/2.5 miles to the south-

east, The claim was located on May 2, 1949 by Bert Tucker, (George Tucker,

and A, Te. Pearson- Discovery workings consist of four small prospect pits,
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the largest of trhich is 13 feet long, 10 feet wide, and 4 feet deepL

The pegmatite is 644 feet long and has a maxinu~m width of 152 feet.

It is irregular in shape and is intruded into quartz monzonite, The

pegmatite is made up of four zones: a large thick wall zone constituting

over 90 percent of the pegmatite, two small intermediate zones, and several

small discontinuous cores. The wall zone has an average grain size of

0.75 inch and is made up of albite (45 percent), perthite (40 percent),

quartz (15 percent), biotite (less than 1 percent), and nartite (less

than 1 percent). The intermediate zones are of two types: a quartz-

albite-perthite peginatite and a qaartz-albite-muscovite pegnatite, both

found around one core. The quartz-albite-perthite pegmatite intermediate

zone, 20 feet long by 15 feet wide, is east of the quartz-albite-muscovite

pegmatite intermediate zone and separates it from the wall zone. This

quartz-albite-perthite pegmatite has an average grain size of 6 inches and

is estimated to contain quartz (35 percent), albite (34 percent), perthite

(30 percent), garnet (0,5 percent), and biotite (0.5 percent). Six beryl

crystals from this zone were found on the stockpile, ranging from 1 to

8 inches in diameter and from 1 to 6 inches in length. The quartz-albite-

muscovite pegmatite is 3.5 feet thick and surrounds the core of quartz

pegmatite. This zone has an average grain size of 1 inch and is made up

of quartz (60 percent), albite (25 percent), muscovite (15 percent), and

garnet (less than 1 percent), Muscovite crystals average 1 inch across

and 1,5 inches thick.

Cores of quiartz pegmatite occur in several places and are as much as

15 feet long by 12 feet wide. The core on which the workings are located

is 20 feet long by 5 feet wide and consists entirely of quartz,
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Bucky (-pegmnatite No. 1574)

IntroCduction

The Bucky pegmatite is an irregular pegmatite on the ridge between

Willow and Illinois Creeks. Numerous claims are located on this pegmatite

in the E- sec. 22, T. 50 N., R. 3 B., New Mexico principal meridian. The

Euckyr claim on which the ma.in workings are found is on its northern end,

covering a quartz pod 100 feet long and 60 feet wide. This claim was

originally owned by Rod Fields, who has driven several small adits along

the southern side of the pod and has produced approximately 17 tons of

beryl, 100 pounds of coluiabite-tantalite, 25 pouad~s of an unidentified

samarskite-like mineral, and 15 pounds of monazite. Scrap mica was at

first discarded but approximately 20 tons were stockpiled in September

1948. In the fall of 1948, Mr. Fields sold the property to the Beryllium

Mining Company, Inc., which has operated from open pits excavated by blast-

ing and bulldozing. A road was constructed to the mine workings approx-

imately 400 feet above the valley bottom by the Beryllium Mining Comany,

Inc. In Magy 1950 a small mill for separating the scrap mica ebs built

alongside the mine road. Prior to May 15, 1950, the Beryllium Mining

Cormnany, Inc. had produced 32 tons of beryl, 139.6 tons of scrao mica,

1,020 pounds of colurabite-tantalite, 15 pounds of monazite, and 13 pounds

of a samarskite-like mineral.

The beryl was sold to various buyers in Colorado, and was trucked to

Longmont or sold on the property. The scrap mica is sold to Western Non-

netallics in Pueblo, Cobo., at $25.00 a ton, delivered in Pueblo. INo

columbite-tantalite has been sold, and the monazite and the samarskite-like

mineral have been sold to Wardts Natural Science Establishnent for resale as

nine ral specimens.
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The Bucky mine workings were mapped by Staat z and Flawn between

September 28 and 51 in 1943, with plane table and telescopic alidade.

This nap (figs. 27 and 28) covered an area from the northern contact of

the pegmatite with the schist to a point 180 feet south of the main quartz

pod. A beryl count was made in the mine workings. On Novemiber 22% 1949,

the map was revised by Staatz and Trites to show the new workings. The

outline of the whole pegmatite was mapped by Staatz (pi. II) in the course

of regi on1Pl mapping in September l949,

%eO1 Ogy

The B3ucky pegmatite has been intruded chiefly into hornblende gnei ss,

ut it ;also cuts severu1 small bands of quartzite. The pJegr atite is e::-

tr&.wl y irregular and contAis iany small inclusions or pendants of country

rock, The main bulA4 >V the per'nati te is a fine-grained discontinuous wall

zone and a coarse-grai:ned graphic c granite intermediate zone. Inside this

are scattered 36 cores of quartz peguatite segments at least 10 feet long

Some of these core seguients are surrounded by one to three intermediate

zones, The core sejienits have a peripheral arranGement in the pegmatite

(2 ic, 27) and sor-e nay be fracture fillings rather than true core segmentsA

The wall zone is discontinuous; it is absent in some parts and several

hundred feet thick in others. It has an average grain size of 0.25 inch,

and consists of albite (60 percent), perthite (20 percent), quartz (16 per-

cent), rmscovite (4 percent), and a trace of' garnet,

Inside the wal1 zone i s a thick intermediate zone made up~ chiefly of

graphic granite. The graphic granite aggregates range from 2 inches to

1 soot in diameter, and average about 5 inches0 Besides graphic granite,

this pegmatite unit contains 3 to 4 percent of cream-colored blocky
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Dcrtite,~ 1 morce:nt of wite cuiPrtz crstals. 3 percent of fizmc-i;rainC.

crem;-colorc( Elhite. sa 1ess thrn 1 merccen oj biotite. The biotite

occurs in thin. 6-inch blades the ,t a.re localized in small areas in this

rock0 The albite is difficult to &istinguish from the perthite but is

most abundant along the contract of the quart z-albite perthite pegmatite.

The albite has a minimuia index of refraction (1al) of 1,530 + 0.002. The

estimated bulk composition of this rock is perthite (77 percent), quartz

(20 percent), albite (3 percent), biotite (1 percent). Qiartz albite

pegmatite is the most common type of pegn'atite adjacent to and encircling

quartz pods. Some quartz pods have no other intermediate zones separating

them from the graphic granite pegmatite, while others have as many as

three. Good exposures of this zone are found around the large pod on the

Buicky claim. The quartz-albite pegmati.te has an average grain size of

0.5 inch, and usually contains equidimensional quartz grains surrounded by

albite. The estimated composition of this rock is quartz (55 percent),

albite (L!0 percent), perthite (3 percent), muscovite (1 percent), and

garnet (1 percent) The albite is cream-colored and usually fills around

the auartz crystals. It has a minimum index of refraction (1gi) of

1.532 2 0.002. The perthite is commonest near the perthit e-quartz pegma-

tite zone where it occurs as graphic granite, and near the muscovite-

f eldspar-quartz-~beryl zone xrhere it occurs as cream-colored blockyr crystals

about 4 inches across. The muscovite is in light-colored irregular books

0.25 to 0.75 inch long. It occurs in local aggregates, comprising as much

as 10 percent of the rock. Adjacent to the core of the Buckyr mine the

feldspar s considerably kaolinized.

Mus co vit e-f eldspar-quartz--beryl poegmat it e pre dominat es around the

large Thucky core segment (figs. 27 and 28) but is also well developed
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around at least two other core segments and may be present to a minor ex-

tent around several more. This zone weathers easily and is usually con-

cealed. by quartz float. It has been well exposed along the southern and

eastern side of the Bucky claim, where mine Laces are over 20 feet high.

This zone extends around three-fourths of the Bucky core segment but

pinches out in the northwest quarter and is from 1 to 10 feet thick. The

muscovite-feldspar-quartz-beryl pegmatite zone has a grain size which

ranges from 3 inches to over 8 feet -and has an average of about 2 feet.

It has an estimated composition of muscovite (40 percent), feldspar (31

percent), quartz (20 percent), beryl (8.9 percent), columbite-tantalite

(0.11 percent), samarskite-like unidentified mineral (,003 percent), and

monazite (0.003 percent), topaz (C 1 percent), gahnite (Cl percent), phos-

phates (trace), and lepidolite (trace). Muscovite makes up from 10 to 80

percent of the rock and is found in books as much as 1 foot across; the

average is 6 inches. The books are heavily lined, have irregular surfaces,

contain minute crooked fractures, and have a prominent "A"' structure. Both

red and black mineral staining is common. This mica is also scrap and is

quite soft, which makes it an excellent grinding mica. The feldspar

occurs chiefly as cream-colored blocky perthite and as cream-colored fine-

grained albite, The albite is commonest in heavy muscovite concentrations

ano. has a minirmun index of refraction (NTa 1) of 1.531 0.0O2. Because of

the heavy kaolinization of both feldspars, the relative proportions of

perthite to albite could not be readily determined. Qartz occurs as

large white crystals several feet in diameter, Beryl. is found in large

white to pale-green euhedxal crystals, A total of 64~ beryl crystals was

noted in 344-3 square feet of muscovite-feldspar-quartz-beryl pegmatite

measured along the mine walls. The crystals ranged in area across their



IL $5

ras. ifrom 0.007 to 5.0 square 2cet, ain. averajeed 0,70 square feet, Boryl

is iore . co <: ::.:w. occurs Lin _age * c ryrstals in. the )erJhte-cilartz-rich

Dart th--n in the tluscovite-rich Dart, A beryl1 cont <aCe i:n F: 1>-e

working,~ uKhich were Criv2n on a beryl-rich conicentrationi, jave an aivor. je

ox 13 percent beryl. Sincc tho~t tino :iost ox this5 ZOIE has contained <uch

less 19errls A secon. Dock:ct was coned. in Airil 1 050, fran which a gproni-

__el C tons of beryl had coen te2ken <rior to Juno of the same year. The

'beryJ. $n this, as in all zones, is concentrated in rockets sepgrat ec by

lost barren rocks. The bcry1lihas a >laximumn index of' refraction (io)

of 1.578 _ 0,002, which corresponds to approximately 13.2 percent reQ.

A small part of the beryl has been kaolinized,~ The coluvbit e-tantalit e,

<o:.azite, and 2cc unideitified samars:ite-like mineral usually occur together

in erratic iockcts. They wore ::omic in sone of the earlyT workings adjacent

to _'h- co seOlient.., The~ COliiLE-VG'tot OcCurs 1in black torilar

cr stals as YULCh CS I iLCLICS a.C::OS7 I%:azite occurs in 0. 25 to IL inch

long reddish1-brolcl cihedral crj-1 s an the aKjacen~t Of dscPar is frecsnently

stained red, Thel sa~rskitc-liklui.(nii ee. :cierai has boon in y

2)i>CnfuO ILE racture, a greasy I nat er. an< no e y~aom: (~Crsi:

Ths.iner _ I s oetariict and its IX-ray oattcrn1 Goes not agriec with that of

sa aar si:it e Q c rc'soni~te , euxeni te , alTh:-i t o r nre ninites A r- -:r Th e

Eisussonof this Ilieral is givren in the section on mineral or'y,

Toics bas been :reoortad front the Thick< core se9le'nt 7> i Wi In

[ca: or a uneance a)7<nd. . a al 1a )On the scntbwestern jart of the p107 &-

tite. The zone in this are> ry contain as much as 1 percent of to;)az in

cry s tls 1 to /* inches across Leiidolite has been found adjacent to the

topaz bt is c -ite rare anE in vey :2ine-grzained aggregates.
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Lithiophilito-triphylite has been :found in a few rare crystals ad-

jacent to the Bucky core segment and another small pod in the extreme

northeastern and of the pegmatite,.

In addition to the ruscovite-feldspar-beryl pegmatite, there is a

coarselgraine1 perthite pegnaatite around the Bucky core segments This rock

has an average grain size of 6 feet and is estimated to consist of 93 per-

cent of cream-colored blocky perthite, 7 percent of Quartz, and less than

1 percent of albite and muscovite. The perthite is slightly kaolinized,~

About 30 tons of cream-colored perthite 'nas been stockpiled at the mine,

but none had been sold prior to June 1950.

Qpartz core segments are found scattered throughout the pegmatite

and range from a few feet long and less than 1 foot wide to the one 100

feet long and-80 feet wide on which the Bucky claim is located, The

quartz pegmatite is made up of 100 percent white massive Quartz. As this

rock is resistant to erosion, it forms prominent knobs, and joint blocks

commonly cover the adjoining pegmatite.

A unit which is believed to be a fracture filling was found in two

places along the outer edte of the pegmatite. This unit has an average

grain size of 3 feet and is estimated to consist of 50 percent quartz and

50 percent perthite.



Table .--Nineralog of pegmatitee

Number en4 alrc emtt

name ef peg- Type an4 Alteration PRaiation to Shape Internal T'exture Nineralogy

nati.e ) onte alro tutr (1nobe Plegioclase Perthite Grephia Quartz Koecorito Gernet Tournaline Lithiun minerals Other minerals
I 'granite

Per- Size Per- Size Per- Size Per- Size Per-- Site Per- Size Per- Size Mineral 1Per- ISize Mineral 1Per-cent' inch. )oent tach. )cent inch.l )cent'inche )cent tiache ')cent inch. 'Cent ] ent cent ice)

Oreea-euttiabLeatielzI.

Trane;

liotite. Trace. 1/32

Tenalite an4
cearee-grained
granite.

Srami te.

tenalite mLt
gramitt.

Dietite gneie
mAn granite.

Tenalite am&
granite.

Mkss.

tenalite.

teealt te , eare-
graineA granite.
fine-grainoa
grate.

aearae-graiaet
granite.

tenelite.

lnae-prainet
granite.

feaali te .

tenalite mAn
eearee-grnai
granite.

tenalite.

Ge.

Ge.

1

2

3

14

tenalite.

De.

De .

De.

Gae unit

De.

Ge.

G e.

3/14

2-3

1/14-1/2

3/14-1

35

149

25

15

Net epoe.4

Ge.

De.

Ge.

0rces-euttia

Net expoee.

Oenfernable.

145

15

147

53

514

Lentimel

De.

Oval.

branehi!

Lealionlar

Leatizulab
branching.

Leatlmalan
breaching.

< 1

1

3

1

I.

De.

De.

De.

De.

Ge.

Ge.

1/5

1/8-1/4 65

1/5-1/4 58

25

35

23

30

25

20

20

20

20

Nerpi. IlCryet l. 1/4
COlub tel
tantalite 3 Oryst4 5.

Neme.

Ge .

None.

De.

None.

Ge .

Nene.

Nene.

De.

g~eatie.1e-
breaching.

G .

Lantienim.

1/16

1/8

1/u

12

6-10

15

20

20

13

10

20

35

15

15

35

15

25

7

25

Oreae-euttia

De.

Net onpoe.

Ge.

Oms ea-euttin

Net expeat.

Oreee-entting

Net expoed.

60

6i

69

60

65

65

30

15

25

72

55

1/14-1/2

1/16

1/4

1/8-1/14

1/6-1/4

1

14

i/i

i/i

1

Race.

< 1

trace.

< 1

< i

< 1

< 1
< i

4- i

1- 1

< 1

Yrme

< 1

< 1

* Ge.

De.

Ge.

< 1
2

< i

< 1

Irne

< 1

< 1

< 1
2

< cl

< 1

1

< 1
< 1

|Leatienlar

Ge.

Leatienlaz

Leatienimr
breaching.

. e.

Leatieeler

.Irregeler

Lentinalar

14-6

5-10

20

20

35

35

20

25

25

30

20

I | | | | ' i i i i I i i I i I

1/4-1/t| 44



Table 
20
.--Mineralog of peginatitee -- (Continued)

Wal1 rockNumber and r
name of peg- Type and Alteration
natito formation I
(P1. 2)

22

214

25

26

27

28

29

30

31

32

33

314

35

36

37

38

39
140

Tozlito.

-Do.

Do.

Do.

oIaroe-graiaed
grant to.

Do.

Cerce-graS zed

grani te.

Do .

Do.

Do.

Do.

Coerce and fin.-
graed granite.

Ooaroo-greie4
greel to.

Do.

Do.

Do.

Do.

Do.

Do.

None.

Neme.

Neme.

SDo.

________________________Pegzati to

Relation to
Wall rock

1rooo-euttini

Do.

Not exposed

3rooo-cuttin

lot ozpoaed

Do.

Do.

Do.

Shape

.Lenti cole

Lentbcular
branchic

Internal !f

etrture (

r.Vall eon .
Core.

-Southere '

g. branch.

Northor.
brooch

Wall aones.

North
branoh

texture

1/14
6-s

1-2

6

oers.

Lenticuler
4 

One unit. 1

.Lezticule uMeiz a uti.14-1/
branchi ig.

Freeture- 6-s
filing.
15' lena

Lenticoler .lno onit. i/N-i/I

Lenticnlr- Do. 1/5-i/
bronchi z:.

etionlar. One nit. 1/16
breaching 7.

Do. Do. i/S

Laaticoler DZ. 1/8
De. Do,1/s

Leoticol er - Do. 1/14
breaohisg

Do. ID. 1/8-

Do.

Do.

Lintloulr

Do.

Do.

Saetiealaz
brinohin1

Do.

Do.

Do.

Do.

Do.

Do.

1 4

L/S-/1/4

L/S-1/4

L/S-1/4

1/s

i/S

4-1/16

Plagioclane Pertbite Graphic
granitet

Per- ISize Per-
cen t inches )cent(i

59 15
10 5

140 20

69 5

10

1414

70

5,

73
1q14

614

60

5)4

60

77

79,

Size

Quartz

Per -Size Per -Size

)cent (ionohe ot iinahos

25

25

35

30

25

90

201

201

20

15

15

25

20

30

20

20

20

20

a2

15

Muecovi to

Per-] Size
)centl(inheo

1
<1i

< 1

1

2

<1

< 1

< 1

1

< 1

1

< 1
1

01

< 1
1

1

1-4

Mineralogy

Garnet

Per- Size Per-
)nt inch )cont

Trace.

< 1

<01

fran.

Tre,

frece.

frae.,

.41

<1

fraco,

frae

fran.,

Treoe,

free.

frae.

frano,

fran.,

Yrao.

Tourmaline Lithium nineralo Other nineralo

Size Mineral Per -Size Mineral
cent

flaryl. I

Noryl.
Mozeite.
Columbito-
tantalit.-.

Noryl.

.3 Cryat
3 Cryst

5 Cryo4

1 Crys
4

)4egneti te~ free.

Per-
cent

Cryotal

Size
(inches)

.14

el. 1-ij
de. i/P

41. 3/4

41 1/2

am s..



fablelO .- Ninrer3.og of oegnatitse -- GOtiaset

Vall rook _____- ___ Pegpotite

l-se o pe- Type end Alteration Relation tO Shape Zntornal texture Nnrlg
mntito f rmii.. veil rook .trooiore aehse - I)
(11. 2 ) lagioolaee Perthito Grqphie Quarte Noecovit. I Comet Touruellae I Lithium mineral. Other miaeree

I T1gr n + I

Ermblea. ~~Per- lisa Per. BIs. Per- Else Per- Ii.. Per- lime IPer- I is* Per- limo j ineral Psi- J ies Minerel Per- lime

psel us.

Is.

Cese-graladt
greelts.

Do.

Imubleaeo
poise.

Do.

lsrnblinie

gremi te.

Uorablende
gpelee.

Do.

Do.

Do.

toelito

lerabisais

poeise.

Do.

fealito

Do.

NerabimA.e
gsis..

Temlite

Do.

Do.

Do.

Do.

Do.-

ieee.

1st es.det

Do.

let erposet

Oreeettisi

Do.

Do.

Dot inpessd

Do.

Irescttiog

Irregular -

Do.

Letinlau

Do.

.Letiuala
bteas

Do.

Do.

Do.

Leetioula

irrguler.

Leetienles

bramohis
4

Letimier

let ecpeeAs. Do.

3roseettsng ]rrebuler.

let exposeA. tetieular

Do. Do.

Do.

Do.

Do.

Do.

Do.

3reeenttmg

Do.

Do.

rregpler.

Leetiomlar

g.

I.

r.

Doe uei4 i/u

Do.

3m.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Nerth mt.
boath amA.

Doe onit.

Wall some
Cores

Doe omit.

Do.

Do.

Do.

Wall some
Core

Doe emit

1/16-i/i

1/g-1/4

1/6

1/4

1/I

1/8-1/i

1/16-1/

1/4

1-1/a

1/32

1/4

1/4
1-i

1/I

1-1/h
1

1/I

1/1

1-2

1/u
10-12

1

71

7"

7"

'5

7"

'5

6g

64

65

65

70

'55

59

7'

70

|71

71

35,

70

5"

U

15

U

U

19

25

U

U

'3

15

a,

15

15
10

U0

15

U0

3,

15
15

a,

1

1

a

1

1

1

'1

1

'1

21
'Tre.

<1

<1

<1

<1

1rnq
<1

1

free

1

1

1

Traoe

<1i

frase

'Tees

<1

frees,

Trae

'Tee

1

1

Tres

S1
Cry.t.2

1.1/

.Th

i i i i i I I | | | | | | | | 1 | |



Vbl/0 .--- Ninerelogy of peciatitee -- Cemtimnami

hbra V.ll rook ________Pesatite

m. of pee- Typ.e a Alteration elation to Shep. Internal texture )Iinerelogy
eetite formiton vail rock structure -

(11. 2 ) Piagiocla. Perthite Grqihio Quarts Muscoite Garnet Tourmaline Lithium minerals Other minerals

_______________ ______ ______ __________ ___ __ __ - ______ __ __ __ __K~4... I_____ __________r_ ___ ___

Pe-- Size Per- Size Peo- Sis Per- Size Per- Size Per- Size Per- Size Minerel Per- Size Mineral 1Per- Size
oen~ aohaaloent( eches oebee ong moche ng ahan nob een mb cent cent cent 1 (inches)

temlite.-

no.-
no.

Oeaoee-graia.t
greelte.

Tealite.

De.

no.

!eeeiite sAma
eears.-grea.a

De.

Yoeit.

Do.

De.

Do.

Do.

no.
no.
no.

leaslite atd
fine-graimeg
gramile

no.

no.

eaiite.

fomlit. ami
fime-preled

lea.

lea.

Noe.

Ieee.

3reeottieg.

lot exposed.

no.

no.

no.

areeemattimg.

no.

Do.

te exposed.

eceattiag.

et exposed.

no.

no.

no.

no-
reoniating.

no.

no.

no.-

et ezpeed

Lintieir
bremehlg

no.

Letionler

no.

no.

no.

Leetioniar

Letlonlar

bramble6 g

Letiouler

Leetionir-
branmobim

no.

Leetimuiar

no.

no.

no.

.eetinlez.
bremohimg.

NAtioniai.

no.

Vell soeine
Vest bra
0.r-c
Vest brsac

bet boee

One emit

no.

no.

no.

no.

no.

no-

no.

no.

no.

Dn.-

no.

veil e
341-.

One emit

no. /6

6

i/i

./2-1

./2-1

1/8

./16-1/2

'9

15

'55

'9

345

'5

50

a4
72

;,/6-1/4 65/8-1/)4 55

/-/4 65

45-1/4

1/34

1

i/I.

i/I.

i/,

3/34-1

55

Ec
60

ISO

'9

60

6a

7'

71
1

345

6a

5it

1

1

<I

<1

ci

<1

<ci

ci

free.

Trace

Treos

1

<ci

1

<ci

1

!TrnSel

<c

<i

hreee.

<i

free.

ci

Irene.

Irae.

Irene.

<i

<i

race.

Irece.

Irae.-

1

leibite3
tatelite
lomezite 2
'mzuli.1=.

Cryataa

1r75tal
free.

5. i

i/i

341r71. * 5r75t545

1.1-7..

ier-7. -

leryl.

3.171.

2 Orputais i/.

2

1

2

CryatLe i/s

Cryti1 i/s

Cryses. i/s

| 1 | | | | | | | | | 1 |



Table 20 .-- Mineraiog of pegnati tes -- Continued.

V.11 rock __________ _____ ____Pegmatite
Number mAn__
name of peg- Type anA Alteration Relation to Shape Internal texture Mineralogymatite formation vail rock stucture inches ._._._...

(P1. II ) f Plegioclase Perthite Graphio Quartz Muscovite Garnet Tourmalin. Lithium ninerale Other minerals
Igrani to

Per- .Size Per- Size Per- Size Per- Size Per- Size Per- Size Per- Size Mineral Per-- Size Mineral Per- Size
cent .inche n4 .nohee ce on ahees cent .nChos cen% n..e cen% .nches cent inch.i )ent 'inches Jcent j(inchae)

grained grani te,

Tonali te.

Noroblende gneit

None.

5.

Crosscut ting Lenticu 1 - One unit,

10. Irregular

Lenticula:
branching

do.

-Northern
end.

southern
end.

1/14

1/2.-3/4

1/14

1/16

55

50

65

93

20

25

10

Trace,

25

25

25

<

rans,

( 1

Trace

Trace

Trace

Seryl. 2 orrstalt.

Deryl. 1 3rrse1a.

Upidote. frNace.

1/4

'~1
?~

s6

E7

ES



Table2.---rinealog of iegmtltoa----outinuod.

[ Vall rock 1
Type end Alteration Relation to
formation vail rock

69

90

91

92

93

914

95

96

97

98

99

100

101

102

103

104

105

Tenalite.

Ocaree-grained
granite.

do.

d..

Tcnai i.

Herublende
gasise and fin.
grained granite

Vocalite and
coarse-grained
granite.

lonalite.

ronali Is and fi
grained granite,

Icarse-grained
granite.

do.

fcnalite and
coarse-graS ned
granite.

do.

do.

'onali te.

do.

fonaite and
coerse-grained
grant to.

Not exposed.

do.

do.

do.

do.

Crocutting

do.

do.

donformabl.

Hrscotting

do.

Vuaber and
none of peg-
natite

(n1.h1)

Pescati te

14lnerology

inches )cont inches

~10 jt-

* Shape Internal 'exture

stucture 1lnchae)
.Lenticula ne unit 1/8

Lentioula . do. 1/8

Irregular, do. 1/8

Lenti cula . doc. i/a-3/4
d . do. 1/64

do. do. 2

* do. Northern 1/4
end.

Southern 1
part.

Lesticulr- V11l 3000 14
branching .nor theast

Part.
Vail zoo 1/14

southwest
part.

Gores. 8

do. Wall zone 6-8
acuthv.Ot

end.
Vail icc. 1/5-.1/4
northeast

end.
Ocres. 6-8

nticular Vail Sons 1/8
Ccre. 8

do. Vall acne. 1/14
Ccre. 6

do. One unit. 1/8

. ,Anticular do. 1/8-1/4
branching

do. et branch .1/14-1/
East branch 1/32

,enticular. One unit. 1/14

do. dc. 1/16.
1/32

.enticul ar- Northeast: /16-
branching 4and south- /32

s sst branch a.
Northward- 1/2
trending
branch.

Plegioclase Perthite

Per-
cent

70

73
60

68

20

34

28

66

10

15

53

5

77
20

62
1

79

72

67
88

67

714

714

60

Graphic Qunrtz

granite

Muocovite

Per- Sizo Per- ISize Per-
)cent(i che )csent inches)centI

20 <1

20 <1

25 <1

20 i14-<i

30 ~ 1

35 trace.

24 1

25 i-6 1

iO-7OI12-2 20 2

2.-3 6 20 2

80

Garnet Tournaline

Size Per- Sine Per-
inche~ )cent Inche8)cent

Trace

Traced

?race

race
1

T~racel 1/8

1/2--2

Track

ace.

Race.

l'race.

tace.

<1-

erace. 1/8

race. 1/8-1/

race.

Size

Lithium minerals

Mineral Per- Size
cent

Mmn

Other minerals

oral Per- Sine
cent (inches)

Sts

None.

- do

-do.

do.

do.

do.

Trace.

i crysi.

crysta e. 1/4

crysta~e. 1/2

Cleavelandi 4.

3--7

Nictite.

Magnetiis.

Seryl.

Bsryl.



!mble E.--NinereJogy of pomtltee--Cemtlme .

Vail rock L aNmtlte

.e of ping- Vype mn Aiteratim hilatica to Shape Zatermal teziure ~m~elogy
itlte folo alrckurclr ae. I__(1 R) f Piagleolce Parthit. Grqphlo Quarts thooylto oaruet Tourmelliao Llthitin mineral. Othbr miaerma

Per- Sis ElPr-Bse Paz- El.. Per- 8130 Paz.- T15 . Per- 1 i. Ier-[ also ineral e-Ss ira r- ie
Isis.ent inbe ketftce)en ahis nee oem Iak ip" Tucn. Miera (1 ii..

106

107

1U8

109

110

111

11*

113

h14s

115

ii6

117

119

in

122

123

i24

125

127

1U

129

"emel"..-

6..

do.

'a.

0.

0.

Iarmblemte gaol.s

Iorabieaeo gaol.
.4a oeao-gral

grmi ta.

BEwablem4. gaol.

Nerabldmto gaol.
ad grait.

flormblemdte gaol.

Irolt. .4a
gramiS.

DeAr-ralnt
-rnto.

La.

ro..iit.

'a.

let ezpisel.

0.

Pigral e

peal te.

d.

lorableaL. gamisa

0.

onaml to.

I.

hal

I.

I.

Orosemttmg

Net emes.

0.

0.

0.

0.

0.

Dresemttiag.

Lntilas

0.

Lmntiemiu

Lintlemlaa

0.

Lmatio'la'

Lentieulaj

bremchm

Xraegalar

let myoe. |Lintio.1az

let ezpo e.

:reeouttiag.

0.

lot eaieeei.

0.

0.

lot euposeL.

0.

0.

Ireeuttlsg.

C.'mtiemla,

0.

0.

Criagular.

0.

Lmtlcular
breachiag

Leatleulas

bremahiag

0.

0.

0.

0.

, 0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

* i/s

1/8

/16-

i/I

u/n-i/s

L/E-i/s

7

71

70

71

70

7,

1/5-1/Is T4s

L/E-i/s

l/E

L/E-i/s

1/8-1/s

i/ia

i/E-1/s

t/8-1/s

l/&-i/s

1/8

,/1-1/s

f,/SIs4

,/8.1/s

1/8

70

7,

'5

'5

El

67

U0

76

'5

'a

70

7,

7,

70

73

76

15

18

10

5

10

10

7

Is

5

a

'5

a

a,

18

E0

it

15

a,

18

U0

E0

0

U0

U

15

U

U

U

'1

(1

<1

<1

<ci

rme.

rno,

'race,

lrme.

<1

(1

'race.

3rmcet

Yre000

"moo.

-Ci

'aol

<ci

Yre

bre..

Trmes,

limce,

lrime,

lrime,

Ira.

le..s,

41

lime.

rme.

liree

'race.

'race.

fr.

bin.e

1 017ol6

:*.::-te !:'.

Rerl. I

30r71.

leryl.

0.

toryl.

0.

leryl.

0.

La. 1/3-

i/Is

1.

3 airatifi. 1/-

U er . 1/8

I U75tif

, erye4a

La. i/s-
3/s

La. 1/8-

Le. l/E.
1/2

Loerya4e.

L ezystiji.

1 cry.
4

.. e.

Lecryset.

5/5

i/l

1/8

1/5
.. .i i i i i I i i i 1

5 erreta
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131

132

133

i3h

135

136

137

131

39

1hz

1h5

ih7

150

151

152

153

'mailt.

45.

40-

Eewablnd.e gslot

is.

4.

Foalt.

I.

3oae.

Serablinde gueisb.

BErablse.4. gasime
seA granite.

barebleede geni e

.ers.-graiee4
grsni to.

r....iit. -'
gr ato.

ese.

4..

heeabim4. gae

4n.

FonaliIt..

4.

4..

tesits .4a
eere-greao4et
*rett.

4.

oerse-grsina4
grenito.

aee.gras4t
grimito .4t hero
bi.4.. gaols..

5.30.

.40.

4e.

4.

usne.

ose.

Ieee.

irosenttlag

4.

4.

ISt inpeo4.

4e.

4.

hI inoeo4.

4n.

lriosent tiag.

let 6310.4.

4.

4.

4o.

Irregular.

I~atielar

Irregua.

tie".,r

4o.

Ltie".'r

Ltiowier

4o.

.tiouler

regular.

Ltielar

4n.

asstieu1ar
brrnhleng

'-tie".,r

4.

4..

.etiulao.

4s.

uesettiag. .stiemler.

4.

'5.

4.

4.

4.

4.

4.

4.

4.

40.

4.

4.

4.

d4.

4..

d4.

4.

4.

4.-.

4.

4.

4.

4e.

1/h

1/i

i/s-i/h

i/h

i/u

i/h

L/2.-3/h

i/h

i/h

1/u

1/a

e/16-
/5

1/a

1/h

/s-i/h
i/u

/5-i/h

i/h

1/u

1/h-i/a

6,

77

5'
13

10

70

7,

12

'5

60

73

73

73

ho

Ii

70

73

72

70

70

5

I

S

h

a

10

U

10

U

15

30

10

3
a

3'

h

a,

'ree.

a

3

15

is
15

15

Gee emit /8.1/4 75

<1

<1

'7

25

15

10

15

a,

15

30

a,

15

15

a'

ares.

?isee

rise.

',ae.

hume.

bmee.

hues

,tise

4.

4.

4e.

4s.

4.

4. 12

3.ry. 1

55371. 3

4.. 1

3se71. 2

5rtUt. i/u

wrystsi

B. 1/s
-. 3/h

I. 1/h

.i/h

i/s
i. i h-

I. i/h

2/a

3/16

.1/6-

i/h

oV75teili. i/h

p.'-.

Cl

mergi. 3

$.



Table 2G--Mineral~og of pegmatitoa --Cootinued.

1 Wall rock JPegiatite
Number- and
name of peg- Type and Alteration Relation to Shape Internal
natite formation wall rack structure

(P1. 10 )

154 lot exposed, aot exposed. Irregular. One imit

155 sorobleade gnsi e do. Lenti cular, do.
and coarse-
greined granite

156 do. do. do. do.

157 Tonalite. do. do. do.

158 Norablende gheis . do. do.

159 do. Not exposed. do. do.

160 Coarse-grained do. do.
granite.

161 do. None. Lenticolar dn.
branching,

162 Tonalite and do. do. do.
coaree-grained
granite.

163 din. 3roeecutting. do. do.

161o earse-grained lot exposed. do. do.
grani te.

165 fonslite and None. taticolar do.
coerse-grained
granite.

166 do. do. do. do.

167 !onalite. :1ot exposed. [rregolar. do.
168 :ornblande gneisa Ions. aentioular, do.

and greni to.
169 Moarse-grained do. jasnticulr' do.

grant te. branching,
170 "onalite and do. :.anticulsr. do.

171 1ornblende gaeiee, 1lot exposed. :,enticulas do.
branching.

172 do. do. Letioulsi-. do.

173 do. do. do. do.

174 1Foroblende gneiss None. o eticulax- Vall zoo.
______ 1and granite, branching. Core.

Texture
inches. )

Mineralogy

Plaiola Perthite Granie Qartz L uoccvitej Garnet Tlourmeline [ Lithium minerals { Other minerals

Per- Size Par- Size Per- Size IPer- Size Per- Size Per- Size Per- Size Mineral Per- Size Mineral Per- Size
cent cent( inches cant( ache )cent( ncheelcant(Fnshbs ) cent(inche ) cent cant cent (mobh..)

.1/8 73 7 20 <1 trace,

1/s 72 8 20 Crace.

1/16- 80 14 16 race. Biotite. race.

1/8 Martite. race.
1/8 70 10 20 race. trace

1/2 55 20 25 race, trace
1/2 55 20 25 trace

1/16 80 515 race, trace )4artite. 3 crystal s

1/8 75 5 20 t'ace. <1

t/8-1/4 70 10 20 ' c. 1 Beryl. 8 tryutals7 1/8-
1/4

L/4-1/2 65 20 15 <N err. 1 oryatal. 1/8
I Biotite. 'race.

/8-1/14 6o 25 5 acrace. Ma-trace.

/8-1/4 70 10 20 <1

/8-1/4 65 15 20 <1

/-/ 60 20 20 re.

1/32-- 75 1 25

1/14.1/2 63 25 12 <1 41i

1/14 60 15 25 1 rae

1/s 65 2 15 <1

1/8-1/4 65 12 23 "race. Deryl. 3 cryatals . 1/8-1/1
Martlte. 1 crystal,

1/8 73 7 20 Trace 'ace. Beryl. 5 crystals . 1/8-
1/4

1 -2 20 40 20 Oaeartite. trace..1/81/1 70 rac. ________ ___Beryl. 1 crystal. 1/16



table m.--Nineralogy of iieati tea--Ceatinie.

Veil rock _____________ ___Peptita

naes af pe- type anM Alteration Relation te lhqpe Internal aziture Minerelogymatlte formtaa vail roce maructure taehe")-.
(1e.11) f Plagioclae Perthite Grapio Quarta Noecovite Gernet Tourualine Llthium mineral. Other minerals

grani te ___ _ _ _ __

Per-. Ui.* Per- i. Par- 3 30 Per- Size Per- Sit* Per- Sii. Per- Bi** Mineral 1Per- IBlue Mineral 1Per.. BSjecmni oen e co nhe., oen( achess con. a ceo an e can. cant j jomt inches)

Nartite. trace.

Nageetite. trace.

aNetite. trace.

17'5

176

177

175

179

11

1ff

113

135

16

117

181

159

190

191

192

193

19k

195

196

197

larse-graios4
gyaite.

eamlite a
eearee-grsine
grate.

cealite aA
granite.

ieae.-greae st
granite.

'ealite.

i0.

'eaalite eeL

graaite.

a.

te.

4.

'a.

to.

Ac.

0.

4.

tecalite.

ae.

Lenlite amit
granite.

!cnali te.

Ac.

Ponalite atd
granite.

0.

Ignalite.

ieee.

0.

ieee.

ieee.

0.

4.

se.

Ac.

0.

0.

4.

0.

ieee.

Ac.

Ac.

lene.

Lmitieez
braooag

Leaticuler.

Lanticuler.

Le.

a.

, e.

Matieelar,

t0.

0.

M-tim1u.
brachag..

.aticsler.

Lmiticul.

brenahiag.

da.

Le.

4e.

Zlinticula,

Idatienlar

branching

Lmiticala,

Leaaticular
brmichiug

a.

Not saeeet.

Not inpeeet.

Crescutting

0..

Ac.

Not erposet.

Orcsecttiag

Ac.

Oroseuttiag

Ac.

Ac.

Ac.

~et erpce.

Core.

Wall maee

Ogre.

One unit.

dc.

Ac.

Ac.

Ac.

Ac.

Ac.

Ac.

Ac.

dc.

Ac.

r- to.

Ac.

Ac.

Ac.

Cgre.

- Cae unit.

Ac

.c

* A.

i/k

1/1g-
1/I
6

1/5-1/k

1/U

1/5

1/i

i/k

1/16

i/i'-
i/s
1/5

1/2

1/k

1/k-l/E

i/s-i/k

1/k-l/E

1/16-
1/3

1/16

.1/32

6

1/16

1/16

1

1/k

1/I

oK1

Trace

Trae

trace

Trace

traoe

trace

1

1

<1

Irace,

(1

1/16

1/5

1/5

Deryl. Ijcrystal4. 1/8

<1

brase.

Eac.

brace.

brace.

<1

<1

Frace.

Frece.

brane.

<1

braa.

Trace

trace

<1

traes

<1

Trace Reryl.

Ac. 5

cryste

crystal

s. / -

3/k

.1/k

fleryl. 2 crystal

Nartite. trace.
3ear'l. 1 cryetai

Nageetite. trace.
Reryl. 2 crystal

Negnetite trace.

Ac. Trace.



ipk2le 20,--inra3.on of remati t00-Contlnue..

V.11 rook ________________Peptit.
liinbr mA
nam. at peg- iyp. anA Alteration lelatlon to Soaps Zntornol eorture Minaralogy
ntite foruntian vail ro*k .truoture jif-k.) --
(11.1! ) 1 Plagioolaae Pmrtito Grqphie Quarts Nusooit. Geat !ouruallae Lithium finele 01k'harinel

____ _____ ___ ___ __I__ __-I-I glA 4. J- 1_ t __

I Per- 5130 10r- 3130 Per- lime Per- 31.. Per-. 5130 P0.- 3130 PZr- 3130 MIneral P0r? 5130 K11101r1 Pea- L 0 jSe)
omit omit laichk. )amit( (soh )oant inche )omnt Inh )omit imohk )omit cent omit i M

Not erpeas..

~es -p030.

let mpege..

d4.

40.

Irregular.

Loatioulax

Irregular.

0-

Vail ues.
Core.

Ga. omit.

40.

40.

L.Omticulal. _40.

Irreula. Vail mane.
I e?.-.

imitiemiar

40.

40.

191

199

bealit.

lla.-graiae4

granite.

40.

letm. p~

mAn fla.-graiaa
graei to.

Fno-grain.'
prenile.

0.

sbiS.e gol.

4.

10at.

40.-rint

0at.

0.-rine

gr40.an hr

, One malt

40.

Vail eae
Gore.

s- Nerther.
,brenokee

Male
another. be

upOe. Rdnteu.ar1 Gae omit.

201

201

203

105

206

207

206

209
Opportunity
Dike No. 10

210
Opportual ty
Did. No. 9

Dike Ne. 7

212
Opportunity
Dike No. 6

213
Opportunity
DIke No. 5-

21'.
Opportunity

Dike No. 3

40.

40.

40.

40.

Lntioula,
brenchinj

40.

Vail some
Gore.

Nerth ant
ecuth oat.
Central

option.

.etrlngeri
Ilbi to-qusi
er thi te

.i/u
6

3/b

1/3
i/s

.3/b

1/b

.1/b
3

Ii. 1

i/I

6

3/b

. l/b

l0
15

77

7)4

'I

77

2

13

60

170

73

170
120

'5

'5

35
b

10

.3

I

35

3

25

15

10

7

a

15

15

10

15

20

20

20
w

20

20

15

iibo

11

20

20

-ci

<1

<i

<1

<a

(1

<1

1

1

eraoe.

'raee.

<1

<1

<1

'rae.

'race.

Irao.e

02731.1-

1

tra.

36271. 1

3011. 1

iryotal.. i/b

1r73t3.1. 1/3

Glebite-
tantalit. c ryete C.

Seryl. 1

eMe-elUp to 3.

ryetai. i/b

I Dome.

eb. None.

ot

40.

40.

40.

40.

40.

Orosenttlag.4 Lenticula
|brenohieg

1
C1..welanet ." *'

Lentieulaa . One emit.1/4--1/2
Oval. de. 1/8-3/4



fable IO.-Mineralogy of pealaiee-Oontinoed.

Ebrs Vail roek _____________ ___Pepatito

3m.e of peg- fypo an Alteration Relation to Shape Internal teztire Mineralogy
ntite formation val rck an et~tr :ase --
(11.11l ) f Plegicclaao Parthite Grephie Quarts MuScovite Gernet Tourealine lithiun mineralS Other minerals

I grani I

Pow- 3130 Per- Si.. Per- Ii.. Per- Ii.. Per-- hie Per- Si.. Per- luge Mineral Per.- Ii.. Mineral 1
Per- Si..cent ourn(achee Cent cent cent cent Cent lacke ant leehee joent ~ ( imhee)

Lentioulaa
bweaohieg

40.

vai.

Lemtonlar

Regular.

actlculer,

40.

.natlcnlaw.

breaohiag

40.

215
Oppertuniti
Die So -

216
Opportani ty
Dike So. 2

40.

lia.-gwala.L
granite aL
hewublenda 301

d0.

rel

2-3

1-1/a

Not ezpee.

0.

Le.

10.

bts ezpoea.

40.

Oonfernable.

- Ornatrel
. pert.

leputo.

ealt.
Perthit.
oleeveigan
juarle

pegatite.
P.4.
marte-elbi
peg3atl te

F.rth-
treniag
breachee.

Iortheaet

One unat.

40.

40.

40.

c.

40.

4.

40.

0.

40.

se.

e.

ieee.

None.
C.

40.

16

lao

7Ta

173

15

155

7,

7,

65

5'

5,

77

Ta

2

10

10

30

3

15

S

a,

3

S

15

S 20

75

20

15

35

20

<1

3

3

1

<1

<1

trc 1 U

trace,

.c

i/u-

Race.

'raae.

raeee.

'waco

~raoe.

1

<1

< 1

race.

'wane.

i/h-i Lqpi40llt4 (1 1/h-i tepee.
Neneelte. I

Ce1i.bite-

laatelile.5
iorolite.
Bewyl. 20

<0.5

cryet.2

6r75ta2
<1

0r75ta3

ticr.1ite. ewyete

40. 3 cryret.

Nieti to.
Ohiorit..

Ohleri te.

Serql. 1

4 1
,

a

crystal

Megetite. treee.

Pp to 36
3. 1

a. 1/2
1/32-1/
e.3/I4-i}

La 8

B. 1 - 3

i/h

3eay1. 5 eryetel 4. Up

Me ettte. trace.

to

a/u

i/h

1/h

1/S-i/h

1/h

1/3

1/3

h -S8

40. .etionlar,

217 is-graleL
Opportoni ii granite.
DIke Se. 1

218
0py~ortoa ty
Dike No. 3

219

220

221

222

223

226

225

!ine-gralned
granite aL
horublande g 301

ae-aiae

4o.

in.-graleeL
granite.

overeL.

Ine-greinei
gnaieelc grait

'a.

Inean eL

hornblanaie gnele

Cleavelaite.

Traces



lablo aW-Minoraioay of pognti te -Coatinaet.

amber oo al okPemtt

oae of pog- !ypo anM alteration Relation to Shop. Internal totre Minoralogynatito formiton vail rodk .tnictwo laoheo __)___
(n1.h1) I Plagioclae Porthito Grapio Quarts Muscovite Garnet Tourualine Lithima inerea Other mInerals

I __ __ ~~~~grani te _____ __ __ _ _ _ _

Powr- limo Pew'- Size Par- hue Par- lii. Par- limo Per-. limo Per-. SI e Mineral 1Par- I so Minoral 1Pow- Sloeomnt Iaeo )Omnt iebo )cont Isohel )nont isohe )oont Inh 1)oent cant cent cent (1.oke.)

PImo-graisod
granite anM
horablondo pie

0.

Plao-gralne
granite ond
toalito.

Tonalito.

Tomlito 00

granite.

Tonsl to.

sie-grainod
granite.

Iarmbi ndo

oo.-graino
grani to.

son and ooorso-
grained granite

Fn.-gralao
grani e.

Rorubimido gaol.

0.

oeislo granite

lino-graiao

granite.

0.

0.

foroblondo poioe
10001110 and
grant te.

me.

lose.

0.

0.

lone.

0.

0.

. 0.

Ooeforaable. Lantloula4. One unit,

lot inpoeoA.

0.

lot erposod.

lot owpoood.

0.

0.

Coaforeablo.

227

2a

229

231

232

233

234

235

236

237

233

239

2.0

2)41

242

2)43

2144

2)45

inpoed.

0.

0.

Prosocuttiag.

prosscust 11g.

0.

Lintloulaz

branchino

0.

LeatIouloar

Oval.

Ltoular

do.

4e.

0.

Lentioola,

branching

S.antloular

Oval.

L.entloula~r

ticulor

Irraguiar.J

0.

- 0.

Gore.

.Val1 3050.
Core.

15.0 emit.

do.

0.

0.

0.

0.

0.

orth half.
Vail mono.

Kouth half .
wall 5000.

Gore pode.

i/l

i/a

1/a

1/5-1/4

1/4

1/Is

1/li

1/14

1/1-1/4

1/2-3/4

1/2

1/Is

1/5

1/-

70 10

25 4.i-36 @

12

J0

Twoo.

<1

Twan

1

< 1

< 1

<1

1

'ran'

Trace

< 1

1

< 1

1

trano

trano,

<1

<1'

Traco,

traco.

Trwos.

frano.

traco.

trace.

'raco.

1/16-
1/2

trace

ci

Iwane.

asotit.

Mertito.

bowyl. 6

Doryl. 3

3e.11.

blotito.

boryl.

0.

do.

do.

2

3

Martite.

Raryl. 14

0. 1

0. 2
Coloabito-
tantalit.

ran.

Iraco.

mryotoal

irpetolt

, Up to
1/2

oryotal. i/s

Erme.

iryotalo

iryotelo

iryotel.

Iryetel.

Frace.

1701010a

iryotol.

1r701010

I oryato

,3/S

,1/4

1/4

1/2

i/a-
i/s

~/4 by 2

1/2

Lu. 1/4

3

pot



Table 2 .-- Ninaraog of pegnatitea-Continued.

Vubr n ail rock __________ _____ ____Pegmatite

name of peg- 
T

yp. and Alteration Relation to Shape Internal texture Mineralogy
(11. XX) Plegioclase Perthite Graphic Quart. Muscovite Garnet Tourmaline Lithium minerals Other mineral

__I __ ~granM to__ _ __ _ __ _ _ __ __ _ _ _ _

Per~- Si.. Per- Si:. Per- Size Iper- si.. Per- si.. Per- Size per- si.. Mineral Per-] Size Mineral Per- ISize
cent inch.i )Oent i nch.i )cent( aichei )oent inch.r )cent inohe. )cent inch. )cent jcan t j jent 1 ioches)

Horobleade nei*. Dome.

40.

40.

40-

40.

40.

Tonalite.

40.

Eornbleode

10.01 to.

Dome.

21.6

2I9

250
Opportunity
2A and 3J

251

252

253

250

255

256

257

259

260

261

262

263

265

lorablende gmele

40.

40.

do.

Eorohi ende gneti 
ad finegrained
granite.

Pino-grained
granite.

loroblondo gneiai

P'ine-gralned
grand to.

40.

lorablende gnoisi

I.

Oroaecottiag~ Zrreg=uie

Orosaonttig

40.

lst exposed.

40.

40.

40.

40.

40.

40.

40.

40. S

40.

40.

40.

lot exposed.

40.

Leaticmli

leaticola,
brenchind

40.

40.

40.

40.

enticular.

entioular-
braching.

satiouler.

40.

anticular-
branching.

rregular.

Lentioular

40.

40.

Irregular.

Core pod

One unit.

. do.

- 40.

Wall some.

Core pede.

3/0
. -1/2

1/2

2-1/2

- 6

Wall some. ~/10-/2
Gore. II

Dae emit.

40.

40.

40.

40.

40. i

40.

40.

do.

do.

40.

40.

1/6-1/0

1/6-1/0

1/0

1/10

1/10

r6-1/0

1/40

1/0

1/0

1/10

3/6-1/0

i/i

Lentioular do. 1/10

40. ''all some../6/
I ore. Il

2 - 36

5

l0-ld 12-3E

1.0

12

25

25

25

20
35

/10-1/s

2

3

2

2

< 1

<1

<1

<1

<I

<1

1

<1

<1

<1

Tra.0.

?rea

Trace

Trace

Trace

Trace

Trace

Trace

Trace.

Trace

Trace

rrace,

<1

Trace

leryl. 1
Nonami te.1
Diotite.
Seryl. I

Deryl. I
40. 14

Nonagi te.5

Goluabite-
tentalite.

crystal.
crystal

<1
crystal

orystal
crystal
crystal

E oryato

2-4/2
.1/S

.6 by l(

s.1/ 1
s.1/6-1-1
s. Up to
1

Le. 1/32.
1/0

11 rystal. 3/0

gmeis.

I I I I I I I I I I

/ 1/( Traab.

siotite. Prace.

I

I

n.



Table 8).--Nineralogy of raeiatitee--cntimed.

Vail rook ________ ___Pejoatite

dm a peg- lype and AiteratIcn Relation to Shape Internal textuore Mineralogy
natite formaion vell rook structure inc.hee>

(11.. I ) Plegioclaee Perthiite Grejohia Quartz Muscoite Garnet Tournaline Litiua ninermie Other mineralsI __ __ __ ~~grean to__ _ _ _ _ _ _ _ _ _ _ _

Per- Size Per- ISize Per- Size Per- I i.. Per-I Size Per- ISize Per- ISize Mineral Per- ISize Mineral IPer- Sizecent i Inch.t )oent lnohes cenC inches oen( .aohees omnt ah )en(.ncheeI cent ' lnO e cent [cent [(Inches)

Nerublonde gnelds.

Nerublende joeli a
nd fine-graine

granite.

line-grainod
granite.

Norablonde joel a . Noae.

Tonlite. do.

Sorablende oels s. do.

do. do.

do.

do.

do. None.

Soroblende goet asdo.
and granite.

do. do.

lorobleode gneiam.

do.

do.

do.

do.

Sat inpoeed. Lontloul ay.Vell sonej 1/h
I Ocr.. Il -. 2

Oval.

Lentloulai

do.

Irregular ,

Lontioulas

Irregular,

do.

Leatloula
branching

Irregular.

Leotloular
branching

Irregular

Leotloulr

Leotloular
branching

Lmnticul
4
r

do.

LontloulA

branching

entlcular.

Veil zone. 1/6-1/h
Cor. 3-h

.One unit 1/h

do.

do.

de.

Croscuttiag

Iroasout ting

lot exposed.

1/4

6

1/16

3/h

1/8

1/8
2

3/h

1/16

2

1/6-1/)4
2

i/h

.1/s-i/f

2

1/h

.i/h

3

1/S

1/8

1/h

1/26-3/h

Pine-graized
raito.

266 70

67

6i

25

61

76

1

25

7)4

71
30

6)4

65
30

73

75

60

<1

3
1

<1

<1

<1

1

<1

.1

1

<1

1

<1

1

1

2

<1

1

<1

Trac

Tracs

<1

1-2

1/)4-3

Traces

<i

Trace,

<1

Trace

Trace

261

270

271

272

273

27)4

275

276

277

271

279

250

281

282

283

Colomblte-
tentallte. 1 oryst e.

Seryl. 1 loyatal.1 1 by 5

Nertite. |Trace. 1/2

do.

Sangiag
vall.
layer.

Kiddie
layer.
Footvell
layer.

.One unit

do.

Nell zone.
Core pods.

- Nangiag

layer.
Foot vail

layer.
Core.

Wall zone,
Core pods.

-One uni t.

C. e

.Onel unt.

Core.

. One unit.

do.

do.

!race.
crystals
-rrace.

(0) 1 0r

Trace.

crystals

Trace.

Seryl. l cryetei.

.1/8-3/8
1/64

yatal .l/2

.1/6-1/h

1/h

l/6-lb

15 3 - 6

Trace

Trace

4h <l

Trace

Trace

trace

Stlrte.
Neryl. 35
Gakinite.
Saaraki ta

Martite.

Seryl. 3

Nioti to.



Table M--4ineralogy of pegnatites -Continued.

Wll rock Pepaatite

name of peg-- Type and Alteration Relation to Shape Internal Texture Mineralogy
metite foristion vajil rock structure incbae.

(Pl11 ) Plegioclase Perthite Graphic Quartz Muscovite Garnet Touormaline Lithiun minerals Cther minerals
Granite

Per- Sine Per- Size Per-- Size Per- Size Per- Size Per- Size Por- Size Mineral Per- 1)4ieal Pr- Ss
cent linchei kent inch.l bent inche )hent inches .ent mnahe bkent makhe )4ent mobhs ) cent cent (inc eC)

28)4 Pin.-graneA None. Lenticula;.One unit. 1/8 70 8 22 Trace

grani te.

285 do. do. Conformable. do. do. 1/8 70 15 15 4
286 do. do. do. 1/2 55 25 20 <1 trace.

287 Nornblende gnei e. Leoticula: do. 1/)4 75 15 10 traee. trace.
brenchin .

288 do. lot exposed. Leotinal .Wall sane 1/4 633 3 4 <1 1 oryet a1.
Core. 3 16 <1 1 <1 Neryl. 3 crystal. 1

289 do. do. do. Wall ooze. 1/2 14 25 2 - 30 3 trace i'cryetal.
Core. 1--1/2 60 5 35 <1 1ceryetal. Seryl. 1 crystal. 2

Coluabi te-
tantolite. 1 crystal.

290 Noroblende gneis None. Leatioula - ranging 1/8 79 2 15 )4 Traoes liotite. trrace.
and granite. branohin . vall

layer.
center 14 - 6 20 50 30 <l 1 trace TNca eryl. 1 crystal.

layer. 2
nootwall 3/14 37 2 01 Crolu bi ite-rae

layer. rae ononnie- rae
tentalit, a1  crystal.

Monazite. t cryst f.
291 Pne-grained Croscutting, Leoticular, One unit. 1/2 55 20 25 <1 trace

granite.

292 Tonalite. do. Lenticular ranging 3/4 5)4 25 20 1
branching vall

layer.
oivall 1/16 86 3 101
layer.

293 do. Dval. Tall zone. 1/8 78 2 20 <
Core. 3 15 142 142

2914 oroblende gneis . Irregular. One unit. 1/8 66 3 30
195 do. None, do. do. 1/)4 70 10 20< rc,

296 do. Not raised. [ntioular North ad 14 25 143 30
south ende
Center 1/16 83 15 2 <.1
unit.

297 foroblende gneisi None. trosecuttiog. [rregoular. Wall zone. 1/2 7)4 5 20 1
end granite. Core. 6-8 1)4 )43 143 <1

298 foroblende gneiai . ot ezpoeed. :atioular One unit. 1/2 65 10 25 trac.

299 covered, do. anticolar do. 3/4 65 20 25 <1 Seryl. N crystal 1. 1/16-
branching 

11
300 fornblende gneisl . do. do. do. 3/4 53 22 3-6 25 <1 race, do. 8 crystal I.1/14

Martite. trace. /8-1
31 do. do. :rregolar. do. 1/4 66 3 30 1 1 __ ______ eryl. 2 crystals1. 1/2

Cleayelandi te.



fable E.--inraogy of ueet1te.-Contimo4.

Vail rook ______ ____ _______ Peptite

naeof pug-- yppe aMd hltoratloa Relation to loupe Internal tezturo 3
.neraiogy

ytlte formaiem vail r.ek etuat~uro iaobee)
(11.11 ) Plagioolaa Portbite I ruphie [ aartu 1 heoovite IGoruet T ouazrne Uitinm elnele Other elnerele

[grani te [ J I __I_ ___ _ _ _ _

I Per- l1.* ee s Per- liixTiu. [pr-I ais 1 Per- 1813. Per-I BSa [Per-I lime [MIneral per- I ime Minerol ]per- S
ogot 1nhe )oont 1 noe1ei)aent (laokios n)oent1 oeoain)t o:Ot Iaohm eet okIIn_____ cant cent (i

Neeubloende gmoet . let empose.

0.

0.

breaochial

Lemtieou1l

Oval.

Cae eit.
Le.

Zrreg=er.| eli meag.

let inpee. |Lemiealar at
ii Vest

303

30o

3.,

306

307
Oppertumi 

309

310

311

312

313

3111

315

316

317

311

319

layer
lqer

iwregeiar.I ao mit.

1entioulor

Irtelar.

do.

Leatlonlar,

Impglar.

Dval-

Lotloulaa

Lintienla,.
bramahiag,

rregular.

Lotioular.

bramobiag.

Lotloular.

d4,

Lentioular,.
braoing.

eafoeablo. $.tcuar.

Vall 3410.
Ooze.

laeeiug v.1
laer.~otval1
layer.

Mo amit.

0.

0.

0-

0.

40.

Wall mono.
Ooze.

Vell smeo
Oeo.

laoe mit.

40.

0.

Vail emo.
Intee4.
Late come.
Oore.

.1/

1/i

1/u

1/

3-1/I

1/i

3

i/h

3/Il

1

i/a-3/h

i/h

1/h-/2

1/I

1/6

i/I

70
15

l0

'5
ly,

611

3,
111

a,
15

3'

7,

66
10

51
15

6,

1.1

61

70

511

2-3
3

1

5-10

to.0

>50

5-10

30

7,

7,

50

100

41

1

3

1

1

1

1

1

1

a
a

<1

<1

<1

lerae.

1

Race.

<1

'race.

ftaoe.

&.1 idite{ 1-5 <1/.16
1/i

34171. I eryata*.1/l-1

34171. 3 olyetal
Chlortte. Traoe.

1/16

Mlrollte.Ia owve4.le. 1/10

lerpi. I O?7etal

Uorpl. 8 iryetala[ i/h

3ery1. llorYatall 3/h

4

I lne.

40.

40.

4.

0.

40.

ao.

'a.

40.

t oesItleg.

4e.

t empese.

4.

'a.

0,

'a.

0.

grato.

Eowableed.. pole

ao.

4e.

40.

do.

do.

Otalte poes.

Ierableede gaol.
ad granite pat

soallto med ra

'oaal to.

0.

0-.

lernbloade poe

0.

tomalte.

30.

to. lono.

0.

lone. I

1
Clmavelaadite.

Tracel

@.

d.



!able 20,--Mineralog of pagmatitee--Centined.

Vmbr n ail rook ______ ________ _ _Pegmatite

nen of peg-- !7pe and Alteratiaa Relation to Shape Internal texture Mineralogy
mtita foruatian vail rock structure ahee)11
(1e. ) I Plagloclaus Perthite Graphia Qoarts Muaacovite Garnet Tourmaline idthius zinerea Other amonral.

I __ __ __ __ ~grani to _ _ __ _ _ _ _ _ _

Per- Size Per- Size Per- Size Per- Sic. Per- lii. Per- Sine Per- Size Mineral Per-- Size Mineral ~Per- Sizecenter lank. )cent lashe )eent( aches )cent lashch~ent lashe )cent lash.i )Cent lashr cent (lash. ) 1 cent finches)

Eat expoae4. ILantisulazi. One unit,1/Il-l/2

Oroaacutting 0vai.323

324

325

326

327

328

329

330

331

332

333
3314

335

336

337

338

339

3140

3141

3142

3143

314

3145

Norublenate guets.

tecalite.

4o.

40.

Ac.

do.

45.

40.

Thoalite anA fin a
gree granite

lall zone. 1/2-3/4lone.

40.

40.

2

1/4

1/8-1/li

1

1/2

1/8

1/4

1/li

3/4

1/2

L/14-1/2

1/16

1/8

1/4

1/li

./4-1/2

/14-1/2

1/4
14

1/8-1/4

/1-1/li

1/16

/8-1/4

/5-1/4

62

69
140

61

114

140

52

La

14

60

145

'5

40.

40.

lot ezpoaed.

40.

40.

40.

40.

40.

lot ezpoae..

3roaecutting.

lot expoae4.

40.

:rosautting.

lot exposed.

40.

40.

roaacut ting.

Not ezpoae4.

40.

40.

rosciatting.

Irragolar.

40.

Oval.

40.

Lenticolar

Lenticular

branching

40.

Lenticolar

~ecticular
branching

.eticular

7rregiclar.

t.eticuiar

40.

40.

branching

40.

.ticular.

s.enticular.
branching,

renicar,

40.

Lenticului

branohing

eticular.

1

6

2

6

25

20
59

20

5

20

11

15

15

Core.

One unit.

do.

40.

40.

..

40.

40.

40.

40.

40.

Vail zone.
Gore.

One unit.

40.

- Ac. :

.0

3

<1

<1

<1

1

1

<1

fras

<1

< 1

<1

<1

3

tree

<1

1/21 <1

<1

Iran.

Trace,

<race

trace,

Race.

< 1

trace.

<1

<1

trace.-

trace.

trace.

trace.

Frese.

Reryl. 1 bryeta1.

leryl. 3 rystale, 1/2
Siotite. Trace.
Nagnetite.] 2 creyIL1 a.

Naguetite. 4.1

40. Trace

Seryl. 1

Deryl. 2 pryetala

sldote. trace.

i/s

1/4

Reryl. 2 $ryetale~ i/l

75

55

60

55

55

67
10

63

70

71

55

65

65

25

10
5

15

10

2

25

15

15

tonali te.

ioe-graine4
grant e.

tosel it.

tornblende guie
an4 granite.

lornblende gneiai

40.-

lorchi ende guel an
an4 granite.

lonaite.

40-.

40.

40.

40.

40.

'onalite an4
granite.

40.

40.

25

25

20

20

15

20

15

25

20

20
814

22

20

20

20

20

l one.

lone.

lone.

40.-



table 20.--Kineraiogy of pegatitee -- Oeatime4.

Vail rock __________ _______P.gstit.
3umber n
nam of pog- !yp. an Alteration Relation to Shape Internal ezrtnr 1 _________________________ Snerelog7

(Wi. UI) 1 Pigtoclae Perthite Graphic Qoarts Iluacovit. Garnet Tourueline Lithium amnoral. Other uiaerels

Per- Size Per- Size Per- Size Per- Sic. Per- Sic. Per- Si.. Per- Size Mineral Per- [Sisal Mineral IPer- SI.
cant Inee )oent lasnhe )cent (zAkh t)oant iUeho )ant lasnh. 1)est I ie )cent (ie d an t f(iachls) [en i n10

31s7

3hI

3h9

350

351

352

353

3511

355

35'

357

351

35,

360

361

362

363

3614

365

366

367

366

369

370

tenalite.

0.

0.

tonalt. nd
granite.

Gras to.

tonalite and

granite.

0.

0.

0.

tonalite.

Eornblende

0.

Ocrse-grained
granite.

Ionnli te.

0.

0 .

0.

0.

0.

0.

lesali te.

0.

0.

Some.

0.

0.

0.

gnei ep.

Sene.

Net ezpceed.

0.

'a.

0.

Cre..uttng

0.:

0.

Sot inxpee4.

0.

0.

0.

Set azpce .

0.

0.

0.

0.

0.

0.

0.

0.

0.

braching

0.

Lanticulaa

0.

0.

stiu1r-
braching

Lintiaula

.eticulr.
branching.

0.

0.

Irregular.

Irregular.

Lanticular

breechian

Letiuler

Lentlcula

breechmng

Lesticular

0.

Lantlculaz

breaching

0.

0.

Lenticular

Ge.

SOs. unit.

.0

0.

0.

0.

0.

0.

0.

Core.

* Os. unit4.

0.

0.

a.

0.

0.

0.

0.

i/li

i/a

1/5-1/

1/s

1/5-i/h

i/h

1/I

1/3-3/h

1/11

1/4

1/4

3/h

L/2-3/h

1/4

1/2

i/h-i/2

i/h

1/5-1/h

i/h,-i/2

i/s

i/h

1/6-i/h

60

'5

5

55

70

'5

20

25

15

15

30

25

15

a5
15

ho

15

25

25

20

I

25

3

15

10

20

25

3,

20

20

15

20

15

15

20

15
100

15

25

20

20

25

20

20

20

25

20

20

free

trace

<1

trace

trace,

trace,

trace.

<1

<1

< 1

<1

<1

2

trace,

trace,

1

trace

trace

trace

trace

trace

trace

trae.

trace

trace

trace

trace

trace

trace

trace

frae.

frae.

trae.

trae.

<1

trace

trace

trace

trae

Nagneti

RietIt

0.

'letit'

0.

Magneti
Rery1.

Seryl.

0.

Celuabi
tental

Riotite
Rerpi.

Serpi.

0.

0.

0.

0.

Ii.. <1

I. 0rc.

.te. rae.

<1

I. rae.

rrace.

*. Trace.
to. Trece.

3 mryetel

10 mry'ta1 l

i crystal
te-
.it*. 1 cry.i

. race.
1 eryatal.

hi crstain.

10 crstale.

1 ryatal.

6 crstall.

1 Crystal.a

. 1/16

1/h

. 1/2-3/h

. 1

51. ( 1/b

1/2

1/2

L/6-l/i

1/4

1/1-1

i/h

g r

Beryl. 2 arystala
do. 1 :rystai.



table 20 .- ineal.ogy of pOmtte-.atined.

Vell rook ________________lpeatlto

nome of pog- typoe an Altoratloa Relation to Ibopo Znternjl foztmr3 Enraology
matlto formtlon vail rock abutr iSehbS ..

(11.11I) 1 lgiooiaoo Perthlto Grophie Qoorte NMaeoovito Ooaot Tourmlino Llthium ulnele Othbr aloorolm
gr -to __ ___ __

,.?e- . P0 1- 1130 P.- I . .- 3130 P.-.o -sr- 3130. oeral e.. se Xanel ,e- a.
omi lok )omhit In )omhit saen .t 1nhikn )aincet1 ttJ' f~n ~e :mtI o it 1in)

371

373

373

37b

37,

376

377

37.

379

380

381

312

313

31b

315

36

317

389

390

391

392

393

3,)'

395

do.

do.

do.

do.

do.

do.

do.

fimo-craluod

do.

do.

do.

do.

do.

do.

Coarse-grolned

gromito.

do.

tooeli to.

Tonal to mid

Trnite.

Covorod.

do.

do.

do.

Net ozpoed.I Letio1a4. ao uitji/i-i/b

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Croseotting

Croesoottlng

Not elposod.

do.

do.

do.

do.

do.

do.

Lomilemisi
btonoklo4

Lottiejs

do.

do.

do.

Lotloulas

brmiohln4

Lootlouloa

Lbooaohla4

do.

do.

Lmitloulei

do.

do.

do.

,Lmitloa
braobhlg

,Lootlooiaj

brinohlnj

do.

0701.

Irregular.

Lootloular

do.

do.

do.

-do.

.o

.do.

do.

do.

do.

- do.

.o

-do.

.o

do.

do.

. do.

do.

do.

-do.

do.

i/b-i/i

i/u

i/b

i/b

i/s

i/b

i/b

6-i

i/u
i/b

i/u
i/i

i-i

i/It

i/ii/

33

I

1

1

tim.e

<1

<1

(1

<1

<1

<1

<1

<1

<1

< 1

<1

5

3

traoe

<1

trim

trees

timos

1

<1

trae,

triee

(1

<.1

< 1

trme

tmokl

Roryi. 1

6e. 9

do. I

0r17t14

otretai

oryetai

3roz1. bloaseal

Nartito.

Noryi. 1

Ritito.
Oolimblt.
tootelito

times.

orietol

trooo.

8 0170

i/b

i/b

1/16

i/a

ole. i/i

Noryi. 1 +rrestoi.I i/b

1000.

do.

do.

do.

do.

I i i I I



fable m.-inera.ogy of cemtite-Oontiued.

NubradVail rook _____________ ___Pepsatite

nam of pog- !p a hlteratinn elation to Sbape Internal teuture 1inermlogy
mitite formtion yell rook etnur laobhe.)111
(11.11 ) Pliiolame Pertbite 0rlihie Quarts Nueootte Cernet Tnouline Lithium ninerele I Other smerele

Per- lime Per- lime Per- lii. Per- lime Per- Ii.. Per- lime Per- Ii.. Nineral Per- I ime INinmral Per- lime
omnt iaobhe )omit luiCh.i ent (imobel )oent mob.e )nent (1no %emit imob. lent cent 5 iaobee omnt imohem)

396

397

399

1,01

402

14014

1405

14o6

1,07

1409

1410

1411

41a

1413

14114

1416

1411

1419

14190

Ben-lenf 50.

Qewere .

e.

La.

0.

0.

4o.

0.

0.

0.

tonali te.

o.

lornblende

0.

0.

0.

Quarter to.

Rorablende

0.

0.

0.

0.

0.

0.

0.

0.

14 0.

lone.

gnei4.

gneiSt.

let spoe.

6e.

Le.

o.

0.

o.

o.

0.

6.

0.

0.

6o.

6o.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

braaohmd

Lentioulez

0.

Irregular.

ldntiUlU

Irregular.

Lintiemlam

0.

Leatioulam
breachind

I.ntiOular

Leoticuler
branohimg

oetioular

6o.

o.

0.

o.

o.

0.

0.

regulara.

Gtiouler

sticular

0.

-One mit,| 1-1

. o.

0.

e.

.6.

6e.

0.

0.

6.

6o.

6.

0d.

Fall mono.
Oore.

Fall mono.
Core.

ine mit.

Fell mae.
Core.

bae unit.

0.

6e

Well mene.
Core.

One unit.

40.

40.

0.

1/5-1/4

1-2

1-i

3/14

3/4

3/4

3/4

3/1

i/2

3/4

1/2

3/I

1/6

1/s
6

3/I

1/8

14

1/1

3/I

1/2

1/I

10

6

14

14

14-1

10

3

s-6

10

I

aoe

(1

<1

3

<1

C1

<1

1

2

8

1l

<1

14

(1

Trame

Race

Trae.

,iae

Yraoe,

Trace

Trace

Iraee

Race,

3

Dietite. (1

Nageetite. ree.

leryl.

leryl.

o.
0.

0.

loryl.

14

1

2

0.3

~ryetalam
~ryutel.
0.2

crystal.

~rym tale

3/4

3/4
1/8-1

1/4

1/4



Tabie 20.--Mineraoy of peminatitee.-Centinued.

Vali rook _____ ___ _______P5eglatite
lumber 4n
name of peg- Type en4 Alteration Relation to Shape Internal texture Mineralogy

(fl.
5 5 

) Plegioclase Perthite Graphic Quartz Muscovite Garnet Tourmeline Lithiun moral. Other minerals
I ___ ____ ____ grani te T

Pe-Sz e-Sz e. iePr iePr iePr ieIPr ie Mnrl Pr i~ ieacent (inoh *unt lich.. )ben t inch. )kent inch.l ksnt inch. )kent inohe kent cent j cent jti cihe)

l Tonalite.

Hornblende gasil .

Tonlite.

Nornblende gasil .

40.

4o.

40.

40.

Norableode goeto.

40.

1422
iso-taut Us

1423

14214
Sasooka

1425

1427

1421

1429,

1430

1431

1432

1433

14314

1435

1436

1437

438

None.

Rot ezpoe.

40.

40.

4o.

40.

40.

40.

4o.

4o.

40.

4o.

.enticular-
brenohin

Laotiva

40.

go.

40.

40.

40.

40.

Oval.

Lenticulal

branokin4

40.

Conformable. ILentioulei

Not expose.

40.

40.

40.

40.

40.

40.

40.

40.

40.

Ranging~.wall
leper.

Central
unit.

Jootwall
leper.

. One mit

3

1/2

1/14

1/2

Well zone. 1/2
Core. 1-2
40. 14

One unit.

do.

do.

40.

40.

One unit.

- Ranging

leper.
Pootiell

leper.

order zoni
Ranging van

leper.
Footwell

leper.-

.Ra ng

leper.~ootwall
leper.

One unit.

ang vel
leper.

oetvell
leper.

^all zone.
Gore.

One unit.

40.

1/14

3/8

1

1/2

14

1/14-1/2

.1/6
12

1/4

1/2

1/8

1/4

Li

1/6

1/4
14

1/4

1/14

22

161

50

149

11,

6o

14

30

30

70

55

30

2

6a

1414

514

140

65

'5
5

146

55

1/I

<1/6

1/u

i/u

i/u

i/S

35

15

2

35

14

S

2

3

I

6

1

1

4.1

frane

<1

Trece

14

1

1

3

2

<1

<1

<1

2

C.1

1/4

Traee

Yrac

Lepidolitg. 2

Lepi40lits

Lepidoli ts
Spogneene.
hablygoni I

. 1

. 2
12

s. 6

Nioelite 0.01
Apatite. cryetal 1/4

Miornlite 1 crys a1.

Beryl. 3

3.171.

Reryl.

Reryl.
40.

-40.

2

1

4o.

orpetal -. 3/4

0.1
0.05

crystal.

<0.05

Reryl. 1 crystal

40. 14

Neryl. 1

40. 1

40. 1

1.1/?

6

crystals.

crystal. 1

crystal. 1/2

crystals 3/4

40.

40.

40.

do.

40.

40.

40.

1
Cleayslandi te. "



Table 20.--Mineralcg of pegnatit5--Coatinns4.

Vubr n ail rock ________.temlatite

name of peg- Type anM Alteration Dalation to Shape Znternal textiur Nineralcay
mtite formation vail rock stnictelr ( achee.) 1

(P1. SI) Plagioclase Perthite jGrqphlc Quarts Muscovito Garnet Toiurralino Lithium minerals Other minerals

Per- Size Per- Si.. lPer-I lime tPer-1 Size 1Per- Si.. Per- Size Per- Size Minere.1 Ier- .Sue Mineral Pe-

cent inchese ient( achee ont linch &bent(ahes csont( achei )cent(icchei )csnt(inche5 cent f ifchefi Jent n

1442

1443

141

1445

416

1447

448

119

1450

1

452
Drown Derby

So. 1

Eernbleade

4c.

40.

40.

40.

40.

40.

do.

40.

40.

40.

40.

40.

'5.

1
Clea'velandi to. .--

gnei e#.

Dome.

Dot exposed.

40.

40.

40.

do.

40.

40.

do.

to.

40.

40.

40.

to.

Croscutting

Lentioular

Oval.

Irregular.

Leotioular

40.

40.

40.

do.

40.

40.

Irregular.

Lecticuler

40.

Leoticulari
branching

One unit.

longing vol

~eotvall
isyor.

Wall son.
Core.

* One unit.

to.

40.

40.

40.

40.

to.

do.

40.

V est
,branch

wall zone.

sleavelaat-
its pegua-
thte.

Feet brsnct
Core.

moaau to-
coluabito
pogmati to

langing vol
isyor-.

'erthite-

albite-
guertz peg-
matite.

Lsnging wal
Quarts pod

opitolite-
icrolite

1/14

S3

1/4
6-12

1/8

1/1

1/4

1/14

i/h

1/14

1

14-6

12

.

55

25

52

65
2

145

38

50

35

53

ho

58

ho

314

ho

l145

30

125

114

1/S

i/s

1/S

1/8

i/h

15

ho

15

30

I

15

35

15

5

7

35

2

12

a

5-10

1

2

1/S

<1

10

7

S

~1

3

10

traoe,

trace

<1

1

Trace.

<1 1/2-3

Oarved
Lepidolite.

olite.

hPidelite.

<1

5

i15 14-2a

ho 1/32-1/

Soryl. 2

to. 2

Apalite.

Gahni te.
Siotito.
)Iomssito.

Co lunbi te-
tantalite.

Flucri to.
Seoafite.

Seryl.

topaz.
Apatite. 5

S IMiorolits
tape.

Se*l I

rystal.

rystale
Traca.

1
14
2.2

1.4
trace.
Traoo.

0.1

crystal

.0.35
2

crystal

1/16
1/16

L/14-21

(2 by 1/I
2 by 2

I. 1/4

L/94-1/4
,1/2

1/8-1/4 86 |1/8-1/b (1 1/4-1 2 <1 1/4-15

l i



Tebll l0.--Ninereioag of pegnatiiee--Contiaued.

Wll rock _______________ ___i i t*

nme of png- Typoe nd diteretion Relation to Shape Internal texture Minerelogy
sotite forwntica veil rock intrudeurs ec~e 1 1 1(1le1 ) lgloolae Perthite Grephie Quarts Nitaotite Garnet Teurmeline LIithiun minerals Other minerals

____ ~~gri to __ __I __ ________ __

Per- 3130 Per- Rise Per- Ii,. Per- Iii. Zer- Sin. Per- Slag Per- Rise Mineral Per- Sin. Kinerel IPer- Slagoen tich.a )oent i nch.i )cent (mob.i )oont inch.a )oent inch. )cent inaho centt iehe cn t ( inch.i ) cent tech..)

Nornbloede

do.

do.

gmel*. None.

do.

do.

do.

lorableodo gmeib.

do.

bsrebleedo gaoe4s
had blotite soi t.

muorte echiot.

Sene.

do.

do.

do.

1452
Drown Derby

No. l--( Cu
tinned)

1453
Droe Derby

No. 2

14514
Drove Derby

50. 3

Leetioulur
brenohine

lemtoular

Loationier
brinchleg

Loatiouler

do.

- Quarts.-
.eerae-
Londite-
Lepidlite
tepee lepes

Peotwell
layer.

Ilbite peg-
maite.

.Well mono.

Core.

North end
,Sooth sod
vell meo.e*
louth ad
core-.

,Southern

ad scriber
mdi.
Southern
art core.
Central
oct tea.

Tll some.
Core.

Crosecntting

do.

do.

do.

Pot ozpooed.

do.

3roscottig.

do.

do.

Coat oreablo.

Lotoua wal layer

layer.
Loaticnlar Wall mine
braching

tLenticuinrJ Dee init.

.enttculer-
breaching.

L.esticuier.

do.

90

1/14-1/2 62

ii

.12-A4
1/2-3/4

}-6

1/S

14-36

1/2

,1/4

1/14

3

2

"3

10
37

14y

10

61

14'

16,7r

145

141t

Well rsejl/S..l/ 71

1/2-2

1234 75

upto

Ig--12

U!to

tip to
12

I

55 I 1-10

1.2

1

?race,

7

1
'4

14

1/3-1

1,3

Fraoo.

5

1

1

2

<1

<1

<1

<1

<1

<1

Trao4

2 1/16

<1

2

1

<1

3

Trace

<1

Lopidoitt4. 10

Lepidoli te

Lepidol ito

Cred

lepidolito

Lepidolite

1-7125

Leetiauler+ Veil mono
bremohimg~

I Core.

4,5 ormbiomde gelo
Drown Derby Iaed biotite
Dike No. '4 Isohiot.

1456
Drown Derby
Dike No. 5

trv Derby
Dike No. 6

Drown Derby
Diko No. 7

1460
Drove Derby
Diko No. 9

1461 iotito mhiet
Drove Derby I nd hornblende I
Dike No. 10 jgeelee.

462 forabloade gno s .

1
Clareloenl to.

Tepee. 10 tTX to 7
heroes

Deryl. *0. 14

Dicitte. Trace.

hattite. 1
Tapes. <1l

do. 1.1 hI-S
Nicrellte.' 1 crym4I1.

Miotite. 2
Deryl. 2 prysel 1/2
Topaz. ~ 1

'titarolite. 'Vrce.

Coluebit.-L
teniali to 1 crystal.

Deryl. 4 prymiel., 1-3

* eryl. 3 crystals. 3-12

Nicrollte. 1 ethk. 1/4

Deryl. 1 crystal, i/I

Doryl. 1 crystal. 2

Gehnite. -race.
3:r71. '4 'irieal 1/14-7

Deryl. S crystoji. 2/2-3

eIDloite <1 6-

Nicrolite. 5 orymt1 '.1/S-i1 4



Table 20,--Nineralogy of pegvatites-Continied.

Vail rock ______ ____________Peatit.
Bomber end
name of peg- Type and Alteration Relation t. Shape Internel Texture Mineralogy

(F1.te ) foriolae erhi.orahi Qarzll rvte GanekTuralneriuim inrasr Ohe-n--el
(ath. formlation veil roophkQur structurene Tumlie Lihim inraeotermierl

Per- Size Per- Size Per- 1Size Per- Size Per- Sine Per- Size Per- Size )(ineral Per- TSize )(inerai rPm-
cent inch.i )cent i nchei )cent (inobei )cent i nch.i )cent inche4)Oent inch.i )cent inches cen t(inchee~ j ent (inch..)

Eornblende gneis

40.

40.

40.

40.

Doaree-grained
granite.

40.

40.

40.

40.

do.

40.

40.

40.

40.

1465

1466

1467

1468

1469

1470

1471

1472

1473

14714

1475

1476

1477

1479

481

1482

1483

do.

I.

Bone.

40.

40.

None

Bone.

do.

do.

do.

40.

Bone.

lot ezpose. (Lantioular

40.

40.

40.

d0.

40.

40.

40.

40. 1

40. 4

40.

[,enticular'

branching

do.

Lenticular,

Leticular
branching,

Lenticular,

Lenticular.
branching,

40.

Lentioizlar,

lenticular.
branching.

en ticular.

40.

do.

40.

do.

463 3

1/14

2

1/14
12

1/2

1/4

3/14-1
3-4

1-2

/e-1/2

2-3

3/li

3/14

Banging
rall layer.
Jeotwall
1ayer.

Wall zone.
Core.

Fall none.
Core.

One unit.

Banging
all layer.
?ootvall

layer.
racture
filling.

'all zone.
Core.

no unit.

40.

do.

do.

do.

do.

40.

do.

do.

do.

do.

40.

do.

40.

do.

Core.O 5
l;2

25

71

'Is
10

70

5

65

30

35

3

5

25

'4

30

3

Up to
3

30

10-15

30

25

30

20

30

90

50

70

6o

75

30

90
70

1/I

3

1

<1

Trace

<1

2

1

<1

1

Trace

<1

<1

< 1

Trace

41

trace.

rrace.

Race.

trace.

Race.

trace.

Frace.

Trace.

Trace,

Jeryl. 1 bryetai. I1/4

Sioti to.

40. Trace.

Siotite. |Trace.

hotst. Trace.

Deryl. 21 crystal
Nagntits. <1

Kagnetite. Trace.

5.r71. 1 crystal
Riotits. Trace.

Magnetite. Trace.

i.1/6-1/2

1/4

:- 1
50

2

5

2

1

15

2

1/14-1/2

3-14

1

1-2

1-2

1-2

1/2-3/4

do.

4o.

do.

4o.

40.

40.

1 1 1 1 1 1 1



table 20. -- Mineralogy of pegnati tee--Conti nueA.

NubradVail rock _____________ ___Pepuatite

name of pege- type anA Alteration Relation to Shape Internel texture NineralogU
(P1. II laegioclaee Perthiite Grqihie Quart. MucoIte Garnet Tourualine Lithiuzi inerals Other minerals

gareniieI

Per- Ni.. Per- [lime Per- Si.. Per- Ni.. Per- i.. Per- Suse Per- Si.. Mineral Per- fSis Mineral P1r- SI..oent( flcheesoent K iaohe'bent ~inch~ bent( achealcent lascksbeni( ache )cent lisa ) ct j centj inchesa)

116

hay

hs9

1.90

1.91

1.92

195

1.97

500

501

502

503

505

Oeeree-graine4
granite.

4e.

Ac.

4,.

4o.

40.

Ac.

Ac.

a.-

La.

Ac.

40.

40.

La.

L0-

La-.

Ac.

La.

Ac.

None.

Ac.

Rome.

None.

*'.

None.

40.

None.

Lemtioula

Lecticula
branching

Oval.

Leottoulaz

Lentioulam

brenchini

Leatioulac

Ac.

Lentioular
branohing

do.

L0-.

La.

'5.

Krreguler.

Lo.

Lentioular

Leticular
branching

Leticuler

L0.

Lenticulac

brmnchind

Oval.

Irregular.

.him uni!
Fracture
tilling.

. Frotu

fill lag.

One unit. |

. Main umiq
Fracture
filling.

- One unit

. Ac

4o.

-Main oit
Fracture
tilling.

One unit.

LO.

dc.

Ac.

Mein unit.
Fracture

filling.

One unit.

40.

Core.
-One unit.

lai a iunit.
Fractue
filling.

Main omit.
Fracture
tilling.

. 3-4

6

3-1.

2-3

3

1

3-1.

3

1-2

2

2

5

5
trace

10

15

3

3

2

1

trace

3

5

15

10

35

23

30

6

10

7

30

30

Up te
11

Upte
3

10

90

90

95

9,

95

9,

No

/

I

ho

3

20
95

3

15

15

20

10

6,

30

20

20

30

25

3,
100

30

25

30

31
100

25

15
100

25
100

Trace

Trace,

l'raoe.

trace

2

5

trace

trace

trace

trace,

Trace,

Trace.

traoe.

trace

Riotite.

Rieti te.
4.

Trace.

trace.
trace.

Magnetite.' Trace.

Riotite. trace.

Nagnetite. trace.

40. trace.

Ao. &l

Nagnetite. trace.

Ritite. trace.
Nagnetito.! trace.

Rietite. Trace.

I I I I I I I I | | 1



table 2O.--Minera:Iogy of eoatte--oatiued.

V.11 rook _____________ ___Pptit*

mne of peg- type and hiteratiom Islation to Shape *Internel exrturo Mineralogy
(11.1!I) 1 Ploglools Perthite Graphie Quart. Musoovite Garnet Tourmalino Lithium minerals Other mineral.

intit fortiom all ook truotre nohte

Per- lime Per- Ii.. Per- 1 ime Per- lime Per- Ii.. Per- lime Per-] Ii.. Mineral Per- 18130 Mineral Per.- i imeogt scei)en iinhe oent imohei )ent inohei )ent ah. 1)nont Ineh )ult inae ) mt -Inches fCent mob.h.)

506

507

506

509

510

511

512

513

511.

515

516

517

518

519

520

521

522

523

524

525

526

lone.

do.

do.

do.

Osaree-grainod
gial to.

0.

d0.

0.

dO.

dO.

do.

de.

srublead oi 14
ad granite.

lornblemde gmels4

lornblemde pnelel
ma granite.

lorableade gaol s

do.

do.

do.

do.

do.-

do.

do.

do.

Detto.

Xdatianla4 One emit.
branohi n.

Oval.

Irregular

do.

kaim lit.
Praoture
f 1111mg.

Maim unit.
Prentur
filling.

Main salt.
Practur.
filling.

Mauim salt
Practur.
filling.

Main salt.
Fracture
filling.

One emit.

do.

* do.

do.

.do.

Main emit
Fracture
filling.

On. unit.

do.

Core.

On. unit.
do.

do.

Vall mono

One salt.

do.

lot .mleed. ILentioslar

lOt eqede.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do-.

Irre51M.

do.

leetiuclar

Irregular.

Leotioular

Irregmler.

do.

Loatioular

Irregular.

Lenticular,

do.

Lontioular.
branching,

ontioular,

do.

do.

1-2

1/I

1/8-1
6

1/2

1/1.

2

,2s-3

1-2

1/1.

6

1/1.

3/6

I

1/1.

1/1.

15

70

30

30

33
15

15

31.

60

55

60

50

10

57
5,

25

20

35

60

50

50

15

15

eo

Up to ./
2

V/.

Up to
2

1/2

30

25
100

10

100

30

100

25
100

30

90

30

30

35

35

30

30
100

30

30

30
90

30

60

20

25

18

25

'Waco.

<1

'raco'

1

2

1

<1

Trise,

treoe,

trao. I~raoo.

41

Motile. traoo.

lone.

do.

Some.



!able 20.--Nineraiog of pegnatitee -- Continued.

Vail rook _____________Pegpatite
1umbwr mn - -

name of peg- Typ. and Alteration Relation to Shepa Internal texture )ineralogy

(11. II) Plegioolae Perthite Graphlo Quarts Muscovite Garnet Touraline Li ihiun zinerale Other minerals

Per- Size Par-i line Per--I lime Per- Size Per- lii* Per- r i . Per- Size Mineral Per- Size Mineral Per- I 1 1 Sizeoent mahei )oent m akel )cent l ookh. )oent lack.i )oent inches kent lachk. et i nche )ant inches cent akee)

527

5-8

529

530

531

532

533

s34

535
irown Derby
No. 5

537

531

539

Ooite.

lorobiside gati

0.

Norublende gaeiu

-'d granite.

Coeree-grained

0.

Dhoite.

ltorablende gaces

tonalite.

lorobleade gpete

do.

0.

0.

40.

lone.

a.

None.

do.

. 0

lot exposed.

do.

0.

0.

0.

SOt exposed.

0.

do.

do.

Lentiouiar

Oval.

Leatioula

Lentioula,

branokin4

Irregular.

Lentioula,

0.

Irregular.

0.

0.

d0.

0.

Lentioular

0.

.One unit

0.

. 0.

- Maimta nf
.Preoture

tilling.

One unit

.Main mnlt

Fracture
filling.

Wall some.

Core.

Wall none.
Core.

Fracture '
filling.

tall mona.
Intermediate

mona.

Core.

Veil none.:

Core.
Fracture

filling.

Wall none.
Core.

Wall none.

Core.

flanging
val layeri
lootvall
layer.

On. unit.

1-1/2

1/14

14

.1-2

1/14

4-12
6

20

25

50

53

5S
7
7

./1-1/4 161
4 14 35

6

/14-1/2

214-36

1/4

1-10

1/4

14

6

1/I

1/14

20

145

10

51

10

57

15

I

1/4

i/I

SO

25

40

3/4

25 Op t!

Op to

Op to
2

Up to
6

Op to

15

30

10

V'

35

100

35

25

100

20

100

25
30

25
55

4I0

25
75

35

20

25

SO
12

20

20 1/I I 3

3/4

<1

trace

trace.
<1 UP tO

1 J1
<1 Lepidoitetiraoe.

0. I 5

Lepido i tel race.

leryl. 1

Seryl.
Apati te.
Columbi is-
tantalite.

Nicrolite.

Tolan.
leryl.
Coluabi te-
tantaiite.

Deryl. 1

Riotite.

Seryl.

leryl.

crystal. 14

Trace.

1 cryat

13 orye

<1~C.l.1
c ryata

:ryntal.

5

0.3

0.5

0.6-1.1
1/2

mi.1/64
by 3/4

Lain. 1/1-

t/2-3-1/2

La. 1/16-
1-1/2
14 bg6

l/6i-6

1
Cleve. .te

s

.



Table 20,--Minereiog of p.gnatitee--Continued.

Vall rock __________ _____ ____Pegsatite
limber m& -_ _ _____ __ _ _
name of peg- Type and Alteration Relation to Shape Internal texture ______Ittaelogy

vai omto ail rook *trncture :eohee) __________ __________ _________ _____
(P.I)Pisgioclase Perthite Graphic quartz Muscovite Garnet Toureeline Lithium ainerele Other ininerels

Igreni to

Per- Size Per- Size Per- Size Per- Size Per- Size Per- Size Per- Size Mineral Per- rSize Mineral IPer- Sizecent inohea )cent inches )cent( noher )oenti inch scent inoheo centi inches )cent( inches cent([inohee) [nent j(inchee)
Rorobleode

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

gpeisys. lone. Lniua.Wll nonELetolz.Core.

Irregular. Wall sane.
Core.

do all sone.
Core.

LeoticularOne unit.

do. Wall zone.
Core.

do. Well zone.
Core.

do. One unit.

Len ticulr- Hanging
brenchingvall lajer

Footvell
leper.

lonsolidat.

Leoticular, Vail sana
Core.

Irregular. One unit.

Lentioular, do.

do. do.

do. Veil zone.
Core.

do. One unit.

do. Ining vel
leper.

Pootwall
leper.

Irregular. Main unit.
Fracture
filling.

Lenticular Veil zone

Lenticuiar Main unitbranching Fracture
filling.

Lenticular Main unit
Fracture
filling.

.1/14
6

1/14
6

1/2
1

1/8

1/8-1/4
1

1/4
5

6

10

1/8

1.1/4-
1/2

,1/14
8

1/14

1/2

1/8

1/8

1/2-3/14

1/8

1/14

2

1/14-1/i
8

1/8-1/b

6-12

S1/14

14

lot exposed.

do.

do.

do.

do.

do.

Crosscutting,

N ezpo sad.

do.

do.

do.

do.

Not exposed.

do.

5

<1
<1

5

2

1
2

<1

<1

2

2

3

2

2

14

2

<1

<1

<1

1

1/14

<1

<1

Trace.

Trace.

3ery1.

Reryl. 1

Diotite.

several 3/4
pieces.

:rystal.

Trece.

i-1/2

Reryl. 3 Irze tals. 3-4

Monenite. ecryst . 3/4

leryl. 4 crystal . 1/2

rel

1/s

1/8

1/8

None.

Up to
6

Up to
8

2

Up to
5

Up to

Up to
5

to



Able 20.--Mlnoralogy of penatt~e-Contied~.

Vail rock _____ ___ _______PoOmatite
Number unA
nene of peg- typo and Alteration Relation to Shape Internal 'eziure lineralogy
untite forunticn vail rock ercu~ah. _____ __________ _____ __________ ______ru__________________________.)__

(fl. II ) Plegtoclae Perthite Graphic Quartz Muscovite Garnet lournaline II thiun minerals Other minerals

Per S- g Pr- ize Per r-. Pr- ize Pe- Sag er-Siz Pe- Sre-ineal er.PSzrc-t ecle bnt nch ot tche)Pnr-cho oos eche) nngrcho) Pngr-hs] cet icho) nMnrrll .iam:
_____n ___ __ch__ __n_ _nh_ ___n ___ _nch _ _ __n _ . __h _ cen 4nh et.ce 1 odnce 4 nhscn I" *

Norebloend get
end granite.

Sorabloado geet

Coares-~graiaod
great t.

flozabloend gaoil

40.

40.

4o.

do.

40.

dio.

4o.

40.

do.

40.

4c.

40.

40.

40.

5 booe.

5.

5.

Some.

do.

Some.

None.

do.

Sot ezpose.

Sot exposed.

40.

40.

Sot Ozpoe.

otexposed.

Sot Oxpose.

40.

do.

Irregular

Leatioul

Irregular

Lonticul

Irregul~ar

Locticula,
branchine

Irregular.

4o.

40.

Oval.

Lenticulai

Irregular.

40.

40.

40.

Lenticulaj

Oval.

40.

Wall zsn
Main coro.
Smell pod.

.North omi
South ond.

Wall seo,
Core.

000n unit

Male unit
Frecturs
filling.

do.

- Wall song
.Core.

Kate unit,
Fran turs
ftllieg.

Vail zono.
Jkod.

Main unit.
Fracture
ft llng.

One unit.

.do.

40.

Vtail sono.
Core.

Main unit.
Fracture
filling.

Main unit.
Fracture
filling.

40.

. Wall son
Core.

Vail zone
Core.

Male unit.
Fran tore
filling.

do.

1/S
14

12-.21

.1/14
1 1

1/S
1

3/4

1/14

.1/S
5

1/14

1/S

1/S

2-S

1/S

1/S

1/8-1/4

1/14
12

1/14

1/8-1/4

I. 1/S

i

1/8-1/4

60
20
5

6o
30

3
20

145

60

70
35

50

78

67

f0

67

7,

614

14

60

7,
20

66

u/s

Up t4

Up to

Up to
S

Up to
6

0

< 1
Trace

1

1

traoo

Tracn

Traco

.1

1

1
1

1

Tra

<1

TrS

.Tracs

Trans

Trans

Tracs

Trace

1

.1

Tran.

<Cl

I

srpl. 0.105 1-l/2-.5



able 
2 0.-Minera.ofy of pemntlte--Ooatinued.

va rock _____________ ___Peematite

am. of peg- !ype and Alteration Relation to Shape Internal aexture Nnrlg
intite torentin vail rok stuctue mob..s --TV
(11.11I) Plagioclaae Prht rp Io Q Irt uo It Garnet Tournaline L hu ieaeOhrnnrl

Per- BSla Per- Sin. Per- Si.. Per- Si.. Per- 31g. Per- Rise Per- Suse Nineral Per- Size Mineral Per- Siscent isohef bent inloha kent inche kent mobhs p'enE aches Oent .aches cU1i achee cant incheel cent (inches)

578

5?,

581

582

583

585

586

587

588

589

590
Ssryl and
Bare Miaerat

591

592

593
594

'95

596

'97

598

599

Serubisada

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

gneigs.

do.

do.

do.

Tonalite,.

do.

~eabluide gasia

Quartaite.

;ornblsads gasisil

lone.

do.

I.

lone.

lot usposed. Lentiouler

do. !rrsgular

do.

do.

do.

do.

dO.

do.

do.

do.

do.

do.

do.

do.

do.

do.,

let exposed.

do.

irosscutting.

Oval.

Irregular,

Oval.

Lenticulax

Irregulsr.

Lenticular

do,

Irregular.

Lsnticoiar

do.

do.

Oval.

Lsntioular
branching

Leatleular

do.

do.

Irregular

va1.

Lenticulai

Lentloular.
branching,

.Ons unit

Main unit
Precturs
filling.

On. ulit.

do.

Wall sons
Core.

.One unit

do.

.do.

do.

do.

.do.

do.

aell acne.
intsraedist
i'on.

Core.

One unit.

-Vail acne
.Core.

.One unit

do.

lonig vel
laper.

'ontvail
layer.

One unit.

do.

.do.

do.

1/s-i/a

1/8

1/8

1/8-1/4

1/8

1/2

3/1

1/2

3/14

1/4

1/4

1/4

36

1/8

.1/8

2

,1/4-l/1

1/2

S1-2

t/3-1/4

1/14

1/2

1/2-1

1/4

1/8

i/i

1

7

38

30

14-6

Sto

2-6
Up to

1-2

12-60

1/2

Up to
6

Up to
6

3'

15
100

S

27

20
90

30

35

30

30

30

25

30

25

20

100

20

30
30

140

25

20

15

25

35

20

25

a-6

i/u

3

3

2

Trace

3

1

<1

1

2

3

<1

30

1

5

2

1

3

1

3

Yrao.

!rao.

Trace

<rao

Trace

Trace

Up to 41

8

1/8-1 2

<1

<1

Trace

Trnce.

Seryl.

Seryl.
Coluabite-
tantalite.
Ceaite.

Bewsea

0.2

<0.05
Trace.

Seryl. crysta 3/16

~T)



Table 2Q .- Mineralogy of pegnatites--Cootinued.

Vail rock ________________Pegmatite
Nambur mn4 -_

name of peg- Type and Alteration Relation to Shape Internel texture Mineralogy
(Ptit fo tonvi rc tnc ah. Plegioclase Perthite Graphois Quert. Muscovite Garnet Tourmaline Lithium minerals 1 Other amonral.

Per- Size Pr i P is - Size Per-- Size per- FSize Per- 1is Mineral p Cr- Size Mineral Per- Size

Oen% inches cent nobh.) cent i nohe h~ent inohel )ent achee) conW( ochee a cent nohb cent inohee joent 1(iochee)

6ol

602

603

65
White Spar

No. 1

605

606

607

60a

609

610

611

612

4e.

None.

|s. None.

Berublende gneiu

do.

do.

do.

do.

Tonalite.

Horoblende goets

Tonalite.

do.

Norobleade gnei.

do.

do.

do.

do.

iotite echist.

Nroblende gneie

do.

do.

Not exposed.

do.

do.

Oval.

do.

Laattoula

do. Oval.

Croesoutting~ Irregular

Not exposed.

Crosscutting

Not exposed.

do.

do.

Orossotting

Lentiotolao

,do.

Lenticular

branching

Leattoulac

Lentioiulaz

brenohing

Lentioular

lot exposed, do.

lroesoutting, Lentloolar
breaching

lfot exposed. Letioular

3roescutting,

loof orsable.

lot exposed.

do.

do.

do.

Irregular.

Lenttoular

One mnit.

do.

.Wall sane
Core pod.

One unit.

Wall eons,
intermedial
zone.

Core.
Small pod.

.One unit.

do.

-Main unit,
.Practure

killing.

.One unit.

-do.

,do.

do.

- Kengiog
.vail leyez
lootvall
layer.

. Banging
reil leycr.
Pooteall
leysr.

One unit.

do.

Ranging
wall layer
Ion ivall

layer.

Ranging
wall layer
JOotwall
layer.

1/N

1/16

1/N
1/2

1/32

.0

2

14
1/32
1/4

1/8

1/32
1/8

1/16

1/32

1/4

1/2

1/4

1/32

1/8

1/32

1/8

1/s

1/14

1/32

1/2

1/16

1/16

9

114

20
50

5

32

15

2
3-4

18

10

leO I

25

15

9
23

114

9

38

l0

37

5

25

19

15

30

10

60

20

30

3

S4

2

8

14

1

2

3-ij

p-l/

14

5

5

14

2

2

15
195

15
20

15

20

25

1

1

1

1

3

1

<1

1

1

1

:1

<1

2

2

1/u
1

i-i/a

1/8

1/2

1/16

1/16

1/16

1/32

1/g
1/8

1/16

<:1 1/16

<:1 1/32

1

<1

<1

:1

1/16

1/s

1/16 Trace,

<:1 1/16

1 1/16 Trace,

?rece

Lepidolite - 5

Lepidolit . 90

Lopidolit . 2

Lepidolits. 2

55r71. 1 crystal,

<1
0.1

Trace.

Trace.

0.1

2 ITapes.
Reryl.

Coluabite-
tantelite.
Microlits.

1/32 'Mi orolite.

i/s

lUp to 5

None

None.

None.

1. do.

6i14

615

6i6

617

1
Cleavelendtte."''"



Table S0.--Nineralnzy of pagmatite--Oontinue .

Veil rock _____________ ___Pegnatite

lumber mnd
name of Peg- Type an Alteration hilation to Shape Internal exrture Mineralogy
mtite formtion vail rock Etruoture inches)
(11.1!I ) llegloclae Perthite Graphiio Quartz Muscovite Garnet Tourueline Lithium zinerale Other minerals

I ____ ____ ____ granite ___________

Per- Sioe Per-] Size Per- Si.. Per- Size Per- Size Per- Size Per- Size Mineral Per-] Siz* Mineral 1Per- r i..cent inches )kent inch.l cent ioohe; )oent Inch.i )ent iache shent inche seant inches ) mint imonhee] cent [(inches)

61s

619

620

621

622

623

6214

625

626
627

629

630

631

632

633

635

6o4
White Spar
So. 2

637

638

Rornblmnde gnei4s. lone.

0.

do.

0.

0.

0.

0.

do.

0.

0.

0.

0.

0.

0.

o.

0.

do.

Tonali te.

Noroblende

0.

0.

lose.

do.

lone.

gneisp. lone.

do.

Croeecutting~ Irregular,

lot exposed.

0.

0.

0.

0.

Oroeecutting

0.

do.

Not exposed.

Crosscutting

lot exposed.

0.

0.

0.

0.

Crosscutting

lot exposed.

Lmnticulaj

0.

0.

do.

0.

Irregular,

Lenticulas

0.

do.

0.

0.

do.

0.

0.

0.

do.

0.

0.

0.

do.

1
Cleavelandite. '"

1/16

1/16

1/16

1/16

1/16

1/S

1/32

1/16

1/16

1/16

1/4

1/16

1/S

1/16

1/16

1/16

Hanging
vail layer,
Football
layer.

. ne molt,

0.

0.

0.

do.

. 0.

0.

Wll zone,
Core.

Banging
5511 layer.
Footeall
layer.

One unit.

0.

0.

0.

0.

0.

0.

Vail zone.

Core.

mall zone.
Core p04.

Fracture
filling.

ranging
vail layer

Central
layer.
Football
layer.

5

3

14

1

3

2

2

2

2-5

3-9

1-2
a-4

14-7

1--2

2-4

3-6

3-6
2-4

1/2

1/16

1/S

1/S

1/4

1/S

1/4

1/16

1/16

1/16

1/16
1/14

1

1/32

1/4

1/4

1/16

14

1/32

1/64

1/16

1/4
1/32

1/14
1

1/4

1/4

3

1/S

514

714

65

70

60

140

60

70

60
30

1414

70

50

Q4

69

145

65

65

60

145
145

120

150

30

70

5-12

14-1i

Trace

Trace

Trace

<1

1

1

<41

<1

1

<1

1

1

1

2

1

2

S

15

I 15

1

- 221/2 i/S
1/32

Trace4

Lepidolite. 10

Lepidolite. Tracs[.

Lepidolite. fraol. .

Trace.
<0.01 I

orystall -
a. Tracd .

Fluorite.
Microlite.
)eryl. 2
Chrynacol 1

Colnbi te-
tentalite.
Seryl. I
Microlite.

1/32
5/S

2
1/S

I.1 cryst.
crystal.

.01



Table 20.--Ninerelog of pegnatite-Contiued.

Vali rook _____ ___ _______P.gmtit.
5ambwr wnd __
name of peg- Type and Alteration elation to Shape Internal texture Minerelogy
(ul. n) Piegioclaze Perthite Graphic Quartz Nuecovite Garnet Tourualine Lithium nrl Ohrierl

__ __ ~grenit4 on 1_ _

Per- Size Per- Size Per- Size Per-I Size Per- [Si.. Per- Size Per- JSize Mineral Per- Size Mineral 1Per- Size
cent inohei )ent inches )cent izche-tfent inch. )pent lub e )pOnt inch. rent Inch.i ) t ihighees jCent 1(inchee)

Core pod.

One it.

do.

do.

Veil ecee.
Core pod.

do.

, One unit.

Veli eon
Core.

Noahl pod.

Veil zone
Core pod.

Veli ewne.
Core pod.

One it.

Wall zone.
Core pod.

Irregular.| One unit.

659

6142

6143

6414

6it

do.

do.

do.

Norublende gneie
end biotite
echiet.

Bornblende goel.

do.

do.

do.

do.

f oroblende gneis
mica echiet. am
quartzite.

roblende gneiei

do.

do.

do.

do.

do.

do.

do.

do.

Nornblende gneii
end tonalite.

Lenticula

do.

Irregular.

de.

do.

Leotioular

Irregular.

10

50

65

'5

72
20
19

13

55
19

149

75
5

7,

sit
30

Noroblende gneie. Not exposed.

do.

do.

Croeecutting,

Not espozed.

Crosecttiog.

3-it
6-15

I-7

3-6

10-12

2-3
2-3

1-2
P to

10

4-7
9-lit

5-7

6-s

Ig-6

2-1/a

12-lit

-3

5-9

3-5-1

5-12

1/14

1/6

1/16

1/16

1/s

1/it

. 3/16
3

. 1/N

1/64
3

1/16

1/32

1s

1/N

1/N

1/16

1/16

1/16

1/It

2

1/16

1/16
1/5

1/16

o 12

20

30

23

ao

ao
15

20
50

13
60

g

10
i7

10

10

20

9

20

10

35

52

15

to
15
19
20
50

80
67
19

20

20

20
15
20

15

20
110
NO

10
10

15

35
20

20

20

110

20

20

29

19

35

20

25

20

30

20
10

1/2

1/2

1/N

1/2

2
3-it

1/4

1/N

1/6

1/s

Trae~o

Trace

Trace

0.5

Trace,

Trace,

0.5
3

1

1

2

it

1

2

2

1
2

2

1
3

1

0.5

1

11

3

2

14

1

to

None.

* do.

S.

None.

None.

None.

None.

trace.

0.5

Trace

Trecel.

fleryl. 2 rryetalj. 1/2

Up to 3

Motile, trace.

Narpi everacryetale
tentel ied cryotele. i/t

Nones Ite. Several cryctaleJ

69
69

.0

70

6o

60

145

10

60

31
65

50

59

do.

Irregular.

Lenticular

3--4

1-3

1/N Tracek.

Not ezpoeed. |Lemticular

do.

Banging
wall leper,
Pootwall
leper.

One unit.

do.

Veil zone,

Core.

.One unit.

Veil zone.
Core pod.

, One unit.

* Vail zone
ontermediat
zone.

611a

650

65i

652

653

654

655

656

657

659
iuckhorn end
Peldepar
lodee.

do.

ecticular

aticular-
brenohing

Oval.

:rregular.

Lenticua:

!rreguiar,

Lenticia: i

Irreguiez

'p to

1/16

rp to
2

i-j4

1/8

3/'

do.

do.

do.

do.

do.

do.

lot ezpceed.

Crosouttiag,



icble 20.-Mineralogy of pegnatitem--Oeatiue4.

Vubr n afl rock ________ ___Pepatite

name of pa.- !ppe ani Alteration Relation to Shape mnternel textore MinerelogPmtite formation vail rook etructure(nohee) 11(Pl11) Plegioclase Perthite Grqishio Quartz Nuacovite Garnet Tourmeline Lithium minerele Other miaerele

Per- Size Per- Size Per- Size Par- Size Per- Size Per- Size Per- I ize Mineral Per- Size Mineral IPer- ISizenentSie soent( ache coent( Lache )centlank.chtant( achei )oent blacks )cent '(Inh) bnt( uek..) c ent fiachee)

Nerzbimnd. gad.s
ad tonalite.

sorab1.nde

40.

40.

4o.

40d.

40.

40.

40.

659
iuokherz amb

lee--
(Contiazed)

660

66i

662

663

664

666

667

668

669

670

671

672

673

614

676

ieeoe.

gaei s.

None.

Cresocutting, !rregolaz

Not ezpocee, Leaticular

40.

40.

40.

40.

40.

40.

40.

40.

Not exposed.

40.

40.

Sot exposed,

Irregular.

Oval.

Irregular

40.

Oval.

Seatioular

branching

Irregular.

40.

40.

Lenticulam

do.

Irregular,

oval.

Irregular.

. Core.
Buokharn
claim.
Core pode,

on ridge.

.Vali uone.
Core pods.

Wall zone.
Entermidiat

Core.

One uzit.

Vail ooze
Core.

Vail coo.
Core.

hne unit.

Vail zone.
Core.

,Vail ane
Core.

SMain unit
fracture
filling.

One unit.

0.

Main unit.
Fracture

filling.
40.

.One unit

do.

Vail zooc,

Core.

Main mit.
Frac ture
filling.

Main unit,
Fracture
filling.

6-12

1/16
2

i/i
S1/2

1/S

,1/4
6

,1/4

1/6

1/8

1/i

8-3

1/h-i/a

1/14

1/2

1/S

1/14

1(1

1/6-1/4

6

i/S

14

3-6

Up to
6

Up to
14

r, to

14

lip to
S

7

20
30

15
20

50

15

25
25

20

10

25
ho

15
90

20

70

30

25

25

100

20

35

15

95

Up te

1

1

2
10

10

3

2

2
41

41

2

<1

41

41i

<1

1

1

<1
5

<1

<1

2

1

1/S
1/14

i/i

Up te
3

41

Frace,

1

<1

<1

rrace.

rrace.

Race.

Trace

Trace

40.

Reryl.

0.5

0.6

Colubite- Traoe.
tantalitei

i/a-a

40.

40.

40.

40'

40.

40.

40.

40.

I I i I I I I | | | | | | | | |



tabl. 20.--Nineraj~ogy of pematitee--eontinue4.

Vail rook __________ _______Pepiatite

cnsm of pag.- !lpe an4 Alteration Relation to Shape Internal tezture Mineralogy
matita foroation wall rO*k etruours(akee)11T

(11. UI) Flagioolaae Perthite Graphiio Quertz Mtoaoovite Garnut Tourmaflne Lithium ninerala Other amonral.
I __ __ ~~~~grani to __ _ _ _ _ _ _

Fsr-~ Sin. Per- Size Par.- Size Par- Size Per- Size Per- Size Per- Size Mineral Per- ISize Mineral [per. Sizecan ~inch.r oent( nah. )cent( cabhs )oent(inobea cent( nobei )cent inch.i )cent(incbes s nt( inohas) ]cant j(inches)

lone.

lot exposed. Oval.

40. Irregular.

Lentioular
branobiad

Irosscuttin4 Irregular.

Iressoutting

40.

Irregular

lot ezpoeed~ Leatioula

Cenferaabla I rregular

677

678 40.

40.

40.

40.

40.

4e.

Ae.

40.

40.

40.

40.-

40.

40.

40.

4e.

40.

40.

40.

40.

40.

Nerublande gneis. Vain unit

Fracture
filling.

Main zait,.
Fracture
tilling.

40.

- Wll zone
. Cars.

Main unit.
Fracture
filling.

One unit.

,Wall seas
Core pod.

rOne unit

R anging
wall leper
Fec tall
layer.

R anging
wall layer
Footwell
layer.

One unit.

4o.

,do.

Ranging
wall layer
Football

layer.

One unit.

40.

4o.

Wall zone.
Core.

One unit.

.One unit

40.

40.

15

35

55
12
ho

5

9

1)4
5)4

9

31

1)4

2

3..4

ha h-6

19 2-3

1-1/2

6-I

.1/s
h-s

1/I

1/16

.1/16

.1/32

12

1/32

1/h

1/32

1/2

1/16

1/32

1/2

1/16

1/2

1/64

1/h

1/25

1/5

5-7

2-h

6-12

2-3

5-7
3-h

6ao

'U1

682

663

6A%

6a5

636

6s7

'as
689

690

691

69;

'93

69)4

695

696

697

25

100

25

100
30

15

20

100

20

15
30

20

15

15

20

15

19

10

15

15

20

15

13

15
60.

15

15

<1

1

1

1

2

1

1

1

1

1

1

1

1

i/4
1/2

1/3

1/2

1/i

trace

track.

Trace.

trace.

trace.

trace.

1-i/'4trace.

3/4

1/2

1/2

1/h

1/2

Rieti to. trace.

20

39

1)4

55

33

23

20

ho

2)4

19

10

30

20

5)4

Leanticular

Oval.

Lenticuler

Irregular

Oval.

40.

do.

40,

Irregular,

Lantiojola,

do.

Irregular.

I-

let exposed.

40.

do.

40.

40-.

40.

do.

lot exposed.

40.

40.

h



table 20.-inerat.ou of pegltitea -- Oontiane..

Vail rook __________ ___ __ . tit.
am. af peg- t~pe anL Alteration Relation to Shape Internal teziure )ineralogj
(P1.t foU)o vl ok Lukr 1e i ocae Prht qio ur. Msoie Gret !ua)a iilmmieasOhr nr
inielfminvi okraire l~egicae Prht rgi urs Neoie GrnhTumln ihu ieaeohrmnr

Psr- Ii,. Per- I ime Per- ISize Per- Uise Per- Size Per- Size Per- 81.. Mineral Per- Size Mineral Per.- ISisoen( .cohs. oen( 4
-ehe, cent ' laehs iMjn( .ndases cen( cokes o ent acohe. cent inche )eT i 1 iaes~ cent ~ ( lnoh.)

699
700

701

702

703

705

706

707

709

710

711

712

713

7114

715

7i6

717

715

719

710

721

722

723

7214

725

Nerableads pnel

0.

5.

0.

'a.

0.

0.

L0.

0.

0.

0.

0.

0.

0.

'a.

0.

0.

0.

La.

La.

0.

o.

0.

L0.

0.

forobleads gnsis
and ooarse-grai.
granite.

fornblends goals

0.

4e.

4

Not injosed.

0.

0.

0.

0.

0.

0.

0.

0.

4o.

0.

0.

0.

0.

0.

0.

'5.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

Irregnier,

0.

0.

0.

Lenlioulas

Oval.

Irrsgularl

Leaticua

0.

Oval.

Lanticulaa

0.

0.

0.

Oval-.

Irregular.

Lenlicnula

Irregular.

Lecticla

10.

0.

Oval.

Lenlicular

Oval.

Leclicular

0.

0.

0.

ons nil.'

0.

in.

0.

0d.

0.

0.

. 0.

0.

0.

. 0. .

0.

0.

0.

0.

do.

, 0.

Wall acne.
[otermedial

lone-.
Core.

one nail.

0.

0.

dc.

* L .

0.

0.

0.

La.

do.

1/16

1/S

1/4

1

2

1/4

i/i

1/16

1/8

1/16

2

a
1

3

3

3

3

2

3

2

3

1/2

1/4

1

1/I

1/4

1/4

1/4

19.5

30

30

30

35

5

65

70

60

60

60

70

70

10

10

60

10

30

10

SO

S

S

5

10

10

20

20

15

30

15

20

15

20

30

23

25

25

30

20

30

30

30

30

50
100

20

20

20

30

20

30

20

20

30

30

0.5

trace

50 I 3/4

traoes 1/16

Trace

trace

tacs

trace,

Trace,

1/16

1/32

Miotile.

Negnelite.
lialite.

0.

Nagneli ts.

Miotile.

Miotile.

Miotile.

t'race.

trace.

trace.

trace.

trace.

1/i

1/16
1/16

1/4

1/16

i i 1 I i

a



!able 20.--MineraLogy of smatites--Coatiue .

Vail rook _____ ________ __ eatite
Dumber n
name of peg- !ype an Alteration Relation to Shape Internal tezture Mineralogy
meatite formation wall rock stnutur.( ahes) .....1

(n1. h) t Plegioclase Pertiiite Graphie Quarts Muscovite Garnet Tourualine Lithium inerals Other minerals
grani to

per- Iii. Per- 8136 Per-- lime Per- Size Per- lii. Per- Suse Per- Site Mineral Per- Site Mineral IPer- Siteoend .ache. cent acohes cent aes cent Lnohes oend s. oen ani ches een con.akhe cn ahes) cent J(iaches2
726

727

75

729

730

731

732

733

7314

735

736

7,7

73'

739

710

7141

7145

7146

Rorablemde ei'

le.

6.

0.

0.

La.

La.

0.

0.

La.

La.

La.

c.

La.

La.

Roroblamde gneii

and granite.

Dorablemde goel.

La.

La.

La.

Granite.

1
Clesvelandlts. *

*5.

None

5.

Not exposeL.

La.

La.

La.

La.

La.

La.

La.

La.

La.

La.

La.

La.

La.

Lo.

Not azpoaed.

La.

La.

La.

La.

Lentloula

La.

Leotioula

braaohin

Lentloula

La.

La.

Oval.

Lesticulaa

La.

Lintioulan

bramohiad

La.

Lemtioular

La.

Lenticula
brsnchiaj

La.

Leatioula1

Oval.

Leatlculas

Lenticula

branching a

Oval.

Lenticul az]

s.Oe uit

La.

s-Wall en
Z.atermedi
soae.

Core.

e.Vall sose
Zateruedia

some.
Core.

One unit.

La.

a.

La.

. a

0.

La.

- Vail mooi
.Core.

Vail sons.

Core.
Southwest
Like.

.Ona unit.

0.

0d.

- Vail 50n0!

In tarmedi!a
son.

Core.

One unit.

Sdo.

1/4

1/1.

. 1
te

1/I'
1/2

1/4
e

1/16

1/c

1/32
2

1/16

1/14

2

. 1/11
1/2

1/11

14

1/14

1/32

1

2

. 1/16

1/16
1/4

2

2

50

6o

10

167

20

30

25

30
20

20

80

30

20

5

20

30

20

20

20

20

20
20

20

30
100

20

30

30

20

20

60
20

20

20

'Ii 2

2

Trace.

Trace

3e171. 1|oryatai4 3/U

Diotite..

3iotite.

Trse.

Trace.
s



!akla 2O.--Minsr2.ogy of iomsttee-Continmi.

Uimbwra Vail rook LPeptit.
ama of peg- typo a Alteratioe hilatice to Shqs e Iternal titrn Mimralogy
mtii. frmatloa vail roak miniatre lnese)-
(fl. ix ) f Plagiaoiae I erthita Grahie arts Muscovite Garnet Tourmaiina Lithium mineral. Other minerals

aent leehk. )ount ieoha )kant l iee. )ient Labe )nent i oann, eke. I eui nmakes) j nt j imohem] ien (Iamh

7h7

748

7)9

751

7532

73

754

7,5

756

7,7

73'

7"9
760

761

762

763

764

765

766

767

76.

76',

770

771

5.Eorebleele .101.

6e.

6e.

6o.

6o.

6e.

n.

o.

6.

6e.

n.

6o.

'S.

6.-

6.-

6n.

6o.

o.

6o.

6o.

6e.

..

e.

60.

60.

iot uxposd.

o.

10.

10.

0.

o.

'a.

o.

0.

6e.

0.

a.

o.

6.-

o.

6o.

0.

6.-

6o.

6o.

o.

..

o.

e.

a.

Lemaiomla,

6o.

6o.

6o.

6o.

6a.

6o.

6o.

6.

. .

o.

o.

6o.

6.-

6.-

6o.

6e.

6.-

o.

Oval.

ieaioule

Or..

o.

Leaula

6o.

, Vail too'
etormediwl
some.
cOre.

Wall some,
earmedilal
sone.
Core.

Oge tell.

Vail memo,
Istemoilia
mama.

ore.

Gag tell.

rall sone.
Ietereetiu

soma.
Cora.

Ome tell.

o.

6.

o.

6o.

o.

-a.

6o.

6o.

o.

6o.

6o.

6.-

6o.

. .

6..

6.,

. .

6o.

. 1/1

3/1

1/u

3"8

a

1/u
he

3/'

1/u

he
3/'

1/I

1/1

1/16

1/16

1/6

3/'

1/32

1/32

1/li

1/6

1/31

1/38

3/'

1/u

1/1

1/Il

To
100

100

"5
100

80

73

30

30

25

30

30

15

80

23

30

30

30

10

3

15

i-/if

Yreo .

Yr .

Yraci

Yraos

'Wal

10. 4l

1

50

30 I I I I I 1 lI I II I I I



toble 10 .-- Mlnseiogy of pegmatltes O-otlons4.

Wll rook _____ ___ _______Pepotits

nas at peg- type en AlteratIon RelatIon to qshp Internal sexturs Minoralegu
otilts formaton veil rookr struotas re inse).

(11.11I) flagloolse Perthite Grg1si Qaertu hasoevltse rnst Trureelle LIthd ulmnels Cther ulnele
-rnto___ _ __ _ __ _

isar Slug san- Slug ?ear- Slug ion- SIs Pea- SI e Psi- Slug Per- JSi I Nlnel I er-I als Mineral Per.. I ieoent lochks )owit l e ).ent l oneks )uamn4 Inebk )...t lmiko '),..t 1 iokhe N.nt icfla ont 1 lanoee cn looks)

772

773

715

776

777

750

751

712

73

75

186

7,7

7U8

739

791

792

$s.

Sass.

40.

40.

40.

40.

B-.

Nerebleads ge

40.

Oeoarse-grelns4

grani te.

40.

to.

40.

Ceerse-grelnot
granite ant

koeblees geeil

Derebleese geli

0.-

40.

40.

Oeae-greie.4

hernblende geeli

Eornbles40 gela

40.

40.

0.

0.

40.

40.

40.

Orenits.

Set meoe4.

40.

Set

Oval.

LIntla

Lentloul

brinokla

45.

'5.

!rrqguler

expot. Lastleulni

40. 0.

40.

40.

Orsottlng,

let expoee.

40.

40.

40.

40.

40.

40.

40.

40.

Irregeler

40.

isntIoulni

40.

LImtloulej
breeehia

Lestleulag

40.

40.

Lantilonle

breeohlne

Oval.

Lentloularz

One ait.

L. o.

- Wll soa

Core.

'One alt

40.

One vet.

lsotvsll

Core.

. One unIt,

SiegIng
mall laysr

layer.

eali ions.
Core.

Well ese.
Core.

fall gone.

Core.

,One uaIS.

40.

40.

to.

40d.

1/

1/u
'. 3

14

1

1

1

15

8

12

5

5

1

i-i/i
10

3/1
9

1

3

1

1/16

1

U

3

3

3

I

1/2

10

50

a,

10

50

10

70

50

10

70

5

14.5

30

'5

10

10

10

10

10

10

10

Go

1/i

10

SO

Go0

495
30

10

15

50 I

10 | 5 trne4 1/16

8tress4 1/S |trae

rracosj

1

lrnes

1

1

trees

tines

traes

trees

trae

Trees

31.1110.

Sagep.11 o
31511.

40.

40.
Nertlte.

Iletite.

Miortle.
Magstts,

310111g.

40.

atit.
Iotst.

3er71.

trace.

trne.
trne.
0.5

trae.

0-5

trees.

1

3

trae.
Irso.
traes.

D1stI..tr e.
Nertlts. 4

D1otis . ree.

Nartlte.

a Ise.

SiotIts.
Nartlts.

3.ryl. 2

Nertito.

0.5

trace.
traes.

nryetalu

line.

Slotlte. fes

1/4
i/i

1/38

a

I
3

None.

som

Trao



Able 2g.--4ineralogy of pegiatitee--Continued.

Veil rook _____ ___ _______Pegatite
Namber end
name of pee- type and Alteration Islation to 5hsaie Internal eztuare Mineralcaj
matits formtion well rook utruotore(inohss [[[)
(nl.U1) 1 Plagioclase Psrtbite Graphi. Quarts Muscovite Garnet Tourmaline Lithium minerals Other minerals

Per- Siue Per- 8136 Per- lime Per- Size Per- 3136 Per- Ii.. Per- 3136 )(ineral Psr- 1Size Mineral 4.er- Sscent loohks cent looks )osnt( nob. )csnt loohks oent inch. )cent locks )csnt lack.e csnt(1 inches) c ent (lnckesi

793

724

795

796

797

796

7,9

600

601

602

603

605

606

607

609

610

611

612

613

6124

615

616

617

616

619

620

Granite.

de.

do.

do.

do.

do.

o.

'e-

do-.

do.

do.

do.

do.

do.

do.

do.

do -

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do-.

Leotloular

do.

'o.-

do.

LeotIcolar
branohini

Leotioular

o.

do.

do.

do.

do.

Lenticular

bramohiag

Leotioular

do.

do.

L.entioular
branching

do.

Oval.

soaticular

[entioular

branhig

Genticoler

Aontloular
bremohiog

aenticular

do.

[regular.

Ov&1.

Anticular

do.

. One unit.

do.

do.

do.

-Ons unit.

do

,do.

do.

do.

do.

do,

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

1

i/i

1/2

1

1

2

2

2

1-1/2

1/14

1/16

1/24

1/4

1

2

1

I

i/2

1/4

1/2

1/4

1/4

1/16

1/6

1/6

1/2

1

1

10

50

35

20

10

10

10

10

15

2.0

30

30

20

10

10

10

10

15

10

20

20

15

35

50

30

30

10

10

6

6

race.

Prece.

Trace.

Tracs.

'race.

Trace.

Trace.

iotits. Trace.

Diotits. Trace.

Magtits. Trace.

BIotite. |Trace.

lictits. race.

do. ITrace.

Dons.

do.

do.

Eons.

Done.

4~
0

I I I 1 I I I I I , ,, _ _ ,_i



Able 20 .-- Mineralog of poaite --Continued.

V.11 a Yl rook _____________ ___Pepatit.

ne of peg- !jpe and Alteration Relation to Sbaie Internal aexture Mineralogynatite formtcn vail ro&k Stuurme lauce)I
(1.!! ) lgioclaaa Perthite Grqphio Quartz Musoooite Garnet Toureeline Lithium minerals Other mineralsI __ __ ~~~~grani to___ _ ____ _ _ __ __ _ _

Per- Size Par- Si.. Par- Size Par- Size Par- Size Per- Size Per- Si.. Mineral Per- Si.. Mineral IPer-. cia.omitf iaist. )cnt inh.s )cant( Inobe )oenti inch )cent inches )cant nahe )oant~ioe t eent(1 inohee) cant (inches)

2
2

5

5

3

2

5

121

122

823

125'

126

657

826

829

530

131

132

833
13k

635

136

837

138

139

1141

6142

8143

614

7

6
12

5

6

I

8

6

14

16

I

10

6

Granite.

0.

do.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

do.

o.

o.

o.

0.

0.

do.

o.

do.

do.

Covered vith
glacial till.

0.

Lenticulez

Oval.

Irregular.

oval.

Lenticular

0.

0.

Irregular

Lanticular

0.

Oval.

0.

entlenlar

0.

0.

Irregular

.entinialar

.anticular
branching

.enticnlar

Oval.

0.

do.

Irregular,

0.

do.

.One unit,

0.

do.

0.

.do.

Vail zone.
Core.

One unit.

0-.

do.

do.

0.

do.

0.

0.

do.

do.

do.

do.

do.

do.

0.

do.

do.

do.

do.

do.

Trace,

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

i/Il

1/32

1/14

2

1/14
3

1/2

1/14

1/4

1/2

3/4

3/4

1/16

1/2

1/2

1/4

1/4

1/8

1/6

2

1/1

1/4

1/6

1/8

2

Monaite. lTrace.

Monazi Se.

do.

haotte.

Race.

Trace.

Trace.

Riotite. Trace.

Magntite. Trace.

Rioti te. Trace.

5

145

10

10

30
10

35

50

50

25

35

10

60

30

30

50

20

145

10

35

70

30

33.5

10

20

20

30

25

20
20

20

20

20

20

20

25

15

15

20

20

15

15

15

20

15

20

15

15

20

20

25

50

55

140

20

20

20

10

140

140

140

55

30

10

60

140

35

1/2

1/4

1/4 I',
C

1/1E
1

1/14

1/16

lane.

0.

do.

do.

do.

0.

0.

0.

lone.

do.

do.

lone.

0.

15

Traci

1

Trace

Trace

0.5

0.5

1/2

1/1

2

1

3/4

0.5 1/32

1 1/16

Marthae. Trace.

liothte. Trace.

0. Trce



!abl. 20,--Minerea.ogy of pegatitem -- Continued.

vall rock _____ ___ _______Pegumtite

name of peg- !ype and Alteration Relation to Shape Internal feztiue Mineralogy
(11.5! ) Ilegioclase TPerthite Graphic Quartz Muscovite IGarnet Tourueline Lithium minerals Other ainerale

tT granite __ 1

Per- Size Per- Sihe Per- Size Per-j Size iPer- j ia. Per- JSize Per- Size Mineral Per- [Size Minerel IPer- 1SizeOeni nohb.. oent i nch.i )cent (inohel )nent inohe )cent * inche- i)cent Inche ,)eut i nche cn t j(inchei ) cent ](inches)
8147

Black Vend.

818

8149

850

851

852

853

8514

855

856

857

858

859

860

861

862

863
8614

865

866

867

868

Ilorablende guela
coeree-greined
granite, end
quartli te.

florebleade goeha

dc.

do.

do.

do.

do.

do.

do.

do.

do.

~ornbleode gnels
end granite.

!ornblende gnei e

do.

do.

do.

do.

do.

do.

do.

do.

do.

5, lone. ICrosouttiegjIrregular.

I.

a lone.

a.

lot exposed.

do.

do.

do.

do.

do.

do.

Croscittieg.

Not exposed.

do.

lot

Lenticuli

do.

Irregular.

Lentioulaz
brenchin4

Lenticuler

do.

Ovel.

Irregular

do.

Oval.

Lenticular

expoued. do.

do. (rreguler.

do.

do.

do.

do.

do.

do.

do.

do.

Oval.

Lenticuler

do.

do.

do.

do.

do.

do.

Well some,
south end
wrest pert.,

Wall acme.
morth end
eat parts,
!etezu.&Ia

smne.
Interuedia

acne.

Core.
do.
do.

r. One unil

do.

do.

-do.

Sdo.:

do.

do.

Veil zone.
Core.

One =lt.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

de.

3

1-1/2

Is 2

4e 6

. 2

2

3/4

1

3/4

3

3/4
5

3

3

2

1/2

14

1/16

1/2

1/2

1/2

1/4

1/8

1/16

60

30

50

Less
then

10

20

140

35

35

35

35

55

60

55
30

'5

145

5

20

140

20

8

6

15

5

30

eoe.

1/145

Up to
8

trace

<-1

1

41

trance.

trace.

<-1

trace.

trace.

lreoe.

1/32

1/2

Nertite.
Riotite.

Mrtite.

Seryl.

Monalte.
Columbite-

tantelite.

1

trace.

0.2

L7 oryst

O rysta

Allsolte. trace.

Megnetite. traoe.

BIetite. traes.
Negnetite. trace.

lieu te.

Megneti te.

do.

Megneti te.

do.

trece.

trace.

trace.

trace.

trace.

Blotite. tree.
Megnetite. trace.

Megneti te. trace.

1/2-1-1/

l.. 3/4

is. 1/8

1/4

1/16

1/16

0

t



Sable l0.-Nineraiom' of ueintite-eatime4.

vail roo ____ ________ __ P.p.tite

-am a pqg- tyzo an4 hiteratiom blatlo. to bq.p Intornal metur. Miaeralogymatit. formtios vall r.*k .truatura( .. I
(1. ix ) Piagienaaa Porthit. Grq6hl. Qoart. thcoylto Garat !ourualia. isthiim mimorala 0thsr ~ai.l

Psa- 3136 Pmr- Si** Pew- BII. Per- Sis Per- km.e Pox- 11.. Pow- lijo Mineral Pow- limo Mineral Per..- limos n ob.. oent( obes a ent Iach shent in e 4
mokod gahe ( ) ob. l ck ent( me. @u( oeh.) oust j make.)

lewmblea4.

40.

4e.

a.

p14..

4e.

4e.

4e.

4e.

4.

4o.

lerable.4. guts

am4 gramite.

Eorableado gmlgs

do.

4e.

4e.

4e.

4e.

4e.

4e.

4o.

4o.

4e.

4e.

4o.

4o.

4e.

4e.

lose.

I.

Dot mepese4.

40.

4e..'

4.

4e.

4o.

4o.

4e.

4o.

4o.

let uspoeM.

4e.

4.

4e.

4o.

4.

4e.

4.

4.

4.

4o.

4e.

4e.

4o.

4o.

4e.

Lintlovslai

Oval.

0.

Iaatioua
brwmohla4

Lustioula

4.

4o.

4e.

4e.

4.

4.

Letleuala

4e.

4e.

ova'.

Lmatilea

4e.

4e.

4.

4o.

4e.

4e.

4e.

4.

oval.

Leetiotalez

4o.

4.

4.

- 4.

4.

4.

4e.

4.

4.

4.

4.

4.

4e.

4.

4.

4.

4.

4.

4o.

4e.

4.

do.

Eaag'1g

Feotwall
le,7er.

1/16

1/16

1/16

i/h

1

i/a

1/a

i/h

1/I
i/a

1/a

1/I
1/6

1/6

1/I

1/I

1/u

1/I

1/6

1/a

1/I

1/6

i/a

1/5

3/I

i/Il

1/38

10

10

30

10

10

10

10

10

10

10

10

20

lriee

hraag

a

3
1

beoce

fymo.

fume.

Trao.

fure.s

STral

Sran.

Trae

Ditit.

ilotite.

lietit.

liotite.

"e.

'ta.

'ta.

lrimo.

'-a

I I I I I I I 1 I I I I I I I i I

a



!able30 .-- Nineraiogy of noglatitee-0gstiuo4.

Vail rook _____ ____Pegatite

nine of peg- type an Alteraties Relation to 3h0ee Internal eaxtuire Miaoalogy
estite forwatimn wall ro*i etrnoturC 00)e
(11. ii ) Plegioclase Pertblte Grqbhie Qimrte Mosooite Garnet Toizrmliae ithium minerals Other aorale-rn to

Per- Uie Per- Iii* Per- Cisc Per- i.. Per- lie PeeSsePr Nie inerel Per- Clue Mineral ifer lime'on (1obes i nt( naobel oai( mnob.r oent( obhes m ent ia leant *ahe )out( aneho ' min liambe 1 mt 1 (mnob..

Eerablemta gamobe.

4s.

40.

40.

40.

40.

40.

lerablemie gamil
om.4 praite.

40.

40.

896

697

901

903

905

lermblem40 gne.

Morableade au
emi granite.

Iorablede ginoi

Merabln40e gmoiu
am4 gremi te.

Cearso-graiae4
grsi to.

e None.

a.

Noso.e

Ac.

Nernbleate gmeel.

Met espeeo&.| Leatioula

40.

40.

Croameuttimj

Not empoee.,

40.

40.

40.

Orosse.ttiag

Met seet.

40.

40.

40.

lot ozpose4.

wall layer
PeetwaUl
layer.

wall layer
Peetwall
layer.

Gao wit.

0.

Mingling
well layer

Peotwall
layer.

wall layer
Peotwall
layer.

Goe emit.

4..

4..

wall layer
Peotwell

layer.
Core.

Mingling
wall ley.r
Pootwall

layer.

Orno alt.

Wall mono.
Iatrnetia
sea.
Core.

Ga. mnit.

hinging
wsall layer
Feotwall
layer.

Emagiag
wall layor.
Football
laror.

1/33

1/33

1/3

1

3/b

3/C

1

i/b

3/b

3/b

1/3

1

i/b

i

1/b

I/b

3/b
0

3/C

3/b

3/b

1/b

3/b

i/b

5,

7,

3,

30

ho

70

90

3,

30

I,

90

15

60

30

30

a,

55

15

a,

5

30

CD

10

60

30
50

3

3

3

3/b

a

1/a
3

3

90 3/b

55 b

30

'5

30

65

90

30

3,

lj

3

3

1/3

b

3/b

1

3

i/i

a

1/ll

10

3

3

3

30

19

30

19.!

19.!

15

10

30

15

30

19.5

30
100

30

10

15

U.S
Go

30

15

10

15

1

0.

0.5

0.5

0.5

traoE

1/b

1/b

1/b| ?ra4e

1/u

frao4k i/b I Tra4s

?rin.

5

frmel

0.5

Foama

1/1~ Yr...

3/6

1/b

boouit

Yrmet

Derpl. ?Traoe. I 1/b.3/b

Doryl. 1.5

Miotito. lyoe.
Kegpetice 4ro.

1/l'-1

0

Memo.

907

909

910

911



!eble 2.-Ninera~Logy of sensati tea----eatiua4.

Vail rook _____________ ___Pepstite

name of pag- type anM Alteration Relation to Shape Znternal texture 3inaralog'
mtite foruatioc well rock uructure iaohe.)111
(Pl. uI) ?legioolaae Perthite Grqihie Quart. )tceooite Cornet !ouirmaline Lithdoa mineral. Other minerals

I __ ~ granite

Per- lime Per- Ii.. Per- i* Per- Si.. Per- Ii.. Per- ISi.. Per- Ii.. Mineral Per- Si.. Mineral 1Per- [ imecent inch.i )oent laichei )oent imehel )nent lacke )nent achk 1)nent inaa i)cent i nee ) cent inches oen mcee)

Sorableate

0.

0.

do.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

gneide. let ezpesed.ILeaticula4. ne unit912

913

914

915

916

917

911

919

920

921

922

923

924

925

Ac.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

'-'ing'
wall 1ayer.
Pootwall
layer.

One unit.

A.

aging
wall layer,
Pootwall
layer.

Ranging
wall layer.
Pootwell

layer.

Ranging
wall layer.
Pootwall
layer.

One unit.

tell mone.
Intermei
some.
Core.

Ranging
wall layez

!ootwall
layer.

'-'ging
wall layez
Pootwall
layer.

Magag
wall layer
Pootwall

leyer.

Ranging
wall layer
Pootwall
layer.

Banging
well layer
Intermedla

acne.
Core.

Pociwall
layer.

3/Il

3/1'

1/u
1/2

1/2

1/24

1/64

1/4

1/32

1/4

1/2

1/14

1/04
te

1/4
1

1/14

1/32
1/S

1/32

1/4

1/S

1/S

,e
3/24

1

1/32

1/01 '5

25

so

39

10

20

20

10

20
59
70

20

20

I0

14

50

So

20

2

a

1

I

1.4/2

3

3
2

3

racel 1/16

race

Race

1

3

10

2

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1/32

1/S

1/2

1/2

1

i/a

trace

Trace

trace

Trace

trace

trace

trace

Rictite.

Rieti te.

1

3

1

10

2

1

2

1

1

'5



!eh1e 10.--Nlneralogy of pematitee--ontinued.

Wall rook _____________ ___Pgntit*
3umbur mAn
name of peg- !ype anA Alteration Relation to Shape Internal tezture Ilinerelogymatite formtion valid roc structure (inoei..
(11. ii) Plegiocla.. Pertliite Graphia Quarts Inuecovite Gernet Teurmeliae Ilihium minerele Other minerele

I __grand to

Per- Size Per- Site Per- Si.. Pe?- Si.. Per- Si.. Per- Site Per- Si.@ Mineral Per- ISite Mineral Jter 1 113cent (mob sent inch. ~oent( anchei )oent iaeeicen acnhei )oent iaohe )Cent( mohee Cent laeh.) 1 cuit (inch..)

Trace,

Trace,

926

927

921

929

Horablende gneia

Hornblende gneie
end coaree-grain

greni te.

Horoblenle guete

40.

40.

ligrai andho4
blentie guetee.

Granite-.

Eornblen40 gneie

40.

40.

I.

I.

oneasite. |1 orytli. 1/2

Biotite. lirace.

Heatite. |1 oryet41. 1/4

lot ezpoed.

40.

40.

40.

40.

40.

40.

40.

40.

40.

lot ezpneed-.

40.

40.

Lenticular

Irregular .

Letioular

40.

40.

Gticular
branching

ntioular,

40.

40.

Lenticulec

40.

.Ome unit.

Hanging
veil layer
Pootvall

leyer.

,One unit.

Hanging
vail layer
Pocivall
layer.

aging
vail layer
Poocvall
layer.

SHanging

vail layer
Footwell

layer.

Hanging
vail layer
Pootvall
layer.

anging
veli layer
Poolvall
layer.

Hanging
vall layer
Fonivall
layer.

Hanging
wail layer.
Foctvall
layer.

-One unit,

.Hengiag
vail layei
Pootvall
layer.

One unit.

Banging
wail layer,
Football
layer.

One unit.

931

932

933

935

936

937

931

939

1/8

1/2

1/S

1/4

1/4

1/64

1/14

1/32

1/14

1/32

1/14

1/1

1/5

1/64

1/4

1/64

1/I

1/64

1/14

1-1/i

1/2

1/i

3/14

1/2

1/2

10

65

5

30

50

114

10

10

50

15

6o

140

10

140

10

1/2

1/2

1/2

1

1/2

1-1/4

1/4

1/2

214

15

15

31

30

25

50

25

20

29.5

17

214

29

140

U

Ug

'5

140

15

15

20

10

10

15

111

1

2

1

10

10

0.5

3

1

1

5

2

0.1

Race,

2

Trace.

Trace.

Race.

Race.

Trene

Brace 1/14

1

1/2

2

14

3

3

2

2

2

60 |a-1/2

Ierfl. 1 jryetei~ 1/4

1/2 ITrac4l

Hone.

40.

B.

1/32 65

15

31

1/64| I

25

140

25

2

10

5

5

14

1 Trace1 1/32 3

| | | | | | 1 I I I i I i i i | ' i



!abl. 81--inralgy of uematit.-COatiaad.

Vall rook _____ ____ _____ ___Pemtite
uber end

am af peg- type and Alteration Relation to Reap. Internal exitcre )ineralcg'
natite frmatian wall rock utnuoture s ue.) ..

(11. ID 1 lagicolaae Perthite Graphic Quartu 3aooite Garnet !curualine Lithium minerals Other miarsa

cent imehe bunt 15 kebent lashe ibent ah e pnt bnhsent Inb igent iadei) centI 1ehee cent~ tiehee)

orublenie gaol.n

in.

Oseisaic granite

Granite end her.
blend. gneise.

d.

lace.

.n

do.

SNone.

lerublende gneib.

Granite.

Borablende gneie,.

in.

in.

in.

in.

lone.

Norublenin gnei4a.

in.

Croamoutti ag

Nat exposed. I

Lentiaula#. One unit

do.

in.

in.

in.

Not exposed.. Lentiaulwa
branching

lot exposed.

in.

in.

in.

in.

in.

in.

in.

in.

in.

in.

in.

in.

9)41

9)42

9ii

93.34

3/)'

1/2

3/34

1/34

l..l/2

1/I

3/4

1/2

1/i

1/Il

1/16

1/16

1/32

i/Il

1/32

1/I

1/32

3/I

1/63.

1/I

1/34

55

65

W

15

1/32 10

1/32 60

1/32

3

2

3

2-i/I

1

5

i/b

traces

2

15

<1

trace.

2

trce

2

1

2

1

1

3

i/l

1/I

i/b

i/l

twae

trce

0.1

in.

Rgin.

vail layer
footvai1
layer.

vail layea
fotvall
layer.

- angling
.wall layes

layer.

aell layer.

layer.

vail layer

layer.

Banging
rail layer.
Poctvell
layer.

vail layer
Poolvell
layer.

aangI g
vail layer
?octwall

layer.

Banging
vail layer
Peotwall

layer.

Banging
vail layer
Poolvall
layer.

layer.

Trace.

Trace.

trace.

trans.

9347

9)49

950

951

952

953

954

I I I I I I



Yable 0.--Ninaeaoy of ioeati tea--Oontinnad.

Vail rook _____________Pegpatita

mna af peg-- !ypa an Alteration Relation te 5hbpe Internal texture Mineralogy
intite forvatica vail roak .truatur dneee) ---

(1. xi) Plegioclaee Parthite Grqihie Quarts Noaoovite Garnet Tourmaline Lithium minerals Other minerals

Per- Iii. Per- Si.. Per- Si.. Per- Ii.. Per- hise Par- FSize Per- Si.. Mineral Per- Si.. Mineral Par- 1Si..__ __ __ __ __ _iaaatlcetot -ahton~nbaen~ahiontnhs)etice cn_ ___h__cnt(ich

Nnrnbleaie gaol s.

LO.

La.

Eernblende gai
ani granite.

Bormbami. gneia .

0.

La-.

La.

La.

La-.

Deae-graine4
grani te end hoi
blonde gneiaa.

Nernblende gnei

La.

La.

La.

La.

La.

lene.

lone.

a.

Net azpoee, 1antiaulaz9,5

56

957

La.

La.

La.

La.

La.

La.

,La.-

La.

La.

atiular.
branehiag

leatioula

La.

Oyal-

Leatiouloo

La.

La.

vail layau
Peetwall
bayer.

Hanging
vail layer
laotvall

loar.

Nongiag
vail iaya.
Paetvill
lear.

Nengieg
vail layer
Jootwall

layar.

Hanging
vail beyer

layer.

oo wnit.

LO.

Ranging
vail lajer
loot-ill

layer.

Ona unit.

Le.

Le.

. anging
wtail layer
!eotwail

One wit.

Eaag ag
rai1 layer,
etil
layer.

1/16

1/32

1/24

1/32

1/2

1/2

1/2
1

1/2

1/16

1/I

1/4

1/32

1/6

1/4

1/4

1/4

1/64

70

58

724

70

245

30

70

245

'55

30

24'

70

20

30

Go

10

go

i/a

1/32

1/16

10

U0

9

30

65 I aW/'

24

1

3

24

L0-.

0.

Le.

'a.

0-.

La.

Oroseutting

Not expoee.

La.

let azpoe..

La.

Le.

La.

La.

La.

15

19

20

15

19

30

15

15

20

10

15

19.5

19

30

23

30

30

29

30

20

30

30

< :I 1/4

0.5

1

U

1

3

5

1/24

1/2

fraca. litit.

Monasi to.

Trace.

1 eryt.i. 1/24

"/

50

2

959

96o

961

962

963

"65

966

967

9"8

969

970

97n

... '



able 
2

0.--Nineralogy of oegatite-Ootine .

Vail rock _____________ __ -Pegaatit.
14mber m
name of peg.- !ppe and Alteration Relation to Shape Internal texturs 1ineralcgy
(ii.iz ) Plegioolease Perthite Graphic Quarts Miecovite Garnet Tourualine lithium mineal Other elnerele

I ___ __ granite _

Per- Size Per- Size Per- Si.. Per- Si.. Per- SI.. Per- 81.. Pez- Size Mineral Per- SI.. Mineral IPer- ISi..Omnti inches )Oenlt makoei )Oezit (ahei )Oenlt inch.s )ent j )nc lt jn * i )Ceflt aichet cent (inlchee) cent J( inch..)

972

973

9714

975

976

977

975

979

980

981

982

983

9814

965

986

Not ezpoee LetioulaEornblemde gneiss.

0.

0.

0.

0.

0.

0.

0.

0.

0.

o.

0.

a.

rornbleade gneiai
had fine-grained
granite.

0.

0.

0.

0.

0.

0.

0.

dn.

0.

0.

0.

0.

0.

0.

0.

0.

d0.

0.

0.

0.

0.

0.

0.

0.

. flanging
tell leper.
Pootwall
leper.

Wall Cone.
Core.

One unit.

Banging
rall leper.
Pootwall
leper.

Ome mnit.

0.

Banging
wall leper
Pootwall
leper.

Banging
well leper
Pootwall

leper.

Banging
wall leper
Pootwell
leper.

flanging
wall leper
Pootwall

leper.

Ranging
wall leper
Pootwall

leper.

flanging
wall leper
Pootwall

leper.

-flanging

wall lepyer
Pootwall
leper.

flanging
well leper
Jootwall

leper.

One malt.

1/16

1/16

1/64 '
1/14

1/32

1/2

1/64

1/64

1/16

1/64

1/16

3/8

1/14

1/2

1/64

1/8

1/64

1/2

1/64

3/8

1/32

1/14

1/2

2

10

55

70
60

60

50

80

75

75

10

50

10

50

70

10

60

5

70

20

70

10

30

20

449. 2

15

60

10

9
8

13

19

60

20

65

15

70

2

60

6

70

60

14

60

10

50

30

50

5

5

12 | 5

28

25

20
30

25

30

20

25

20

30

22

214

30

U8

25

30

30

214

26

11

25

27

145

20

15

19.5

a

10

1
2

2

14

2

2

1

3

15

*10

5

15

3/4

1/16

3/4

trace

0.5

0.5

.1/1

1/64

1/32

ierpl. 1 jryetal.

0. I .3
Nonealte. ) ryata

1/2

1/16-1/2
ae. 1/4-

1/2

fr-I
0,

0.

0.

Leaticular
branching.

0.

entioular,



fable NO .-- Nineralogy of p.gnati t.8 --Oontinue4.

Wall rock _____________ ___Pematit.

am. of peg- Typ. and Alteratic. Relation t. Shape Internal feature 1inerelogj______________________
nmtite forwatica vail roc maructcrd nches)
(11. II ) llagioclae Perthoite Grqphic Quarts Muscovi te Garnet Touraline Li thium minerals Other mineralsI __ __ ~~grani to __ __ __ _

Per- Sine Per- Si.. Per- Size Pea- Size Per- Ru.e Per- Si.. Per- Iii. Mineral JPer- Si.. Mineral JPer- 1 iseOent inch.s )ont naheg cent 6 snhepent inchi* p.nt jnh ipent .nbe cent i )________ { t i nche { Ont }inches)

967

968

969

990

991

992

'93

995

996

9"7

I.

None.

60.

Berablen60 gneia
and fine-grain
granite.

60.

0.

60.

Norublende gneis

NRembleode gacia
end fine-grained
grani te.

do.

KEorblende gneiel

do.

d0.

de-.

Pine-grained grei
ad hornblende
gneiaa.

lornblende gneiai

!ine-grained
granite end horn.
blende gneiaa.

40.

fcrnblende gneis c

granite and horn.
blende gneiea-.

do.

a Not ezpoaed.

60.

do.

60.

do.

Not exposed

do.

60.

60.

60.

60.

ot exposed.

cit exposed.

60.

raacut ting-.

- Hanging
vail 1seoes

Pootwall
leyer.

Hanging
veil 1aer o
loctveal1

inger.

Well acne.
Core.

.One cii.

60.

*Henging
vail 1ayer.
Foivall
layer.

, One unit.

60.

60.

60.

Nenging

Focivell
layer.

One onit.

* 60.

3/14

1/14

1/16
1/64
1/4

1/a

3/S

1/4

1/32

1/u

1/4

3/6

1/4

3/4

1/14

1/s

1/5-1/i

Lenticola
breaching

do.

60.

Lenticular

60.

Lenticulir

brachiag.

Lenticular

60.

60.

60.

.60.

60.

Lticula
branching

Mticular

d0.

60.

60.

60.

One unit.

Wall acne.
Core.

Banging
vail laer
Wotvall

layer.

Hanging

1 aer
la3'er.

1/2

1/64
1/2

3/4

1/6

3/4

1/14

145

0i

NO

60

75,
140

145

14

140

73

614

65

145

35

20

75

55

63
30

3,

7'
29

20

50

30

6e

ho

15

50

15

10
29

3,

30

30

10

NO

20

140

145

145

15

25

25

20
50

145

5
50

55

35

14,

10

14

2

5

1

1

2

14

2

1-1/2

3

3

3

5

2

14

3

2

2

1

5

10

3

5

10

5

10

10

fraco
1

Traco

1

10

2

1

fraca

Trace

Trac

10

Trace

2
10

frace

frane
1

<.1

5

2

1/4 franc 1/16

1/5 1 1/64

3/4 Trace, 1/64

Trace 1/04

<1 1/18

<1 1/181

Trace

Trace

Race.

1/18

1/64

1/121

<11/ill

1/16

.1/6
1

.1/14

1/16

1/14

1/32

1/16

.1/8

.1/S

.1/6

1/2

.1/32

1/16| < 1 1/121
3/i J'race. 1/32

1/4

1/a
1/4

1/4

1/I

Race.

2

Prince.

< I

1/64

1/64
1/32

Seryl. 2 pryeteas1/II-3/I

Reryl. 3 Fr7UtalS.1/14-1/2

Monaite. crysa t. 1/2

Reryl. 14 llrytala 1/14-i

60. 1

Seryl. 1 *rystai.l

Deryl. 3
Ceombi te-
tentali te.
Seryl. 1

ryatala

1 cryat

Iryatal.

1

1/32-1/I

1l. 1/16

1/4

ite None.

.one

None.

.0.

999

1001

104w

1003

1004

Vail zone 1/6
Core. | 1

i.

trystal.| 1/4



Table S.--Nlneraloay of usmnatltea--Oentlnted.

Vafl rook _____ ___ __Pepatlte

noe of peg- ?ype anM Alteratlon Selatlon to Shape Internal tezture Minsralcgrnatits formaion wall rook *tructure Lashe.)11F
(11. UI) I ?agiooiaae Perthite Orqpii Quart. Masocvit Gernet Tourualine Lithinu mineral. 0thr alnarais

I ~~~~~granite _ _ _ _ __ _ __ _

Pat- BSla Per.- Size Psr- Slug Fez- Slug Per- Sis Per- Slag Pew- Sly. )Ilnaral Per- SI.. Kinerai Per- Sizeomit' mob.i )ounit 1.0k.s )cent( acher )oent4 Inch a nt inohei )cente lughei )cenit ache cant~inchss) jcnt (laahea)

* Song.

0.

s.

a, Sons.
It.,

lo0h--
(Coatlaue4

1005

1006

1007

1005

1010

1011

1012

1013

1014

1015

1016

1017

Gresite aa4 her,
blea 0 goiete.

40.

Sernbiui4. gaol

0.

Sernblgnds 0161l
sad fine-grain.
grad to.

0.

40.

Sornblsnde gneli
'Ing-greai psil
ad ooarae-greini
granite.

Nernbien 0 gashl
ad fine-grain.i
grant te.

Sornbisade gashi
and ooarse-grafi
grani te.

Sorubiende gushi
flne-grdi ned
granite. ad
ooarse-greaned
granite.

do.

Enrablenda gustI

do.

d0.

Norablends gagi
ad fln.-greirned
grenlts.

do.

0.

Is.

Song.

Eorabisnd. gneim.

0.

0rosaouttlngiLenticadz. Osre.

Sot ezpose,

0.

4g.

Sot sxpoeed.

Lantloisa
brsanhing.

0.

Leaticula

Lanticula

branching

Iaticla-

branchiag

0.

Sot gzpga.4. ILeantieiad

JLantaia
branching,

Sot exposed. ILestlcula4|

Sot exposed.

0.

0.

40.

Set exposed.

do.

do.

0.

0.

Lenttoula:
branching.

Lenticui:

breaching

Laiticuier

0.

0.

0.

2

Ons izait.| 1/8-1/1*

0.

. 0.

- do.

. 0.

0.

0.

0.

0.

0.

0.

Wal1 cone.
Core.

i/s

i/S-i/i

i/S-i/h

1/h-i/a

3/16

1/h

1/I.

i/h

i/S-i/hl

i/S-i/h1

3/16

1/S

i/S

1/S

i/h

i/S

1/16
2

Vali acms.I h/a
Core. 1133

55

147

55

50

50

55

60

53
57.5

30

50
10

60

15

20

15

33
30

1/31

3

3

3

3

20

30

10

3

70

20

20

25

30

20

15

20

20

20

20

20

20

15

20

20

25
30

20
50

<1

2

<1

Tracs,

<.1

1

<1

<1

2

2

5

S

10

5

2
1

1

i/S

1/16

i/S

i/S

<1

Tracg,

Trace

Trace

Trace

Tracg

Tracs

Trace

Trace

Trace

Trynog

0.5

i/is1

i/6h

1/4 0.1 i/i6

i/S Tracs i/Qt

i/S Trace 1/32

Deryl. 5 Niretaie /6-3/h1

0. 1 .

0. 9 ostaisl.

Seryl. 2

0. 6

0. i c

0. iia

oryatal.

Oryetaq

ryetal.

ryetuise

.1/16-i/

i/h

Seryi. 2 joryeteli4. 3/h

0.

0.

5 h"tl 1.1/14-i/s

1 oryatei i/S

ietite. Trace.

* Song.
3d

0.

0-.

1015

1019

1020

1021

1022

i023

a,

1 1 1 i i | 1 r i _

a

s

sa



Table 20.--Minsralog of pegatites.-Continued.

Vail rook _____________ ___Pegoatite
limber mnd
name of peg- Type and Alteration Relation to Shape Internal texture Mineralogynatite formtion wall rack utruactiure lnhes.)
(11. II) Plagioclame Pertlite Graphic Quarts Muscovite Garnet Tourmaline Lithiun minerals Other minerals

- __ ___ granite

Per- Size Per- Size Per- ,Sis Per- Size Per- Size Per- Size Per- Size Mineral TPer- 1Size Mineral 1Per- sizecent cent inchesa )cent( nohb. )cent( inch. )cent inch.l cent4 inch.i )cent inches i cen t(1iches) cent finch..)

Horebleade geiet .1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

10314

1035

1036

1037

1038

1039

114o

Not exposed. ILenticula.

do.

lot exposed.

do.

do.

do.

do.

do.

do.

do.

do.

Len ticular
branching

do.

do.

Lentictoler

do.

do.

Lenticular

lenticular

do.

do.

Anticularz
branching.

.Vall zone.
Core.

Wall zone.
Core.

Wall zone.
Core..

Vail zone.
Core.

-Vail zone.
,Core.

One unit.

do.

.do.

do.

do.

-do.

,do.

do.

do-.

*do.

do.

Pize-grained
granite and harm
blend geelsa.

do.

Kornblende geets
fine-grained gra
end coarae-grain
grani te.

fOermb1ende gmei a
and fine-grained
grani te.

do.

do.

do.

3!ornblende gneie

do.

Boreblende goel.
end fine-grained
granite.

do.

do.

Soroblende gogisi
finegrained gra

s.nd coar se-grai nc
granite.-

loreblende gneiaa
ant fioe..grained
granite.

Horoblendte goeti
rinegrained grace
nod coarse-grains
granite-.

anticular-
branching,

hanging
vail leynz

Football
layer.

1/2
3/14-4-1)

1/8
1/8

3/8
2

1/16
14

1/8
2

1/2

3/4
1/S

1/14

3/6

3/16

1/16

1/4

3/S

1/2

i/s

1/4

1/32

140
2 20

55
30

145

60
10

63
15

140

35

149

53
149

39.5

61

143.5

314.5

14o

60

140

78 5

2-l/|2

5

3

14

1/2

15

30
25

30
30

20
60

15
145

15
50

20

20

20

20

20

20

15

20

20

20

20

15

15

2

5
3

10

5
10

5
5

10

10

Treo
2

5

10

2

10

10

10

5

5

3/1 jTrace j 1/32

1/2
3/4
1/8

1

rracej11

1/2 Trace. 1/16

S1/2

,.1/16

1/2

14 

1/4

Trace

Trace,

6.5

1/16

1/16

1/64

1/64

1/8 2 1/64

1/2 0.5 1/128

1/8

3/4

0.5 1/128

Race. 1/16

1/4 Trace. 1/128

1/4 Trace. 1/16

?race[ 1/16 2 11/128

Reryl. 2 trYstals 1/14-3/8

Deryl. 1 <rystal. 3/S

Seryl. 1

do. 1

do. 2

do. 1

:rystal.

:rystal.

arystals

oryatal.

3/16

3/16

.1/16-1/I

3/16

Cohambit.- 1 crystal. 3/8
;antali to. I

Cleaveland
it.
Siotite.
ioluabite-
tantalue.
Seryl. 2 i

1
Trace.

1 cryst
rystale

3/8

1l. 1/8
1/16-1/s

1. 3/8
1/4

3/8

Niotite. Trace.

Beryl. 1 crystal.

Not exposed.ILenticuzlaoL. do.

None.

do.

s. do.
ied

do.

do.-

, None.
nite,
d

5. None.
its,
S

1 I I i | 1 1 I I I i i I | | | 1 | _

a

e.



Table 20.--Minoraiog of pematite-Contiauod.

Vail rock _____ _________ ____Pegabtite
Nubrand

cne of peg- Typoe nd Alteration elation t. Shape Internal texture 1ineralcgy
matite formation vall rock etruitaue Ciaoheas ---
(11. U) r Plagioclase Perthite Grqphio Quarts Nsooite Garnet Tourealine Lithium minerals Other amerele

grnto

Per- Size Per- Size Per- Si.. Per- Size Per- Iii. Per- Si.* Per- Size Mineral Per- Size Mineral rPer- Sizeaent cent( anche eZ1 i .ncheS Oent( aches Oenlt flnj* eet( ache ~COut( anchee 4____ cen1 .nob..) cent (inches)

10141

10142

10143

1044

10145

10146

10147

10148

10149

1050

1051

1052

1053

1054

1055

1056

1057

1058 :

1059 :

1060

Iornblende gasis
.nd fine-grained
ganite.

40.

40.

hornblende gaol.s

40.

lorobi ends goels

granite.

lorobleade gasel

lorableado goals
.a4 fine-grained

granite.

[orobonde gnei

40.

40.

Iornblonde gaes
hn ino-grand 
ani uat.t

ine-grained
granite.

ornblne goets.

and quartzi to.

oablende gol..

None.

40.

None.

None.

40.

a.

.None.
ite.

40.

40.

-.

Not ozpoeed.

40.

40.

40.

Not exposed.

Not ozpcod.

40.

40.

Not exposed.

40.

40.

Leatioularf
branching

40.

Centioular

Lenticxiar
branchlng

Lenticular

40.

Lentioular

40.

40.

40.

:,anti euler
eranchiag.

anticuler

40.

,ontloolar-

branching,

do.

Not exposed. 40.

One unht.j 3/8

1/8

1/8

1/128

,1/64
3/8

1/16

1/16

1/14

1/16

1/16

1/8

1/8

1/14

1/8

1/4

1/8

1/14

1/14-1/2

1/14-1/2

4o.

SHanging

lootvsll
isyor.

V ail son
.Core.

005n omit.

do.

SOne oit

40.

40.

40.

40.

do.

40.

40.

40.

do.

58.5

53.9

85

78
35

58

62

149

57

49.5

145

145

49.5

143

55
145

30

149

L/8-1/4 60

35

20

35

5
35

30

20

20

30

35

30

30

30

20

30

414

30

37

15

14

3

1/4
3

1

3

14

5

20

20

15

15

15
15

15

20

20

20

20

20

15

20

20

20

20

25

25

20

20

25

3

0.5

10

5

3

3

14

0.5

5

5

0.5

5

41

1

S1

Trace,

i/i Trace. 1/64

3/16 0.5 1/64

1/8 fraoe. 1/64

1/2

1/8

1/4

<1

2
Trace. i/3

2 1/11

<31/31

3/1 EFrace.

i/S Trace.

1/8

1/2

1/8

1/8

1/1 6

3/16

1/4

1/32

1/32

Trace.4 1/32

<1

<1

Track.

Trace

<1

Trace

Trace

1/32

1/64

1/16

1/64

,1/32

i/6e

I

Miotile.
Chlorite.
Neryl. 14

40. 7

Neryl.

40. 1

loryl. 3

Diotite.

Noryl. 3

40. 3

Sorn. -2rsas

Coltabhito-
tantalito.

Siotito.

Trace.
Trace.
01751511

orystali

Trace.
0.6

crysta,

rystals

Trace.

rystals

rystals

1/4
1/8

.1/16-1/4

.1/32-1/4

1/4
1/16-3/s

1/8

,1/8-3/16

3/8-1/3

1/16-3/3

1/8-1/4

1/8

cryati. 3/16

Trace.

Seryl. 1 +ryste.1.

da. 5
3Motile.

40.

ryStels,

Trace.

Trace.

1/8

3/32-3/1
1/64

1/4

0o
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table 20.--Mtneralog of psg.atitee-Continued.

Vall rock __________
Number sd
naae of peg- 

t
ype and Alteration Relation to Shape Internel 'exture )ineraloay

mattte formticn veil rack etruoctore Inches) 1--11
(11. 1! ) Plegtoclaee Perthi te Grephic Quartz Museovi t Garnet Tourueline Li thium ninerea Other finerele

Per- ISize Per-1 Size Per- ISize Per- Size Per- Size Per- Size Per- ISize Mineral Per- ISize Mineral Per- Size
cent i nche bent inche bent ' tnche seant inch.l b.nt tache sent lache ihent tnchei ) cent 1tnchee] cent j(inchee)

Narablende gaol

do.

40.

Noroblende gaol'
fine-grained gr
az4 quartztte-.

Ecrablende gnat

Earnblende gas)
end fine-gratned
granite.

Icableade guess
tino-grained grain

and quarsite.

Nornblende gati

Nornblende gashi
404 fine-grained

granite.

flornblende gnat.

40.

40.

Hornblende gnosh
and fia.-gratned
granite.

Nornblende gasi.

Icoblende gues
an4 ooars.-graitz
grant te.

Noroshlande gnea
knd fins--grained

granite.

$s.

is, Nose.
mnIte,.

Is.

as None.

,s.

None.

161

1062

1063

10Q4

1065

1066

1067

1065

1069

1070

1071

1072

1073

107)4

1075

1076

1077

1078

1079

None.

s~s.

SNone.

Narablende gnetse.

do.

40.

Not expese4.

40.

40.

NOt exposed.

Not exposed.

Not exposed.

40.

40.

Not exposed.

Not exposed,

40.

40.

40.

Lenticula

40.

40.

40.

.sattculer
branching

40.

Lenticol

Lenticulaa
branching.

-One onit

40.

40.

40.

* 4 .

40.

40d.

- Vail son
Core.

.1/5-1/)

1/4

1/2

1/4

1/2

.1/-1/

3

Lenticulad. One onit 1/h-1/2

Irregular,

Lenticula

40.

40.

Lantloula
ranching.

40.

Lenticula

Leaticulas
ranching.

do.

Len ttcula ee

40.

.Vell zone
Core.

One onit. :

40.

- 40.

do,.

.Vall sos.,

Cars.

- Vail sono
Core.

On. omit.

.40.

1/2
6

3/h

1/2

.1/l.-i/
5

1/5-1/4

1/h

55

30

)45

s2

60

4 51

)4l

69

40
1

.35

)44

35

30

10

<1

50

25

35

50

25

35

37

20

37

10

35
35

35

34

50

50

35
7

30

30

<1

<1

1

<1

1

1

1

Cl

rrace

1

rrace

trace

trace

trace

trace

tracel

trace

trace

C<1

<2

trace.

'trace.

trace.

traceL

trace

trace

Megneti te

UtBotit.

Neryl. 1
Colosbi t.

tantalite.

55r71. 1

Neryl. 17
40. 3

Ocluabi te-
tantalite.

Neryl. )4

Neryl. 5

do. 23
iiottte.

toryl. 26

Stottte.

trace.

trace.

crystal.

1 crysta

crystal.

crystals

crystals

1 crysts

crystal

crystal

crystal
Trace.

crystal

trae.

7/8

1. 1/)4

1-1/4

.1/5-5/s

.

.3/16-5/I

.1/16-3/)

.1/8-1/2

Jeryl. 3 Icrysta1.4. 3/16

3tottte.
Merti te.
Seryl. 2
Nictite

trace.
Tracs.

orysteli
trace

.1/16-i/a

a.

1 111

a

s

s



Yabie lO.-Mineralogy of pegnati tem-.-oatinued.

Vail rock _____ ________ ___Pepatite

Dtmber da
came of peg.- type and Alteration Ralation to Shape Intei-nai terture Mineraloaj
(P1.!! ) omto alrc Plureic e gica. Pr.)e Gahe Qat. Msoie Gre oraie Utii ieasOhrmnrl
(PetitePlg foar Pution r vailu rock structures Toun linchehs: _nr____ter ineal

_ ~~~~granito __ _ _ _

_ _ _r-__ _ _ _ _ P__ _- _ _ _ _ _ se er {...is _ er ii Pe-SseP _is __nr_ PI r __s ___ra _ _r _ _

cent Snchb, )oent t iaks )oent( achei )cent tack's cent4 inch.i )cect i nch.i )cent inche ient Jicche) ]cent mnchee)

10%

1061

1062

1083

1064

1065

1066

1087

lOSS

1089

1Q90

1091

1092

1093

1094

1095

1096

1097

1096

1099

1100

1101

1102

1103

1104

Horoblende gneiua
mcd fine-gr~ained
granite.

do.

do.

dc.

do.

sorublende gceie

dc.

do.

Boroblende goete
ndfice-grained

grant to.

orobleode goele

dc.

do.

dc.

do.

do.

do.

do.

dc.

do.

do.

dc.

do.

do.

do.

do.

lone.

do.

do.

do.

do.

lone.

lot exposed.

do.

do.

lot expomed.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

a Lectioula:
braching.

do.

do.

Lentioulr

do.

do.

Lenticul

do.

do.

Lenti color

do.

do.

do.
"o

do.

do.

do.

do.

do.

do.

Anticular-
branching,

Lecti clol

do.

Lenti culer
branching.

Lecti enlar

- One unit.

dc.

do.

,do.

do.

do.

do.

do.

do.

do.

do.

do.

ail 5000.
Core.

One onit.

do.

do.

Vail noce.
Core.

One unit.

do.

do.

do.

.do.

do.

- do.

.do.

1/6-i/'.

1/I

1/4-i/2

1/4

t/1-1/4

t/1-1/4

1/4

L/1-1/4

1/4

1/2

t/1-1/4
4.-5

./4-1/2

1/2

1/4

1/2

/4

1/4

1/4

1/-4

1/4

1/4

1/4

46.9

25

23

30

20

20

30

30

15

1

1

<a

1

1

1

..zi

1

<2

<2

<2

<1

1

<1

1

1

3

trace

<1

<1

Trace,

Trace,

<1

<1

Trace.

Trace.

Trace.

race.
Trace.

Trace.

Race.

Race.

Frace-.

0.5

Deryl.
Met ite.

do.

do.

do.

Irystal.
Trace.

rsace.

crystals

pryatals

Z7yStai.

Diotite. trace.
Dec71. 3 bryrstaie

liotite.

leryl. 1

do. 1

Dec71. 2

do. 4.

do. 2

Trace.

Ir7Utai.

crystal.

crystals

lryitaie

orystale

Deryl. 2 1 ry3ta15

idcte. Trace.

Deryl. 1 . ryeta.

1/s

1/1-3/I

1/1-1/4

3/16-3/4

3/16

3/16

1/4

1/4

i/4

1/6-1/2

i/I

3/16

45

49

1

6

5
3
1

p.

s

t.

Trac
Trao



!oble l,--Ninerelogy of pegatte-Contiued.

Vail rook _____________ ___Pegmatite

name of pege. type anl Alteration lalation te Shape Internel texture Mineralegy
intite - forman vali ro*k etuure ianee)

(P1. UI ) Plegiociace Perthite Grqgio Querta Musovite Garnet Tourmaline Lithium inerals Other miasrmicI __ ~~~~~granite _ _ _ _ _ _ _ ____ __ _ _ _ ___

Per- Suse Per- lice Per- Ii.. Per- Ii.. Per- hi.e Per- Size Per- Size Mineral Per- Si.. Mineral 1Per- Sineoent iaobei )nent inchei )oent t nohe. )nent mob.e )aent inch. :)Oent inch. rpent i nche )acnt fjmnohee) cent (inch..)

1105

1106

1107

1108

1109

1110

1111

1112

1113

1114

1115

1116

1117

1111

1119

1180

1121

1122

Horableade gneie.

an.

Ptae-grainea
granite a8 horu
bleede gneiee.

an.

an.

an.

an.

Bornbleade pnetei

Ierablende gneiai
a fine-graine4

granite.

ao.

an.

an.

boreblenA. p.1.1s

Iornblende gneiet
mci fine-grained

granite.

loreblenie gneiec

an.

an.

an-.

ieee.

an.

an.

an.
an.

Hone.

an.

an.

.n.

Hone.

Net ezpoe.i Lanttoula

an.

lot ezposee.

lot erposec.

an.
an.

Lenticular

branching.

an.

Leticular

Lcotioular

an.

Lenticular

Leattoular

branching.

Lanttoular

an.

an.

Leetioul ei
4rnhng,

Not erpoced. Leatioula,

an.
an.

an.

Oval.

Leatioular
bremohing.

Lentioula,

.anglne
wall layer,
Football

layer.

one unit.

Hanging
wall layer.
Pootwall

layer.

- One unit.

go,

, an.

* an.

dn.

an.

an.

an.
Hanging
Uall layer.
Pootwell

layer.

Hanging
wall layer
Peotwall

layer.

. One unit

. anging
wall layer.
Vootwall

layer.

One unit.

- an.

.Baging
wail layer.
Pooteall

layer.

3/4

1/16

1/4

1/4

30

67.5

249

50

1/32 72

i/u 2m2-.

1/16

1/16

1/6

1/8

1/2

1/32

1/16

3/8

1/64

1/2

1/16

3/1

1/32

3/s
3/1

1/I

1/16

73

68

245

50

'9

72

24

15

65

78

8

53

'9

'9

21

15

35

30

10

30

10

15

30

25

245

10

10

60

24

2

3

3

1/2

2

2

1

3

3/4

3/24

210 11-1/2

5

60 3/4

245 1

20 1-1/2

60

U8

15

30

2

5

1

5

2

a

5

2

1

1/4

1/8

1/8

1/16

1/4

1/4

i/i

i/I

1/4

0.5

trace

trace

1/121

,1/64

1/16

2 1/64

0.5 1/126

rraoe. 1/64

1 1/161 e l1/6s

3 1/.
5 1/4

1 1/64

5 1/1

trac4 1/64 <11 i/6.

a /i ro8 1/64

7 11/24

2

1

2

1/61

1/4
I 1/8

Horyl. 1 brystail. 1/16

I I I I I I I

10 3/4 Trace 1/64



Table 
2 0

.-- Mineraiogy of xpegatitee--Coatiued.

Vail rock ______ ________ ___Peati te
lmuber and
name of peg- Type an Alteration Relation to Shape Internal texture Mineralogy
natite formetian vail rook etructure iflOheml
(11.. i ) Plagioclaee Perthite Graphic Querta 3kaocyite Garnet Toureeline Li thium mineralS Other minerals

I ___ ___ ___ ___ granite

Par- Size Per- Size Psi- Suse Per- Size Per- Size Per- Size Per- Sise ineral ]Per- ISize Mineral IPer- limecent iacheb)end oehes cent inch. i4ind .ahes osnd .nohee oend .nches i cen4 achesJ L nhs en jah

Bornblende gnei s.1123

11214

1125

1126

1127

1128

1129

1130

1131

1132

1133

11314

1135

1136

1137

1138

1139

1140

1141

d0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

Ngrnblende gneii
and fine-grained

granite.

0.

Bornblende gneie

o.

0.

Sot ezpoe. eticular

0.

0.

0.

0.

0.

e.

0.

0.

0.

0.

oval.

Lentioula,

0.

Banging
vail layer
Pootwall

layer.

One unit.

flanging
val l ayer
leotvall

layer.

flanging
vail layer
?eotvall

layer.

One unit.

0.

Banging
vail layer
lootval 1

layer.

flanging
vail layer
Football

layer.

Hanging
vail layer
loctvall

layer.

Banging
vail layer
Paetvall

layer.

Vail e,
Core.

One unit.

. o.

0.

Irregular. One unit.

Lanticulai

Irregular.

o.

Oval.

. o.

o.

o.

0.

1/14

1/64

1/32

u/t

l/64

1/2

1/32

3/8

1/16

1/I

1/32

1/4

1/32

1/S

1/32

l/t

1/32

l/64
1/32

1/16

1/5

1/S

1/14

1/8

1/16

1/4

1/4

75

145

17

60

15

60

30

70

10

60

30

70

10

70

10

60

80

30

60

50

4145

148

60

75

58

75

SNone.

0.

5.

60 10

5

214

50

19

50

S

30

t

60

50

14

60

14

50

10

20

10

20

30

30

20

10

25

10

3

a

3

10

S

2

10

3

<1

trace

0.5

2

2

1

1/8

1/14

3/8

Riottte. Trace. 1/4

<1 1/84

trace. 1/645

3

14

2



Table 20.-Mineralogy of pag.ati t.e--ontinuaad.

Veil rook _____ ____ _____ ___Penti to

name of png- !ype enL Alteration Relation to Shape Internal texture Mineralogy
mtite formaion wall rock st~ructure 1mchesm)

(*i.U) I lgioclase Perthite Grqphio Quart. Muscovite Garnet Tourmaline Lithium mineral. Other neralsI __ ~grani te _ _ _

I Per- lime Per- Ii.. Per- lime Per- Ii.. Per- Ii.. Per- Sis Per- Si.. Mineral Per- ISize Mineral 1Per- Ssaent akhei )bent leak.i )ent i nch. )bent inch.i )nent lnok. )nant makhe beant mnbei ) cent ' incheis cent (inche.

1142

1143

114.14

1145

11.6

1147

11141

1149

1150

1151

1152

1153

1154

1155

1157

1151

1159

1160

liorablende goeli

40.

40.

10.

40.

40.

40.

40.

40.

Coaree-grainod
granite an4
horebi ende 01.1e

40.

Roroblenle gnet e

Pine-grained
granite and horn
blende gneie.

soroblende gneie!

40.

40.

40.

40.

40.

B.

None.

I.

40.

I.

lone.

Not. ezposee.

40.

40.

40.

40.

40.

40.

do.

40.

Ro t ezpOsel

Irregular!

.etiular.
branoking.

Lentioulam

Lentioulan

branching.

40.

Lenticular

40.

40.

40.

Lenticular
branching.

Lenticular

Not empomed entioular
Ranching.

40.

40.

40.

40.

40.

Lenti euler

Lenticnlari
branching.

Lenticular

40.

Lentieular.
branching.

. One unit I

do.

40.

40.

. 40.

- 40.

Vail gone,.

Core.

. One unit.

Vail Lone.
Core.

One unit.

Ranging
rall layer.
P0tWaill

layer.

-Nanging
vail layer
Pootval 1

layer.

. anging
vail layer
Pootwail

layer.

* anging
wall layer
Ion ivall

layer.

Ranging
veil layer
Poolvall

layer.

One unit.

40d.

40.

40.

1/2

1-1/2

1/14

1/4

1/1

1/8

1/16

1/1

1/6

1/1

1/64

1/6

1/64

1/6

1/64

1/24

1/1

1/2

1/1

50

145

75

50

50

51.5
10

72

ho
10

145

140

A

10

25

79,

114

15

55

59

35

10

25

25

15

5

10

30
30

35

2

3

3

2
1/i

I

3
6

3

101|

114

ho

5

145

5

35

50

20

15

25

1

1/2

2

1/4

I

2

3

3

15 8

15 6

10 5

15 6

25

ho

5

5

S

10

10

3

1

55

3

10

5

5

1/I.

1/4

1/4

1/6

1/1

1/4

1/4
1

1/4

5 1/4

5 3/1

1 1/2

10 3/4

1 1/4

15 1/4

Trace

1

.1/lE

1/3

1 1/131

0.5 1/6.

Trace 1/la

1 1/128

Trace 1/la

1 1/121

0.5 1/126

Trace,

1

0.5

lrace.

1/121

1/121

1/121

1/1

leryl. 2 erystai .1-1/2-

1 I I I I I I I f

~J1

43-5|1-1/2

1 1/12g
< ) 1/32



Table 2.--Nineralog of pegatitee--Continued.

Vali rock __________ _____ ____Pemtite
Number end -___________________________________ ____
name of peg- Type end Alteration Relation to Shape Internal texture ______ineralogy
mati te formation veil rook structure inlches)
(11.11 ) Plegioclame Perthite Grephie Quart. Muscovite Garnet Tourmaline Lithium minerels Other minerals

I ____ ____ ___ ____ grei to

Per- Size Per- Size Per- Si.. Per- Size Per- Size Per- Si.. Per- Size Mineral Per- Size Mineral ]Per- [Si..nen t .inohei )cent i nch.i )cent (inobe )cent imonhe )cent i inch. )cent i nche )Cenlt i nohes e t (inohei ) cent inches)

Norobi ende

do.

do.

do.

gneibe.1161

1162

1163

1164

1165

1166

1167

1i6s

1169

1170

1171

1172

1173

11724

1175

1176

1177

1175

1179

1150

1151

None.

do.

do.

do .

None.

do.

do.-

Rornblende gnsise None.
and fine-grained

granite.

Not exposed.

do.

do.

do.

do.

do.

Not exposed.

Not exposed,

do.

do.

do.

do.

do.

do.

do.

Lentioula

do.

do.

Leoticular
branching

Lenticula

do.

do.

do.

len ticula:
branching

do.

Leoticulaa

Lenticula
brenchinj

Lentioula,

Lenti oula:
branching.

Lao ticula:

do.

Irregular.

do.

do.

Lenticular

Lenti euler
branching

r. One unit

do.

do.

.Ranging

val l one.
Pootrall

layer.

.Vall none,
Core.

One unit.

do.

do.

W all cvini
Core.

One unit.

.do.

- anging
.vall layen
footval1

lijer.
Core.

- On. unit.

-Veil one.
Core.

.One unit .

do.

Wall none.
Core.

Wall lone.
Core.

One uni t.
Fracture
filling.

One uni t.

1/14

3/5

1/5

1/2

1/64

1/16
3

1/s

1/6

1/16

.1/24

3

1/5

1/2

1/4

1/64
3

1/5

1/S
2

L/4-1/2

1/2

1/2

1/2

/5-1/4

60

70

30

75

60
15

62

50

69

53

50

30

35

75

69.5

6o

54

144

53

35

140

2

149

145

14

1-1/2

1

1

3/4

2

2

3

1

1
14

3

5

5

5

2

15

10

5

25

30

15

20

15

15
145

15

20

20

20
50

20

15

15

15
145

15

20

143

20

20

20
66

20

55

19

240

30

20

5

Trace

5
2

3

5

1

2
10

10

5

10

10

10

0.5

<1

3

Ii

1

2

1/4

.1/32.

1/16
1

1/4

1/4

1/16

1/S
3/4

1/4

3/5

1/4

1/64

3/4

1/4

Trace , 1/64

trace. 1/125

Trac 2,1/125

<1

<11 1/64

Trace

<rac

Trace,

<1

<1

1/32

Trace,

Seryl. flclrystal, 1

Deryl. 5 c~ytele. 1/24-1

Ueryl. 5 ~rystala.1/4-1/2

do.

Hornblende gneil a
and granite.

Fine-grained
granite and hor-
blende gneiss.

do.

do.

Pornblsnde gneie.

Rornblende gneits
and fine-grained

granite.

do.

Nornblende gneis .

do.

do.

do.

do.

do.

do.-

de /8-1/4



Table 
2
O.--Minerejlog of pegatitee -- Contlnue.ti

Soabwr antialrc 
Pgntt

sas af peg- Type anti Alteration Relation tc Shape Internal texture Nnrlgnatite formatics veil rook etructare laishes]')
(P1. is) Plsgiociase Perthit. Graphic Quartz Muecovite Garnet Tournalin. Lithium minerals Other minerals

Granite
Per- FSiue Per- Sii. Per- Size Per- Size Per- Si.e Per- Suse Per- Size Mineral Per- Size Mineral IPer- Sizecent inch.i )oent i nchep )csnt inchest )cent lasnh.i )cent (inch leent inch.1 )cenl aches) cent (]incheel cent f inches)

Lecticl 444

Norableati. gneiuge.

tc.

tc.

Narabisatie gale
anti fine-grained
granite.

Horablanie gnee s

tic.

Scrablenie gnets
anti fineganei
granite.

1152

1153

1154

115

1156

1157

1155

1159

1190

1191

1152

1193

1194

1195

1196

1197

1195

1199

1200

Seas.

I.

None.

Soe.

I.

tc.

Eernblanie gneii
4

,

rine-grainei gra l
an coareegrain 4t
granite.

lorablenie gasie .

tic.

tio-

Hornblentie gneis
anti finegrsaie,
granite.

tic.

tc.

tio.

Sons.
Is.

None.

tio.

tic.

tic.

Nat exposed.

La.

Not expasei.

Not sxposei.

'a.

tc.

tc.

tc.

branching.

Irregular.

Lenticula

branching.

ic.

Lenticular

tic.

Irregular.

Leaticular

ic.

Leaticuia

branching.

dc.

tc.

aeticular

tic.

in.

tc.

tc.

Lenticul er
1

branching.

tc.

- Vail ecn4 .1/s-i/4

Care. 6a-s

One unit. 3/4

tio.

tic.

, tic.

Wall eons.
Care.

Vail cone.
!ntsreiia

s ne.
Care.

* Wall aon
Core.

Onis unit.

- tio.

tic.

Vail cone.
nteraediat
zone.

Core.

One unit.

tic.

Wall moe.

Core.

tall eons.
Core.

tall tone.
Core.

V ail zone
nt erseilat
lone.

Cor e.

One unit.

1/4

1/4

1/44-1/2

1/2
6-s

1/16
4.

1/s

1/2

1/2

1/2

3/5

5

3/16

1/5

1/s

1/s

1/5
3

. 1/2

1/4

2

25

443

443

15

10

62

35

444
<1

30

442

35

50

15

445

44

59.5

60

59
10

445

62

Trace.'

5

10

20

93

30

20

20

25

20
85

15

25
100

20
60

20

20

20

20

35
so

20

20

20
440

15
60

20

35

20

30
90

20

2

2

3

2

3

20

1

<1

10

2

3

0.5

race
Fracs

0.5
5

2

20

3

1/2

1/5

1/5

1/16
1/4

1/4
1/2

1/4

2

1/5

Trace

Trace

Trace

<1

Trace

Trace

Race

trace

Race,

rrace

Race,

Trace

0.5
Trace

Trac

Trace

1/32

1/64

1/64

1/32

1/32

1/32

1/32

1/32

isryl. 2 kryetale~ ai-6

Seryl. 1 ci ystal.

Seryl. 22 ~ryetalckl/s-1/2

JReaatits.
Neryl. 3

tin. 2

Siotite.

Trace.
irye tale

tryctal e

Trace.

.1-l-1/2

1/32-i /1

1/2

Norableatie gnei 4.

loaree-grainei
granite anti harne
blendie gneiee.

Norablenie gaesi

s

i



table 10.--Nlneralcgy of ioetite--Ooatlnue..

Vail rook _____________ ___Ppttg

flame of peg- t
y'pe an4 ditoratlon lalatlon to liqe Znternal texture k_________________ _____

matlte formtlcn vail ro*k arncture ( 1 lmee T
(P1. ix) 'Plagiocle Perthita Orajihic Qoarta ikeooit. Garngt tourmeagn Ithium minerals Other mimerale

I I - ~~ganto _ _ __ _ __ _

Per- BSa Per- Sl.* Per- Si.. Per- Slag Per- lies Per- Sl** Per- BSa Mineral Pea- Slag MIneral IPer- j Slugcent leehai )oente Iaohe )oent acnhei )oenti lnoh )oenti Imce )oenti nh )centi lachai ) ent (lache ) {cent flack..)

1201

1202

1203

1204

1205

1206

1207

1205

1209

1210

1211

1212

1213

121L

1215

1216

1217

1215

1219

1220

1221

Norablende

40.

40.

40.

4g.

4g.

gneils

llornblende gneiai
ad fiae-gralne4

granite.

fornbleade goeleg

40.

40.

40.

Sloroblende gneiel
end fine-grained

grand Ia.

loroblande gnelsu

do.

Icobenig gneis 5

rorobignag gneleo

40.

40.-

40.

40.

.ung

lone.

Sot eqoe4.

40.

40.

40.

40.

40.

d4.

N ezpome4.

40.

4c.

40.

ot exposed.

40.

d4.

40.

40.

4g.

40.

40.

Irregular <

Lgntlculas

40.

40.

40.

Lentioular

branchiog.l

Lintlcuiar

d0.

Lenticular.
branching.

Lintioular,

4g.

40. .

4g.

40.

d4.

d4.

40.

40.

enticula.,.
branching.

Lenticular,

0mg colt.

.Wall sane
Core.

0me unit.

d4.

40.

V ail acne
:ntermediat

acme.
Core.

.One unit.

Vail mge.
ateruedlat

cing.
Oerg.

Wll acne.Core.
*One unit.

Veil aune.
Core.

Wail acne.
Ogre.

Ong unit.

40.

40.

40.

Vail mae.

Core.

One unit.

Wall acne.

Core.
One unit

40.

3/S

1/h
5

1/h

1/16

1/16

.1/h

i/h

3/16

1/S

3/h

1/S

1/h

L/141/2
6-S

1/2

1/I.

3/S

3/S

3/S

1/16
1/8

1/i

5-3

3,

50
5

5,

50

8

80

53

15
2

30

60

143

7,
145

15

15

3,

ho

30
35

35

SO

SO

85

10
ho -

30

30

10
ho

25

a,

59
30

ho

25

ho

35

30

30

ho

60

8
65

ho

1-1/3

1

3

3/p
3

5

5

5

3
S

3

14

3

15

3

10

10

5

30

30
60

85

30

30
60

SO

35
35

30
100

SO

85
6e

100

15

15

i14.5

25
25

30

83

98
SO

25

losog,

3

5

10

30
5

10

10

1/1

i/b

1/li

i/S

1/S

1/S

1

1/h

1/I

1
1/a.

1/4

i/b

1/2

41

trace,

trace,

0.5

<1

< 1

a

<1

0.5

trace.

treag.

<1

trace.

i/el

i/el

i/el

i/6e

1/el

i/h

i/e4

1/38

1/32

1/16

1/32

0.5 I 1/6h

Reryl. 1 0

Slotite.

40.
Seryl. h o

r7htal.

raag.

'race.
7atale.

1/8

i/h

,/1 1/8

Neaetite.ltrog. I i/h

Slotite. |trace. | 1/14

Chlorite.

Nagnetite.

40.
Iemati tg.

Megnetite.

Meritie.

0.
3halite.

Magneti 1g.

Martite.

trace.

Trace.

trace.

Tracg.

trace.

Tracg.

<1

Trace.

Trace.

hrace.

1/4

1/16

1/16

I I I I | | | | | | | 1 |



Table .-,-Mineralog of psgnatiteo-Continusd.

Vail rock ______ _________Pogatite
Number and __
nam, of peg- Type and Alteration Relation to Shape Internal texture Nineralogy
matite formtion vail rook structure inch..:T)
(P1. Ix) I Plegioclase IPerthite Graphic Quartz MuScovite Garnet Tourmaline Lithium minerals Other miner a}granite _ _ _ _ _ _ _ _ _ _ _ _ _ _

Par- Size IPer- Size Per- Size Per- Size Per- Size Par--T Size Per- Size Mineral Par- Size Mineral [par- sizecenti iaoha- )cent A inches )cent(' ooheo )cent lich.s )cent loich1- cent' inohi)cent loicher ant (inch.a ) c ent inch..)
Lonticui

Quartz aonzolt4. Monm. - Ooe oni

do.

do.

,do.

- Wall zooe

Core.
One unit.

- do.

do.

do.

do.

do.

do.

iall zoos.

Core.

On. unit.

do.

. 1/8

1/4

1/4

3/14

.3/)4-1

3/4

[/2-3/4

1222

1223

1224

1225

1226

1227

1228

1229

1930

1231

1232

1233

1234

1235

1236

1237

1238

1239

12140

12141

12142

branohing.

do.

do.

Leoticular

Lanticular

branching.

Loot icular

Lanticular
branching.

do.

do,.

Irregular.

Genti culr
ranching.

Lnticular

Irregular.

do.

oeticular.

do.

[rragular.

do.

do.

:anticular<

rregular.

One unit.

do.

1/64

1/32

do. 1/2

Wall zoo. 1/32
Core. 3

60

140

55

20

10

25

25

20

50

35

50

30

15

20

60

do.

do.

do.

do.

do.

do.

Qurtz monsocite
and hornblende
gneiss.

Qurtz aozsonite.

do.

io rnbl snde gnei si.

Quartz monoonita

do.

do-

Icrnbl ends gisi d.

do.-

do.

1/2

5

10

15

20

35 3

20

20

20

25

20

100
25

20

25

25

20

20

15

25

100

25

25

15

15
60

15

15

15

20

Iraca

race.

Trace

Trace

Trace

Trace

[race,

.race.

<1

<1

Tracok 1/19 Trac 1. 3/8 ~race. 1-1/2

[raceI i/s

Kagnetits.I Trace.

do.

do.

Ilartits.
Miotile.

Marti te.
Siotite.

Marti s.

do.
Biotite.

Magnetite -

do.
Miotile.

do.
Magtite.

do.
Biotite.

Marti to.

do.
Coluabite-
tactali te.

Nartitse.

14ognet to.
SiotiIs.

do.

Deryl. 3
Semareki to

Siotits.

do.
Coloabi te-
tentalit e.

SiotiIs.

do.
lamarakite.

I-rce

race.

Trace.

Trace.

Trace.
Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

10 cry. .alo.

<c1

Trace.

2 1/16

aryotale 3/14-1-if
2 cryata 4. 1/8

2 1/64

<1 1/32

1 crysti 1. 1/8

<1 1/32

Trace. 1/16
1 crytl1. 1/s

/14-1/2

/8-1/4

/14-1/2

1/2

1/14

1/8

None.

None.

None.

None.

do.

do. 1/32

Ifa11 zoos. 1/32
Core. 6

88

So

10

78

75

30

50
60

do.

do.

do.

do.

lot expo sed.

lot exposed.

do.

do.

do.

do.

do.

do.



Table 20.--Mineraiogy of pegnatite-Continued.

- r 1

Alteration

12143

1244

12145

12146

12147

12148

12149

1250

1251

1252

1253

1254

1255

1256

1257

1255
1259

1260

1261

1262

1263

12614

1265

Relation to Shape Internal ~exture
vail rook etructure inches)

Not exposed. IIrregular.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

lot oxpose..

do.

lot Olp.,sed.

do.

do.

do.

Lonticular
brsnching.

Looticular

do.

Irregular.

do.

Lenticular

do.

do.

do.

do.

do.

do.

do.

Oval.

~rrogular.
do.

Lenticular
brsnching.

irregular.

(.snticular

do.

Loticular-.
~rsnohing.
eontioular,

Ecreblondo gnoioes. Well 3000.

Core.

-South end.
North ond.

Core.

* 000 unit.

do.

do.

Vail mono.

Core.

, On. unit.

do.

do.

do.

Wall mono.
ntoruediat
mono.

Coro-.

One unit.

ciO,

do.

do.

do.

do.

*do.

do.

Vail mono
Core.

Ooo unit.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

loarso-grainod
granit3 snd horn-.
blondo goolso.

ioroblendo gnoisi

do.

loaroo-gratnod
iranito snd horn-
a1sndo gosiss.

do.

do.

do.

do.

loroblondo gnoisi

do.

do.

do.

Permati to

Mineralogy

Plagiocl~so 1 Porthito Grpi ~uartm Muscovite Garnet Tourmalino Lithium :minerals j ther minerals
Per- Smo Por Sige inera

1/16

1/2
1/64

2-1/2

1/64

1/5

1/16

1/5

1/4

1/16

1/16

1/32

1/16

a

1/16

1/5

1/16

1/5

1/16

1/5

*1/56

1/s

1/5

50

Per- ISize IPer- Sime Per- jSims Per- ISine jPer- Sime
)cont(2nches )cent(Iinche )cent jincher)cent ( inche~ )cent inchesCenter incbs

75

60
14

60

14

70

50

70

75

80

75

75

30

75

55

55

70

55

70

70

75

70

50

5

10

5

5

2I

10

20

10

30 15 5

20
100

20
15
140

15

15

15

15

100

15

10

15

15

15

20

75

15

15

15

15

15

15

15

15

15
20

20

20

20

Traco.

Traco.

Iraco,

1/64

1/4

1/16

Trace. 1/5

Traco. 1/16

Traco. 1/16

Traco. 1/16

1 1/5

Traco.

traco.
Traco.

1/5

1/32
1/16

Traco 1/64

4.1 1/64

'.1 1/16

Trace.

<1

Trace,

1/64

1/64

1/64

1/64
1/16

Trace 1/640

<11/64

<1

Trace.

<1

iraco.

<1

<1

1/64

1/64

1/32

1/32

1/64
1/32

1/64

1/16

)cent inches)

Trac.e 1/5

Per- Sine
cent qinchos)

Mineral

Biotito.

Diotite.

Per- ISize
cent inolhus)

Trace.

Trace.

liotito. I 1

Nioti te.
Narti to.

Nioti to.

Niotite.

Sioti te.
do.

do.
Magnoti to.

race.

traco.

Traco.

Trace.

Tracs.

1/4
1/64

1/3?

1/5
1/16

1/2

1/32

1/2
2

1/32
1/32

fliotito. |Trace. 1/16

iBiotite. ITraco. I 3/8

Wall rock

Type enM
formation

6

1/2

3

3

2

3

1

3

1

2

1-1/2

3

Pumber mnd
name of peg'.
matite
(11. is)

None.

None.

do.

do.

do.

do.

1/5 <1 1/64



table 2O.--Nineral.ng of pesatitee--ontime..

Elue dVail rook _____ ________ ___Peptite

name of peg- !?pe anM Alteration Relation to Shape Internal azxturq ____ ______________ Mineraloa7
(11. UI) ] legioclase Perthite Gre1o Quart. Muscovite Garnet Tourmelias Lithium minerals Other aiaerala

intit fnmimn all o~ srucgre lnhes

Per- lime Per- ii. per- Biae Pen Ii.. Per- BiePer- I im. per- I ij4 I Mineral Per- T i.. Mineral [per-. 1 51

nent inohe )oent inohe )csnt( obhi )oent inch* )oenti in5C8 )ent ichel ),gnt ia e1 ) cent (iachei cent finches)

1266

1267

1266

1269

1270

1271

1172

1273

1274

1275

1276

1277

1276

1279

1250

1261

1282

1263

12)4

1265

Pine-grel ne4 I
granite and hor4.-
blende gnes.

Coeree-grained I
granite an4 hoa* -
blende gnete.J

Norablende nt .

Morablenie gnels

and granite.

Nornblsnie goels

40.

40.

40.

40.

40.

40.

40.

40.

Iinrnblende gnoals
ani tine-grelne4

granite.

Enrnblende gnele
and quart. ann.-
monite.

40.

in.

40.

Rorublende gnete

Ilornblende gneiml
mnd quarts nn-

zoni te.

lone.

40.

SNone.

5.

Sons.

40.

40.

40.

40.

I.

l one.

Lmatioula4. Orne uanit

in. Vail some.
Interaedia

anne.
Core.

One mnit,

in.

. in.

40.

. 40.

- 40.

40.

40.

. 40.

4e.

- in.

* 40.

40.

40.

, n.

40.

,do.

Not ezpoaet. IIrregular.

Crosscutting

lot expoasi.

40.

40.

40d.

in.

4a.

d0.

40.

40.

lot expoesi.

in.

Lentioulas

Irregular.

Lenticulaz

Zenti culmo
branching.

in.

40.

Lenticula,

40.

Lentinular
branching.

Lanticular

40.

Irregular.

Lenticular

Irregular.

Lenticular

enticular
ranching.

1/5

3
'C

1-1/2
3

1/24

1/I

1/4

3/24
1/4

3/4

1/4-1/2

1/6-1/4

1/6-1/4

1/24

1/24

./2-3/4

1/2

1/4

.2-24

Wall mcneL6-12

Core.

'a

33

60

35

249

63

249

56

65

63

245

90

35

15

35

30

15

2

U

3

5

3

2

1/4 traoe~ l/l4

i/4

3

<1

2

1

2

<1

<1

trace.

Trac4.

trace

<1

trace

trac

trace

Trace

Trace

1/16

1/32

trace,

trace,

tracs.

Riotite.
Magnetite.

40.

Martite.

Martite.
Diotite.

Martite.

Rintite.

Martite.

Rinti te.
Megetite.

40.

Megnetite.

Samarshit.

Sintite.
SMegneti te.
Sinti t o.
Magneti te.

trace.

<1

rrace.

<1
trace.

<1

Trace.

trace.

trace.

1/4
1/I

1/I

s



Table 20.--Mineralog of pegiatitee-Contnue4.

limber V ail rock _____ ___ _______Pegati to
na.e of peg- Tyrpe and Alteration Relation to Shape Internal texture Mineralogy
(Pl*t fomtin)llrc Plul~~e(s e gicae Prht rpi urz Msoie Gr)t Tuml ihu ieasOhrmnrl
(eatitePagoclfoPrrhatioapn veil rookvi strrt uurcture' iaches)rleOthr ineal

Per- Size Per- Size Per- Size Per- Size Per- Size Per. Size Por- Size Mineral Per- Size Mineral IPer- Sizecent inch. )cant(inche )cent( nohb. )csnt incheelcent inchei )cent inches)cent(izche cent( nob..) cent finches)

1256

1257

1255

1259

1290

1291

1292

1293

1294

1295

1296

1297

1295

1299

1300

1301

1302

1303

1304

1305

1306

Roroblende
and quartz

zoni to.

gneter None.

Quartz monzonita.

40.

do.

40.

do.

Bornbleodo goets1

do.

do.

do.

do.

40.

do.

tuartz oonzonite

do.

do.

do.

do.

do.

do.

do.

40.

do.

do.

do.

4o.

None.

do.

40.

liot exposed.

40.

do.

do.

do.

do.

do.

Leoticular
bronchinzg.

do.

Leoticula,

Lenticular

branchi ng .

Lenticular

40.

40.

40.

40.

Lenticular
branching.

Leotioular

40.

Lenticuolar
branching.

[rregular.

Aoticolar

Oval.

:rregular.

.enticular.

40.

do.

40.

* Northeast
branch-.
toutheest
branch.
wall zone.
Iothest
branch
oors.

One unit.

.40.

- do.

.40.

40.

do.

40.

40.

-do.

, 40.

do.

- do.

do.

,do.

40.

do.

40.

do.

d4-.

40.

4-6

1/l.-1/2

12-24

1/2-3/o

1/4

1/2

1/4

1/5-1/4

3/5

3/5

3/16

3/16

1/4

1/S

3/5

1/2

2

1/2

1/14

11

15

145

145

20

15

30

35

49.5

6o

59

53

52.5

514.5

140

55

5

55

60

50

65

3

3

50

85
140

20

Trace

35

15

5

15

20

12

5

12

rrace.

eracei

Trace.

2

2

0.5

Trace

Trace

0.5

Trace

Trace

Trace

0.5

0.5

Trace.

<i 1/32

Mogostite. <.1
Biotite. <1

Kegoetite. Traco.
Riotite. Trace.

Utoti to.

Martit.

Etoti to.
Mar ti t o.

Diotite.
Martite.
Si ott t.

Magnet to.

Diotits.

40.

Magnet to.

Karti to.
I iotite.

Magnet to.

Miotit.

4o.

do.
Magneti te.

dci.
Siotits.

Magneti to.

Negntite.

Biotite.

40.

Trace .

Trace.

Trace.

Trace.

Trace.

Tracs.

Trace.
Trace.

<1

Tra.ce.

Trace.

Trace.
Trace.

Tracs.
Trace.

Trace.
Traoe.

Tra
Trace.

Traco.

Magnetits. Tras.

1/16
1/4

1/4

1/4
1/32

1/2
1/16

1/2
1/4

1/1
1/16

1/32

1/16

.



table 2.-Minereaogy of poelatitee-Coztinue.

Wall rook .____ _______Peplatit.
Aaber snd
name of peg- T

ype an4 hiteratica Relation to Shape Znternal fextore Minerelogy
mtite formticn vail ro*k erxahre inch..) --T
CPl.xI ) Plegioclaze Perthite Grqihlo Quartz Muscovite Garnet Toureline Lithium mineral. Other minerals

Per- 8Se Per- Size Per- Si.. Per- Size Per- Si.. Per- Size Per- Size Mineral Per- Si.. Minersil Per- Sizecent (i adnt inch. )cent( nob. )oent inch scent inah )oenti izohei )cent inches cent( nohee J cent (inches)

1307

1301

1309

1310

1311

1312

1313

1314

1315

1316

1317

1316

131w

1320

1321

1322

1323

1324

1325

1326

L. None.Qiarte inoneoniti

40.

40.

40. *

40.

40.

40.

40.

40.

4o.

d4,.

Quartz monmonite

4o.

do.

do.

4ornblende gneiai
snd quartz zoo-

soot te.

loroblende goel el

do.

do.

40.

None.

do.

40.

40.

None.

40.

Non.

None.

Lenttculaj

Lentioulal
brenohing.

Leotionlai

Irregaler.

Oval.

Leonticulaz
branchtng.

Oval.

Irregnier.

Leotiolalar

Irregular.

40.

Oval.

Irregular.

Leotioula,'
ranchig.

-entioular

~rregular.

~etioular,

4c.

40.

40.

.One nt,

- 40.

40.

40.

40.

Vail zone.
Core.

.Vali son.l
Core.

One unlt.

40.

do.

heatern

Veetern
part.

SOne unit.

do.

Val
zone.

Core.

Veil .ane.

Core.

One mit.

do.

4o.

1/16

1/2

1/2

3/4

2

3

3

'3

24

3

24

5

6

24

2

2

2

3

3

2

75

ho

35

20

5

32

245

60

60

55

20

60

50

60

55

243

60

65

24

3

3

24

S

12

12

10

S

S

S

10

S

S

15

15

15

15

20

15

15

15
100

i24.5
100

15

15

15

30

15

19

15

15

35

100

15

10

15

10 1 <1

10 4 race4 1/24 Trce. 2

Magnetite.

40.

Rioti te.

Negneti te.

40.
Nioti te.

Negnetite.
liotite.

Negnetite.
Slotite.

40.

Magnetite.

40.
Sietite.

Siotite.

Siotite.

Mrtite.
Siotite.

Siotite.
Chlorite.

Sictite.

Magetite.

Magneti te.
Siotit.

SlotIt.

Neryl. 5

Siotit e,
Kagneti 0.
Chlorite.

3ery1. 3

Bioti te.
Magneti te.

40.

Siotite.

<1

!Trace.

<1

3

Trace.
Trace.

3
Trace.

trace.
Trace.

0.5

<1

<1

<race

trace.

race.

0'ac.

0.5

Trace.
Trace.

Trace.
Trace.

1

trace.
IryStala

Trace.

Trace.

trace.

Trace.

1/16

1/16
1/2

1/U

1/16
1/16

1/16
1/6

1/4
1/h

1/1
1/S

1/16
1/I

1

2

1/h
2

1/16

1/2

1/2

1/
1/2

1/2

.1/2-3/4

2-1/2-S

1/2

lot exposed.

40.

40.

40.

I I I I I I I I I I I -mm



Table 24--MineraLog of pegsatites--Continued.

Vail rock -. _____ ________ ___Pegati to
ambur ad -I-
name of pogi- Type and Alteration Relation to Shape Internal texture Nineralogy
(11. ii ) Plegiooi..e Perthit. Graphic Quartz Muscovite Garnet Tournaline Li thiu mineral. Other minerals

Per- Size IPer.- Size Per- Size Per- Size Per- Size Per- Size Per- Size Mineral Per- Size Mineral JPer-. Sizeoent .nohee oent aches cent iache aent inch. pen( LeheaI cent inch lgent ehos cent inch.. cent j(inchem)

1327

13P

1329

1330

1331

1332

1333

1334

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

13145

1347

13448

1349

1350

1351

gni4. Not exposed.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Nornbl ende

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Len tioula,

Lenticula,

branching.

Lecticulea

Irregular.

do.

do.

do.

Lentioul.z

Oval.

Lonticularz

Leaticular

Leatioular

Irregular.

Loticular
branching.

Leaticulmi

Lectioulaz
branching.

Lenticular

Irreular.

Linticulaz

do.

Irregular.

Oval.

Lenticular

Irreg.xlar.

Loaticular

.One unit,

- 4..

.do.

do.

do.

do.

Banging
call layer,
Vootwall
layer.

* One unit.

do.

Sdo.

- do.

Sdo.

do.

Sdo.

.Ranging
call layer,
Football

layer.

- One unit.

, do.

do.

,do.

do.

do.

do.

,do.

do.

do.

447

59.5

443

644.5

59.5
60

79
6o

444

53

60

5

445

35

25

50

50

'5

30

50

55

60

20

75

30

18

35

20

20

25

445

5

25

~40
30

25

20

35

20

30

30

50

30

30

25

4

10

440

4

15 12

20 3

20

riraoe~ 1/16

t'race

3

2

Trace

0.5

5

Trace,

Trace,

Trane.

Tr-ace

Trace

Trace

<1

Trace

Trace

Trace

Trace

3/S

1/4

1/5

1/4

1/8

1/16

1/32

1/8

Magixetite. 0.5

do.

Siotite.

Megoetite.

do.

Biotite.

Magnetite.

do.

do.

do.

do.

Magnetite.

Sitite.

2

Trace.

0.5

Trace.

Trace.

2

Trace.

Trace.

Trace.

do. Trace.

Kagnatite. Trace.

liOtite.
Magneti to.

do.

Sieti te.

Magnetito.

Sietite.
Megnetito.

do.

do.

do.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.
<1

<1

Trace.

Trace.

1/2

1/4

1/2

1/S

1/S

i/4

1/16

1/2
1/2

5

S

do.

do.

do.

do.

do.

do.

do.

do.

do.



table IC,-Minerelogy of pegitites-Continuei.

Vall rock __________ _____ ___Pestita

name of peg- type and Alteration Relation t. Shape Internal texture minerelcgy
matita formation vail roc structure inulhe) --

(P11. I ) 1 ?Igicclaa. Perthit. Grapilo Quarts Muaccite Garnet Tourulin. Li thium ainersa Other minerals
I __ __ __ grani te

Par- Size Per- Size Par- Suse Pox- Size Per- Nh. Per- Size Per- Size Mineral Per- ISize Mineral 1Per- F izeoen% .nohee oan( nohsa oent nohees oent .nchea cent mo i nchnk tachee ceni oches cent tabhea) cent [(inches)

1352

1353

1354

1355

1356

1357

1358

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

13714

Noroblende gnei

do.

do.

do.

do.

Horoblends gnei
end quartz non-

zoni te.

Horoblonde gueti

do.

do.

do.

Quartz aoosooit

Eornblecda goein

do.

do.

do.

do.

Quarts noot t

do.

do.

do.

do.

do.

do.

ae.

None.

'a

.

None.

do.

do.

do.

do.

None.

Not exposed.

Croasottioj

Set exposed.

do.

do.

Crosoutting

do.

do.

Not exposed.

[rregular.

,Leoticula

do.

Irregular

do.

, do.

do.

Lenticula:

Oval.

CroascattinghLenticuls.

Not exposed.

do.

do.

do.

Crosscutting

do.

do.

One unit,

Oval.

do.

Irregular,

Lootioulej

do.

Leoticulea
branching.

Lenticula,

do.

do.

do-.

One unit.

s.do.

do.

V ail sonar

One mit.

do.

do.

. do.

do.

.do.

do.

Hanging
vail leper.
FooZvl

One unit.

do.

do.

do.

.do.

fall zooe.

Core.
-One unit.

,do.

do.

do.

do.

14

2

14

14

2

1-1/2

1-1'2

1-1/2

1-1/2

3

2

3

5

1-1/2

2

2

3

2

2

614

60

70

50

75

55
75

55

145

65

25

714.5

55

55

14o

60

70

55

65

55

15

30

25

20

23

5

5

2

5

25

30

15

1

1

2

1

6

S

10

12

S

14

10 6

20

5

25

10

5

20

15

5

2

8

12

10

12

12

S

5

15

20

15

15
100

15

15

15

20

15

25

20

15

15

15

15

15

15

15

14.5

100
15

15

15

15

20

trace S3/I'

1/32

tracel

trac4 1/6a

trace

trace

2

1/4

1/4

1/16

Megnetite.

3io ite.

Nagnetite

Siotito.
Magnetite,

liotite.

Kagnetite

Niotite.

Magneti te

do.

Magneti to,
Sioti to.

Narnatite.
~idote.

Megneti te.

Siotits.

Megneti te.
Biotito.

do.
Megnetite.

do.

Bioti to.

Magnet ito.
Hiotits.
Manstito.
Riotito.

do.
Magnetite.

do.
Siotite.

Magnetite.
Sioti to.

Magneti to.
Hiotita.

Magneti to.
Hiotite.
Chlorite.

Megneti te.

tra...

tace.

trace.

trace.

trace.
0.5

?raoe.

Tracs.

trace.
Traca.

Trae~.

<1ae.

trace.

05
Traco.

Traco.

Trace.

trace.

Traco.
<race

Trace.

Trace.

Trece.

Trace.

1/2

1/4

1

1/16
1/s

1/S

1/4

1/4
3/8

1/6

1/4

1-1/2

1/32

1/32

1/16
3/4

1/S6

1/

1/32
1/32
1/4
1/4
1/4
1/4
1/4

1/16

1/2

10



Table .-- Minsralog of pegaatitee

Vail rock _________Pegititg
Duamber on4 _ _ _ _ _ __ _ _ _ _ _
name of peg- Typo and Alteration Relation to Shape Internal auxture Mineralogy
inatite formtion vall rock structure 1ncheae)[1
(11.uI ) I Plagioclaze Perthite Graphic Quartz Muscovite Garnet Tourmaline Lithium minerals Other minerals

grant to

Per-- Size Per- Size Per- Size Per- Size Per- Size Per- Size Per- Sis* Mineral Per- Size Mineral IPer- jSizeomnt inche kent cent inohe bent inches )ent inch. )ient imohe bent inches ant' inches [cent inches)

Quartz moozonit

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

1375

1376

1377

1375

1379

1350

1381

1382

1383

13814

1385

1386

1387

138

1389

1390

1391

1392

1393

1394

1395

1396

1397

.Dons.

40.

40.

40.

40.

None.

40.

Done.

40.

40.

Done.

40.

Lentioa:

Lenti cula:
branching.

Iraogunlar,

Oval.

Lenticulas

40.

40.

Lenticula:
branching.

Irregular.

Lsmtioular

40.

40.

40.

Irregular.

40.

40.

Lantioular

Leoticular

branching.

Lenticular

40.

40.

Lanticular
branching.

Irregular.

.On. onit,

- Wall 5004
Core.

One enit.

40.

40.

40.

40.

40d.

40.

40.

40.

40.

40.

40.

40.

Wall zone.

Core.

One unit.

* 4.

40.

40.

40.

Vail zone

Core.

Vail sons

Core.

1-1/2

3/b

1-1/2

1-1/2

3/S

1-1/2

2

2

2-1/2

2-1/2

3/4

2-1/2

1/2

1/2

1-1/2

3

3/Il

3

.2

30

75

69
70

60

60

70

70

20

20

65

75

145

70

55

30

30

60

60

50

7

3

5

30

5

10

5

5

5

20

2

5

30

10

10

3

12

I

I

12

5

20 112

1

5

30

~40

5

12

12

20 115

15

20
100

15

15

15

15

15

15

15

15

15

25

25

15

15

20

100

15

15

15

20

15

15

100

20

100

Trace. 1/6

Trace, 2

Trace 1/6&

1

Trace,

Trace

1/16

1/16

1/32

Magoeti te. Trace.

Dioti te. < 1

Magnetite.
Siotite.

40.

Magneti te.

40.

Marti to.

Diotits.
Magneti te.

Siotite.
Martite.

Magneti te.

40.

Martite.

40.

40.

Diotite.

40.
Magneti to.

Diotite.
Magnsti to.

40.

40.

40.

Diotite.

40.

Magnetite.

40.

do.
Bictite.

trace.
Trace.

Trace.
Trace.

Trace.

e1

Trace.
Trace.

Trace.

<1

Trace.

Trace.

trace.

Trace.

Trace.
Trace.

Trace.
Trace.

Trace.
Trace.

Fracs.

<1

<1
Trace.

<1

Trace.

<1

<1
Trace.

Magnetite. <1
Riotite. Trace.

1/4

1/2

1/I
3/S
1/4
1/16

1/32

1/S

1/2
1/4

1/4
1/16

1/16

1/32

1/4

3/S

1/4
1/2

i/S
1/32

2
1/2

1/16

1/1.

3/S
1/16

1/32
1/32

1/I

1/S
1/s

1/2
1/14

do.

.EE

I I I I I I I I T



Table 
2

.-- Nineralog of pegmatites-Continuad.

Vail rock ____ _____ ____Pegatit.
?amber nd

name of peg- Type and Alteration Relation to Shape Internal szature Mineralogy
(11. II) Plegioclase Perthite Graphic Quarts Muscovite Garnet Tourualfhe Lithium minerals Other inerelegranitee __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Par- Size Per-i Size Per- Size Per- Size Per- Sis Per-f Si.. Per-- Size Mineral Per- Size Mineral Per- SizeCent inch. )cenlt inche )Cent 'inchep)centl inoher )nsnt inch. ,)csnt inch.l )cent (ionchs 1 nt inches j cent linches)
Quarts

do.

1396

1399

11.00

11.01

11.02
Trio No.

monmoni to . None.

40.

40.

40.

40.

40.

Ions.

4o.

None.

do.

40.

4o.

4o.

do.

dl-

do.

do-.

do.

Oval. One unit.

Irregular. 40.

do.

do.

40.

Lenti culez
branching.

Irregular.

40.

Oval.

Lenticular
branching.

Irregular.

do.

do.

do.

Wall Ems.

Intermedial
sone.

40.
Core.

-One coil

Vail mono.
Core.

One unit.

Wall sons.
Core.

-Wall mono.
lore.

One unit.

do.

do.

do.

40.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

[rregular.

Lenticular

[ rrsgular.

do.

'An ticular

rrsgular.

do-

do.

do.

Vail soe.

lore.

One unit.

do.

do.

in.

11.03

1.01.

11.05

11.06

11.07

11.08

11.09

11.10

11.11

11.12

11.13

Snowshoe

11.15

11.16

11.17

115

11.19

1/32

1/32

3/1.

1/N

1/1.

6

.1/4

1/32
1/2

1/2

1/61.

1/1.

3/S

1/2

1/S

1/2

2

3/4.

3

1/2

1/1.

3/1.

10

20

70

75
50

31.

25

55

60

79
55

79.5
55

55

70

35

30

30

55

30

10

35

2

72

15

10

25 1

30 I 16

10 12

10 12

.0

5

5

N

5

15

15

15

15

15

35

6o
100

20

20
15

1.0

15
15

15
15

20

15

15

20

20

15

20

100

20

30

50

25

20
100

15 I 1

graoe~ 1/64.

Frace-

0.5 1/2

41 1/2

Trace.4 2

Niotit.

Magneti te.
Riotit.

Nagneti to.

do.

Siotite.
Magneti to.

Stot.
Seryl. 6

3

.1
Trace.

Trace.

Tracs.

Trace.
Trace.

0.5
crystal I

Megoetite. Trans.

do.
do.

40.
Siotite.

do.
do.

40-.
4c.

Magneti te.

Biotits.
Magnetiis.

Niotite.

Riti ste.
Nagneti to.

Siotite.

Nagnetits.

do.

Siotite.

Negosti to.

Nagneti to.

40.

Martiis.
Biotite.

Martiis.

Trace

Trace.

Trace.

1
Trace.

0.5
fran.

Trace.

<1

<cil

<1
Trace.

Trace.

Trace.

<1

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.
Trace.

Trace.

1/32

1/16
1/16

1/32

1/16

1/16
1/S

1/2
.1/2-S

1/16

1/16
1/s

1/16
1/32

1/64.
1/N

1/16

1/16
1/1.

1/S

1/S
1/s

1/1.

1.

1/li

1/ 2

i/s
1/2

1/16

1/16

Lenticular do.

do. do.

Antjinular Vall eons

1



Teble 20.-Ninerelogy of pemtite--Centnue6.

V.11 rook _____ ___ _______Pptit*

nine of peg- type and Alteration Relation to Shepe Internal texuro Mineralogy
eetite foruntion veli rook itructure :nckea;)
(P1. ii) Plagioclane Parthite Orqghie Quartz Nioacovite Garnet Touzrnalioe Lithim minerals Other minerals

I __ granj to
I Par- Size Per- Size Per- Size Per- Size Per- Si.. Per- Size Per- Si.. Mineral Per- Size Mineral Per- Sizecent looke )oent lickei )oent (nohb )oent licket )cent inch., s)ent inches )cuzt loicke )cent inch.. cent jackhe.)

Quartz nononi14 Sooe.

Ac.

0.

Ac.

Ac.

Ac.

Ac.

Ac.

tuartz moozoni te
a hornbleode

goelsa.

Ioroblenle goele

Sornblendc goele
mld quartz non-

acaite.

beatz moneonito

Ac.

Ac.

Ac.

Ac.

Ac.

Ac.

Icrublemle meais

Ac.

Ac-.

Ac.

Ac.

ieee.

None.

Ac. |Croaacutting.

ih2ai

11122

11123

11125

11126

11127

111m

11129

11130

Irrqgular. One m I. 1/1

Lemticuias

Ac.

Ac.

Irregular.

Leoticula,

Irregular.

Ac.

40.

Vail zone.
Core.

Wall zone.

Core.

One unit.

One unit.

1/2

1

2-3

2.-3

3/1

Lenticulzj Vail zo41
branching. Corel

lot eupomel. |Lenticuiar

Not ezpcael.

Ac.

Irregular.

Lenticular

Irregular.

Lenti oniar

brncig.

Lenticular

Ac.

Lenticular
branching

Erragular,.

do.

Ac.

Ac. teni.la

Ac. tclr

Vail zone.
Core.

Vail acne.
Core.

One unit.

Ac.

Main

Onre unit.

One unit.

Ac.

Ac.

Ac.

Ac.

Ac.

Ac.

2

1/1

1/16

1/16

5-1/2

1/16

3/S

1/1

i/i

1/2

1-1/2

1/S

1/8

1/1

55

55

60

50

70

10

5

10

15

ISO

15

I0

35

15

15

1/4

15

E0

25

70

12

12

3

5

12

3

Trace

trace

i/es

Siotite.

Neeneti te.

Kartite.

Ac.

Ac.
Ac.

Nagnetite.

Nartite.

Ac.

Narti te.
iotite.

Magnetite.

trace.

trace.

Trace.

<1

Trace.

Martite. <1

Nagoetite. trace.

Rictite.

Ac.

Magnetite.
iotite.
Magnetite.

iltite.

Ac.
Naginetite.

Riotite.
Magnetite.

Diotite.
Magnetite.

Ac.

Ac.

Bictlte.

Magntite.

trace.

trace.

<1

<1

trace.

Trace.

Trace.

Trace.

trace.

Trace.

lp-l/2

1/16

1/61

1/1

1/S

1

1/16
1/s4

1/2
1/1
1/1
1/61

1/1

1/32

1/S

lone.

None.

Ac.

lone.

111311

11135

11%

11137

15435

11139

110

14111



Table 20. -- Mineralogy of pagnati tea.--Conti nuad.

Vall rock ______ ________ ___Pegiati to
Number and
name of peg- Type and Alteration Relation to Shape Internal texture Mineralogy
matite formation vail rock strutue inches -
(nl. I! ) Plagioclase Perthite Graphic Quartz Muscovite Garnet Tourmaline Lithium minerals Other minerals

grani te

Per- Size Per- Size Per- Size Per- Size Per- Size Per- Size Per- Size Mineral Per- Size Mineral 1Per-- F Size
cen( .nches] oent oches cent inche Ihent inoheI kant mcaae cent .nchee cent inch.i ) t inch..] cant ~ (nchems

Boroblende goella.

do.

Quartz mononit .

Horoblende gnaiia.

do.

do.

do.

do.

Quarts moozonits

Horobleod. goeis

do.

Quartz monzonitg

do.

.

1442

1443

114144

114145

1446

14147

11.48

1449

1450

1451

1452

11453

14514

1455

1456

1457

1458

1459

bono.

do.

do.

Nona.

do.

do-.

Not exposed.

do.

Lentioular,
branching

Laoticular

Leoti cular
branching

Not expcsad.I Irregular,

do.

do.

do.

do.

Not exposed

do.

Not exposed.

Slot exposed.

ilot exposed.

do.

do.

Leoticunla

do.

Irregular,

Leoticula,

do.

Irregular.

Lenticulac

Irregular.

Leoticulac

Irregular.

Leoticular

do.

do.

Lenticular
branching.

Loticular

Irregular.

do.

One unit.

.do.

-wall zone

Core.

One unit

. do.

do.

do.

. de.

do.

do.

. do.

do.

. Vail mon.

Core.

One oit.

. Vail zons

Core.

On. unit.

do.

- do.

.Vail zoos.

Core.

One unit.

do.

do-.

3/14

1/5

14

12

1/S

3/8

1/2

1/16

1/16

1/14

1/s

1/S

2

. 3

12

14

. 1/14

2

1/2

3

12

1-1/2

3

30

20

55

10

15

30

35

15

10

20

10

140

20

35

10

30

10

55

10

20

20

14o

140

25

30

35

1/2

5

10

20

Trace

Trace. i/S

<1 1/64

<1 1/125

Trace 1/64

rraceI 1/32

Kagneti tei

do.

do.
Siotite.

do.

MagnetO te,
Siotite.

Magneti te

Siotite.

do.

do.

kwgntits.
Biotite.

do.

Magnetite.

do.

do.

do.

Si otite.

Biotits.

Magnetite.

Biotit,.

Magneti te.

do.
Siotita.

Magnsti to.
Biotite.

Kagneti ts.

Bioti ts.
Magnetitc .
Biotit.

Siotits.
Magneti te.

Biotits.

Magneti te.

Siotits.

Trace.

Trace.

Tracs.
Trace.
Tracs.

<1

Trace.

Trace.

Trace.

2

Traca.

Trace.
Trace.

Tracs.

Trace.

Traca.

Trace.

Trace.

Trace. I

N
Trace.

1
Tracs.

Trace.
Trace.

Trace.
Trace.

Trace.

Trace.
Trace.
Trace.

Trace.
Trace.

Trace.
Tr~ce.

Trace. I

1/S

1/16

1/4
3

1/4
1/4

1/S

1/16

1/2

1/16

1/4
1/4
1 /16
3/S

1/S

1/S

1/14
1/2

1/16
1/32

1/S
1/S

1/S
1/16

1/16
1/32

1/16

3/14
3/4

1/4
i/16

1/S
1/16

1/16

Boroblendo gne5m.

Quartz zonzonitol

do.

do.

Nornblende gneisr.

Quartz moozonite

Foroblende rneta .

do.

do.

1461

1462



Table 20.--Mineralog of peatite.-ContiUe4.

Vail rook __________ _____ ____Pgstitg
ltambernind --_ _ _
name of peg- Type an4 Alteration lalation to Shape Internal textort ____ Mineralogy
mati te formtion vail rook etuctine i0Ch* T--
(11.!?1 ) Plegioclase Perthite Graphie Qbart. Muscovite Garnet Tourualine Lithiun innrale Other eluere

T ____ granite I
Per- Size Per- Size Per- Size Par- Size Per- Simq Per- ISine Per- Size Mineral Per- ISize Mineral 1

Per- Sizeoent inche4-kent inche kent nfchee cent inhe gent (in %ent 'inche bent tnche at Ijinches' cent j(inohes4
1494

i146,

1466

1467

1466

1469

1470

1471

1472

1473

14714

1475

11.76

1477

1475

1479

1480

1481

1482

i1483

i14a4

1486

Hornblende

40.

40.

40.

40.

40.

40.

4o.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

do.

4o.

goci 4s.

None.

4.

Not exposed.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

Oroceclittiog,.

40.

Not exposed.

40.

40.

40.

40.

40.

40.

40.

Lenticnlai

oval.

Leotiua

Irregular.

40.

Lentiocaie

Irregular.

Oval.

Lenticular

Oval.

Irregular.

Leoticular

40.

40.

Lentioular

branching.
Lenticular

Lenticuxlar
branching.

Lenticular

40.

40.

40.

40.

40.

.One omit.

40.

,40.

40.

40.

".d.

40.

40.

, ,40.

40.

40.

40.

40.

4.

40.

40.

* 4.

40.

40.

40.

dn.

40.

40.

14

2

3.1/2

2

2-1/2

1-1/2

2

1/2
1-1/2

2.-1/2

2

2.-1/2

1

3/4

1/2

3/4

2

2-1/2

30

55

35

65

142

55

55

'5

70

145

55

4i-5

145

145

50

60

70

6o

60

49.5

63.5

49.5

36

55

253

50

20

37.5

30

30

20

15

140

30

140

14o

140

30

25

15

25

25

30

20

30

145

3

14

3

145 12

4058

10 12

30 12

20 3

20 6

10 5

5 5

30 8

30

30

15

2

S

10

20

35

6

S

6

12

12

Tracd. 1/I

i'race.4 1/32

Trace, 1/32

Trace, 1/32

Traci

Troci

Trace.

Trace.

Trace.

Trace.

Trace.

0.5

.3/14

.1/li

1/31

1/9

1/9

1/61

1/61

1/3

Ditite.
Magneti to.

do.
SiOtite.

Negoeti te.
fliOti te.

Magneti te.
Niotite.

do.
Negnetite.

do.

40.

Siotite.

do.

Kegneti te.

do.
Diotite.

do.

Megneti te.

Siotite.

Kegnetite.

40.

40.

Niotite.

Megneti to.

Diotite.

40.

Magneti te.

4o.
Diotite.
Megnetite.
Nietite.

do.

Magneti te.

Siotite.

Trace.
Trace.

Trace.
Trace.

Trace.
Trace.

Trace.
Trace.

2
0.5

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.
Trace.

2
0.5
Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.
Trace.

1
0.5

5
0.5

3
1

1/16
1/32

1/5
1/S

1/4
1/s

1/4
1/42
1/32

1/2

1/s
1/32

1/32

1/32

1/32

1/16
1/32

1/14

1/4

1/4

1/S
1/16

1/8

1/4

1/64

1/5
1/I
1/16
1/2

1/4
1/8

1/4
1/16



Sable 20-Mineralogy of nemtitee-Oaetinue .

Vafl rook _____________ ___Peatite

-am of peg- fype enM Alteration Relation te Shape Internal 4etire Minerlogy
ntite formaion vail rook *mt~lure inohee).-
(ii.zxI) f lgioclaee Perthite Orqihie Quart. 3hsemvite Cornet !ouramliae L.ithium mineral. Other minerals

Per- lime Per- lii. Per- Ii.. Per- Si.. Per- k..e Per- lime Pen- Si.. Mineral Per- J ime Mineral 1Per- limemont inches kunt imahei ken% oah.. oen( ake.] oi a.aL no nhem cent lambe ) ent jahee) j ent (imohee)

1287

12.88

12.89

12.90

12.91

12.92

12.93

12.92.

12.95

LneiI@. lot exposed. Leaticulaj. One unit.

0. o. I o.

Rmrnblende

0.

0.

0.

0.

0.

0.

0.

b.

do.

0.

0.

do.

o.

0.

0.

Vail mane.
Core.

One amit.

0d.

do.

- o.

0d.

Ranging
wall laqer.
Pootwall

1eyer.

-One 'mit.

* Veil mm.e
tatermediat

mone.
Core.

-Vail aine

Core.

* Wall mane
Core.

Onea umit.

Ranging
vail 1eyer
Woo Ivell

lejer.

One 'mit.

0.

0.

0.

Ranging
vail lejer
Peotmall

layer.

2

1

2-1/2

1

3/2.

1-.1/2

3

0.

Cmal.

Lentimular

0,.

Jatienlaz
braing.

Leatioulan

Irregular.

Lenticular
branching.

Luitioular

etiouar

Leticular

Ltioula
rmnohig.

regular.

stinlar

0.

o.

0.

0.

1/2

.7

65

60

.0

'5

2.8.5

25

'55

3'

'55

'55

50

3,

50

'55

35

10

50

20

25

10

20

10

3

25

20

5

10

10

20

20

15

ho

60

2.0

S

U

5

S

10

I

10

15

12.

20

20

15

25

20

30

15

20

I0

100

15

100

35

20

10

30

20

15

30

20

2

Race

1

frame

Trame

5

20

fra.

Irame.

trace-.

Prame.

Prame.

trace-

frame 1/2.

frame i/Q4

frame 1/16

1/16

1/. frame

1/. frae

race~ 1/16

frame

1/2.|Trame.

lietite.

o.
Magneti I.

Miotile.

3

frame.

1

Miotile, frame.

Nagnetite.| 41

M1otile.
Megnetite.

do.

0.

Miotile.

race.

0.5

trace.

frame.
Trace.

Megnetite. frame.
lietite. race.

Megneti te.
Motive.

Negneti te.

Magneti te.

0.

0.

0.

Trace.

frame.

Trame.

fram.

race.

frame.

Trame.

Trame.

1/16

1/16
1/I

1/2.

1/I

2

1/32

1/2

1/32

1/32
1/2

2

1/2

.3/2.

. 1

.1/2

3/2.

3

1/2.

3

12.97

12.96

12.99

150

101

1502

1503

1502.

1505

1506



Table 20.-Mineraliog of pegnatites--Cotooed.

VAae n ail rock _____ _________ ____Pegatlte

name of peg- Tyrpe anM Alteration Relation to Shape Internal 'exture Nineralogy'
(11. 11 ) Plagiociase Perthite Graphic quartz Muscovite Garnet Tourmaline Lithium minerals Other mioseis

I { grani to]{
Per- Size Paz.- Size Per.- Size Per- Size Per- Size Per- Size Per- Si.. Mineral Per- Size Mineral IPer- Sizecent loch.i kent inch.l kent bob >nce nt inch.i bent inch. kabnt inch. hent toohe )ant locnh.. cant incheses)

ilerobleode gnei~a. Sot exposed. ILentbcola,1507

1506

1509

1510

1511

1512

1513

15114

1515

1516

1517

1515

1519

1520

1521

1522

1523

1524

1525

1526

1527

1526

1529

1530

1531

1532

1533

.Wall boae
Core.

Ranging
vail 1.ycr
Football

layer.

One unit

. do.

40.

4o.

40.

40.

40.

Core.

. One unit,

Wall zo.
Core.

. One unit.

do.

40.

40.

Wall zoo..
Core.

One unit.

do.

do.

do.

* do.

40.

40.

40.

1-1/2
14

5

1/4

2

1/2

2

1-1/2

3

3/4

14

3/4

2

3/li

1-1/2

1-1/2

3/4

1/14

3/4

3/4

1-1/2

1-1/2

1/2

1-1/2

3/S

1/6

10

5

3

Irregular,

40.

Lantloula,

40.

do.

40.

do.

do.

Owal.

Iantt culac

Irregular.

Lanticulac

do.

40.

do.

Irregular.

Lanticular

40.

do.

Lacticular
branching.

Irregular.

d4,.

Leoticula.

40.

40.

40.

Race,

2

2

<.1

<1

<1

1/4
2

1/4

rrace4 1/S

41

41

<1

Trace

Trace

Trace

Tracal 1/32

Trace

Trace,

Trace

Trace,

Trace.

41ce

Trace.

41

Traca,

Trace.

Trace.

Trace,

Traee.

1

1/16

1/31

1/64

1/64

1/64

1/64

1/64

1/u

1/16

Diotite.

Magoetite.

40.

31tht.

Magoetite.

do.

40.

Monazita.

Monaita.

iotite.

Motil,.

Magoati te.
iotitC.

Slotite.

40.

do.
Magoeti ta.

Siotite.

40.

a .

dO.

Traca.

':.1

Trace.

Trace.

Trace.

Trace.

Trace.

1/4

1/2

1/32

cryatel. 1/2

crystei. 3/8

1

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Mantte.~ Tra.

1/4

2

1/16

1/S
1/16

1/16

1/S

1/16

1/S

1/S
1/6

S

S

5

1

5

5

25

20

20

25

_, , gee,



Table 20.--Nineralogy of pegnati tee--Contincued.

Vail rook ______ ____ ____ ___Pegsatite
Number mnd
name of peg- Type and Alteration Relation t. Shape Internal 'exture Mineralogy
(71.!! ) 1 legioclaze Perthite Graphic Quartz Muscovite Garnet Tourmeline Lithiuo zinerale Other elnerele

Pe-Size Per-1 Size per- ii Per-] Size per- ISize per-I size Per- Jsize Mineral Per- JSize jMineral 1Per- FSize
oent inohei )oent inchei )cent inchesi )ent inchesi )cent $ ioohe4)oent inches )cent i inche )aent (jinchees cent r inches )

1534
The Tri o
3eryl Knob

1535

1536

1537

1538

1539

15140

'141

15142

1543

15410

15145

15146

15147

151+5

15149

1550

1551

1552

1553

1514

Rorobleode gneie.

do.

do.

do.

do.

Covered by
alluvium.

Noroblande gneie#.

do.

do.

do. I

do.

do.

do.

do.

do.

do.

dc.

do.

4o.

do.

None.

do.

4o.

Not exposed. IIrregular.

do.

do.

do.

do.

do.

lroaacutting.

do.

do.

do.

Lenti culaz

branching.

Lenticulac

Lenticular
bronchin0g.

do.

Irreg..lar.

do.

do.

do.

!Lenticular

Soet expoaed. Irregular.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Lenticular

do.

do.

do.

do.

Irregular.

do.

o~atioular

Irregular.
C.oticular

Wall oze,

Interuedial

zone.
Core.

Interuedial
zone.

Core.
- Wall zonE

Core.

.One onit.

- Wall 0004
Core.

One unit.

Bangiog
wall zone.
Pootval1

layer.
Corn.

rall zone.
Core.

One unit.

Tall oo.
Core.

4 Vall zone
Core.

Wall oze.
Core.

, One unit.

do.

do.

do.

do.

do.

North part
louth part.

Core.

* Wall zone
core.

One unit.

do.

1/2

e
3

e
3/14

10
.1/14

2

1/4

.3/I
3

3

l4

2
15

3/14

1/16-i/i
8-12

.1/8
6-s

3-4

1/14

1/2

14

1/2-1

1/8-1/I

1/14-l/b

.6s
1/2

6

.1/2

1/4

1/2

50

20

50

60

50

53
20

145

145

83

14

29
8

64

35

20

30

59

50

25

50

75

69.5

141o

1/4

35

50
20

33.5

50
25

14

20

35
10

20

'5

5
140

33
30

30

2
55

15
35

50
55

15

55

35

149

20

15

63
30

65

5

35

5

5

18

18

2

14
12

1/2

30

Trace.

2

5

I0

25

Trace.

6o

10

145

10

10

12

18

15

10
go

15

30
15
95

15

15
89

25

15

156C4
20
6o

20

15
37

20
60

20

37

20

10

145

20

20

35

10

15
25

20

100

20

20

20

race

10

1

2

2

1/4
1/2

1/4

1/2

.race. i/S

2
10

5

1

*11

10

5

1/4
S

1/8

1/S

1/8

<1 1/16

Trace 1/14

41 1/16

(1 1/8

Trace,

Trace,

Trace
Trace

Trace

Trce

Trace

<1

Trace

<1

Trace,

1/16

1/32

~Trace.

liotite. |Trace.
Kagnetite.| Trace.

Siotite,.

Magneti te.

1
Trace.

Trace.

Siotite. |Trace.

Galni te.

1/8
1/4

1/4
1/8

1/8

1/8

<ii 1-1/2



Table 20.--Minerejlog of peglatites-Cotinue4.

Vail rock _____ ___

Type and [Alteration lalation to 1Shape
formation I ail rock I

1555

1556

1557

1555

1559

1560
Flood So. 1
and ao. 2

1561

1562

1563

1564

1565

1566

1567

1565

1569

1570

1571

1572

1573

1574
)ucz. Goidi

4s.Norublende goels

40.

40.

40.

4o.

40.

40.

40.

40.

40.

do.

4o.

40.

40.

4o.

do.

do.

40.

40.

Coroblende goelsi
and quartaite-.

Sot aapce4e.

do.

do.

40.

40.

40.

40.

Crosscutting

lot ezpose4.

do.

40.

do.

4o.

40.

40.

do.

do.

d0.

Grossectting.

Irregular

do.

40.

Lenticule

Lentiouula
branching

Irregular

LeaticulE

Irregular

Leoticula

40.

40.

Irregular

do.

40.

40.

40.

010t01.3r

do.

Lenticula,
branching.

Irregular

Number end
name of peg*'

math.e
(ii.! )

1feture

I I

Pegmnatite

)Sineralogy

legloclaae jParthite jGraphdo jQuarts 1 Nuscovite [ Crnet Tourmaline J Lithium ninerale Other minerals

Per- Sin. Per- Size IPer- ISize Per- Size Per- ISize IPer-J Size IPer- ISize 1Minerel Per- ISize
cent toobe). )ent tinob.i )oentqi mchel )oent(1mchei)oen4 nchos cent inches )cent in hobs | cent qiehee

Internal
5t191ttue.

.One emit.

do.

fail some.

Core.

S.Vail 50n04

Core.

:-One emit.

.0

Fracture
filling.

SOne oit.

hUli Ions
Core.

Wall lone.
Core.

One wit.

. 40.

filling.

One emit.

Wall some.

Core.

One enit.

Vail sloe.
Core.

Ons unit.

40.

.Wiall none
Core.

rahic gne
e insr

mediate so
Quarts-
albite
lOterasdiaI
zone.

151-2

1/2-3/k

1/2
S

.2-3

S

2-3

1/2-1

8

6-s

i/k

1-2

1/14-1/2

1/14-1/2

i/S

1/2

.1/2-3/1

i/k

Trace

Tracee

Trace

Trace

Trace

Trace

Trac

Trace

Trace

<1

1

t'race.

a <1

aone.

aooe.

None.

Mineral

atotite.

Coluabi s-
tantalite.

Columbite-

tactali te.

Per-
cent

Trace.

1 cryst

1

Slag
inc as)

,.1. 1/2

cryet i. i/k

Seryl. I ckyetai.

15

10

90

75

5

5

35

20

55

10

5

Trace.

Trce

Trace.

:rystal.

<1

1/g 1/32

N

-

I 1 i I I I I I --- ----- I --

Siotite.
Megnetite.

Martite.
Siotits.

Sery2. 1

Site.



labia 20.--Mlnoraiogy of pageatltaa--Contlnued.

Vail rook __________ _____ ____Pogsatlto

Nubar anl
nna of peg- Typo and Aitoratlon Ralatlon to Shapo Intocognai etura Nlnoralogy
(11.!! ) fParoolaa Poroito rahlo Qurra 3tako t Gane Tonoail ithumnlnraa Oh-. --aa-
(tl.o foPmtiaon rvail rrookua atruoot urna Tur Inchghia mneal ohe mneal

grani to

Par- Slag Par- Siso Par- Slag Par- lii. Par- Slao Par- Slag Par- Slao MIneral Par- ~Slae Mineral Par- Slagl'i
1

b orb~o~g naia on. Coagutloj lhaawlt-
1

cants nde)ogsnt mobh)cant( ndao.)oant lacha )Oant lnohgu)Oent Inch.. )Cafnt laoh cant( nchaa) ient nccolt

Dooky Goldi
South SI opa-
Contlanod.

1575

15760aop Robber

1577

l578

1579

1581

1581

1582

1553

1514

1585

1586

1587

1558

1589

1590
Vindyw Knob

1591

1592

1593

Not azposa.. Oval.

40. 40.

m an quartalto.

Nornblgndo Viol'

40.

40.

Ic.

40.

4o.

10.

do.

IC.

lo.

40.

40.

10.

40.

stornbionda Vniola
and quartaita.

slornbigndg Viola

40.

Sdo.

do. lot ax' od.

Irregular.

40.

40.

do.

10.

40.

Laotlcularx

do.

Irregular.

4o,.

Lantloular

40.

Irregular.

40.

gontloular

aenttcular

branching.

Oval.

Martita. Il orysat.

Parthi to
Intaruadla

song.
Cora poda

Vractur.
fIllIng.

000 nilt.

Wall sonar,
Cora.

Ona unit.

do.

do.

do.

40.

do.

. o.

40.

do.

40.

,10.

do.

do.

Wall song.
ntaraadlat

song.
Corg.

Vail 3004

Cora.

Ong it.

'do.

6o

14

1-1-1/2

3/4

1-2

2-3

2

1/2

1/4

1/2-3/4

t/4-1/2

1

/4-1/2

1/4

6

1/2
1

1/2

1/2

faldapar-
quarta-bar; -1
tntarowatg a

l

Saryl.
Columblto-
tantalt t.
Monatat.
Unknown.

Phoaphatom.
LopIdol ta.
Topa'.

Saryl.

40.

40.

40.

40.

4*.

do.

do.

40.

40.

40.

40.

40.

Sot aipoaa4,.

40.

8.9
.1]

.003

.003
Tracg.

Tracs.

<1

1/1-6

L/14-3/4

3
1/614-1/8
1-3

a.

long-.

41

15

35

35

15

15

35

140

30

25

5

30

15

140

21

65

15

70
10

50

14o

100

50

98

25
100

20

15

20

15

15

20

25

20

20

25

20

20

20

15

10
100

15
29

20

2

Nggnatlta.I Traca.

"N

Magntlto. Trano.

?raoa

Traca

Trac.

Traca

Traca

Traca

Traca

<1

<o1

Treon

Troa

Traca.

<1

<.1

3

Trae
Trace,

<1

Trac.

1- 1/2

40. Traca.

i i l I I | | | l I

i.



Table 2Le-insralog of pegnatites--Cnntimuei.

Vall rock __________ ____p.g ait.
lumber valrc tuand 2oiis______ Mnrlg
name of peg- Type ani Alteration Nelation to Shape Znteroal setuh inrasg

(ati. fomton) lgioclaee Perthite Grnphoio Quartz Muscovite Garnet Tourmalin. Lithium minerals Other minerals
granite

___r-__ ___ pers} sis per.. Size Per.- Size per- }sie Per-. Sise Por- Size Mineral 1er 1ie Mnrl e- S
cent oches cent inchei)4ent izche end nchea cent Inch ibent~ ochesacent Inchel cin Inches ]cent (lachee)

l594

1595

1596

1597

159S

1599

1600

1601

1602

1603

i604

1605

1606

1607

1606

1609

1610

1611

1612

1613

16il

1615

1616

1617

i61i

1619

Norobleode gneii

40.

do.

do.

4o.

do.

do.

40.

40.

40.

40.

40.

40.

10.

40.

do. .

40.

do.

4o.

Noroblemde gneis

and quarizits.

40.

Qoeartzi te.

Eornblsnde gneis

40.

Q rtz-iotl te-

te.

None.

do.

None.

lone.

foroblende goses
and quartz-biot$ te
sohiet.

lot exposed.

Not exposed.

4o.

Crocozi tin

Not exposed.

40.

40.

40.

40.

Crosscutting

Not elpoaed.

40.

do.

40.

4o.

40.

do.

40.

40.

40.

40.

40.

Iroesout ting.

lot ezpoe.

Lenttcuiar

Irregular

LentIcular

do.

40.

,do.

Irregular,

Lenticular

Genticullar
branching,

seatioular,

40.

do.

do.

do.

40.

do.

Irregular.

Lenicular

Lentic-
ular

branching.

40.

Lenticular

40.

40.

Irregular.

40.

do.

One unit.

Wall zone
Core.

One unit.

do.

do.

do.

do.

.do.

do.

do.

do.

do.

do.

do.

do.

do.

Wall zone,
Core pods.

.Vall zone,
Core.

Ifal1 zone.
Core.

1/2-3/

1/6

1/S

1/16

1-1/2

1/4

1/S

1/8

1/6

1/S

1/8

1/2

1/8

3/4

234

One unit. 3-4

do.

40.

40.

do.

do.

do-.

1-2

1--2

1/4

3/4

-3

55

S

3

25

Tred

<1

Trace

Trace

<1

Trace

Trace

<1

Trace

<1

<1

2

<1

<1

<1

<1

Trace

Trace

Trace

Trace

1/32

1/16

1/64

1/16

1/32

1/32

Martils.

Martite.

NagnetI te,

MaegntIte.

do.

Nioti te.

do.

Kartile.

Magnetite.

BMotile.

Magnetlie.

Kart is.

do.
Niotite.

1/32

1/S

1/16

N

Treet
Trace, Trace.

rrace.

Trace.

Trans.

Trace.

Trace.

Trace.

Trace.

.rce

Trace.

Trace.

Trace.

s

5.



table 20.--Mineralog ef peumatite.-Continued.

Vail rock Pegmatite
Number mnd
name of pee- Type and Alteration elation to Shape Internal 'exture Mineralogj
nati te formatioa wall' rook structure Inches)-
(11. ii) Plagioclaae Perthit. Graphio Quart. )Iueoo'ite Garnet Tourmaline Lithium minerals Other minerals

grani te

Per- Size Per- Size Poe- Size Per-] Size Per- 18130 Per-f Size Per-. Size Mineral Per- FSize Mineral IPer- Sizecent (incht ejent( inches )cent(~ ochei )cent( inches centi inchei )cent inches )cent( inches cint(Jinchee) j ent indses)

Covered.1620

1621

1622

1623

1624

1625

1626

1627

1628

1629

1630

1631

1632

1633

16314

1635

1636

1631

1638

1639

16140

1614i

16142

16143

Noreblende goels.

do.

do.

do.

do.

do.

do.

do.

do.

do.

tonalite.

do.

10.

Fcoblende gneisr.

do-.

do.

do.

Covered.

lornblende goetit

d2-.

do.

do.

t
ocbe ecIe4

lot exposed. ILentiooulac. One uaitdl14-1/2

do.

do.

do.

do.

do.

Crosioutliog,

o exposed.

r tdo.

Sot exposed.

40.

Ic.

do.

do.

~ot

do.

do.

Lenticularc
branching.

Irregular.

Lantioular

do.

Irregular.

Lenticular

do.

do.

40.

do.

do.

do.

do.

do.

Lenticular-.Val1 zone.
branching.

do.

do.

Irregular.

do.

Lenticular

Oval.

Lecticular

Core.
Wall zone.

Core.

Wall zone.
Core.

Wall zone.

Core.

One unit.

Wall zone.
Core.

One unit.

,do.

do. do.

Irregular. Wall zoos.

Lenticular Co.

do.

do.

Core.

unit.

do.

do.

exposed. ~rregular. V.11 zone.
Core.

do. do. One unit.

1/14-1/2

1/14-1/2

1-2

3/4

1-1/2

1/4-1/2

1/2

12
1/14

3-6

1 4

1/S

3

1/2-3/4

3-4

1/14

1/S

1/2

2

1/2

3/14

L/2-3/4

1/2

35

15

15

30

35

140

20

25

30

25

15

25

35

15

20

140

14o

15

35

20

30

35

145

50

33

6o

145

7

145

140
10

55

5

50
7

140

5

50

r'race.

50

1414

60

55

35

30

140

1o

60

5

20

201i

20

35

65

25

25

35

20

20

90

25

914

25
93
30

95

25

20
100

25

30

25

25

100

25

30

10

25
100

25

<1Pu
Race,

<1

<1

<1

Race.

Trace

<1

Race,

Trace

Trace

Trace

<1

<1

<1

<1

Up to
1/4

trace.

trace. Leptdolitel trace.

Siotite.
Mart ite.

haltite.

do.

do.

do.

Dictite.

Biotite.

'agnetite.

Magnetite.
Yonaite.

Biotite.

Xarti te.

Siotite.

3iotite.
?
4
artt t.

Biotite.
Mrtite.

hiotite.

M&artite.

hiotito.

hictite.

Blolite.

Trace.
trace.

41

Trace.

Trace.

Trace.
Trace.

Trace.
1 cr:-at .

Trace.

Trace.

Trace.

Trace.

Trc1

1

<1

<1

trn e.
Trace.

Trace.

<1 u:tc I

None.

None.

do.

do.

do.

Moos.

do.

do.

1
Cleavel andi Ise

, , , , , , , , ,



Able 20 .--Nineralogy of pegiati te -- Continued.

NubradVali rock ______ ____ ____ ___Pgltit*

name of peg- Type and Alteration lalation to Ihape Internal textoure )ineralogy
matite formation valid rock etrture inches)
(71. 11 ) Plegioclaa. Parthit. Graphic Quart. Muecovit o rnet Tourualine Li thiuzi:mineral. Other mineral.

grani te

Per- Size Per- Size Per- Size Par- Sic. Per- Si.. Par- Size Per- Size Mineral Par- Size Minera JPer- Sizecen t inches )cent inChel )cenlt( inche )Cent j inch* )Cent inoha )Cent inche. )cent inches )ofnt inch..l cent inch..)

gneiba.

* None.

C.

164)4

16)45

16)46

16)47

16)48

16)49

1650

1651

1652

1653

1654

1655

1656

1657

1651

1659

1660

1661

1662

1663

166)4

1665

1666 tornbleoda gnaeieu. None.

Not exposed. Lenticui4f

do.

Oroceoutting

do.

Not axpoeed.

do.

do.

do.

do.

do.

do.

do.

do.

do.

lot

do.

do.

Lenticular
branching.

do.

GAnticulaer,

do.

rreguiar.

.enticular.

branching,

,eotioular.

do.

,enticular-

branching.

do.

Irregular.

Oval.

Leoticular
branching.

exposed. |Irregular.

do.

do.

do.

Gent icular

do-.

[rregular.

Noroblende

do.

do.

do.

.One unit

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Vrail zone.
Core.

One imit.

do.

V ail zoni

Core.

One unit.

Vail zone.

Core.

One unit.

do.

,do.

.0

Wall zone.

Core.

L/8-1/4

1-2

L/t-l/?

./)4-1/2

1/2

1/)4
1/2

2-3

/6-1/4

6-s

1-2

.1-2

12

2-3

)4

2-3

1/4

1/8

1/2

55

35

50

to

20

35

15

35

30

15

to

35

30

20

19

to

25

20

10

30

15

10

to

20

30

20

20

25

30

35

25

35

30

20

25

20

15

25

20

20
100

25

20

25

85

25

20

100

20

55

20

25

100

Trace.

?rac4t

<1

trace.

Trace

trace.

Siotite.

do.

do.

do.
Magnetite.

Sioti te.

do.

do.

do.

do.

Magnetite.

Sitite.

do.

liotite..
Marti te.

8iotite.
ignetite.

litite.
Marti te.

litite.
Martite.

Siotite.
lgnetite.

flirtite.

Miotite.

do.
Martit,.

Siotite.
Mart it.

Mart) te.
leryl. 1

<1

<rce

Trace.

Trace.

Trace.

Trace.

Trane.

Trace.

<1

1

<1

<1

<1

<1

<1

<1

<.1

<1

<1

<1

<1

<1

)7Tra.

N5

10

50

30

10

30

75

15

None.

None.

do.

do.

Poroblende geii

Horoblende gneii

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Quartz aonzonitel

do-.

do.

do.

do.



?able 20.-Nineralogy of pegmatite-Cotiued.

Vell rock ______ ____ ____ ___P.gmti to
timber Mnd
come of peg- Type mnd Alteration Relation to Shape Internal 'exture Mineraloaj
(1111) PogoclfoPerhie Gapin uatz lsovteraretkouuolnuLitiu mierlsnthr mnee)
(Ptito ) oroocastPiohn vrahilQur rock ietrrnt Tuolioctuhre Lnroc hhe ..)al

__ __ __ ~~grani to _ _ _ _ __ _ _ _ _

Per- Size Per- Size Per- Si.. Per- Size Per- Size Per- Size Per- Size Mineral Per- Size Mineral 1Per-. si..coot inche )cent inch. )co t (i che )oont lich. )cent i ihe)co t icch e )ce t loich e c tn inch.. Co t ( lachee)

Quartz ononi t

do .

do.

d0.

Horobleodo gneie .

do.

do.

do.

do.

do.

do.

do.

do.

do.

b ar: monozonite.

i orotleode gnaee4

1669

1670

1671

1672

1673

16714

1675

1676

1677

1671

1 679

1680

16si

1682

1653

1614

i6s5

i6s6

1657

16s8

1659

1690
Lazy Da~

1691

1692

Lone.

None.

do.

Mooe.

bIt exposed.

do.

do.

do.

3roeeou tting.

'fOt exposed.

do.

do.

do.

do.

lot expeced.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Zrregulor. Oze onit.

Looli cola-
branching.

Irregular.

Lounticui ar

do.

do.

Irregular.

Leolicular-

branching.

Irregular.

.do.

do.

Lenticuiar

do.

do.

Irregular

do.

do.

do.

oaticular

do.

to.

do.

do.

do.

do.

[rreguiar.

do.

do.

do.

do.

dn.

do.

do.

One oit.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do

do.

do.

do.

do.

do.

do.

do.

1667 55

2

5

5

1/S

1/16

}/1.-i

1/S

2-3

L/S-i/O

1/hi

1/2

i/S-i/i

i/S-i/i

1/S

i/S--1/hi

i/hi

i/hi

3/4

i/S

L/2.-3/M

L/hi1/2

L/l4-./2

1/2

i/hi-1/2

6/hi-/2

i/li

/141/2

1/I'

Trace,

-ci

Trace,

i

<1

<1

<1

<1

Mesti to.
Martite.

Motite.

do.

llOgnetite.

do.

Miotile.
Mar0 to.

do.

Megnetito.

Miotile.

do.

do.
4egneti te.

do.
tiotite.

do.

Megoeti to.

do.
BMotile.

MagnetSIt.

Moetil,.
Magntite.

Miotile.

Mnotite.

do.

BMotIle.

do.

<1
Trace.

Trane.

<1

Trace.

<1
<U

Troce.

raco.

Traco.

<1

Trace.

1

Trace.

Trace.

<1
'U

<1

<1
.racO.

<c1

<.1

<1

Trace.

Trace.

N

trace.

<I

do.

do.

do.

de.

do.

do.

do.

do.

do.



Table 20.--Nineralogy of pDOatit5-COtttinued.

I 1* 1 1,

Relation to Shape
veil rock

Internal jfextor.

Petite

Plegloclae

Mineralogy

Perthit. Grqihlo Quartz )tusooaite Garnet

Par-i Size IPer- ISize Per- Size
cent inohe4)oent inehb. )cent( aohei

I I~ *1* I I I-I- 1--I--i-

1693

1694

1695

1696

1697

1696

1690

1700

1101

1702

1703

1704

1705

1706

1707

17CS

1709

1710

1711

1712

1713

1'71)

-One it.h1/I-l/2tormbSend. gogie
and quartz eon-
zeal te.

Pobi end. gnele

Forablende goatee
and quartz moo-
zoni te.

40.

Fornblonde gneia

do.

Quartz Conooote

do.

taartz nonoonite
ndhornblende

gneiea.

40.

forob1.nde goeie

40.

40.

omoblende goats
4 quartz mon-

s omi ta.r oroblende gneta

0.

do.

40.

do.

40.

do.

do.

s Not exposed.

40.

do.

Sot exposed.

do.

Sot exposed.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Lezticulaz
brenohiog.

Leoticular

40.

Lenticoziso
branching.

do.

Lenticular

do.

do.

Lenticular
branchIng.

Leotioular

Leoticuier
branching.

Letienlar

do.

do.

Len tiouar
breochl ng.

irregular.

Leticular

do.

do.

Irregular.

Leitieular

branching.

40.

1-1/2

.1/14
1-1/2

2

2

1-2

1

2

2

1/2-1
1-1/2

1/il

L/4-1/2

1/2-1

1)

1/2

20

20

20

25
20

20

20

20

20

20

do.

do.

VaWst part
ket part.

On. unit.

.do.

do.

do.

.do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Tourmeline Lithiua minerals J ther minerals

Per- Size Per- ISize IPer- Sii. Por- ISize Mirneral Per- Sizel
)oent ineherj)cent 1 inohei )oent i nch. 1 )cent (inch.- can t 9 inchbe 1

15

65

140

<5
30

70

So

70

65

70

85

70

50

60

5

10

10

140

20

5

Race.

race.

Mineral

'agneti ie.I Trace.

Miotile.

haltite.
Ms.roeti to.

do.

Riotite.

Maeoetit t.

do.

do.

0
iotite.

Magneti to.

hiotlt.Martlte.
do.

Tr no.
<.1

'race.

<.1

Trace.

Trace.

* re.
Trace.

Trace.
Trace.

Trae.

Vail rook

type ad
fowvetizn

Alteration

5.

5.

None.

:r: Ss

Ebwe nd
nam. of peg-

.tit

Up to
2

Op to

Up tc
3

Up to
S

Up to
10

6-b0

20

20

25

20

20

15

25

20

20

25

20

20

20

Tracs.
<z1

ff\:
cJ1bagnettte. Trace.

do. |Trace.

Magetita. Trace.

Riotite. Trae.

1/2

i/U
1/2

Magnetite.|Trace.

a h (inches)

Pc

Trace

Trace

Trace

b.



!ebl. 
2
0.--Mineralcgy of resati tes--Centiuei.

Vail rook ____________P5ptitO

lumber tni-
naeof peg.- Typ. anti Alteration Relation to Shape Internal texture Mineralogymiii. frmatisn wall rock structure ( T r 1)

(11. tII Plegioclaae Perthite Grqphio Quart. Muscovite Garnet Tourmaline Litiu minerals Other minerals
I _ grani to

tar- Size Per-- Ii.. Per-- BSie Per- Size Per- Si.. Per- Size Per- Si.. Mineral Per- Size Mineral ~Per- Sizecent inch.l )cent inches )cent( nches )cent inches )cant inch., )cent' inch.i )ent inchte) cent (iucher ) Jcent finches)

1715

1716

1717

1718

1719

1720

1721

1722

1723

1724

1725

1726

1727

1728

1729

1730

1731

1732

1733

1734

1735 )

Ecrablentie gneiu

0.

Hornblesnie gugis
anti quartz non-

zonite.

lrtz moozonite

Nrublentie gneis

ti qartz Eon-

fornblendi. gneie0

tc.

tc.

tc.

ti-.

Jrublende gneia.
md4 quartz a-

zonite.

40.

terablentie guetal

fcrnblendie gnueta
anti quartz moe-

zonite.

ic.

tic.

ocrablende gnat s

Rot amposei.

tc.

ic.

ic.

tc.

lot exposai.

tc.

tc.

tc.

tc.

tc.

tc.

tic.

tc.

tc.

tic.

tc.

Leatiouil . One unit,

to. ic.

Lenticular - o.
branching.

tic tio.

Irregular. tic.

tic. oriheast
4d South-

eat antis.
entral
part.

Lentioular One unit.

Lenticia .tic.

brenohing.

tic. tic.

Lenticular tic.

tic. tic.

tio. 40,

40. tio.

Irregular. 40.

Luiticular tic.

tic, tic

tic. 40.

tic, ti.

.ectioul aru 0 .
branching.

40. 40.

tic. ti-.

1/4

1/14

1/4

1/2-1

2

2

3

3/4
1/4

3/14

1/2

1/14

1/2

1/14

6

1/2

20

20

145

30

20

79

60

60

35

50

60

1

35

20

30

5

30

60

50

35

39
145

65

145

10

'55

1/2-2

1/2'-1

1-3

1 /2-3

L/2-

1/16-
1/S

1/U

1/s

1/16-
1/6

1/6

20

30

10

30

20

lb

30

10

10

60

20

20

35

1-3

6

5

10

20

20

20

20

10

20

1/5-1/4

1/14-1

Trace

Trace

Trace

frac.

<1

rrace,

1/U

1/31

<l 1/16

race. 1/16

0.5 I1/16

Magueti ta.

tic.

Martite.

Magneti ta.
Rictue.

40.

Magneti te.

Riotite.

IMartite.

Mneti ta.

40..

do-.

<1

< 1

<1
Tra,:e.

Tra no
<1

Trace.

Trace

Trace.

<1

Rictite. Trace.
Maguatite. Trace.

tic. Trace.

Riott te.
Magneti te.

Rictita.
iMagnetite.

Rioti te.

Magneti te.

Rictita.
Martite.
Saaarski is

Magnetite.

Trace.
Trace.

Trace.

Trace.

Trace.

1/4

< 1/i

1/2

1/14-1/2

3/4

1/S

1/32

1/32-/4

1/16
1/S
1/32

1/S
1/32

1/4
1/32

1/8

Trace. 1/16

<1

Trios. 1/16

3

~T1

None.

tic.

40.

1/2-3

3

1/32 30

I.

s

t/8-1/) Trab.1/8



Table 30 .--Ninera.ogy of peatite--otined.

NubradVali rock -~________________Peptite

name of peg- Type and Alteration Nalatioa te Sbqpe Internal texture Mineralogymatite forontion veli rock et~ructure( wea) -_
(mb. P1 lagicclaae Perthite Grqphia Quart. Nceccyite Garnet Tourusaline iLithium minerals Other minerals

Per- lime Per- Size Per- Size Pazr- Size Per- ha.e Per- Size Per- 
8 1

E* Minere.1 P- [size Mineral Per- si..
cent lache coent( ache cent( inoh. )cent( noheicent( ache )n ga ee )cent( o cent iaiaee ~ jent 1(inohoe)

Not exyoeed.ILentioulal. One unit,

do.

do.

Not exposed.

do.

L~entionla

branching.

Lentio'ila

do.

1736

1737

1735

1739

17140

17141

17142

17143

17424

17145

17146

17147

17148

17149

1750

1751

1752

1753

1754

1755

1756

1757

1758

1759

1760

Norablende goei
and quartz eon-

ncite.

do.

40.

2

-

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

jI

30

'.5

50

35

50

50

15

50

25

30

35

55

145

60

50

35

50

60

55

55

65

3

C 6

11

8

8

g

S

5

14

5

5

S

S

I

S

S

10

5

5

6

S

10

S

. 1

0.5

Trace,

1/61

1/I

1/61

1/16

Quartz monoalte.

Quartz Moozonit
end horoblendo
gneiee.

Quartz monmonite,

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

buartz consonite
Mgd grblende

Kertite.

do.

Megnetite.

do.
Riotite.

do.
Negnetit.

do.

Nicti te.

Magneti te.
Siotite.

Nagntite.

40.

Magnetite.

do.

do.
Diotite.

Kagnati te.

do.

do.

do.

do.

lBiotite.
Negnetite.

Siotite.
Kagneti to.

do.

do.

do.

Trace.

Trace.

Trace.

*race.
Trace.

Trecs.
Trace.

Trace.

Trace.

Trace.
Trace.

Trace.

Trace.

Trace.

Trace.

Trace.
Trace.

Trace.

Tiace.

Trace.

Trace.

Trece.

.race.
Trace.

Trace.
Trace.

<1

Trace.

Trace.

1/S

1/32

1/32-2

1/64
1/4

t/16-1/4
1/16

1/32

1/4

1/8
1/S

1/16-i

1/16

1/16

1/16

1/32
1/32

1/16

1/4

1/32

1/16

1/8

1/8
3/16

1/32
1/32
1/32

1/s

1/4

IN~

15

15

15

None.

do.

do.

Irregular.

Lentioula,

do.

do.

do.

do.

do.

do.

do.

Lentioularc
branching.

aentioular

do.

do.

do.

Lenticular
branching.
Lenticular

irregular.

lot exposed. Geticular

3

1-1/2

2

2

1/I

3/4

1

/2

1

2

14

5

14

3

1-1/2

<1 i/64

Trace. 1/64

Trace. 1/32

i n -- --- i i 1 i i i I i I i i i i I I I

1
2

1/2



!abls 2O .--Nineralog of peatite.-CoatInned.

Vall rock _____________ ___Pegmatite

lamber en4
name of peg- Type and Alteration elation to Shape Internal texture 3ineralcagy
matite formation vail rock etruotursi 1nohee) -1 -

(II. Ii) Plagioclae Parthit. Graphic Quart. Nusaoit. Garnet Tourualine Lithium mineral. Other mnerals
I __ _ __ __ grani to

Per- Si,. Per- Ii.. Per- Si.. Per- Si.. Per- Si.. Per- Sise Per- Si.. Mineral Pr-] Si.. Mineral fper- Isi..cent Inche )oent tnch.. )cent(inchei )oenti Inohe )oent inche i)oent' incial )cent Inch. )______ nj t inches) jount I inches)

1761

1762

1763

1764

1765

1766

1767

l7tIS

1769

1770

1771

1772

17714

1775

1776

1777

1778

1779

1780

1781

1782

1783

1714

1785

1786

Quart. .ongonlt4.

40.

do.

do.

do.

do.

do.

do.

40.

40.-

do.

do.

do.

do.

40.

do.

do.

do.

do.

do.

.io-

do-.

do.

do.

do.

40.

[.ontioular.

branching

Lecticula,

40.

do.

do.

do.

do.

Ldnticular

Lentiouler
branching.

irregular.

40.

Lenticular
braoohin~g.

Lenticular

do.

do.

do.

[.e ticular-
aranching.
Gticular.

do.

do.

One unit.

.do.

40.

do.

do.

40.

10.

-do.

,do.

-do.

do.

do.

-do.

do.

40.

40.

do.

do.

do.

40.

do.

40.

do.

2

2

3

2

3

3

2

2

1/2

3

1/2

3

1/Il

2

14

5

1/2

2

1/14

3

145

145

25

30

30

145

20

15

30

30

ho

35

140

10

55

25

35

50

20

30

25

25

70

30

ho

3

3

leO 6 15

20 6 15

20

50

ho

10

6C
60

5

S

5

5

12

U

15

15

15

15

15

20

50 8 15

50 5 15

5

60

10

70

10

30

ho

20

70

20

10

140

g

14

25

15

20

15

15

61|20

5

5
I

5

8

15

20

15

15

15

25

15

20

Trace

Trace

1/32

1/32

XanetIte.~ Trace. 1/16

do.
Lictite.

Nagneti te.

do.

do.

do.

do.

do.

40.

d0.

Kartite.

Nagnetite.

Martite.

Magneti te.

Sictite.
Itagneti te.

do.
Diotite.

Megneti te.

40.

40.

40.

40.

do.

40.

d4.

Biotite.

Kagneti te.

-40.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trace.

Trce

Trace.

Trace.

Trace.
Trace.

Trace.

Trace.

Trace.

Tr<1.

Trace.

'Trace.

Trace.

Trace.

Trace.

.g1

1/16
1/32

1/16

1/8

1/32-1/2

1/16

1/16-i

1/16

1/16

1/32

1/32

1/8

1/16
1/8

3/16
1/8

3/8

i/32

1/4

1/14

1/u

1/4

1/6

/16-1/2

3/8
1/16

1/8-2
I I I I I I I I



Table 20.-Nineralog of pemtite-Catinued.

Vafl rock __________ _______Pptit*

Number mnd
flume of pag- !7pe and Alteration Relation t. Shape Xnteroal tenture Minralcgy
mtitO formation vall rock Etu1Uee 1ncad T T

(1.!! ) 1 legioclaze Perthite Grpio Quartz Muscovite Gernet Tourmeline Lithium mineral. Other minerals
I __grani te

lox- Size Per- Shze Per- Si.. Per- Size Per- Size Per- Size Per- Sie Mineral Per- Size Mineral Per- ISizecent inch.r )cent: inch.i )cent (inohei )cent inch.a )cent inches .)en, inhk )ens ic *n ) cent (inobee j cent f inches)

Quartz mononit4.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

Eoblande 6neil

Quartz moneoiti

Noroblande gneiua

do.

1757

1765

1789

1790

1791

1792

1193

1794

1795

1796

1797

1796

1799

1600

1601

1102

1803

a.

.

None.

do.

do.

Crosscutting,

.entioular
brazchiag

LIticula

do,.

Lenticula
branching,

Lenticua

do.

do.

Lenticula,

branching,

Lenticulas

Lenticula,
branching,

Lenticulaa

Lenticula,
branching,

Lenticulaj

Irregular,

do.
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branching.
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do.

do.

do.

do.

do.

do.

do.

do.
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1-2
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1/6-1/4

1/6-1/4

1/2

3/Il

1/2

3/&

1/4

I

2

1/2-3/4

3/4

1/61/4

1/6-1/4
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55
25
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35

140

25

145
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65

55

140

55

6

9

60

145

4o

20

2

2

60

30

5

20

20

25

20

20

20

25

25

20

20

20

20

30

20

27

20

15

Race,

2

2

<1

trace

<rac

trace

trace

<1

trace

Trace

Nartite.

Magnetite.

do.

Kart Ite.

Marthat.

do.

do.

.e I

Trece.

Trace.

e l

do. trace.

Magnetite
4

trace.

do.

Sirtite.

liotite.
Mrtite.

Trace.
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METHOD OF CALCULATING PGMATIT2 MIflEBAL BESOURCES

The resources of beryl, potassium feldspar, scrap mica, lepidolite,

spodumene, amblygonite, columbite-tantalite, microlite, monazite, and

topaz have been calculated on the basis of al W rut-off points, These

points were necessary to separate those pegmatites containing smal2 qyan-

tities of industrial minerals from those cleposits that have possibilities

of becoming commercial deposits in the future,

Most of the beryl-beearing pegmatites contain only one or two small

crystals of beryl. Beryl-bearing peginatites that contain. less than two

square inches of exposed beryl are listed in table 21. This table gives the

number of beryl crystals observed and their size range for each pegmatite.

Pegmatites with an .exposure of more than two square inches of beryl are

listed in table 22, with the potential beryl resouxrces of each unit.

The perthit e ana muscovit e, which would help pay for mining the beryl,

are calculated in each unit that contains over two square inches of beryl.

Potassium feldspar is found in a large proportion of the pegmatites.

This mineral has a low unit price and, therefore, rmist be mined in large

quantities by inexpensive methods in order to make ea profit. To add to the

cost of mining is the. relatively high transportation costs, A narrow gauge

railroad passes through Parlin but the cost of reloading at Salida to a

standard gauge car makes it cheaper to truck the 58 miles directly to

Salida. The usual method of separat ing the feldspar from the- remainder

of the pegmatite is by hand cobbing. In recent years, however, several

mills have been erected. The closest mill to the Qpartz Creek district is

the mill of the Consolidated Feldspar Company at Parkdale, Colb. A
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separation is made between handle cobbing and milling feldspar with specifi-

cations for each, To be able to hand cob feldspar, the pegmatite must be

sufficiently large to give sample tonnages, have crystals large enough to

be easily hand cobbed, and be of sufficiently high tenor so as to profitably

handle the rock, Limits on these three items are set low enough to antici-

pat e a considerable& improvement in rnining: cheaper transportation, and a rise

in the unit valued The resources of both hand cobbing and milling potash

feldspar are given in table 22. The requirements for hand cobbing potash

f el dspar pegmat it es ar e as f ollows i a maximum width of the pegmat it e unit

in excess of 40 feet and a minimum length of from 200 to 300 feet depending

on the width; an average grain size of the potassium feldspar in excess of

12 inches; and the tenor of the rock to exceed 25 percent potassium feldspara

All pegmatites falling under this category also have beryl reserves in the

Qpartz Creek district,

In milling practice. rain size is of little importance~ and the fel&-

spar resources of the graphic granit e pegmatites are all calculated under

this classification, By far the greater feldspar resources in the Qpiartz

Creek district fall under this heading as graphic granite pegmatites AM'

the more common throughout the area Potash feldspar-bearing pegmatites

must meet the f ollowing requirement s t o be considered as milling pegma-

titest a maxiun width of 40 feet and a length of at least 300 feet, and

have a tenor in excess of 15 percent potassium felctspars

NTo sheet mica- is found in this district and there are only three peg-*

matite units which have scrap mica in excess .of 15 percent., These all con-

tain beryle Scrap mica reserves are figured, therefore, as byproducts of

03IILUSE0ONY



O7IIAL uSE ONsLY

277

beryksbearing pegmatites.

The Qparthreek distd'Ict is noted for its rarer minerals. Manyr of

these occ'ux in small pods or as one or two crystals. 3ecause of the

interest these pegmatites have caused in.the past, all pegmatites which

contain lepidolite, spodiene, amblygonite, microlite~ columbite-

tantalit e, ronazit e, or topaz are included~ in table 22,,

R2s0t,2o2s

A section on reserves in Part I dives the district Wide totals of

the various economic minerals. Table 22 in Part II gives the reserves

broken down to the various properties. Though the reserves of some

properties can be published in Part I, the failure to get permission to

publish on all properties does not permit a complet e listing of proper-

ties that is given here Some pegmatites have only one mineral of eco-m

nomic interest, such as feldspara but many have several minerals, XRe-

serves are calculated for various units on 131 pegmatites. -Only 53 of the

total pegnietites on which reserves were calculated were of one unit, 35

of these were feldspar-rich.
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Table 21. --ery1-b ear ing peginatites with .less 'than
.posed ber'yl

two square inches' of ex.

Pegmatite INO. of ISize range jj Pegmati1te N1o. of Size range
No crystals in. inches |Jj No. j crstl in inches

21
22
24
55
68
78
80
8].
84
86
88
102
105
106
112
114
116
117
121
125
126
128
129
130
131
132
133
134
135
137
139
:143
147
148
150
162
163
172
173
174
184*
.186

4

1
1
1
1
2
2
2
1
2
2
.1
2
4
2

13
2
2
3
5
1
1
2
1
3.
2
2
2
2
1
4
1
I
3
1
2
8
1
3
$
*1
2
1

1/8 by 1/4
to 3 by 3

1/4
.4

i/2a
1-1/2

1/4 to 2
1/8
1/8
1/8

1/4

1/2
1/8 to 1/4
1/8 t o 1/4

1/8
1/4 t o 3/4
1/8 t o 1/4
1/8 to 1/2

s/s
1/8
1/8
1/8
1/8
1/8
3/4
1/4

1/8
1/4
1/2
3/16

.1/8 t o 1/4
1/8

*1/4
1/8- t o i/4

1/8
1/8 .to 1/4
1/8 to 1/4

1/16

1/8

188
190
196
197
198
201
223
226
230
231
233
237
238
239
240
244
245
259
279
281
283
290
299
300
301
302
305
308
311
316
325
330
336

.338
342
347
348
356
360
.363
364
365
366
367
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2
2
2
5
1
1
1
5
6
3
1
2
3
1
1
4
3

1.5
35

3
1
1
8
8
2
2
3
1
2
1
1
3
1-
2
2
2
1
3
1
4

10
1
6
1

1/8'
1/8

.1/16 to 3/4
1/4
1/+
1/2

-1/ o1.
1/8 to 1/2

3/8

1/4

1/2
1/8 t o 1/4
1/2 t o 1-1/4
1/8 to 1/2
1/8 to 3/8~
1/8 t o 1/4

1-1/2
1/16 t o 1/4

1/4
1/2

1/2. to l
1/16.

3/4

1/8
1/4
1/4
1/16

.i/S to 1/4

1/2

1/8 to 1/4
1/4

1/8 t o 1
1/4
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Table 21.-Bery1-bearing pegmatiteB wit1h less than
posed bery---Co1 inued

two square inches of ex-

Pegrnatite JNo. of 1iz ~age~ e Ite 1No. of
Nocryt~as .. ...in .inches. Jjjoj crystalss

377
378
379
382
384
390
413
416
418
420
425
428
431
433

~436
437
438
439
440
457
463
477
483

589
598
602
643
728
778
905
908
936
985
989
995
998
999

1001
1002

1
9
1
4
1
1
2
4
1
2
3
2
2

2 toc 4
4
1
1
1
.2
2
1
1

21
1
4
1
4
4
1
1
2
1
3
3
9
1

22
2
3
4
1
1
3

1/4

1/16
3/4
1/2 .
1/4

1/4 to 34:
1/4
1/4
3/4
1/2

1/8 t o 1

1
1/2
3/4
1/4

1/4

1/8 t o 1/2
1/4

1/4 t o 11
1-1/2
1/2

1/4 to 3/4
3/16

1
1/4 to 3/4

3/8
1/4 t3/

1/16 to 3/4

1/4
1/8 t o 3/8
1/4 t o 3/8
1/4 t o 1/2
1/4 t o 1

1
1/32 t o 1/8

1005

1005
1006
1009
1010
1011
1012
1014
1015
1016
1027
1028
1031
1032
1033
1034
1036
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1052
1053
1064
1065
1068
1069
1070
1071
1072
1075
1076
1081
1083
1084
1085

OFFICIAL USE 0flY

1
5
1
9
2
6
1
2
2
5
1
2

1

2
1
1

4

23
26
3
2

1
6

. 3

Size range
in inches

1/k
1/16 to 3/4

1/4
1/32 to 1/4
1/4 to 1/2
1/16 to 1/4

1/4

3/4
1/4 t o 1/2

1/8
1/4 t o 3/8

3/8
3/16
3/16

1/16 t o 1/8
3/16

1/16 t o 1/8
3/8
3/8

1/16 t o i/2
1/32 to i/4
'A16 t o 3/8
/8t o 3/16

3/8 to 1/.2
11/16 t o 3/32
i/8 to 1/4

1/8
1/4

3/32 to 3/16
7/8
1-1/4

i/8 to 5/8
3/16 to 5/8
i/16 to 3/4
1/8 t o 1/2
1/16 t o 1/2

3/16
1/16 to 1/2

1/8
11/8 to 3/8
1/8 to 1/4
3/16 t o 3/4



OFFhICIAL USE 03ThY

28O

Table 21.--Bery1-bearing pegmnatiteS with less than two Square inches of ex-
po sed beryl--Continue&

Pejiatite INo. of Size range Pegnatite INo. of~ Size range
INo. cryrstals .in iches .No, crystals in inches

3/16
3/16
1/k

1/k

1/8 t o 1/2
1/8
i/k
3/16
1/16
1

1174k
1179
1189
1192
119k
'201
1202
1258
1322
1560
1575

8
8
1

22
2
1

k
3
5
1
1

1/Lb to 1

1/k t o 1/2
3/k.

i/S t o 1/2
1/32 t o 1/16

1/2
5/i6 t o 1/2
3/k t o 1/2
1/2 t o 3/k

1-.1/2
1

OFFICIAL USE OflY

1086
1088
1091
1092
1093
1094k
1095
1100
1102
1105
1172

1
3
1
1
2
k
2
2
1
1
1



Table 22.--P.giatite mineral resources
(in short tone)

s, e nd shap f depo4t ___ eryl ___ __ eldeper ______ ca ___Other minereals
NUmbermi _n_
cne of peg- Internal Shape average Average Depth Tons Phr- Coupe- Tons Per- Per- Coupe- Tons Pew- Per- Per- Si.. Quality Tons Total Total Per- Mineral oer- Coupe- one
matite structure length thickw- (feet) cent 1111cn omit omit sition cent omit cent of of ehoet tone tone cent cent aition
(NI. xI ) (feet) nsea IPercent cobb- cobb- crude sheet sheet chest and of of cobb-

(feet) NeO) eble ble eheet end end end pinch ecrep mica able

end puincb pinch punch
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _crude ____

23

614

136

205

213
0pportuni ty
No. 1

215
Opportuni tj

No. 1

One unit.

North bran

Vest branch
core.

Lenticula

e do.

do.

One unit. Irregular

Core. Lentioular

Wall cone. do.

S155 9

i65 2 to14

50 l toS3

20

10

27

7

12

1450

35

11

0.6

195

.150

165

entral uni .ILenticu1 1 r250

515 South-
Opportuni ti central

No. 1 unit.

216 Northeaut
Opportuni 13 branch.

No. 1

216 Central ani
Opportuni ti southwest.

No. 1 ern branch.

2145

250
Opportuni tr
lo s. 2A
and 3k

250
Opportuni t3
los. 2A
and 3k

251

266

270

266

Irregular, 90

Lenticula-. 167

do. i06

South half Irregular 1250
wall cone,

Wall sons. Lenticule4 -1310

1brenchlng1

Core pods JLentloul4:. 2148

Core.

do.

do.

do.

do.

do.

do.

do.

120

26

90

20

25

25

25

25

25

25

25

20

20

62 20

2 10

1060

7i60

3560

7500

5170

2580

2770

125

310

35

0.03

:>.002

0.01

0.1

13.1

13.2

13.0

13.3

0.01 13.5

0.005 13.3

11

0.02

0.03

0.02

0.1

13.0

13.1

13.0

13.2

13.1

0.32 |95

0.14 I 30

2.6

7.0

55

6

95 12

90 5.0

60

0.26 75 5

0.114 95 614

1.0 100 30

0.04 50 51

0.06 50

0.035 10

30

I 590

570

6oo

3100

130

1770

1146o

90

100

0

50

50

75

50

100 I 0

60

Solo 0

60

0 20 20

0 150 150 1 0

0 50

0 10

0 5

50 5

60 0

105

Colubite-
tantalite.

Mcnesite.
Coluobit.-
tentalite-.

fonacite.
ioluabi te-
tantalite.

:oiumbi te-
tentalite.

Lepidolite.
Tepee.
Microlite.
loluebi te-
tantalite.
Monad te.

13

13

15

11

1,

12

0.5
Q. 1

16
114

Microlite. 112

luanbi to-
tantali te.

Monaite.

Coluebite-
tantalite.-
Monauite.

Coluebite-
tantali te.

13

11

12

5

35
7.0
0.4

21

Number of crystals observed.___
Pounds.



Table 22 ,-Pegiatite mineral resources -Continued.

(in short tone)

Size end ehan of desit __ eryl ___-__ - eldaper - _ ____ Moe - _ _ __ - Other mineral.

name of peg* Zinternal Shape aversge Averege Depth loam Per- Ocupo- lonis Per- Per- Coupe- lone Per- Per- Per- Si.. Quality lone Total Total Per- Mineral oer- Dompo- done
atits structure length thick- (feet) cent sition omit omit sition omnt emt cent of of sheet tons tone omnt cent ettion
(P1.!!I ) (feet) ne (Percent cobb- cobb-- crude sheet sheet sheet end of of cobb.-

(feet) BeO) able able sheet and and end punch scrap mica able I
I end p*mch punch punch

punch in
Corubite

Core.

do.

doe.

Weet iayer

289

290

290

306
Opportuni ty
Bc. 14

358

359

385

1411

1417

1422
Umi-Kuf

14214
Bazooka

14214
Basooka

1432

1432

14314

1452
Brown Derby
Dike No. 1

452
Brown Derby
Dike No. 1
Perthi to-
quartz-
elbite
pegaati te.

1452
Brown Derby
Dike No. 1

1452 Lepidolits
Brown Derby microlits
Dike No. 1 pod.

Lentioulst. 90

do.

do.

do.

20

214

do. 95

do. 257

79

60

360

. 6

228

20

do.

do.

Irregular

LmiticulL:

do.

Oval.

lenticula|. 660

One unit.

do.

do.

Core.

do.

do.

Wall zone.

Core.

Eengiag
wall layer.

Foot wall
layer.

One unit.

best branok
core.

Banginc

wall layer

Curved
lepidoli te
layer.

r crystals observed.~ounds.

32

20

2 I 10

1-1/21 1-1/2

3

12

114

6

30

2

5

10

20

6

7

0.5

150

60

21410

1820

3920

1920

14950

800

8300

390

785 | I| 40 |76,1450 I

190 2

6

1140 4,630

10 260

0.02 13.2 10.03 I 80 5

.002

0.9

0.2

0.05

0.1

0.1

1

13.1

13.1

13.3

13.2

13.14

13.14

0.05 0

0.06 |50

0.39

3.8

90

60

4.2 130

0.14

76

20

20

35
145

81

12

20

30

100 I 8

lj4

500

1560

1370

860

352

'14060

3160

i149g

30

30.580

'2040

60

S

5

80

80

80

70

90

60

20

10 10 o

0

0

0

0

100 I 0

90

0 10.6 10o.610

0

0

0

0

0

0

200

96
9.8

200

96

0

330 I 330

10

0

0

0

0

10 I 0

7,600 |7,600 I 0

tanteli te.

Konasite.

Colombi to-
tantalite.

.opidclite.
Microlite.

Colombito-

tantelite.
1e,

11

16

1

1

12

Lepidoitte. 2
Nicrolite. 0.01

Lepidolito. 8

do.
Microlite.
Spodimene.
Aaiblygoni te

2
11

12
6

Coluabito- 1.14
tentalite.

Nonauite. 2.2

Lepidolite. 15
Topaz. 1

Lepidolite. 140
Microlite. .03
Topaz. 12

3

396

16

217

6o

do.

do.

do.

do.

do.

do.



Table 22.-Psgmatite amonral resources--Continued.
(in short tons)

Size end ehape of deposit __ 317ryl ___ Jeldeper - __ - ___ moea _ __ ___ -Other sinerals

naeof peg.- Internal Shape dverege Averag. Depth Tons Per- oapo- Tons Per- Per.- oapo.- Tons so.- Per- Per- Si.e Quality Tons Total Totel Per- Mineral oer- Ocupo- Pon.
mati.e structure length thick- (foot) aent sition 3/ cent omnt sition omnt omnt cent of of sheet tons tons cent cent Ciion
(P1. ox) -(foot) nes(Percent cobb- cobb-- erode sheet sheet sheet end of of cobbi-

end punch punch punch
Boo) ale abl shoo end ed endpunch scanao

________ ______ _____ ____ _______ _____ ______ ___ ____________ ___ _______ ______ __________ ______ _____r__1d.

1452 4
Brown Derb
Dike No. 1

Bron/Derba

Dike No. 2

14514
Brown Dorba
Dike No. 3

455
Brown DorbO
Dike No. 14

456
Brown DorbO
Dike No. 5

457
Brown DorbO
Dike No. 6

457
Brown Derb3
Dike No. 6

458
Brown Derbi

Dike No. 7

1459
Brown Derb3
Diks No. N

459
Brown Derb)
Diks ac. 5

146i
Brown Dorby

flik. No.10

462

497
1495

503

505

505

Ilarte-
cleavo-

lendite-
lepidolite.
topan leyo:

Core.

do.

southern

pert.
core.

Core.

Wall zone

Core.

Hanging
well layei

41.11 zone.

Lonticule4- 319

do.

do.

do.

do.

do.

do.

do.

Lenticulia
branching.

Core pod. |Lenticu1e4

One unit.

Core.

One unit.

do.

do.

Maein unit.

do.

Lenticula
branching,

150

108

3142

50

175

120

95

- 700

. 3

- 560

Lenticulad. 140

Irregula,

do.

Lenticulao
branching.

Lenticula,

Irregular.

3,/ Bomber of crystals observed.
2V Pounds.

5 76

300

- 390

.1450

1260

1.5

12

14

20

3

105

140

1140

2140

150

25

25

25

25

10

25

50

50

50

50

50

7,770

5,640

1410

5750

260C

10140

1030

s6,0 *

2.6

54,900

236,000

149,0CC

614,000

90,.900

1,360,000

114

0.3

1.076

.007

.001

.0006

13.2

13.2

13.3

SSods feldspar.

_J Mainly graphic granite.

14.14

0.07

o.s6

0.33

95

100

80

25

53

147

70

80 1 35

67

50 135

35

445

60

319140

32990

114
366o

146oo

720

30.200

3.7

19,*200

~52oo
1421,60.,

2440,900

510.000

90

70

100
80

100

70

80

50

10

20

10

10

30

0

0

0

0

0

2590

0.05

550

1920

56

2590

0.08

550

1920 10

Lepidolite. 10
Topaz. |10

Lepidoite.
Topaz.
Microlite.

Lepidolite.
loluabi to-
tentalite.
4lcroli is,
Tops.

Niorolite.

5
1 1
Il

5

11

' 1

11

Lepidnlite. 3

do.

Lepidollte. 2
Thps. 10

Microlite. 15
Lepidolite. 1

5/ Composition of beryl determined by index of refraction according to a chert by V. T. Scheller (unpublished).

1



Table 22 .--Pegmatite mineral resource

(Cn short tone)

Size and 5hap5 Of dpo5it ___ eryl ______Yldspar ___ ______ ca Other minerals
namer ofpc nenl Sae vrandreeDph Tn q-Cmo osPe- Cu. 

__________
numero ed Itrl hp wrgAvrgDph To P- op- T r-per- Cop- Tone Per- Per- Per- Size Quality Tone Total Toal Per- Mineral oer- Coop.- ons
(P1.ii ) tutr ent c (feet) neent(percen j t cbb iti. cobb crde shont soot o sheet and of tof cobb-nt siio
(ati. strutur (1e ti(fet))nent(siriont cen cntli- o cent- crunt cet ohfe ofee she tonS ton Cen cntsio

(feet) B3o) able able chest end and and punch scrap aloe able

punch in
____________ _________________ ______ ______ ____ ________ ______________ ________________ ___ __________ __________ __________ ______ ______ _________ __r_______

509

512

516

517

5314

535
Brown Derby
No. 5

535
Srovn Derby
No. 5

535
Srovo Derby
No. 5

537
Srovn Derby
io. 14

538

5148

550

557

556

560

56)4
587

590

Nero Minors.
Lode

596
6014

Wte Spar

6014
White Spar

No. 1

Main unit.

Ons unit.

do.

Main unit.

Core.

Irreguar

do.

Lonticular

dn.

do.

. 6oo

780

. 460

300

Wall 3000.1 Irreguilal. 207

Enterediet

Core.

do.

do.

Hanging
rall layer.

o unit.-

Wall none.

Main unit.

Core pod.

Main unit.

a Lonticu1l.r.33

Irregular. 175

Lonticulazi. 52

Irregular.

Lenticula

do.

do.

Lonticuls

~ranching.
.nttcular

Irregular

One unit. I do.

oteediat
sone.

One unit.-

zioeediat
zone.

Pod.

SLontioul

do.

Sdo.

do.

I/ Number of crystals observed.
2/ Pounds.
J/Soda spar.

128

r.125

312

1110

r-0
14

4

.714

. 6cc

720

Ir.155

520

90

7

6o

85

l46

145

13

50

50

50

50

25

20

13 20

10 25

35 25

7 25

20

70

75

20

135

141

50

3.3

50

50

15

50

50

3

50

25

1

158,000

2146,0oo0

77.000

56,ooo

6200

750

4,000

1125

4360

1900

313.000

707,000

2120

3714.000

352,000

145o

113.000

1300

I

11

.01

0.1

.003

0.31

0.95

.016

13.3

13.05

0.1451 13.14

0.1

0.01

o.62

0.75

0.12

3.14

142

0.30

9.5

1.5

0.13

30

80

30

39

35

25

10

100 39

65 66

75 32

95 50

65

20

20

55

20

20

50

140

15
r50

147.000

496,.000

427,000

114.000

620

1560

7145

11400

950

62,600

1141,1400

1110

714,800

70,1400

725

145,200

1914
650

SO

5

10

15

10

95

SO

60

30

0

0

100

0

0

100

50

5
50

0

0

0

-0

0

0

0

0

0

0

0

0

0

_4/ Mainly graphic granite.___ _

3/ Composition of boryl deteruinaad by index of refraction according to a chart by V. ?. Schallar (unpublished).

2500

770

7.5

145

2500

770

7.5

140

145

0

20

10

131 131 0

38 380|

3130

7070

37140

3520

1465

1130

3130 0

7070 0

37140

3520

1465

0

0

SO

1130 0

Cepidoli te.4Trec4.

Lsptdclito.
Tope:.

Microlite.
Columbi to-

tantalits.

Lopi dolt t.
Columbuse-
tantalite.

5

113

11

rrc<

Monazi to. I1

Columbite- .00l
taniali to.

Topec.
Lopidolt t.
Colbt-
tantali is.

Microlite.

Lepidoliis.
Mierolite.

.003
5

.000:

Trac4

90
0.1

37

29

275

2657.4



Table 22,--Pegoatiie mineral resources -- Continued.
(in short tone)

_____ize end ap of depsit 3eryl ___ Fldspar _____ Moea __Other minerals

naae of peg- Internal Shape wverege Averege Depth lone Per- Compo- lone Per- Per- Coapo- Ions oer- Per- Per- . Slu* Quality Tone Total lotel Per- Minerel oer- Oompo- e

matite etricture length thick- (toot) cent sition omit omit sition omit omnt cent of of sheet tone tons cent cent sition

and pinch punch pinchI

I I pinch in

623

636
White Spar
10. 2

636
White Spar
10. 2

637

637

659
Buckhoro

659
1Bcckhorm

699
3nokhorm

661

671

73

783

790

826

827

828

837
8147

flack
Wonder

8147
Black
Wonder

One unit. |Lenticularl. 100 I 3

Fracture
filling.

baall.

Wall sane 4 rregnlsr 4 130

Core.

do.

Fracture
filling.

anteruodiat
Sone.

Core.
Duckhorn
claim.

'Core pods.
ridge.

Main gnit.

One unit.

Wll cone.

Core pod.

One unit.

Wall o.

One unit.

do.

do.

Wll cone.

Lenticclas. 235

rregular 1147

Lenticulas. 55

Sdo. 1145

do. | 145

[rreguilar.--

[rrogular.

Lenti nlad

Erregulor.

Lentiouler

do.

do.

do.

do.

Irregular

do.

690

.350

2300

. 8

6140

214

30

214

360

13,600

linteediatjo Lenticular. 30

14

14

224

145

6

1.5

50

70

2

55

114

14

10

720

15 73

25 2360

25 9820

1.5 600

5.5 2200

15 23,960

10

50

25

50

10

25

50

350

25

13

738,800

36,500'

1,380.000

114

55,200

2514,000

5143,.400.00

980

0.6

12

11

114

0.7

.002

8.5

1.2

0.2

./lf umber of crystals observed. - __ / Mainly graphic grate.
~J Soda spar.

13.14

0.44 I 35

15.14

0.50

1.1

0.17

2.0

25

23

lao

145
10

2050o

98

70

85

100

91

142

19

50

35

601|5

180

29

314400
980

300

2000

12,700

5.5

h11o.4oo

419,Too

690.000

9.1

435,900

25

30

30

0
0

o a

100 0

100 0

100 0

95
0

0

0

100

0

4165,ooo~ 0

'225,200, .e400

0

0

0

0

49I 5010|

0

0

0

0

0

0

0

0

7.2 7.2 I 0

2140 240

22

2140

1.3

71400

365

22

2140

1.3

71400

365

0.6 0.6

95

0

0

0

0

0

0

a I 49 149 140

Lepidolite. 2

do. 2

do.

Lepidoitte.
Coluabite-
tantalite.

Lepidolite.
Microlite.

Columbi to-
tantali to.

Monasite.

Nonaite.

do.

do.

110

Track

11

Trac
.01

114

13

race

raco

Trsce

4.

L14.14

380

6o5

607

Core. Kenticulas. 10



Table 22 .-- Pegnatiti mineral risouroei -- Continued.
(in abort toni)

Size end ihape f.Aeposit 3.17ry __ Puldaper _____ oa other ndiras
ubor end [ _ _ _ _

nam, of peg- Internal Chapo avirago Avegi Depth Tone Per- oup.- T!n Por- Per- oup.- Tons for- Por- Per- Ii.. Quality Ton. Totel !otil Per- )(inoril oer- Camp.l- fon.
matito Etruntoro length thick.. (foot) oont sition omnt omnt liton omit omnt oont of of sheet toni tons oent mint liton

(feet) 3.0) able Lbl. sheet end and and punch sorap uioa able
I end punh punoh punohI1. 4 n1- _ _

[nteruedtatre Lenticular. 1584&7
Niack

Wonder

852

555

a60

963

991

1002

1035

1036

10149

1o64

1068

1140

1142

1150

1182

1193

1234

12140

1248

1256

1269

1316

1322

1323

1332

Ons unit.

do.

40.

'anglng'
vail layer

loot vall
layer.

Core.

One unit.

do.

do.

do.

Core.

One uni t.

do.

Cors.

do.

do.

Wall soni.h

One unit. I

Vail 3000.

One unit.

do.

do.

Wrall lone.

Core.

One unit.

52

213,.000

472,.000

115,p400

153.000

266,.000

1.2

-109

10

3.1450.000

37,1400

24o,00

108,50

4,26o,0ooo

196

252,.00
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Table 2--Pegrmatit. mineral resources
(in short tons)

iSC mnd shape2 of dp9Uit Reryl ___ eldsep.r ___ _____ O Other minerals
1uber and -_ _

name of pet- Internal Shape average Averege Depth !one Per- 
0
ompo- Tone Per- Psi- Coup.- Tone or- Per- Per- Si.. Quality Tone TotalI Total Per- Mineral Per- Coup.- 'one

inatite etructure 1eogth thick- (feet) neat sition omnt omnt sition cent cent cent of of sheet tone ton, cent cent sition
(fl. II) (feet) noe (peroent cobb-- cobb- crude sheet sheet sheet and of of cobb-

(feet) seg) able able sheet and end and pooch scrap mica able

___ ___ __I__ __ ___ _ _ _ _ _ _ ___chd _ _ _c _ _punI __ _ h_

ianging
wall layer.

Poot vail
Layer.

One unit.

Wall zone.

One unit.

Wall zone.

Cotermediat

zone.

tell mone.

do.

do.

One unit.

do.

do.

d. -

fell acne.

do.

d..

do.

do.

Core,.

rio.

One unit.

iraphic
granito.

.nteroediat

cone.

inacovi te-
feldspar
qoArtz-ber
loteruedia

cone.

Lentioulaoj. 580

do.

Irregular.

do.

do.

do.

850

3114

3.145o

535
61414

Lenti curar .9k.i.

1 3 41

13147

1355

1357

1402
Trio No. 1

1402
To-ic So. 1

1426

1428

1429

1470

1509

1517

1518

1523

15314
The Trio

15140

15141

15414

1557

1558

1566

Pocky

15714
Pocky

Oval.

'1

330

-1150

385

1140

1,000

.. 362

600

2, 500

500

1,020

368

. 214

144

3814

1, 350

100

20

145

38

60

5

115

76

12

20

760

190

260
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6

1.5

75
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90

50

25

90

50
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20

50

50

50

50

50

50
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50

50

50
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52.700

168,700

39.000

r.826,.0

155000

290.000

860 10.91 I 13.2

135.500

262,000

109,000

763,000

1,226,000

379,*000

2,287,000

289,*100

1,217,000

2142,000

131.300

16,870,0oo

1,770 8.9 12.9

7.8 I 95

158 I 100 |26

433,700

11,.700

42,739,.0

4'46, 200

972,500

258
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47O ,000
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58,00

4
6s6,oco
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5

0
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0
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5

0

0
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0
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4l3,50., i0
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Table 22,--Pegiatit. mineral reacurcee -- Continued.
(in short tone)

Sia* an4 shp f eoi 3eryl ___-__- eldpr _ ____ momn Other mineral
Thnbwr an4
name of peg- Internal Ihape average Averege Depth !one Per- Compo- !ose Per- Per- Compo- Tons Per-- Per- Per- lime Quality Tone Total Total Per- Mineral Per- Ocapo- one
(P1. ) (feet) nece (Percent cobb- cobb- cru40 sheet sheet sheet end of of cobb--

(feet) BeO) able able sheet and an4 en4 lsunch scrap mica able
I ~an4 punch punch punch

I j ~ pinch in 1
Perthite
Intermedia

acne.

One unit.

40.

40.

rall cone.

One unit.
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Wall Zone.

One unit.

40.

4o.
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d0.
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40.
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Eentioular
branching

I rreguler

40.

40.

90

.2450

2450

1110

2410

651

173

- 255

.732

2426

1820

50

70

a2

400
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110

170

89

55
105

350

17
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5200
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86,300

869,600
646.700
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426,900

198,100

179,500

2,767,000
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466,300

.64700

513.000

4355,700

90,300

k25.00

41O9,.000

98,*700

1,.522,OC

100

0

5

0

0

0

S

0 0 8700 1 8700 10o

::::::lte. rac

15724

15824

1585

1589

1610

1617

1619

1627

1630

1657

1667

1800

V uMaber of crystals observed.
/J Mainly ueaphic granite.
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