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PEGMA.TITES OF TEll CRYSTAL MOUNTAIN DISTRICT, 

LARIMER OOtm'l'Y, COLORADO 

l3y 

William R • . Thurston 

The Front Range of Oolarado is composed chiefly of schist's of the 

pre-Cambrian Idaho Springs formation which have been intruded by a varie­

ty of granitic ~atholiths. In the Crystil Mountain district the Mount 

O~ympus granite, a satellite of the Lo:ngsPeak batholith, forms sills and 

essentially concordant multiple intrusions. in quartz-mica schist that 

dips southward at moderate. to steep angles. A grea~ number of pegmatites 

accompani~d and followed the intrusion of the sills, and formed concordan.t 

and diseorW:mt . bodies in schist and granite •. 

Over 1,:300 pegma.ti tes in the Hyatt are~ north of the :Big Thompson 

River are mapped and individually described. There ar~ 27 p~tites 

in the area that are made u:p of a wall zone and a core• and one., the 

pegma.ti te at the !cy'att mine, is composed of five zones. The largest peg­

mati tes in the area are discordant in schist and occupy zones that .. are 

interpreted to be tear :f'au.lts and tension fractures prod1:1eed by the suc­

ces.sive int:r:"tlsions of granite that formed multiple sills. The . majority 

(!)f pegmatites in t~e large multipl·e sills were emplaced along the folia­

tion and fractures. 

The composition of 96 percent . of the pegmatites is granitie, .).5 

percent are _ ~z-rich pegma.tites, and a few are tourmaline-rich. The 

pegmatites were intruded over a period of time and probably were derived 

from a granitic :magma at different stages duriiJ€ differentiation. .Solu-
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tions e~oaping __ :t:r.om mBJ.'lY _/6£' the pegmatites taurmalinized an.d silici-
~ ·',... ' 

-f'ied the wall rocks fof a ·few inches to two feet, but chemical a.nd sp~ctr'o­

graphi~ analy~es J"ail to sJ:ww the tl"ansport of any other constituents. 

Perth~te, plagioc~ase, and quartz are the essential miner~s of the . 

pe~tites, ~d nm.selovite ' is a minor but widespread. constituen~. !o~ 

line, garnet, beryl, a.n.d. apat'ite are CQmmon aeoess~ry minerals, and. 

li thiophillite-trip~li te, bismu.thini te, 'Ul"all.inite, colu.mbi te-ta.ntalite, 

and . chrysoberyl are rare constituents~ :Beryl is feund in :350 or 27 p~-

cent of_ the pegmatites and makes up 0.01 percent or more of 77 bodies. 
\ . ('~ 

The be;yl-bearing pegma.tites a.re rieheSct.-'. ih two of the three large granite 

masses, and are somewhat less rich at a distance of more than a thousand 

feet from the margins of the intrusives, but contain the leas~ beryl 1i 

the thousand-foot belt iin.media.tely surro1mding the intrusives. ~e ~att 
I 

pegmatite is by far the richest deposit of beryl in the area mapped. 

Most of the pegmatites mapped are ttunzoned" or homogeneous pegmatites. 

All gradations are visible between bodies consisting of uniform texture 

and ~ineral distribution ~o zoned pegmatites. .The interpretation is made 

that, for mo·st p~tites, the initial composition determines whether or 

not zones will _form.. Pegmatites containing~ zones can form . from a 

magma. ?omposed of the elements in perthite, plagioclase, qtl.8.1"tz, and mas-.. 

covite, depend;ng on the proportions of the components crystallizing at 

any given time. The complexly zoned deposits depend for their formati~n 

on the presence of a number of the rarer elements, principally lithium. 

Replacement textures in zones result from the . interaction of the rest.-

li<[llid with the earlier-fo:rmed solid crystals. No mappable pegma.ti te in 

the Orystal Mountain district formed from the rep~acement of pre-existing 

pegmatite by solutions escaping f~om the re~t-liqu.id, or by solutions 

, o,rigina.ting out side the pegmat ite. 
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Tb,ree _beryl-bea;-i~ zoned pegma.tites, the Hyatt, ~ig :Boulder, and 

:Bu~rn Mica deposits, were e;plo~ed by core drilling. Each depo~it is 

mapped and described in detail, an~ the mineral rese~es evaluate~. .The 

exploration indicates a total of 2,.ooo tons of . beryl, of which 480 . tons 

is estimated to be recoverable by hand sorting. The mapping of the 3 3/4-

squ.a.re mile Hyatt area indicates beryl in s1;1fficient abund&n.ce to infer 

beryl resources of a.n additional 1,150 tons. 

-Small tollil.a&eS of scrap mi~a and perthite may be obtained from the 

Jr;vatt and :Big :Boulder prospects, and. columbite-ta.ntaJ.ite ~ oocru.r in suf­

ficient amounts at the :Buckhorn Mica mine and Tantalum claim to produc:e 

severai hundred pO'U.lld.s as a byproduct ) o~ beryl mining. Dumps at the various 

deposits .contain 25 to .56 tons o:f' beryl • 

. INTRODUCTION 

In mid-1942 the wartime demand f~r tantalu, mica, and beryl cau~eci 

the U • s. GeE> logical ~urvey to Ulldertake a greatly a;pa.n.ded program of p8g1-

ma.tite investigations, and in the next two and a ha.lt yeuili--~~~ done 

in most of the. important pegmat~te mining districts of the country. These 

studies ~ntailed approx~mately 68 . ma.n.-y~s o.f work by :39 geologists 

(Oam.e:ron. Jahns, McNair, and Page, 1949). The wartime investigations . were 

:f'ocuse<J_ on deposits containing minerals of strategic importance; limitations 

on time and manpower precluded examination of deposits not known to . contain 

strategic minerals or to stuey in detail the regional relationships. 

·From 1946 t-o 19.50, regional studies were made of the ge<:>logy and beryl 

resources of ten pegma.ti te districts. (S8e fig •. 1:) The work included the 

preparation of detailed geologic map.s of the districts, large-scale maps of 

ind.i vidual pegm.ati tes of unusual interest, sampling and diamond-drill ex-

ploration of selected deposits, a.n.d mineralogic studies. More emphasis was 
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placed on . regional investigations which included stuey of the country rock, 

structure, and $eonomically ~important pegmatites and their relation te 

deposits of ec?nomic. interest. The stuttr ·Of the Crystal Mountain district, 

Larimer County, Colo., is but one phase of this post-World War II pegmatite 
. -,j . 

program, in part carried out by the Geological S'tU"Vey on 'f?ehalf of the 

Division of Raw Materials of the Atomic Energv Commission. 

De script ion of the area 

The O:rystal Mo'Wl.ta.in ~strict is an unincorporated mining district 

without precise boundaries. In this report the name refers te au ltrea 

nort~ of . the :Big Thomp~on River and south of :Btlckhorn Oreek in Tps. 6 and 

7 ·x., Rs. :71 ~d 72 w., sixth prin~ipal meridian. The district is in the 

Front Bange of t~e Rooley' Mountains, approximately 16 miles west of Loveland. 

a.nd Fort Collins, laa.r~er Ooun.ty, Colo. The northern part of the district,. 

near Crystal MOuntain, is reached by way of unimproved ranch roads that 

branch southward from the :Buckhorn . Ore~ road at a bri~e 21 miles west. 

of the town of Masonville .• (See fig. 2~ ~ The Hyatt pegmatite area is reached 

by a pri v~te road which b·ra.nches northward from the Glen Haven road at a 

bri age .500 yards west of the town of Drake .• (See fig. 2 ~ J The ranch raads 

and the. :Buckhorn Oreek road may be closed for several weeks during severe 

winters. ,The read in the steep-Wl:tlled parts of Buckhorn Oreek is washed 

out occasionally by spring floods• 

·The topographic sheets which cover the district are the Livermore 

quadrangle :fo;o the northern part and the Mount Olympus quadrangle for the 

s~u.~~ern part• The low~st altitudes in the Crystal Mountain di~trict _ ~~ -

6 ,.500 on :Buckhorn Creek, which_ bounds the district to the no~th, and 6,100 

feet on the :Big Thompson River. which bounds it to the south. Rugged valley 

walls rise steeply f:rom these streams for about 1, 000 feet to a. maturely 
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dis~ec1;ed. 1-c;lll:i.~ .. upl~d •. The highest points on the upland surface are 

Lookout Mtn. (10,6.33 feet), Crystal Mtn. (9,952 feet). and Storm Mtn. . ' . ' . ' ~ .•. - . . ' . . • . 

-(9,91.5 feet), Most af . this area is thickly forested with conifers, prin• 

eipall~ lodgepole p~ne,. but with. some ponderosa pine, blue an~ Engel~ 

spnce, Do~las fir, and various junipers. ~ottonwood, aspen, bo:x:cel<i~-, 

and chokecherry are fou:nd along the smaller intermittent streams. There 

are III8.'nY small meadows bordered by- aspen groves around Crystal Mo~tain; 

the Hyatt ranch occupies much af a large meadow called Oedar Park. 

The :Qrinc~pal - economio activities in the area are lumberi~ and 

SuiurJ.~r grazing. The Dickerson family at a ranch in Bcx Prairie, and the 

Byatt family at a ranch in Cedar Park were the. only p~~ent residents 

d:u.ring the time the field work was in. progress • 

. History of mining 

Mining has never been an important activity in the region, though 

the area has been prospected :f'or variou.~ commodities since frontier datrs. 

Gold mining and millill€ n~a.r Masonville, copper mining just east of the 

Crystal_ Mountain district, and various attempts to mine pegmatite minerals 

have been marginal to submarginal ventures. Scattered throughout the area. 

a.re caved and weed-covered pits and trenches of u:nknown date. 

Th~ earliest recorded pegmatite mining was at the Buckhorn Mica mine 

in 1884. It is reported that some time prior to 1900 the Crystal Silica 

depo_sit was . opened. In 1913 the dist·rict was visited bw Sterrett (1923. 

PP• .59.-61) who descri"bed the Buckhorn Mica mine and tta.nother mica pros­

pect (which) was opened by Parkson and .Kitchen about a quarter of a mile 

west o:f the Buckhorn mine~i; the unnamed deposit IrJ807 be the one known now 

as the Double Ope~ing prospect. A claim to the Double Opening prospect 

was filed in 1934. The Big BGuld.er prospect and the B'ya.irb pegmatite were 
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opeJ?.~d. in ~936.. About a dozen other pegmatite deposits have been pros­

pected, b'll.t ~itt~e or no . d.evelopme~t work bas been done; four o:r· them have 

been descr~bed by Hanley, Heinrich, and Page (1950) • -Since completion of 

the wartime studies in 1945 the only production has come from the . Hyatt 

pegmatite in 1948 • . The production record., insofar as it is known, is 

compiled in table 1. 

Previous work 

The geology of the Front Ran.ge area of Colorado has been studied· be-

cause of its many metallic . ore deposits and their relatian to regional 

·structure and stratigraphy. Burbank and Lovering (1933, pp • . 272-311) ·sum-
'·-

t' '. 
1(' 

marize the general geology of Colorado and part o:( Wyoming, and list the 
• · ' I < ' 

principal reference.s. ·In an ea.rlie~ paper Lovering (1929) describes the 

geologic hi_story of the Front Ra.nge~ Pegmatite . deposits are not considered; 

nor are there. map~ or descriptions which give the relations in the Crystal 

Mountain district • . The reports on the Georget.own quadrangle by :Ball (1908) 

and the Mont·ezuma . ~dra..D81~ by :Loverin.g (1935) I contain abundant informa­

tion on the schistt granite, and pegmatites of those areas _ that are helpful 

in stud;ring similar rocks in tJ:le Crystal Mountain district • The descri~ 

ti~ns are _detail~ci and p~eeise, and comparisons can be . made though the 

areas are .56 miles apart. 

A generaJ. map by Lovering (193.5, pl • .5) shows the relationships in 

the area south of the Crystal Mountain district but ends at the southern 

boundary of the district. ·The features. of the pre-Cambrian struettll"e along 

the :Big Thompson River described by Fuller (~924) and the observations on 

~ the granites of the Longs Peak-St. Vrain batholith by :Boos and. :Boos (1934) 

are too generalized. to be . applicable to the detailed studies made in the 

Crystal Mountain district. 
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!able 1.-Jegma.tite minerals produed in Crystal Mountain 
district, Coleraclo 

Property and location 

Hyatt mine, ·n;w.f sec. 28, 
T. 6 N., R. 71 W. 

:Buc;llcllorn: Mi cS. mine, 
S,Wt sec. 29, T. 7 N., 
R. 7l W. 

' . 

:Big BoUl~er·· -prospeet ~ 
SEf sec. )6, T. 7 N., 
:a. 72 w. 

Crystal ~ilica ciSims, 
sec. 26, T. 7 N.~ 
R. 72 W. 

:Be:eyi. No~ .5 · progpeet, 
sec. 2.5, T. 7 N., 
R. 72 W. 

Tetal recorded production: 

Commoditf and date produced 

:Beryl: 1936•1942, 1,.5QO pounds. 

.Do. 1943, 34 tons~ 

no. 1948, 14 tons. 

Potash sparr 1948, 400 to1;1s. 

Scrap mica: 1948, 30 tons. 

Scrap mica: 1884,-1942, 180 tons. 

Sheet mica: 1884-1942, "a few hundred 
potll'l~s•. 

:Be:ryl& 18B4-l9ll4, 2 or 3 tons. 

:Do. 1944-19.50, 1 ton 

:Beryl; 1936, 10 • .5 t0ns. 

Do. 1941, 600 pounds. 

Bismuth minerals: prio;- to 1900, no data. 

Fusing quartz: no data. 

:Beryl: 1942-1944, 1 • .5 tons. 

:Beeyl: 62.8 tons 

Potash s:pa.:rr 400 tons 

Scrap mica 210 tons 
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The first description of pegmatites in the Crystal Mountain district 

was made in 191:3 by Sterrett (192:3) in the course of an appraisal o:f mica, 

d~posits of the t;r:ni 'fied States. :Between September 21 and October _10, 1942, 

L. R. Page and J. 13. Hanley mapped in detail ~orne 20-odd. beryl-beari11g 

pegma.tites at nine properties in the district, includine; two described 

previously by Sterrett. Continued studies . at the Hyatt pegmatite resulted 

in revision and · remapping in ;943 and 1944. The results of . this wor~ 

have been described by Hanley, Heinrich, and Page (1950. PP• 86-103). 

Field work and acknowledgments 

The field and laboratcn:-y work on which this ;-aport is based started 

in Augu.st 1947 e.ui was completed in December 19.50. From August to N'ovem.- · 

ber 1947 the previously described deposits in the Crystal Mountain dis- . 

trict were . r~examined and :five prospects were remapped with the ass:fst-

:8.-n'Oe. of A. J. La.n.g. As a result of this re-examination three beryl-rich 

pegz.natites, the Hyatt, B~g Bould.er, and l3u.ckhorn Mica deposits, were 

selected for explora~ion, and preparations were made during the winter 

for diamond d.rill~ng. ~e three deposits were core drilled between J~y 

lt$ and . J:ro~~er 7, 1948, by the Fi:J.lmore Erilling Comp~ . of ])eadwood, . 

$~ Dak., :f'or the GeologicaJ. Survey. For seven weeks A. E~ Grass and E. V. 

Dedman were samplers under the supervision of . W • . I. Finch. For the re­

maining nine weeks the samp~ing w~ done by R. E. Roadifer and the writer. 

· ll)uring July and. August 1948, H. D. Wright mapped in the vicinity of the 

Hyatt pegmatite. and Wright and Finch mapped and studied 4.5 pegma.tites in 

the meadow north of the Hyatt ranch • 

. . While core drilling was in progress, a.n area of one-quarter of a 

squ.al:"e mile B1l:rround.ing the :Big :Boulder deposit was mapped, and one~ 

eighth of a square mile in the vicinity of the :Buckhorn Mica mine was 
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mapped~ For two weeks the writer was assisted by e. s. Robinson. 
,. ., . ... . ~ ' ' 

From 

Oato~er 4 ~a Noyemb~r 5, 1948, w. R, Griffitts was associated with the 

p;o~j~~~ ~d :mapped in- the vicinity of _ the Big :Boulder and :Buckhorn Mica 

deposits. In the winter of 1948-1949, 2.5.5 samples of drill col."e were 

prepared for analysis; the core data were studied and compiled. . ~n 1949 

the Hyatt. area was mapped on aerial phot<;>graphs at a. seale of' 1:-6.ooo: 

a. total of' 12 man-months were spent by E. liL. Hinrichs and the ¥Titer in 

mapping over thirteen hundred pegma.ti tes in 3 'J/4 .square miles. 

The topogra~hie maps of the district were of' _ to()) small a seale for 

detailed mapping • so aerial photographs were used. The geology was plot­

ted in the field directly on . u. s. F0res.~: Service photographs . enla:rge<l to 

a scale of' approximately _1:6,ooo. The topographic relief' in the eyatt 

area is sufficient . te J?'equire a contoured base map for the representation 

of t~e geology (pl. 1). T'he base was prepared from photographs of the 

ar.ea. using the Mahan Stereoscopic plGtter. _} ~ The work wa.s done by John 

·_;Instrument -and procedure described in: Topogra.phie Instructions: 
U. s. Geol. Surve-y, Chapter 3 0 12 (in preparation). -

W, - ~Yti.k of ~he Tepegraphio Division of the Geological Survezr and the 

~;t;er. __ Ve7;~~c~:I. control for orientation and .contouri:ng was obtained from 

a six-man altimeter survey between benchmarks. The writer is grateful to 
' ~ o • o o· ' ~ I ' C 

J. W. Adams, J. R. St~oy, A. F·. 'i'rites, Jr., and D. J • Varnes for their hell> 

in lll8king this survey. 

Planimetric maps were made directly from the :photograpJ:l in the small 

areas of low relie:f ar~und the Big :Boulder prospect (pl. 2) • and the Buck­

horn._ M~ca mine (pl. :3). Distortion in the photograph has not been cor­

rected, but . it is probably not great. 

Over 500 determinations were made of t he indices of refraction of 
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plagioclase and beryl from the pegmatite~, s~udies ltere made of other 
; , • I 

minerals, . an~. 55 thi:p. sections were examined. 

The writer is grateful to those who worke~ with him in the field 

and to his co-workers in the Geological Survey~ particularly to those 

working on pegmatites for helpful discussions of our common problems. 

Special thanks are due the members of the Hyatt and Dickerson fam.il~es 

f~r _ ~heir courtesies and hospitaJ.ity while working near their homes. 

Those who visited. the writer in the field, bringing fre~h ou~looks . and. 

asking e~ba~raf?sing tii:les~ions,. particularly 0~ H. :Behre, Jr., J • . F. 

Schairer, N. L. :Bowen, o. F • . Tuttle,. and M. L• Xei.th,contributed, per­

haps ~ore than they r~lized, by broadening the writer's . in~erest in loeal. 

and regional,preblems. The writer also is indebt·ed to L. R. Page for help 

and guidance. 

GEOLOGY 

The Crystal Mountain district is such a small part of the Front ~ge 

that studies wit~n the district give little direct information on the 

regio~l setting. T0 understand the geologie details and discuss the prob- . 
~ . !. 

lems within the . district, the broader relations must be considered. Ex-

aelle;nt S'lliillilB.1"ies of the geology and history of the Front . Range have b~en 

written by Loyering (19?9) and Burbank and Lovering (1933, PP• 272-316, 

especially P:P• 272-285). A. aondensation o:f' pre-Cambrian geologic history 

is taken from these sources. 

St:unmary of the geologic hist ory of the Front Range 

The F~~nt Range is a motm.tainous uplift 30 to 35 miles wide and 175 

miles long, composed of pre-Cambri~ met amorphic and j gneous rocks~·cut 

locally b:r Tertiary intrusive rocks. Paleozoic and younger sedimentary 
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formation~ _ ~e up~urned along the flanks . of the range. The metamorphic 

ro-~ks c~mp~i se __ a ~hick series of sahi st s • gneisses • and greenstones; they 

w~re derived_ by_ ay~;c a.ng. contact metamorphism fr(l)m dom~na.ntly ar~illace­

ous and sandy sediments with i ·nterea.lations of lim;y and pebbly beds, anci 

probably some eruptive roCks. The schists grade from fine-grained qwartz _ 

schist on t~e east through mica,-quartz schist t0 biotite-sillimanite se~st 

(l)n the west. Lime silicate rocks and hornblende-rich rocks are minor com-

ponents of' the schists• J3all {!L90S, P• 37) gives the name Idaho Sp~ings 

formation to the succession of metamorphic rocks in the Georgetown qaad-
, ' 

ra.ngle, Colo• The name has been . extended by common usage to include mt1ch 

of the schist of the Front Range, though the . e,ontinuity of the formation 

~rom place to place has not been established. The metamorphic roeks along 

the Bi~ Thompson River have been called the Big Thomps·on sc~st by FuJ.ler 

( 1924), and in the Coal Creek: area have been divided into the Coal Creek 

quar'l?~iye _ ~~ the Balstan schist by Adler (1930). The various units of the 

schist !JXPOSed along the :Big Thompson IU. ver seem to be conf.Grmable. 

The schists and gn~isses of th~ ·Idaho Spring,s formation are cut by 

quartz manzonite gneiss, pegm.atites, and hornblende-qua~tz diorite; these 

are the oldest intru.sives recogni·zed in the Front Range. The schists and 

quartz monzonite gneiss _ are intrude~ by a series of granite batholiths and 

their. ~atellitic stocks, pegm.a,tites, and hornblende-quartz diorite or gabbro 

be dies. The Archean quartz-monzonite of the Georgetown quadrangle i~ prob-

ably ef the same age as the Boulder Creek granite gneiss to the east. The 

Pikes Peak granite of the central part of the Frent Range in Colorado and 

the Sherman granite in the northern part of the Front Range in southern 

~ · Wyom~:ng . are approximately' C?antempora.neous according tc Boos and l3oos (1934, 

P• 307). The Silver Pl~e, Ori:pple Creek, and LGngs Peak granites are 

petrographically ~imilar; are younger than the Pikes Peak and Sherman 
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granites, and are probab~ contemporaneous~ ~e Mount Olympus granite 

has been de.sigllll.ted by Boos and Boos (1934, p., 311, and pp. 323•324) as a 

satellitia £'aedes of the Longs Peak: batholith. ~ granite intrusives are 

so rela.te_d ~tru.ctu.rally and pe~rographically that, despite certain marked 

differences, Lovering (1929, P• 64) believes they belo~ to _one great 

period of bath~lithic invasion. Maps by Lovering (1935, pl. S) and Boos 

an~ :Boos (~934, fig. 1) show the distribution of the main masses of the 

intrusives. 

Van Hise and Leith (1909, P• 827) date the schists and gneisses as 

Archean, because their structural and lithologie complexity is similar to 
' •' ~ 

the "basal complex" of many oth~r regions, and date the later quartzites 

and quartz schists as Algonkian. A tentative correlation of the Fro~t Range 

rock units with the Lake Superior section was made by Lovering (1929, p. 74) 

on the basis of similarities . in history: the Idaho Springs formation may. 

be Lower and Middle Huronian, the Pikes Peak granite ~ be early Algoman, 
' . 

and the Silver Plume an~ associated granites may be late· Algoman-all in-

eluded in the Algonkian. 

The structural grain of the pre-Cambrian roC?ks of . the Front Range . 

tr~nd~ generaJ.ly east-west (Burbank and Lovering, 1933, P• 273 and fig •. 

11, .P• 274) and is bowed locally by the intrusion of batholithic masses. 

Duri~ Pale0z~ic and Mesazoic time the main lines of deformation gradually 

rotated cloCkwise. culminating in the formation of a nort~trending high-

~and ;n the Front Range region during the Laramide orogeny. There are no 

impor~ant P.a.leozoie or .younger roCks in the Crystal M9untain district so 

the discussion of post-Algonkian rock will be omitted. 



Geology of the Or:ysta.l Mountain district 

Quartz-mica. schists of the · Idaho Springs .formation ar·e the oldest rooks 

i11 the Crysta.J._ Mc::nmtai,.n district and have been intruded by sills of Mount 

Olympus granite and by. pegmati tes that al"'e probably related to the Longs 

P~ gra.ni t ·e batholith. T-he schist is in open folds in the Hyatt area 

(pl. 1) that have an average plunge of 60° S. and a general eastward 

strike. Most of the granite o~curs in s~eets which are essentially con­

cordant with the folia.tio.n of the schist. The tWC!) largest granite masses, 

north a.n.d soutlfl.west of the Hyatt ranch, are multiple sills. Two smaller 

granite bodies, one almost su.r.rounding the Hyatt pegma.ti te and the other . } . 

about a thousa.ud feet to th~ eastt seem '·t'0 be plug-like masses, but the 

contacts are poorly exposed. 

Around the Big Bo'l;llder prospect, the strike of the schist ranges from 

north to northeast (pl. 2) and the dip is eastward at steep angles; the 

pl'U.llge of linear structur.es is steep and to the southeast and soutJ:l. The 

strike_ of the ~e:b.ist . in the vicinity of the Buckhorn Mica mine (pl. J) is 

about east-northeast, and the dip is steep and to the south. The mile of 

unmapped country between the two deposits has been traversed without ob-

serving unusual changes in stl."'l.lCture so it may be inferred that they are 

on the same broad fold; however,. linear elements in the schist near the 

lmelth<!>rn Mica mine pl'tlllge erratically, suggesting that between the Big 

Boul~er and l3uckhorn Mica deposits there are concealed structural eomplexi-

t ies. 

Most of the thirteen hundred~odd pegmati tes mapped in the Hyatt area 

(pl. 1) are concor&;Lnt, although about 30 of the large~t pegma.tites in the 

area are discorda.n. t, dipping northward at steep angles. 
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Most of the pegmati tes in this area are feldspar-rich though some 

are quartz-rich an~ a. few are tourmaline-rich, The ~mi:m.a.nt mine~ls of 

t_he pegmati:tes are, in order of ab'mdance: perthi te, plagioclase, a.n,d 

quartz. Mttseovite is a.n everpresent minor constituent. Tourmaline is the 

eomm9nest accessory mineral · and the commonest mineral in the altered wall 

rock. :Beryl and garnet are present in about 27 percent . of the pegma:tites, 

The Hyatt pegmatit~ contains a varied suite of minerals, which are de-

.scribed separately. 

Schist 

1 
/ 

Country rocks 

!he most common metamorphic rock in the Crys~al 'Mountain -distrlct is 

quartz-¢ca schist of the Idaho Springs formation. It is fine- to coarse-

-graine~; fresh sur:faces are generally light gray and weathered 0utcrops are 

dark gra.yis~ brown. The facies of the formation range from qo.artz schist to 

mica schist, the types ~ading i~to each ot~er by change~ in the proportions 

of the dominant ;minerals, quartz, nru.scovite, and biotite. The schist is ex-

posed on the steep valley walls in jagged irregular outcrops and on the 

flatter parts of the upland s~face as widely- scattered low mounds, ln nru.eh 

of the area outcrops are rare, except a.t the margins of pegmatites. 

The folia~ion of the schist is approximately parallel to the bedding 

in .most places. Wherever recognizable bedding diverges from th~ fo+iation 

at an angle of more than 1.50, it has been mapped separately (pl. 1). The 

linear structures of the schist include; drag folds, ranging from minute 

crinkles to those ·. ·2- feet in cross section; . elongation of mineral grains, 

l principally biotite and quartz; and "pencil st-ructure"' produced by the inter­

~e~tion C?f closely spaced pl~es of fracture. . The plunge of the linear 

elements, with few exceptions, is a reliable indicator of the attitude of 
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the nearby fold. 

The most abundant type of schist is _ characterized by the alternation 

of thin mica-:-rich ~q. qu.artz-rich lawers. Oo~only, _ there are :from. 5 to 

. .50 layers .. per inch; in. places they are thicker. The leyers ar~ of" differ­

ing color,. . compasition, proport~ons of minerals, or grain siz~. Qu.artz, _ 

as grains with roun~ed outlines, is the most abundant mineraJ.. Gra.nu.la.t~d 

and stra4,ned grains, as well as grains with intricately sutured . baunda+"ies 

are rare. The proportions of biotite and nm.soovite vary widely. The ~;o­

tite is coarser grained than the muscovite; _some books are as much as o.J . 

inch in diameter. Feldspar is not abundant, but . in ma.ny la.ye;'s it may coJ?.­

stitute S to 15 percent of the granular material. Orthoclase, micr~cline, 

and pla.gioclase have been identifiea; orthoclase is the most common. 

Tiny euhedral to subhed.ra.l crystals of apatite, zircon, and magnetit~ 

er ilmen~te are present in all thin sections of' schist that we~e ~xam.ined. •. 

Chlor~te, _as large fl~es and as f~lted masses of small shreds, is· a common 

~ccessory. S:ta.urolite, a.ndalusite, and garnet are widely distributed 

throughout the qu.a.rtz-:-I_nica schist but are rarely abundant. Staurolite 

crystals range from . 0.02 to _1.1 inches in length; equant grains of anda­

lusi ~~ - range from 0.02 to 0.3 inch in diamete~; and garnet crystals aver­

age 0.02 inch in size-the largest is about -0.2 inch. Sillimanite is .a 

rare accessory mineral in th~ E';ra.tt area except in a few small lenticular · 

beds west of the Hyatt ranch. Sillimanite needles, intergrown with quartz, 

are ab'~;mda.nt in clumps which form white button-like masses in the mica 

schist. On :Buckhorn Creek sillimanite clusters, oriented with the long _ . 

dimensiGn parallel to the schistosity, are conspicuous in some out~rops~H .. 

Mappable beds ~f s~aurolite-mica. schist and garnet-~ca sc~st occur in a 

few places (pl •. 1). Minor quanti ties of staurolite, garnet, and other 

accessory minerals are widespread in other types o:f s~hist in the Hyatt 



Small needles of black tourmaline are .plentiful in some .schist layers, 

but quant~tatively . are a minor constituent. Tourmaline crystals up to one 

inch long, however, are in the schist bordering some pegmatites. The tour-

ma.line decreases in size and ab1mdance away from the pegmatite borders, and. 

the tourmalinized zone rare.ly exceeds 2 feet in thickness. 

Te;xtural facies of the quartz-mica schist are conspicuous in places. 

Several be<lls in tJ:ie area are characterized by closely spaced, rougbJ.y el-

lipsoidal "knots 88 • The "knots" are :f'rom one.;..eighth of an inch to Ci :ineh ., , 

in longest dime~sion, are oriented with the shortest dimension normal to 

the s~~stosity. and are composed of essentially the sante minerals as the 

schist, though not neaes.sarily in the saa~--.P.~oportions. They are spaeed 
·-~---...... ·-~ 

folia of the schis~ seem. to pass through the "knots" and in others to ~ss 

around the "knots"• The material composing the "knots~ is not uniform, but 

it is always differ~nt from the enclosing schist. The component ~ains m9\Y' 

be finer or coarser, they may "be aggr~te~ in a ~fferent manner, th~ pro~ . 

portians of.minerals ~be different, and invariably the "knotsot weather 

differently. .!he .. knots" have irregular and in some cases gradational 

boundaries. A thin section across several "knotstt shows them to be com-

posed almost entirely of medium-grained nru.seovite in flakes of random orien-

tationl the surrounding schist is made up predominantly of fine- t :o medium-

grai:~u~d quartz, with subordinate quantities of fine-grained biotite, n:m.sco- . 

vite, a.nd chlorite, and accessory magnetite, zircon, aad apatite. The 

nknotsoo in another bed contain the same minerals as the schist (principally 

quartz, micas, chlorite, and staurolite), but the aggregate · is outlined by 

a band rich iu ~nterstitial limo~ite, and the schistosity passes around the 

limonitie shell. Lovering (193.5, pp. 7-8) describes a "knotted schist~ in 

>../. 
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the Monte~uma. quadreJl€le which he likens to the schist with "ellipsoidal 

masses" descri~ed . by- :Ball (1908, p. 41) a.nd to the "pebble-bearing gneiss• 

.of Spurr (1908• p. -177) • . Lovering states the 1D.-ots" consist of medi~ 

grained quartz with s~l amounts of sillimanite, and attributes them to ex-

treme metamorphism attended by the migratian of siliceous and al1llilinous 

material. The "knots" in the schist Q£ the ~att area ere more varied in 

composition but lilB\1 be, nevertheless, the result of the migration of 

material during metamorphism; the mu.scovite in the "knots" 1l'l8.Y' have bee:J;L 

formed by retrograde metamorphism of original andalusite or s~llimanite. 

Quartz schist is less common than. the quartz-mica schist • though the 

varieties are grada~ional and have not been mapped s~rately. Massive 

quartzites are rare, but directly south of pegmatite .504 a. ~tzite with a 

maximum width of two feet trends westward for 430 feet (pl. 1). l3etween 

the Hyatt pegma:(!it.e and pegmatite 63+. a seven-foot quartzite bed trends 

approximately N. i$0 W. for 120 feet. 

A few rounded boulders · of a ro~ co.mposed of lime silicate minerals 

have be.en found in the Crystal Mountain district. These apparently wer.e 

derived from thin li!I\V beds but none have been recognized in the abundant · 

·outcrops along the steep valley walls. The dominant minerals are plagi0-

clase (labradorite, An6Ab4), ep~dote, and quartz; ab~dan.t accessory min-

erals are hornblende and garnett Magnetite, siderite, zircon, and sericite 

are pre_sent in minor qu.a.ntities.· 

·The schist has undergone no serious deformation since the sehistosi ty 

was fo~ed and recrystallization was completed. Shredded and bent mica 
. . 

flakes, and. strained qtl&rtz grains are very rare. And.alusite, staurolite, 

sillimanite~ a.nd tourmaline ~ains and needJ.es are intact despi t ·e their 

susceptibility to dislocati_on. Retrograde metamorphism bas caused the locaJ. 
/ 

degeneration of some andalusite to qwartz and mica, and of biotite to 
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chlorite, ~g._ . l:>iotite to nru.seovite. There is no record, however, of 

large-$e~_e retrogre~siv~ metamorphism. T~e metamorphism of the schists, 

as indicated by andalusite and sillimanite, is high grade in :plaees, aJ.­

though the more widespread and abundant staurolite and ·garnet suggest that 

most of the _ ~ocks are middle grade. The well-developed schistosity and 

foliation,_} , as well as the widely distributed and well-developed linear 

_/ l!arker (19:32, p. 203) distinguishes between sehistosi ty and folia­
tion: .schistosity is the result of th~ orientation of ~nerals into plane 
parallelism,. :foliation is du.e to segregation of minerals into planes or 
thin lawers of contrasting composition. 

a.r:ra.ngement of biotite and, to a lesser extent, of quartz, indicate that 

these rocks recrystallized under grea~ stress characteristic of the middle 

grade of metamorphism of Harker (1932, PP• 198-199). 

Granite 

The granite in the Crystal Mountain district is a medium- to e~arse-

grained biotite gra.ni te that has many textural and color variations. It is 

correlated with the Mo~t Olympus granite because of its similar oompositi9n, 

its mode af ooou.rrence, and its ~los~ness to ~reas of );lo~t Olymp~s granite 

desc~ib~d by :B9os and 13oos (1934, P:P• 323-324, and fig. 2,. p. 308, and 

1948, P• 1398). -The typical Mount Olympus granite forms irregu.la.r masses, 

large sheet .s, and sills. It is not confined to a single more or less 

regular mass as are . the larger and better known granites of the Front Range. 

With two possible ex~eptions,. the granite in the Hyatt area forms essential-

ly concordant bodies. Isolated sills r~e £rom 1 to perhaps 200 feet in 

thicknessJ' the average is about 15 feet. 'rh,e marginal members of nniltiple 

sills have approrlmatel'Y , the same ra:nge cif thickness, but the central mem-

bers ~ be l!IIleh thicker. ·The two largest grani~e masses, t0 the north and 

southwest of the HYatt ranch, are multiple sills. The full extent of the 
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northern ~ss ha.s not been mapped but the part shown in plate 1 bas been 

demonstrated to be a m:ultiple sill by the flow stru.ctures and schist :pa.rt"­

ings that par~lel the eontaa~s and structure of the country rock. The 

southern mass, thC?ugh smaller,. has a more massive core of granite flanked 

by marginal sills, and nla.l'ey' satellitie sills to the south. The granite in 

both masses is intricately interfingered. with the schist; the majority-. of' 

the relatively smooth contacts shown on plate 1 are concealed con~a.cts. 

The schist partings are in .some places pendants of wall ro~, in 

others they appear to ~e isolated slabs or screens. The pa.rting.s rang~ 

frem slabs .of schist 20 feet thiCk to mere films having the , dark color, 

fine grain, . and · oriented quartz and micas<typic~ of schist. They range 

from 2 ' feet to severaJ. l:mndred feet in length. Schist partings il;l the 

gr~te ma.s~es are dist~nctly w·eak zones, readily etched out by weathering 

and erosion, that become : steps or notches which gather talus or a thin 

.stony" soil capable of supporting ~rees and shrubs.. More schist partings 

probably exist than were observed, but . they could not be discriminated 

readily from joint-controlled features. 

The isolated sills are consistently concordant. Discordance of any 

part of the large nniltiple sills is not obvious in the field but the shapes 

of the two large granite ma.ss~s indicate some diseor~t cont_a.cts. 

~e granite is composed principally of orthoclase·, micro cline, and 

quartz'· with lesser amounts . of biotite, mu.seovi te, . a.nd plagioclase, and 

minor qwantities of apatite, magnetite, and z~rcon. A few minute cryst als 

of tourmaline are present in one thin s~etion, and another co~tains sider­

ite alo;t~ the edges of magnetite grains. A . red-brown mineral, probably 

hematite, clouds the orthoclase of one sill. Orthoclase commonly-has been 

seriei tized along fractures and cleavage lines, and generally the orthoclase 

shows pronou.nced zoning and twinning. The biotite is part ially chlori tized, 
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and it ranges in texture from very fine-grained to coarse-grained. The 

margins of the . sills in some places show a border zone, one-eighth to · one-

half inch wide, of finer grain than the bulk, of the sill. 

The Mount Olympus biotite gra.ni te has a different appearance in differ-

ent sills. It is light gr8'3 to medium gray, depending upon the ,size and 

abundance of biotite flakes. One brick~red sill owes its color to the myri-

ad of red-brown specks, probably hematite, that cloud the orthoclase. In 

another sill a t .apioea-like effect is caused by large rounded grains and 

aggregates of orthoclase in a fine-grained dark matrix of quartz and ae-

cessory biotite, muscovite, magnetite, a:n.d apatite. The orthoclase grains 

in some sills are larger than the rest of the minerals a.nd give the rock 

an irregular mottled appearance. In sills wher~ the major constituents are 

of roughly equal size the rock bas the speckled "salt-and-pepper'' appear-

a.nce of typical granite. Longitudinal fractures, thin pegmatites, and 

biotite flakes in ~ exposures are parallel to the sill wall, and a~·ear 

_to be related to flowage at the time of intrusion. 

Straight parallel-sided quartz veins, ranging from knife-edge width 

to 3 inches, eut the granite and are in turn aut by pegmatite. Qpartz 

veins i:J?.te~sected by pegma.tites are in some instances displaced as mu.ch as 

'6; : :in~:~. The relative displacement is always in the same· direction: 

the northwest wall moved northeastward on northeast-t~ending pegmatites~ · 

Diorit e 

Scat tered bouJ.ders of porpbyri tic :fine-grained black diorite are found 

in a small area between pegmatites 77 and 80 .J in the northern part of the 

_} Individual pegma.tites are identified by number in plate 4, Index 
map of pegma.tites in the Hyatt area, Crystal Mountain district, Oolorado, 
f or 1ocati0~ on plate 1. 
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Hyatt area. Judging from the fineness of grain the boulders proba.:b:cy came 

fram a dike similar to :many dikes known in the Front Range. The rock is 

composed of plagioclase and hornblende with accessor.r magnetite and minor 

amounts of apatite and quartz. There are two ,distinct ages of plagioclase: 

tL:_e large laths are andesine (Ab6A:n4) and the small interstitial grains are 

a.ndesin~oligoclase (Ab7An'). The andesine phenocrysts and the hornblende 

are slightly sericitized. Only a few grains of ~rtz and apatite are 

present. 

Surficial deposits 

The rolling upland surface has a fairly deep soil which is presumably 

Pleistocene in age. The steep valle,ys of the latest cycle of erosion are 

strewn with boulders, talus cones, and roek~ ~lides. In the intermediate 

zone between the new valleys and the old upland the ola soil is being re-

moved by slope wash and so1l creep, and by gullying of the meadows and moun­

tain parks. The stream valleys are reducing t~e area of upland surface, in 
~ .: 

the process of developillg a mature drainage sy.stem at the new base level 

for the Front Bange. 

Structure 

The schist of the Hyatt area strikes approximately east and dips south­

ward. Folds in the schist pl'W'l.ge southward at angles ranging from 2.5° to 

750 • The schist in the vicinity of the Hyatt pegmatite dips about 750 

southward and forms small symmetrical folds that pll.lllge to the south. The 

sehist on the hanging wall of the northern granite mass dips southward at 

angles of 2,5° to 60°-local.ly 7J0-a.nd is part o:f' a. broad :f"old. West and 

north of the northern granite mass the metamorphic rocks dip from 45° to 

6.$0 southward and strike uniformly east-northeasto (See pl. 1;}.. The a.tti-

tude o:f' the schist in the vicinity of the southern granite mass is more 
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irregu.lar and nm.ch of the schist dips more steeply than in the rest of 

the area.. 

Granite sills and the majority f pegmatites occurring in schist are 

eancordant with the metamorphic stru ture, a.s shown in the structure sec-

tions (pl • .5). The granite, intrude as severaJ. individual bodies along 

· the schistosity of the metamorphic r cks, formed mu.ltiple sills in ma.Icy" 

places. 

About thirt.r of the widest and ongest pegmatites in the area are dis­

cordant, dippipg northward at angles of 6.5°te 89°. The emct nature a.n.d 

'age of the structures controlling th attitude of the discordant bodies 

are not known. The discordant bodie are concentrated, with few exceptions, 

in linear groups having two general rends;- -eastward and northwestward~: 

The major folds .and fractures resulted from the intru.sion 

of the large multiple sills. It is ssamed that the granite, the pegmatites, 

and the fractures containing the ordant pegmatites were formed during 

the same period of intrusive activit • The northern multiple sill was 

formed in sChist of moderate dip and produced a broad fold or asymmetrical 

dome; the doming produced a few tear fault ,s trending northwestward, and 

fractures arranged in belts trending eastward. Pegm.a.ti tes were formed both 

parallel to the schisilosi ty and flow structure, and across it in faults; 
.• 

fractures, and . joints.-

Near the middle of the northern mass a few faults displace pegmat.i tes. 

The faults do not exceed. SOO feet in length a.nd the inax:Lm:u.m. displacement is 

about 20 feet. !he fault planes are straight, narrow, and without gouge, 

breeeia, or marginal fractures; they are little more than joints along which 

minor movements have taken place. The :fault planes dip from 45° to 70CJ to 

the northwest, and the relat~ve displacements are everywhere in the same 



direction; the northwest block movea diagonally upward and to the north-

east. 

The writer infers from the distribution and refractive indices of 

beryl that there is probably a granite mass, somewhat larger than the 

ordinary sills, buried at no great depth in the vicinity of the HYatt peg-
1 

matite. The granite which almost ' surrounds the Hyatt deposit and the body 

a thousand feet to the east ~ be attached or closely related to the hypo-

thetical mass, and the anticlinal fold plunging south-southeastward from 

the Hyatt pegmatite ~ represent the bowing of the schist by the intrusion 

of this hypothetical mass. The shape and attitude of the fold suggest 

that the mass ~ be a concordant boqy about 700 feet wide and 500 feet 

thick, shaped more like a crude cylinder than a tabular sill; the granite 

expose~ near the Hyatt pegmatite ma,y be a part of its irregular top. .The 

fotd flattens out abruptly to the north of the Hya.tt pegmatite, and tapers 

out gradually southeastward. 

The area has not undergone important deformation since the consolida-

tion of the pegmatites. 

PEGMATITES 

The pegmatites of the Hyatt area are part of a group that extends about 

5 miles east and south, and at least 10 miles north and west of the area. 

Examination of a few deposits outside the area suggests that they are simi~ 

lar mineralogically and structurally to those mapped in the Hyatt area. 

Some discordant bodies attain larger size and more irregular shape than the 

concordant bodies, but otherwise, there is no correlation between the peg-

mati tes and their environment. .The different mineralo·gic and textural 
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types of pegmatites are found in a.ll kinds of country rock and structure. 

Four types of internal structure are recognized in the pegma.tites of the 

district but they are all widely distributed. 

Shape and structure of pegmatites 

The shape and structure of the pegmatite bo~ can be approximated 

from a stuqy of the pegmatite contacts, the zones and zonal boundaries, 

and the structure of the country rook. The shape of the pegmatite is con­

trolled to a large degree by the nature of the country rock and the kinds 

of openings that can be developed in that rock. In competent rock such as 

granite the pegmati tes are predominantly tabular, branching with a.nguJ.ar 

bends, and have relatively linear courses.(Sie pl. 1~) In well-foliated 

rock such as mica schist, the concordant pegmatites are predominantly 

lenticular, with smoothly curving outlines, and taperiDg ends. The dis­

cordant pegmatites in schist usually have irregular and serrate margins 

which reflect the jagged fracture of schistose rock. Pegmatites controlled 

by intersecting structures (such as several $YStems of fractures or schis- . 

tosity cut by fractures) may develop highly irregular shapes but the shapes 

can be determined if the relation between structure and pegmatite ean be 

established. In well-foliated rock the schistose structure, linear ele­

ments, and details of the contactgive .evidence of the structure of the 

pegmatite body. Jahns (1951, p. 54) found the plunging structures of peg­

ma.ti tes in New Mexico consistently conformable with the plunge of numerous 

minor structural elements in adjacent country rock. Cameron and others 

(1945, p. 372) describe the pitch of rolls in some pegm.atites of New England 

as related to structural elements of the enclosing rock. In certain .dis­

tricts of New Hampshire the types of pegmatites that follow the foliation in 

schist are inclined to we~e out suddenly but, generally speaking," to con-
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form in strike and plunge with the linear structures of the schist, ac­

cording to :Bannerman (1943, P• 8). 

The direction and plunge of linear structures impressed on the schist 

by the pegmatite furnish data for determining the plunge of contact features. 

The data will .rarely, .if ever, provide a single complete solution but it 

will set limits to the extent, shape, and attitude, from which a reasonable 

compromise IIIllSt 'be evolved. Th.e zones reflect to varying degrees the shape 

of the pegmatite; data on the attitude and dimensions of a zone contribute 

to the determination of the shape of the neighboring zones and the body as 

a whole. 

Pegmatites whose shapes are controlled by more than one factor present 

more problems than those controlled by a single factor such as schistosity .• 

The greater part of the Hyatt pegmatite is in granite but both ends extend 

beyond the granite into schist (pl. 9). The contacts between schist and 

granite are not exposed. The contacts between pegmatite and wall roCks 

give a wide range of possible attitude, but the, zonal relationships limit 

the reasonable interpretations to a somewhat narrower range. The shape and 

attitude of the HYatt deposit as finally interpreted from the results of 

drilling (pl. 10) are reasonably close to that of the "compromise bo~" 

postulated in advance of exploration. 

In a bulbous pegmatite, such as the :Big Boulder deposit, whose lower 

side is concealed, the exposures of pegmatite indicate the attitude of the 

roughly convex upper surface, and the dips and plunges do not necessarily 

relate to the converging lower surface. A small keel~like exposure in the 

undercut outcrop at the north end of the deposit (pl. 22) was used as the 

principal basis for predicting the location and inclination of the lower 

side of the body; two diamond-drill holes based on this interpretation did 

not intersect the pegmatite because the plunge of that small exposure was 
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more steep than the plunge of the entire body. 

The :Buckhorn Mica pegmatite has been extensively eroded but the con­

tacts along the western part of the deposit do not indicate the plunge of 

the west end of the bo~. Indecisive evidence suggested that a crest might 

plunge steeply westward or a keel might plu.nge eastward. (See pl. 29~~~ 

Drilling indicated a keel with a moderate eastward plunge, and. the BuCkhorn 

Mica pegmatite proved to be smaller than the "compromise boey" postulated 

before drilling. The structures in the schist and the plunge of the line 

of intersection of the contacts in the eastern part indicated that the keel 

at the east end :plu..nged about 1 40° to the west; exploration confirmed this 

interpretation. 

The structure of internal units in many pegmatites reflects the struc­

ture of. the nearest contact with remarkable fidelity. . "Bolls" in the con­

tact (anticlinal or ·synclina.l bends or folds) in some places determine the 

localization in internal units of shoots or pockets of valuable minerals. 

The relationship between the two features is weLl exposed in some districts 

by mining, and exampl~s have been described by Cameron and others (194.5, 

pp. 3'77-380, p. 388), Bannerman (1943'" PP• 11-12), and Jahns (19.51, p. 54). 

The information obtained by studies in other districts has been:· useful in 

projecting external and internal straetures below the surface to determine 

shape and attitude of pegmatites, and to interpret the results of drilling, 

The pegmati.tes o:f the Hyatt area have a wide variety of sizes and 

shapes as shown in plate 1 but a few examples to indicate the maximum sizes 

~ prove useful in making comparisons with other districts. 

The longest pegmatite completely enclosed . in gre.nite is pegmatite 272. 

It has a length of 1,050 feet, an average width of 8 feet, and a maximum 

width of 12 feet. Pegmatite 259 in the same area is the widest, ranging 

from 11 to 24 feet and averaging 1.5 feet; it is 830 feet long. 
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The longest concordant pegmatite enclosed in schist is pegmatite 584. 

It is 2t67.5 _feet long and 2 to 4 feet wide. The widest concordant pegma­

tite (.58.5) is 21100 feet lon&: it ranges from 2 to 18 feet in width a.n.d 

averages 12 feet. The greatest width of concordant multiple pegmatite is 

200 feet {pegmatite 846) • The discordant pegma.tites· in schist vary widely 

in size • . Multiple pegmatite 448 is the longest with an over-all length 

of about 2,.500 feet; the maximum width is 130 feet. Pegmatite 1197,which 

has the greatest width, is as much as 250 feet. If pegmatites 1197 and 

1199 should prove to be a continuous body, it would be the largest mass 

of pegmatite in the B¥att area. 

Despite the relatively small average dimensions of the individual 

bodies in the western part of the northern granite mass, the Il\Vriad of ­

interconnected pegmatites exposed there probably contains the greatest 

concentration of pegmatitie material in the area. 

Textures 

The textures of individual units within pegma.tites vary widely. The 

grains commonly attain sizes so much larger than those in other rocks that 

the ordinary descriptive terms must be redefined. The size classification 

used in this report 'is that given by Cameron and others (1949, P• 16): 

Term 

Fine 

Medium 

Coarse 

General grain size 

Less than 1 inch 

1 to 4 inches 

4 to 12 inches 

Very coarse Greater than 12 inches 

Statements with regard to the grain size of a pegmatite or unit indicate 

the general appearance in exposures; it is a qualitative expression of the 

size of the grains comprising the bulk of the material. Interstitial grains 



may be very much smaller, and a few grains or masses may be much larger 

than the average size or range ind.icated•{:See pl. 8AJ) :Bastin (1911, p. 10) 

regards this irregularity of' grain of pegmatites as more distinctive tilan 

the coarseness that is so widely emphasized. 

The texture and range of grain size of the principal zones of the ex­

plored pegma.ti tes are summarized in table 2. All the minerals increase in · 

average grain size toward the center of the pegmatite, but each mineral 

seems t .o have its own rate of change in grain size. The increase is most 

spectacular in zan.ed pegma.tites, but the change is apparent in homogeneous 

pegmatites •.. Perthite exhibits the most obvious increase in grain size • 

. Quartz, whether in single grains or aggregates, increases in si.ze . many-fold 

from the border zone inward. Muscovite in a few places shows a great in­

crease in size, as far eJta.l'.IIple, from the contact to the inner intermediate 

zone at the ~att pegmatite and from the contact to the outer intermediate 

zone of the ;B~o~;iM~~~:m~ii~1~~ 'but ordinarily it is less marked than t~t 

of perthite and quartz. Plagioclase shows the lowest rate of increase. 

Though the minerals may be present near the center of' a homogeneous pegma­

tite in approximately the same proportions as near the contact, the in­

crease in size ef the perthite and quartz. is more conspicuous because the 

plagioclase is in part interstitial to the larger grains and in part masked. 

by weathering, staining, and vegetal matter. The changes in grain size for 

the minerals of a well-exposed zoned pegmatite _and a typical homogeneous 

pegmatite are summarized in table 3. 

BoUndaries between pegmatite units are more generally gradational than 

abrupt because of the e>ver-all coarseness of the component minerals. The 

boundaries between well e~osed fine- and medium-grained units of contrast­

i~ composition can be fixed ordinarily within a foot or two, but the 

boundaries between coarse- and very coarse-grained units a.r.e less well 
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Table 2.--Grain sizes of three-zoned p~tites in 
Crystal Mountain district, Colorado 

:tVatt pegmatite: 

· J3order zone 

Wall zone, upper and 
lower 

Inner intermediate 
zone 

Core 

Big :Boulder pegmatite: 

:Border zone 

Wall zone 

Upper intermediate 
zone 

Lower intermediate 
zone lf 

Hood 

Core 1} 

Buakhorn Mica pegmatite: 

:Border zone 

l1all zone 

Outer intermediate 
zone 

Inner intermediate 
zone 

Core 

Texture 

Fine 

Coarse_ 

Coarse 

Very coarse 

Fine 

Fine 

Medium 

Coarse 

Vecy coarse 

Very coarse 

Fine 

Fine 

Medium 

Medium 

Coarse 

Range in sj,ze 
of the majority 

of grains (inches) 

<1 

4-12 

4-12 

>12 

<.1 

<1 

1-4 

4-12 

'>12 

>12 

41 

<1 

1-4 

1-4 

4-12 

lf Maximum dimension inferred from drill core. 

Range in size 
of all grains 

(inches) 

0.01- 4 

0.01- )6. 

o.o1- 60 

o.o1-120 

0.01- 1 

o.o1- 3 

0.01- 8 

o.o1-;ot 

o.ol-72 

o.o1-6o? 

0.01- 5 

0.01- 3 

o.o1- 12 

0.01- 24 

o.o1- 36 
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Table 3.--Comparison of changes in grain size in a zoned pe.gmatite and homo­
geneous pegmatite, Crystal Mountain district, Colorado 

Perthite 

Quartz 

Plagioclase 

Muscovite 

:Beryl 

Tourmaline 

Garnet 

lb;att pegmatite 

Range of grain _Range of grain 
size in wall size in or 

zone 
(inches) 

0.01 - 4 

o.o1 - :3 

0.01 - l 

o.o1 - 2 • .5 

o.o1 - 1.75 

o.o1 - 2 

o.o1 - .2 

near core 
(inches) . 

0.01 -120 

o.o1 - 48 

0.01 - 8 

o.ol. - 1$ 

o.o1 -48 

o.o1 - 4 

o.o1 ... .6 

Homogeneous pegmatite 

Range of grain 
size within 
5 inches of 

contact 
(inches) 

0.01 -1 

o.o1 - .7 

O•Ol - .4 

o.o1. - .4 

0.01 - .a 
o.o1 - 1 

o.o1 - .2 

Range of grain 
size near 

center of peg­
matite 

(inches) 

o.o1 - 10 

0.01 -10 

0.01 - 1 

o.o1 - 2.J 

o.o1 - 2 

0.01 - 2 

0.01 - 1 
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marked, especially if the mineralogy is clasely related. · The general se­

quence of mineral assemblages (table 6) shows that most assemblages are 

closely related mineralogically' to those earlier and later in the seqUence. 

The average composition and texture of a zone l'Il8\Y contrast sharply with the 

average . for those adjacent to it but the boundaries are in most places gra­

dational • . In the ~ig :Boulder deposit the boundary between the hood of 

perthite-quartz pegmatite and the core of . quartz pegma.ti.te (pl. 22) must 

be drawn between zones with a common mineral and also across a texture 

featuring the int~rlock of grains as much as 6 feet in size. The boundary 

is drawn so that the average composition. of the core does not include more 

than 5 percent of perthite, although a trench along the boundary as drawn 

m~ght· show that some perthite grains overlap the boundary or some isolated 

perthite crystals were present in the quartz core. In all the maps of 

zoned pegmatites the boundaries between zanes have been drawn as· relatively · 

smoath lines whereas development work will inevitably show an intricate 

serrate relationship of the individual mineral grains. 

Internal structure of zoned pegmati tes 

The lithologic and structural units found within pegmatite bodies dif­

fer in mineralogy, or texture, or both. Three basic types of units are dis­

tinguished and are defined by Cameron and others (1949, . pp. 13-24) as fol- · 

· lows: 

1. Fraeture fillings are lll'li ts, generally tabular, that fill 

fractures in .previously consolidated pegmatite. 

2. Replacement bodies are units formed primarily by replace­

ment of pre-existing pegmatite, with or without obvious 

atru.ctu.ral control. 
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3. Zones are successive shells, complete or incomplete, 

that reflect to varying degrees . the shape or structure 

of the pegmati t _e body'. Where ideally developed they 

are concentric about an innermost zone or core. Some 

concentric units, however, are not zones but belong in 

the categories above. 

The term "unit • includes all three types of bodies defined above. 

Fracture fillings 

Fracture fillings are common although minor f eatu.res of :pegmati tes in 

the Crystal Mountain district. Quartz-filled fractures are the most abun­

dant and rarely exceed 30 feet in length. They common.J.u are from 1 to 12 

:feet long and from knife-edge to 3 feet wide. Pegmatitic f~cture fillings 

·in homogeneous pegma.tites are apparent because of differential weathering; 

they invariably differ in texture from the enclosing boey, and are etched 

out by weathering. 

Fracture fillings mB\V be homogeneous or zoned and mq occur within 

homogeneous or zoned pegmatites. Pegmatite 645 (pl. 1) .is not zoned but 

one fracture filling is a zoned unit containing a wall zone of plagioclase­

perthite-~tz-muscovite pegmatite, and a core of perthite-quartz-plagio­

clase pegmatite. At the Big Boulder prospect a fracture filling composed 

of perthite-quartz p~tite extends from the hood-shaped inner intermediate 

zone across the outer intermediate and the wall zones. (se~e pl. 22~} The 

fracture filling has a gently curved trace and steep dip, but its verticaJ. 

extent is not known. It can be traced into the hood for about 4 feet where 

~ - it merges with the minerals of the inner intermediate zone. 

The margins of fracture fillings are fine grained and in some places 

contain oriented muscovite fla:.l<:es a.nd quartz grains. Beryl crystals in the 
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wall zone of the fracture filling in pegmatite 64S (pl. 1) are oriented 

with the long axis normal to the wall of the fracture. Pegmatite 448 

(pl. 1) contains two beryl-bearing fracture fillings at the east end. 

Both are nearly flat lying and occur near the top of the body. In one 

fracture filling 161 beryl crystals are exposed, and the beryl content 

is about 0.28 percent. In the other fracture filling .52 crystals are 

exposed and the beryl content is 0.3 percent. Pegmatite 645 (pl. 1) con­

tains many fractures wi-th an average strike and dip of N. 6oo w., 40° S., 

but only a few contain beryl-bearing pegmatite; the best . exposed fracture 

filling has over 500 small beryl crystals, and the rock has a beryl content 

of 0.9 percent. The beryl-bearing fracture fillings rarely exceed 3 feet 

in thi~ess, the maximum being about 5 feet. The average dimensions of 

fracture fillings are about 1 foot thick, 60 feet long, and 15 feet wide, 

and the tonnage of contained beryl is small. 

Replacement bodies 

No mappable replacement bodies have been recognized in the pegmatites 

of the Crystal Mountain district. Cameron and others (1949, pp. 83-97) 
/ 

have described replacement bodies in other parts of the country. 

Zones 

A zoned pegmatite is one consisting of two or more successive shells, 

and may or mey not contain fracture fillings or replacement bodies. Zoned 

·pegmatites are comparatively rare in the Crystal Mountain district. Of the 

1,300 bodies mapped in the Hyatt area, 28 have been designated as zoned 

pegmatites. - Of these, 27 consist of two zones and are listed in table 4; 

one, the Hyatt deposit, has five zones. 
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Table 4.--Pegroatites consisting of two zones, HYatt area• Crystal Mountain 
district, Colorado 

Pegmatite Mineralogic CO!!!QO Sit ion l/ 
number Wall zone Core :Be:cyl content 

4GS P, Pg, Q, Q, 0.09 percent 

441 Pg, P, ~ P, Pg, Q None 

442 P, Pg, _Q, P, Pg, Q, Trace 

44:3 P, Q, Pg P, Pg, Q Trace 

494 Pg, P, Q P, Pg, Q None 

.512 Pg, Q, p P, Pg, Q, Trace 

.527 Pg, P, ~ P, Q, Pg 0.10 percent 

563 Pg, Q, p Pg, P, Q, None 

565 Pg, Q,, p P, Pg, Q, o.o2 percent 

566 Pg, P, Q, P, Q,, Pg 0.07 percent 

.567 Pg, p 
' Q ~. Q,, Pg o.Jl percent 

.571 Pg, P, Q P, Q, Pg Trace 

642 P, ~g, Q P, Pg, Q Trace 

7~ P, Pg, Q, Q Trace 

766 P, Pg, Q Q Trace 

77) P, Pg, Q Q None 

774 P, Pg, Q Q None 

779 P, Q, M Q, 0 • .56 percent 

y 781 P, Pg, Q Q Trace 

827 P, Q, Pg Q 0.1.5 percent 

859 P, Pg, Q, M Q None 

939 P, Pg, Q Q None 

1017 Pg, P, Q, P, Pg, Q Trace 

1039 P, Pg, Q, P, Q, Pg None 
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Table 4.--Pegrrw.tites consisting of two zones, Hyatt area. Crystal Mountain 
district, Colorado (continued) 

Pegmatite Mine:ralo~ic CO!'!!QOSition 1/ 
number Wall zone ~ Beryl content 

1068 P, Pg, Q, ~ 0.02 percent 

y 1111 Pg, ~' p P, Pg, Q, Trace 

1284 P, ~' Pg Q, None 

lf Essential minerals are stated in order of decreasing abundance, 
perthite (P), plagioclase {Pg), quartz (Q), muscovite (M). 

y Zoned pe.gmatite is one member of a multiple pegmatite. 
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Zones have . been classified by Cameron and others (1949, p. 20) as (1) 

border zones, (2) wall zones~ (3) intermediate ZGnes, and (4) eores. 

Border zones 

The border zone is the outermost zone of a pegmatite and constitutes 

a fine-grained selvage that is not more than a few inches thiCk in most peg­

matites. I~ most border zones the minerals, especially muscovite and quartz, 

show a preferred. orientatiGn normal. to the contact. Minerals with a.n elon­

gate habit, such as tourmaline and ber,yl, exhibit preferred orientation to 

a marked degree when present in the border zone. 

~rtz and muscovite, and in some places plagioclase, are the dominant 

minerals of border zones adjacent to schist: the texture of these border 

zones is universally fine-grained, the minerals averaging less than one­

qnarter of an inch. The cleavage between schist and border zone is in~ 

variably sharp and distinct. 

Border zones of pegmatites in contact with granite are somewhat less 

regular and not so well defined. The minerals o£ the border zone interloCk 

noticeably with those of the granite even where there is a seemingly sharp 

contact between the two roCks. Quartz and feldspars are the dominant min­

erals and muscovite is a minor accesso~; plagioclase is subordinate to 

perthite in most border zones in contact with granite. The margins of many 

pegmatites grade into granite over a width of an inch or two ~. Gradational 

contacts are ordinarily irregular and it is impossible in some places to 

fix the precise lim~ts of the border zone. Perhaps, in a strict sense, there 

is no border zone in these places. 

Wall zones 

The wall z·one is inside the border zone, and is generally coarser­

grained and thicker. In describing the zoning of some pegmatite deposits 

in Brazil the term "border zoneat bas been used by Pecora and others (19.50a 
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and 19SOb) to include both the border zone and wall zone as here used. A 

common practice in pegmatite mining districts of the United States is to 

include border zone and wall zone, as defined here, in the term "wall zone." 

Wall zones of pegmatites in the Crystal Mountain district are in-

variably composed of feldspars and quartz; in some deposits perthite is 

much more common than plagioclase, and in others the reverse is true • 

. Quartz is subordinate to the feldspars, and muscovite is a minor constitu-

ent. Beryl, tourmaline, a.nd garnet are present in rna.rcy- wall zones as ac-

cessory minerals. In a few deposits the beryl content is about 1 percent. 

The texture of most wall zones is medium- to fine-grained, and the 

minerals have a random orientation. Some minerals in wall zones exhibit 

a preferred orientation with the long dimension normal to the wall of the 

pegmatite, for example, the beryl crystals in the wall zone of the frac­

ture filling of pegmatite 645 (pl. 1). Tourmaline crystals, though un-

common in the · wall zone in the Crystal Mountain district, are oriented 
• ... / 

similarly in some d~osits. 

Intermediate zones 

Any zone between the core and wall zone is an intermediate zone; if 

there are two or more, they can be designated by letter, number, or such 

terms as "inner," "middle," and "outer." Most intermediate zones are 

shells around a core, but some as in the Hyatt pegmatite are discontinuous 

and lenticular. The Hyatt, Big Boulder, and Buckhorn Mica pegmatites a.J..l ~1 

contain more than one zone between the wall zone and the core. 
I;',~' t 

Perthite-

rich -intermediate zones of some pegmatites are discontinuous and show a 

marked tendency to be concentrated in the UiJper part of the pegmatite; 

such a dome-like deposit, concave inward and downward, is referred to as a 

"hood". The Big Boulder pegmatite contains a prominent hood of perthite-

quartz pegmatite. The other zoned pegmatites described in this report con-
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tain only wall zones and cores, in addition to the very thin border zones. 

In each of the polyzonal deposits the texture and mineralogy are su.:f'fioient­

ly distinctive and well exposed that more than two mappable units can be 

dis t in.gu.i shed. 

Cores 

The core is the innermost zone and occurs at o.r near the center of the 

pegmatite, commonly as an elongate lens or a series of disconnected seg­

ments. Cores of pegmatites in the Or.ystal Mountain district are, for the 

most part, q'tl.a.l"tz or perthite, or both. The core of the Hyatt deposit is 

perthite pegmatite (pl. 9) and that at Big Boulder prospect (pl. 22) is 

quartz pegmatite. The core of the Buckhorn Mica pegmatite (pl. 29) is the 

only exception in · this district and it is composed of cleavelB.!fdi te-quart.z­

spodumene (?) pegmatite. The texture of the cores is very coarse. The 

cores of thin pegmatites are invariably thin and may be discontinuous. The 

core of the :Buckhorn Mica deposit bas the shape of a flat lens with a maxi­

mum width of 12 feet and a length of 160 feet. Bulbous bodies like the 

HYatt and :Big Boulder pegmatites have somewhat ovoid cores consistent with 

the shape of the entire bo~. Peimatite 464 is a narrow pegmatite with a 

pronounced bulge near the middle, and a quartz core is pre~ent only in the 

bulge (pl. 1). A similar relationship has_ been described by Cameron and 

others (1945, p. ,383) at the United Mine, Grafton, N. H., and E. E. Smith 

mine, Alexandria, N. H., and other deposits. There is no fixed ratio be­

tween the size of the pegmatite and the size of the core; in some bodies the 

core constitutes a small-percentage of the pegmatite, and in others, such 

as the Cryst al Silica deposit described. by Hanley, Heinrich, and Page (19.50, 

pp. 93-96), the core seems t o make up over half of the pegmatite. 
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Telescoped zones 

Two or more zones that are clearly defined in parts of a given pegma­

tite mey- appear elsewhere to merge along their dip or strike into a single 

unit whose composition corresponds to the bulk composition of the two zones. 

Such "telescoped" zones bear the same relationship to the adjacent zones as 

that occupied jointly in other p~ts of the pegmatite by the zones into 

which the single unit can be tra~ed. Telescoping may present the reverse 

impression to the one described above: a zone continuous around the core 

may show a local segregation of minerals so mar~ed that two mappable units 

are formed. The bulk composition of the segregated units corresponds to 

that of the full zone into which they can be traced.· At the ayatt pegma­

tite the hanging wall side of the intermediate zone of plagioclase-quartz­

perthite-museovite pegmatite shows such a segregation of minerals into two 

mappable units; an outer intermediate zone of perthi te-quartz pegmatite 

and an inner intermediate zone of plagioclase-qwartz-muscovite pegmatite. 

Shoot 

The terms "shoot," "streak:," "pocket," and "lens,'' are used to describe 

local concentrations of particular minerals or textures within a zone and 

carry the connotations established by general use in mining. The minerals 

of a particular zone mawr be uniformly disseminated but commonly are more 

irregularly distributed; this is especially true of the minor constituents. 

Tourmaline, beryl, garnet, and the rare minerals commonly occur within a 

zone as local concentrations separated by relatively barren rook. The 

beryl in the inner intermediate zone of the HYatt pegmatite is found in 

pockets of coarse-grained crystals and masses. The pockets discovered by 

past mining (pl. 9) have been 6 to 12 feet long, generally extended the full 
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width of the zone, and have been 10 to about 35 feet apart. The fine­

grained beryl in the wall zones of the Hyatt, Big Boulder, and Buckhorn 

Mica pegma.tites is n<!>t segregated into pockets or .shoots but the distri­

bution is sufficiently irregular to necessitate extensive sampling in order 

to obtain a representative analysis. Large books of muscovite are scat- . 

tered irregularly throughout the inner intermediate zone of the Hyatt peg­

matite, but much of the fine-grained muscovite has been f<!>und concentrated 

in streaks 1 to JO feet long, and from 1 inch to 5 feet wide. The mica 

streaks overlap the beryl pockets to some extent, but do not everywhere 

coincide with them. At the Big Boulder prospect garnet occurs in poCkets 

of closely packed euhedral and subhedral crystals. The individual crystals 

are as much as one inch in diameter and the pockets are } to 3 feet in size. 

HOmogeneous pegmatite& 

A pegmatite that consists of a single zone enclosed between border 

zones, i.e., is uniform from wall to wall, except for the selvages, was 

designated. as a "homogeneous pegrila,tite" by Johnston (194.5, p. 1,025). 

Most of the pegmatites of th~ C~Jstal Mountain district are of this type, 

and differ from zoned pegmatites in grain size and degree of segregation 

of the essential minerals. Bodies exhibiting uniform texture and propor­

tions of minerals from wall to wall are almost as unusual in the Or,ystal 

Mountain district as those made up of sharply contrasted zones. Even the 

zones within zoned pegmatites may show widely differing proportions of 

the essential minerals in short distances. 

Perthite, plagioclase, quartz, and muscovite are the most common min­

erals in homogeneouspegmatites of the lzyatt area. Perthite has the most 

variable grain size. QMartz grains increase in size and form aggregates 

in progressively larger clGts or pods toward the center of the pegmatite. 
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Muscovite, though a minor constituent, forms distinct books in the in­

terior o:f the bodies in contrast to the tiny flakes near the walls. 

Plagioclase grains increase in size toward the center, but the increase 

is less than ·that of the other minerals. 

The relative proportions of the various minerals may change as well 

as the grain size, generally perthite and quartz increasing in abundance 

at the expense of the plagioclase. The texture and mineral distribution 

in a great ma.n;y pegm.atites is irregu.lar because perthite, and quartz, or 

both, occur in clots scattered throughout the perthite-plagioclase-qu.artz 

pegma:fiite which forms the bulk of the deposit. In other bodies the clots 

are more or les.s centrally located. A group of pegmatites co'llld be selected 

to show gradation from homogeneous bodies to pegmatites consistiD€ of a wall 

zone and core, similar to the diagram,matic sequence of plate 6. In dis­

cussing pegmatites in :New England• Cameron and others (194.5, P• 373) note 

that there is no sharp distinction between zoned and "unzonedtt or homo­

geneous bodies. .For purposes of this report an arbitrary limit has been 

drawn between homogeneous pegmatites eQntaining scattered clots of min­

erals and zoned pegma.tites containing cores. If the more or less centrally 

located concentrations of clots are continuous for at least one-quarter 

of the length of the pegmatite, and have a width of at least one-fifth 

·of the width of the pegmatite, they are considered cores and the pegma.tite.s 

in which they occur are designated as zoned bodies. This definition of the 

lower limit of z9ning places about 2 percent of the pegmatites of the Hyatt 

area in the zoned class. Over 1,300 pegmatites are plotted in plate 1; 

of these 1,231~ or 94 percent are classed as homogeneous. 
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A. Uniform texture and dissemination of minerals. 

B. Irregular texture and distribution of minerals. 

C. Irregularities accentuated by formation of elots. 

Do Clots arranged synme trically with res~ ct to the walls. 

E. Intermediate stag e t.tween central clots and discontinuous core. 

F. Di~continuous core of zoned pegmatite. 

G. Discontinuous oore in pegmatite oontaining three zones. 

Plate 6 • Idealized plans of pegmatite bodies showing sequence of types between homogenous 
pegmat i tes and zoned pegxm.ti tes. 
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M'Ul t iple pegma,t it e 

The term "multiple intru.siono~ is credited to Holmes by Stokes and 

Varnes (in preparation) and defined as; 

"A term applied to sills, dikes, laccoliths, 

and other intrusions formed by two or more succes­

sive inJections of approximately the same magma."' 
{Holmes, 1928) 

The term ''multiple pegmatite" is used in this report to designate bodies 

mapped and described as one pegmatite which consists of two or more 

peg.matitic masses separated by screens or partings of oountr.y rock, or 

by border zones. In many parts of the Crystal Mountain district there 

are clusters of pegm.atites so narrow and so closely spaced that they 

can not be plotted individually at a scale of 1:6,000. The members of 

multiple"pegmatites are, with few exceptions, homogeneous bodies • . Peg­

matite 846 is a. continuous mass of pegmatite but is made up of a number 

of individual members. Between pegmatites 723 and 746 (pl • . 1) are. about 

75 individual intrusions forming a series of 24 multiple pegmatites. 

Banded pegmatite 

The term "banded" i .s used to describe the appearance and internal 

structure of a few pegma.tites in the Hyatt area composed of alternating 

bands of light and dark minerals. . Feldspar and quartz predominate in the 

light bands, and muscovite and quartz predominate in tlle dark bands. 

Tourmaline is abundant in the dark: bands of a few banded pegma.t it es and 

greatly intensifies the contrast between bands. In pegmatite 629 (pl. 1), 

tourmaline constitutes about 1 percent o:f the dark bands. The banding is 

mo.st sharply defined in pegmati tes of very fine-grained texture where the 

grains aver~e less than one-qu.a,rter of an inch in diameter. With in-
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creasing grain size the banding becomes less distinct. :Banding is roughly 

parallel to the walls whether the pegmatite is in schist or in granite. or 

whether concordant or discordant. Pegmatite 62.5 is partly' discordant but 

the banding parallels the walls throughout the body. No pegmatite is known 

to be uniformly banded throughout its length; banded portions merge with 

homogeneous material either along the strike or across the width. Within 

a single exposure banded pegmatite may appear to cut and be cut by typical 

unbanded pegmatite. The narrow east-trending offshoot of pegmatite 432 is 

discordant and is crudely banded. The banding is parallel to the contact, 

but is separatet from the contact by a 2-foot, fine-grained, feldspar-rich 

layer. A fracture filling, 3 inches wide, cuts across the feldspathic layer 

from the banded layer to the wall. The fracture filling is not banded but 

is of the same composition and grain size as the banded rock. The fracture 

filling is neatly outlined by garnet grains and muscovite flakes. 

This use of the term 11banded" differs from that of Ball (1908, p. 63) 

who states: 

"••••• granular pegmatites grade along their strike 

into rudely banded dikes, quartz being commonly segregated 

in the center (fig. 17) ..... n 

The description and figure 17 in Ball's report refer to a pegmatite that 

the writer would describe as a pegmatite with a feldspar-rich wall zone and 

a quartz- and biotite-rich core. 

Mineralogy 

The internal units of pegmatites are designated by names that express 

composition in terms of essential minerals. The order of mineral names in 

the designation is in approximately the decreasing order of abundance, and 

in most cases includes those that are present in the unit in excess of 5 
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percent. The essential minerals of a majority of the pegmatites in the 

district are perthite, plagioclase (albite and cleavelandite), and q:J~artz. 

Muscovite is an essential constituent in the inner intermediate zone of 

the Hyatt deposit. Tourmaline is an essential mineral in a few small 

bodies. In order to distinguish the core from the innermost intermediate 

zone at the :Buckhorn Mica mine it is necessary to include the name of a 

relict mineral in the designation: the inner intermediate zone . is qp.artz­

cleavelandite pegmatite and the core is quartz-cleavelandite-spodumene (?) 

pegmatite, though the spodumene is represented only by aggregates of fine­

grained albite and sericite, pseudomorphous after spodumene. In the field 

the difference in the units is very apparent, but the mineralogy is approx­

imately the same, except for the pseudomorphs. 

Proportions of minerals were determined in the field by inspection and 

noted as percentage composition •. The beryl content of each outcrop was 

determined by measuring the area of every discernible grain of beryl and 

calculating the percentage with respect to the area of the exposure. In 

pegmatites that contain over 0.1 percent beryl, the total area of rock 

studied by grain counting was at least 1 percent of the calculated surface 

area of the deposit. Experience has shown that careful grain counting is 

an accurate measure of percentage composition: estimates of ore grades at 

the ijyatt, :Big :Boulder, and Buckhorn Mica pegmatites based on grain counts 

made by Hanley, Page, and the writer between 1942 and 1948 were confirmed 

by mine productivity at the Hyatt mine in 1948, and by bulk ass~s made in 

1949 and 1950. Similar confirmations have been obtaine·d for the work in 

South Dakota. 

Mineralogic types of pegmatites 

Six mineralogic tY,Pes of pegmati te,s, based on bulk mineralogic com-
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position, are recognized in the Hyatt area. Five of the types are min­

eralogic assemblages common in many pegmatite districts, but the sixth is 

an anomalous a.ssembla&e in which tourmaline is a major constituent. The 

types and the number of peg'!Ilati tes included in each type are given in "Cc-.-~ ~ l c 

y.~ble 1. 

r.he descriptions of individual pegmatites ~n the HYatt area are 

- arranged in table 17 by mineralogic types in the same order as in table .5. 

The individual bodies are numbered to correspond with the index map (pl. 4), 

from which they can be identified on the geologic map (pl. 1). A few small 

pegmatites are shown without numbers or corresponding descriptions. 

Sequences of mineral assemblages as units of zoned deposits have been 

determined for many districts and the ·assemblages in four districts have 

been summarized by Cameron and others (1949, pp. 59-70); the assemblages in 

the Black Hills, s. Dak., have been described in detail by Page and others . 

(in preparation). The mineralogic. typ·es of pegmatites in the Jtratt area 

are analogous to mineralogic units recognized in pegmatites of the Black 

Hills. Page's tabulation of mineral assemblages is reproduced as table 9, 

with the addition of small arrows ta indicate the mineralogic types of 

pegmatites observed in Hyatt and other areas in the Crystal Mountain dis­

trict. 

Comparison of table 5 with table 6 shows that the pegmatites of the 

HYatt area have a relativelY limited range of composition. Those of the 

first four types (table 5) contain perthite, plagioclase, and quartz, and 

comprise 96 percent of the bodies in the area. ~ese are all variants of 

assemblage 3 (table 6). Those of the fifth type are representatives of 

assemblage 12 (table 6). 

The dominant units of zoned pegmatites in the Bfatt area consist of 

assemblages 3 ~~d 4, or 3 and 12. The border zones are qaantitatively in-
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significant; many have the composition of assemblage 1, and some, principal-

ly those in granite, are of assemblage 3. Many homogeneous pegmatites con-

tain clots of perthite or quartz, or both, which may be regarded as incipi ent 

development of assemblages 3 and 4. The Hyatt pegmatite is the only body 

with more complex zoning and is considered separately. 

Lithium minerals are not abundant in the district and, therefore, 

assemblages 5, 7, B, 9, and 11 are not represented. The presence of trace 

quanti ties of lit hi urn at the Hyatt, Big Boulder, and Buckhorn Mica pegma-

t i tes is indicated by minor amounts of Li-Mn-Fe phosphates and by relict 

spodumene; in these three bodies assemblage 6, plagioclase-quartz pegmatite, 

is well developed. This is the assemblage that Cameron and others (1949, 

pp. 67-69, and table 5) list as a variant of plagioclase-quartz-spodumene 

pegmatite. 

Table 5.--Mineralogic types of pegmatites in the Hyatt ~ area, Crystal Mountain 
district, Colorado 

Mineralogic type Number of pegmatites 

I. Feldspar- rich pegmatites 

A. Plagioclase-perthite-quartz pegmatite 

B. Pert hite-plagioclase-quartz pegmatite 

1) Ratio of perthite to plagioclase 198 
is approximately 1:1 

2) Ratio of perthite to plagioclase 614 
is approximately 3:2 

3) Ratio of perthite to plagioclase 303 
is approximately 2:1 

~I. Quartz-rich pegmatites 

III. Tourmaline-rich pegmatites 

144 

1,115 

1,259 

45 

3 
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Fersman (1940) classifies pegmatites by the mineral assemblages 

(though they are not designated as such) and by the characteristics of 

certain diagnostic minerals. The individual groups are called "gao­

phases" and labelled A to L. The paragenetic diagrams by Fersman (194o) 

and the illustrations and descriptions in reports by Tscherbakov (1936), 

Labuntzov (1939), and Sinegub (1943) show that essentially the same mineral 

assemblages found in American pegmatites are recognized in Russian deposits 

and in the same sequence as shown in table 6. The pegmatites of the ~att 

area have been assigned tentatively to Fersman•s geopbase E, the descrip­

tive group, without accepting his genetic and geochemical-geophysical in­

terpretation of that group. 

Feldspar-rich pegmatites 

The average composition of the feldspar-rich pegmatites, type I of 

table 5, of the area approximates that of granite. This type has been sub­

divided into three classes in which the ratios of perthite to plagioclase 

are approximately 1:1, 3:2, and 2:1 • . The members of each class are dis­

tributed at random throughout the area and there is no clear correlation 

between mineralogic composition of the. pegmatites and structural control, 

beryl content, indices of refraction of ber,yl or plagioclase, accessor,y 

mineraJ. content, country rock, or relation to intrusive masses. 

!.he feldspar-rich pegmatites predominate in the area and exhibit the 

widest range in size and shape. Perthite makes up as little as 20 percent 

of the plagioclase-rich pegmatites and as much as 65 percent of the perthite­

rich pegmatites. Plagioclase generally composes from 15 to 60 percent of 

the same types of deposits, and the quartz content ranges from 5 to 35 

percent., 



Quartz-rich pegmatites 

The quartz-rich pegmatites, type II, tables S and 17, are minor bodies 

rarely consisting of more than lenses of massive quartz containing scatter­

ed feldspar and IlltlScovite crystals. Quartz-rich pegmatites are generally 6 

inches to 3 feet wide, and 5 to 85 feet long. They are more commonly con­

cordant than discordant and consist of either single continuous bodies or 

closely spaced lenses separated by l-inch to 2-foot schist partings. The 

largest of the quartz-rich pegmatites is pegmatite :1.033 (pl. 1) which has 

an inferred length of 650 feet. 

Quartz-rich pegmatites are gradational with the other types of pegma­

tites (table 5). Pegmatite 1,02:3 is 5.5 percent quartz, pegmatite 1,145 is 

60 percent quartz, and pegmatites 525 and 598 are each 8.5 percent ~tz; 

they comprfse a connecting series between the feldspar-rich pegmatites and 

the typical quartz pegmatite containing over 95 percent quartz. Perthite 

and plagioclase are both common in quartz-rich pegmatites, but the propo~ 

tions range widely. OnlY a few grains of feldspar and flakes of muscovite 

are identifiable in most pegmatites of this type. 

Gradation between the quartz-rich and tourmaline-rich types of pegma.­

tites is illustrated by pegmatites 260 and 404: both tourmaline and quartz 

are essential constituents, and perthite is an accessor.y constituent. 

Tourmaline-rich pegmatites 

The classification and interpretation of the tourmaline-rich pegma­

tites, type III in table 5, are much in doubt. They are poorly exposed and 

have a maximum width of 1 foot and a maJCimum inferred length of )0 feet. 

Only three. pegmatites 7 260, 398, and 404, are of mappable size, but about 

five other bodies are known. The tourmaline content ranges from 12 to 90 

percent, and it maw occur as a marginal or as a central segregation. In 

these bodies tourmaline is associated with quarts, with quartz and perthite, 
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and with plagioclase, perthite, quartz, muscovite, and garnet (table 17). 

There are all gradations in mineralogy from a typical pegma.titi_c assemblage 

to a q-a.a.rtz-tourmaline vein. The tourmaline-rich bodies ma;v be classified 

either as variants of assemblages 1, 2, or .3 (table 6), in which the 

tourmalinizing and silicifying fractions (that ordinarily escape and alter 

the wall rock) were retained in the pegmatitic liquid, or as the early 

fugitive fractions from a granitic or pegmatitic magma that were coneen-

tr&ted and trapped as fillings of fractures. They also ~ be considered 

deposits transitional between pegmatites and hydrothermal veins; if so, 

they would be similar to the chalcopyrite-bearing tourmaline-quartz veins 

found near Pecos, N. Mex., described by Kreiger (1932, p. 463); the 

tourmaline-rich silver, lead, and gold veins of the Helena region, Mont., 

described by Knopf (1913, pp. 45-.54); and the tourmaline-bearing tungsten 

veins of the Isla de Pinos·, Cuba, described by .Page and McAllister {1944, 

pp. 177-246). 

Descriptions of minerals 

The minerals observed in the pegmatites of the Crystal Mountain area 

are described in approximately their decreasing order of abundance, and 

the properties of a group of minerals found in a miarolitic cavity are de-
\ 

scribed at the end of the section. 

Perthite, pl.agioclase, and quartz are the most abundant, nm.seovite is 

rarely an essential mineral, beryl, tourmaline, and garnet are the commonest 

accessory minerals, and apatite is a less common accessory. 

Trace amounts of biotite, colu.mbite-tantalite, microcline, lithic-

phillite-tripaylite, sillimanite, bismuthinite, hematite, magnetite, limon-

ite, chrysoberyl, bertrandite, fluorite, and uraninite and related minerals 

are found in one to eight pegmatites. For convenience in reference the de-



scription of microcline follows that of perthite, and the description of 

biotite is included with that of muscovite, though both microcline and 

biotite are very rare in these pegmatites. ... 
Perthite 

Perthite is the dominant mineral in 85 percent of the pegmatites in 

the Hyatt area and is an essential mineral of assemblages 3 and 4 (table 6). 

The perthitic structure, an intergrowth of albite in microcline from which 

the name "perthite" is derived, is generally visible without the aid of a 

hand lens. T.he mierocline ranges in color from milky white to deep salmon 

but is usually a dull pinkish white; the albitic stringers form an a.n.astomos-

ing network and are lighter in color than the microcline. 

Perthite is an abundant and readily identifiable constituent of most 

pegmatites, both as small grains near the walls and large masses and aggre-

gates in the interior. It is close.ly associated with quartz in most occur-

ranees. Perthite is the principal constituent of the hood at the Big Boulder 

prospect, and it is the only essential constituent of the core of the ~att 

deposit, where it contains innumerable minute inclusions of muscovite, 

plagioclase, and quartz. Perthite grains range in size from microscopic (in 

border zones, banded pegmatites, and the matrix interstitial to large 

crystals) to 10 feet across. The mineral varies in abundance from less tha.n. 

1 percent in some quartz pegmatites to about 96 percent in the core of the 

HYatt pegmatite. 

In zones where both perthite and plagioclase are essential minerals, 

perthite is almost invariably more abundant in the upper part of the zone 

than in the lower part. The causes or methods of this segregation have 

not been determined, but it is a widespread phenomenon, recognized in many 

districts. Some zones of the explored deposits are divided into an upper 

pert hit e-bearing zone and a lower plagioclase-rich zone.(See pls. 10, 23, 

I 
' ~ •, .. .. . 
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and 30~1 "The upward segregation.· of perthite is not confined to the wall 

zones; the formation of a perthite-rich hood, such as that of the Big Boulder 

deposit (pl. 23) is another example of the same phenomenon wherein the 

potash feldspar of an interior zone is segregated toward the top or roof 

of the pegmatite. Another example is the perthite-rich outer intermediate 

zone of the Hyatt pegmatite (pl. 10), which is developed only on the hang­

ing-wall wide of the deposit. Page and others (in pr~aration) and 

Staatz (in preparation) describe similar perthite occurrences. 

Graphic in~ergrowths of perthite and quartz are common in many pegma­

tites but never abundant in any of them. It is not recorded separately in 

table 17 because graphic granite does not seem to have any consistent rela­

tionship to the composition or st-ructure of the pegmatites in the Crystal 

Mountain district. 

Micro cline 

Non-pert hi tic mierocline has been recognized only in a few scattered 

occurrences. It occurs as a few light salmon-colored grains about 1 inch 

in diameter in the plagioclase-quartz pegmatite of the lower wall zone from 

diamond-drill hole BB-.5 in the :Big Boulder pegmatite. Only a small part 

of the grains exhibit gridiron twinning and the indices of' refraction are 

somewhat lower than for most specimens: the beta index, determined by 

W. T. Pecora of the u. s. Geological Survey, is 1 • .519. 

Microcline is an essential constituent of assemblages 10 and 11 

(table 6) and is present in assemblage .5 in some pegmatites. However, 

assemblages .5, 10, and 11 are directly related to lithium-rich units. The 

Crystal Mountain district is a lithium-poor region, and microcline is not 

l found as an essential mineral. In its few occurrences it constitutes only 

a rare accessory mineral. 
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Plagioclase 

Although plagioclase is the dominant feldspar in the 144 pegmatites of 

Type lA (tables 5 and 17) it is less abundant in the district than perthite. 

It is milky white to pale pi~~ and generally shows polysynthetic twinning 

under the hand lens. The grains are usually smaller than those of the 

associated perthite and quartz, even where plagioclase is the most abundant 

mineral, and it is found more as ground mass and interstitial material than 

as distinct crystals or aggregates. Plagioclase forms small equidimensiona.l 

grains in most pegmatites, but in some bodies the grains become elongate 

and platy toward the center of the deposit. The grains become large and 

the plates are well formed in the central units of the lar~er zoned de­

posits, and the name cleavelandite is applied to this variety of plagio­

clase. Plagioclase is a per-sistent associate of muscovite and beryl, and 

can be found around or intergrown with them wherever they occur. 

The ranges in indices of refraction and composition of 237 plagioclase 

specimens from the Hyatt area are given in figure 3. The determinations are 

of the minimum index of refraction (N2) on (010) cleavage fragments. The 

ratio of albite to ~orthite is taken from a table by Grout (1932, p. 468) 

which correlates the variation in index of refraction with changes in 

composition. The composition ranges from Ab?8 to Ab99• but 91 percent of 

the determinations are between Ab94 and Ab99• The eleavelandite variety of 

albite has a compositional range of Ab94 to Ab99• 

The write:r has attempted to correlate the variations in composition of 

the plagioclase in the Hyatt area with (1) the composition of the enclosing 

pegmatite, (2) the structural position of the pegmatite, (3) the type of 

country rock, (4) distance from the granite masses, and (5) association with 

other minerals, especially beryl, but without succes~. The range of compo­

sition of the majority of specimens is so limited that no systemat~c varia-
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tion is discernible; and the few specimens with compositions outside the 

dominant range are scattered. seemingly at random throughout the area. 

Several hundred determinations of index of refraction of plagioclase 

from the drill cores are not included in figure 3. The exploration fur­

nished 14 excellent cross sections through three well-zoned deposits. The 

composition in these bodies ranges from Ab92 to Ab99, with an average of 

about Ab96• The composite results for the three deposits show a slight 

decrease in the anorthite content from the wall to the core of the pegma-

. tite. Several holes show no systematic change in index, and in others the 

change is confined to the outermost few :f'eet of .the pegmatite. 

Plagioclase is the dominant mineral in the lower part of the wall and 

intermediate zones of the Hyatt, :Big :Boulder, and Buckhorn Mica pegmatites. 

Cleavelandite is an essential constituent of the core and inner intermediate 

zone of the :Buckhorn Mica deposit and the lower intermediate zone of the Big 

Boulder pegmatite. 

in all outcrops. 

The abundance of plagioclase is not easily determined 

Because the plagioclase grains are generally smaller than 

their associates, th9,1 weather more rapidly to form hollows that are in­

variably stained and crusted, and masses of the mineral, even where large, 

are not conspicuous beside perthi te and quartz. Plagioclase and quartz 

are found in graphic intergrowth in many small areas, and in places make 

up sizable parts of a zone, as in drill hole BB-S, Big Boulder prospect, 

where the inner part of the plagioclase-quartz pegmatite contains 7 feet 

of rock of whi.ch ab.ou. :'_balf is composed of graphic material. 

C@.artz 

~rtz is the dominant and in some places almost the only mineral in 

the quartz-rich pegmatites but in the other types it is subordinate to the 

feldspars. Quartz, as milky-white to light-gr~ anhedral grains, most 

commonly forms from 5 to 35 percent of the pegmatite. Glassy chips are not 
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common, and according to Hanley (1950, P• 95), even the clearest material 

at the Crystal Silica property (fig. 2) is slightly milky. Smoky to black 

quartz is found in contact with radioactive minerals. 

Quartz ranges in size from microscopic grains in border zones and 

interstices between other minerals to large masses in the interior zones. 

The difficulty in recognizing the precise boundaries of anhedral grains 

precludes giving exact measurements, but continuous masses (that ~be 

aggregates of grains) of quartz are as much as 5 feet across in the core 

of the :Big :Boulder pegmatite. The perthite core of the Hyatt deposit con­

tains, in addition to minute inclusions of quartz, ro'U.l'ided masses as much 

as lt feet wide and 4 feet long. 

Some of the quartz in the perthite-qua.rtz pegmatite of the hood in 

the Big Boulder pegmatite has the appearance of a "qwartz breccia" with a 

perthite matrix. This "breccia-like" material occupies irregular but some­

what rounded areas 1 to 6 feet in cross section. There is no continuity 

between the areas, nor any semblance of linear o.r planar alinement to s~­

gest it is a tectonic feature. The quartz is separated by a network of 

irregular fractures into sharply angular fragments, the pieces gradually 

increasing in size so that the "breccia" grades outward into normal massiv~ 

quartz cut by a few joints and fracture planes. The central parts are , 

made up of dark~gray pieces ranging in size from 0.01 to 0.2 inch, the color 

becomes lighter as the fragments increase in size. The dark color of the 

quartz suggests that radioactive minerals might be present, and that per­

haps the fracturing might be related to their presence. .The interstices . 

are filled by material that would normally be available during crystalliza­

tion but not likely to be transported into the fractures after consolida­

tion of the hood. 
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Muscovite and biotite 

Muscovite is a minor, but universal, constituent of pegmatites in 

the Crystal Mountain district. .Despite the abundance of biotite in the 

related granite intrusives and in the schist wall rock, it has been found 

in trace quantities in only three bodies, pegmatite 1014, 122.5, and 1244. 

The Crystal Silica pegmatite _described by Hanley and others (19.50, pp. 93-

96) contains both muscovite and a mass of lodestone of large but undetermin­

ed size, but no .biotite is found. Staatz (in preparation) finds that bio­

tite supersedes muscovite in the ~rtz Creek district as the iron content 

of -the pegmatites increases and magnetite becomes an accessor,y mineral. 

The principal deposit of mu.seovite in the Crystal Mountain district 

is in the outer intermediate zone of the :Buckhorn Mica pegmatite. It has 

been described by Sterrett (1923, pp • .59-60), and Hanley and others (1950, 

pp. 88-90), and is re.ported. to have yielded some sheet mica, but most of 

the mu.scovite is suitable only :for grinding. About JO tons of scrap mica 

is reported to have been mined from the inner intermediate zone of the 

HYatt deposit. The books attain sizes as much as 15 inches long and 6 

inches thick, but are wedge-shaped. and show ruli~ • "A" structure, and 

abundant mineral inclusion's. The ma.scovi te shoots are found in pla€;ioclase­

rich zones but .the pegmatites, as a whole, are rich in perthite and such 

deposits generally yield muscovite with little or no sheet mica, according 

to Cameron and others (194.5, pp. 38J, 392) and Jahns (19.51, p • .5S). :Ban­

nerman (194.3, p • . 12) ~d Camerqn and others (1945, p. 382) also note that 

beryl and phosphatic minerals are associated in many places with imperfect 

mica; beryl is a common associate of muscovite in the Crystal Mountain dis­

trict. 

In the majority of pegmatites mapped in the ~att area, nro..scovite 

ranges from microscopic size to three-quarters of an inch in diameter, and 
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rarely attains 2 inches. The average size is about one-quarter of an inch. 

It rarely exceeds 1 percent of the pegmatite, and is present in excess of 

5 percent in only the two zones mentioned previously~ 

Muscovite is associated with tourmaline in fracture fillings in the 

Big Boulder pegmatite and in late networks of fine yellow and white scales, 

some of which is lithium-bearing. The .lithium-bearing muscovite fills 

fractures cutting all previous structures and minerals, and is interesting 

because o.f its relation to relict spodumene. The scales of fine mica are 

in large part slightly curved and many of them hswe one index below 1.55, 

which, based on findings in South Dakota, is interpreted as indicating the 

inclusion of lithium in the composition of muscovite. Sericite present 

in a miarolitic cavity is described in a later section. 

Tounna.line 

Columnar crystals of black tourmaline with well-developed prism faces 

are present in the schist, granite, and pegmatites of the Or.ystal Mountain 

district. The tourmaline crystals range from microscopic in size to a 

maximum of 4 inches in length, but the tourmaline in pegmatites of type 

III (tables 5 and 17) occurs in masses as much as 4 inches by 4 inches by 

6 inches in size, Much of the tourmaline in the schist and granite is de­

rived from solutions escaping from the pegmatites, but some of it is native 

to the country rock. In granite the tourmaline of replacement origin is 

markedly poikilitic and 10 to 100 times larger than the minute delicate 

neeclles of primary crystallization. Tourmaline in the schist is common­

ly alined in the plane of foliation, and in some places there is a linear 

parallelism concordant with drag folds and other lineation. Crystals in 

~ the country rock do not exceed three-quarters of an inch in length, and 

·invariably have parallel sides. Tourmaline in pegmatites generally for.ms 

long columnar crJstals, but a number of irregular skeletal and tapering 
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crystals . have been foundo (See pl. 8.Ao} One tapered crystal, about 3 inches 

long, meg!lsures one-qu.arter of an :i.nch in diameter at one end, and .1 inch at 

the other, and contains veins and inclusions of groundmass material. A 

small pegmatite 3 feet southwest of pegmatite 137 is only 5 inches wide but 

contains tourmaline crystals as much as 2j- inches long and lj- inches in 

diameter which are Ul'liformly oriented normal to the walls of the body. 

Tourmaline in pegmatites of type III (tables 5 and 17) constitutes 12 

to 90 percent of the rock and in altered wall rocks it comprises as much as 

40 percent of the schist. Tourmaline grains observed in the drill core Qf 

the ~att and Big Boulder deposits indicate that this mineral is present in 

all zones, including the quartz core. Tourmaline and muscovite fracture 

fillings occur in the Big :Boulder pegmatite. Tourmaline also was found in 

a miarolitic cavity. 

:Ber:y:l 

~he Crystal Mountain district is one of about a dozen ber,yl-rich peg­

ma.ti te areas in the country, and this stuey was made primarily to · determine 

the distribution and quantity of beryl. :Beryl occurs as an accessory min­

eral only in the pegmatites; none has been recognized in the granites or 

s.chist, though spectrographic ass~s indicate the presence of traces of 

beryllium in the wall rocks of the three explored deposits (table 1:3) • 

:Ser.yl is widely distributed throughout the area in pegmati tes that contain 

from traces to about 2 percent. It occurs in homogeneous and banded as 

well as zoned pegmatites, but has not been found in quartz pegmatites or 

tourmaline-quartz pegmatites of the Hyatt area. Its general associations 

do not seem to preclude the possibility that better exposure or more ex­

tensive examination of these bodies might disclose the presence of beryl. 

Beryl is difficult to recognize in many parts of the Crystal Mountain 

district. It is usually a dull greenish gralf to light bluish green, but 
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white, yellowish, and blue varieties have been found. Be~Jl associated 

with lithium-bearing minerals is a dull ,white mineral that is particUlarly 

difficult to distinguish from milky quartz and feldspar. Only two tiny, 

much-fractured chips of clear aquamarine-blue beryl were found. Ocystals 

of a wide variety of shades of blue green occur in close proximity, and 

there is no discernible external control of the color. Fersman (1940, 

pp. 97-98) states that this pale greyish- and bluish-green beryl, distinct 

from the yellow, golden, brown, rose, green, and aquamarine varieties-, is 

typical of the beryl of his "geophase E." 
:Beryl generally forms euhedral ecy stals on which the only common face 

is the hexagonal prism (110), but anhedraJ.! grains have been found in many 

bodies, and are especially abundant in the zoned deposits (pls. 11-16; 27-

28, and 31-3.5). Commonly the prismatic crystals are tapered, i!J. some 

places producing strikingly conical shapes. In other places crystals are 

broken along the basal cleavage and the parts recemented with the enclosing 

minerals. One specimen exhibits a series o.f step-like offsets along the 

basal cleavage, similar t~ that described by Johnston (194.5, pp. 1032-10):3,). 

Such beryl indicates movement within the p~tite after the formation of 

that particular crystal but before complete crystaJ.lization of the materi­

al forming the nearby groundmass. 

The largest beryl crystal found in a homogeneous pegmatite or the wall 

zone deposits of zoned pegmatites was 8 inches long and 3 inches in diameter, 

but the common range is from 0.01 to 2 inches. Beryl grains are consider­

ably larger in interior zones: in the inner intermediate zone of the 

H;vatt pegmatite the range is from 2 inches to. S feet; the average is about 

1 foot. It is reported that one cr.rstal at the Big Boulder prospect, mined 

from the inner side of the hood, yielded 10 • .5 tons of beryl; the dimensions 

of that crystal, reconstructed from the weight, the known depth of the pit, 
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and p&-t of the _cast of the crystal remaining in the rock are approximate­

ly 6 to 7 feet long and 1.8 feet in average diameter. It is also rep0rted 

that the cr.ystal tapered toward both ends. The other minerals in the 

associated perthite-quartz pegmatite are as much as 6 feet in cross sec­

tion, so the size of the beryl crystal was proportional to the surround­

ing crystals •. 

In zoned pegmatites the plagioclase- and muscovite-rich units are the 

most likely to be beryl-bearing, though other units may contain beryl if 

the deposit is beryl-rich. Even in homogeneous pegma.tites the plagioclase­

and mriscovite-rich areas in or surrounding the clots or cores of perthite 

and quartz are more likely places to find beryl than in the clots them­

selves. No beryl is exposed in the Hyatt deposit in either the perthite 

of the core or the perthite-qua.rtz pegmatite of the outer intermediate 

zone, although the spectrographic assays (pls. 19 and 20) indicate the 

presence of a small percentage of ]eO. The beryl-bearing hood of perthite­

qu.artz peg:mati~e in the Big :Boulder deposit contains interstitial plagio­

clase and mascovite. Most beryl contains abundant inclusions of plagio­

clase, muscovite, quartz, and perthite and, in addition, a thin layer of 

fine-grained muscovite mBf coat the crystal. 

The theoretical foriiiilla of beryl, BeJA12(Si0;)6, contains 14.0 percent 

BeO but natural beryl contains varying amounts of Na20, Li20, OszO, and com­

bined water. Unpublished studies by W. T. Schaller of the Geological 

Su~;ey show that the indices of refraction of ber,yl increase as the alkali 

content increases. The increase in alkali is made almost entirely at the 

expense of ber,yllium, so the variation in the omega index of refraction is 

also a me~ure of beryllium cont ent. The results of almost 300 determina­

tions of the omega index and corresponding BeO content of beryl from peg­

matites in the Hyatt area are shown in figure 4. The dotted line superposed 
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on the distribution graph represents the symmetrical e1arve that could be 

derived by smoothing out the irregularities in the graph of actual de­

terminations. · It is the sort of curve produced by deviations which are 

free to fall in either direction from a mean value. The curve indicates 

that the beryl of the HYatt area contains an average of about 13.4 per­

cent BeO. The geographic position and index of each specimen, plotted in 

plate 7, show a systematic distribution of the variations in alkali and 

beryllium ratio that can be contoured with relatively smooth lines. The 

highest indices are in the areas of the two large granite masses and in 

the vicinity of the HYatt pegmatite where there are two small plug-like 

masses of granite. 

A high proportion of pegmatites in the Crystal Mountain district con­

tain beryl as an accessory mineral, the abundance in different bodies 

ranging from about 2 percent in a particular zone to a single cr.ystal in 

an entire pegmatite. Commonly several crystals or grains occur in close 

proximity even in small bodies; therefore, an arbitrar.y distinction has been 

made between a "rare accessory" and an "abundant accessory." If the es­

timated beryl content is less than 0.01 percent it is considered a rare 

accessory and reported in table 17 as a trace amount. If the estimated 

quantity of beryl contained in a pegmatite is less than 1 ton it is not 

considered a potential source of the mineral. The beryl resources con­

sidered in tables 7 and 8, therefore, represent the deposits where beryl 

is an "abundant accessory," and contains an estimatelLl. :.:ton o:rn:mere. ,of.,benl 

in rock with an estimated grade of 0.01 percent or more. 

In the HYatt area 350 pegmatites are known to contain beryl (pl. 8). 

The number of deposits in which beryl is an abundant accessory probably 

would not be increased appreciably by further search. 

A total of 77 pegmatites (tables '7 and 8) contain over 1 ton of beryl 
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Table ?.--Distribution of beryl with respect to granite intrusives in Hyatt 
area, Cr,ystal Mountain district, Colorado 

Pegmatites in granite mass: 

Northern mass 
Southern mass 
Mass at Hyatt mine 

·Pegmatites in 1,000-foot belt 
arou.nd mass: 

No.rthern mass 
Southern mass 
Mass at Hyatt mine 

Pegmatites in belt 1,000 to 
2,000 feet around mass: 

Northern mass 
Southern mass 
Mass at ~att mine 

Peg~tites in the remainder 
of the area: 

Number of 
pegma t-it es 

30 
1 
1 

4 
1 
3 

19 
2 
6 

10 

Percent of 
pegma.tites 

26 
1 
1 

5 
1 
3 

25 
2 
8 

13 

20.0 
o.os 

42.0 

2.0 
0.3 
o.4 

9.0 
9.0 
6.0 

ll.O 

Table a.-Distribution of beryl-bearing pegmatites according to country rock 
and structure, lcy'att area 

Pegmatites concordant Pegmatites discordant Pegmatites in 
Range of in schist and iso- in schist ranite 
inferred . lated sills Total 

Number of Total beryl Number of beryl 
tites tons tons 

1 to 5 12 2.5 10 32 16 38 

5 to .50 7 171 15 323 ll 145 

Over .50 None None 2 209 4 1,070 
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in rock with a grade of 0.01 percent or more. Two deposits, the Hyatt 

pegmatite and the small body to the south (pl. l), were known before the 

present study was undertaken. An analysis of the distribution of beryl 

deposits shows that the ~att pegmatite is the most important source of 

beryl in the area. T.he Hyatt deposit contains 42 percent of the known 

ber.yl resources, 27 discordant pegmatites in schist contain 28 percent, 

30 pegmatites in granite contain 20 percent, and 20 concordant pegmatites 

in schist contain 10 percent of the beryl. The northern granite mass i .s 

much richer in beryl deposits than the so:u.thern mass-20 perce.nt as com­

pared to 0.05 percent of the known beryl. 

The three principal areas of granite, the two large masses and the 

plug which almost encloses the Hyatt pegmatite, are each surrounded by 

belts a thousand feet wide in which beryl deposits are small: the t~ousand­

foot belt around the northern mass contains 2 percent of the beryl re­

sources, the belt around the southern mass contains 0.3 percent, and the 

one around the HYatt plug contains 0.4 percent. By contrast, the next 

thousand-foot belt, concentric to the first belt, contains, in the same 

order, 9 percent, 9 percent, and 6 percent of the beryl resources. The 

13 deposits that are not within the masses and their concentric belts con­

tain 11 percent of the resources of the area (table 7). 

These comparisons suggest that beryl deposits occur with somewhat 

greater freqaency in granite masses which contain both large and small 

pegmatites than in granite masses with only small pegmatites, that dis­

cordant bodies are more commonly beryl-bearing tJ:lan concordant ones, and 

that beryl deposits are least abundant in pegmatites immediately adjacent 

to granite masses. 

Next in importance to deposits in granite axe the discord.a.n.t pegma­

ti t es; the pegmatites concordant in schist are the least important group. 
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The comparisons are given in table 8. 

Garnet 

Garnet is a common accessory mineral in the schist but is relatively 

uncommon in pegma.tites, and has not been found in the granite. The c:r~-a­

tals in schist range · from microscopic in size to one-quarter of an inch 

ln diameter; the aver~e is about 0.01 inch. The garnet in pegmatite has 

about the same average size, but a crystal as much as li inches in diameter 

can be found in a few bodies. Most garnet crystaJ.s are reddish brown, but 

a few minute trapezohedral crystals are bright red and transparent. Garnet 

usually occurs in scattered groups of a few individual crystals and, more 

rarely, in rows near the peg:matite.contact. Pockets one-half to .:3 feet in 

diameter of closely-packed euhedral to anhedral grains are. found in the 

hood of perthite-qwartz pegmatite at the Big Boulder deposit. The grains 

are as much as an inch in dia.met er, ·and heavily stained with manganese 

oxides. Associated with this garnet are quartz, muscovite, plagioclase, 

tourmaline, and iron and manganese phosphates. 

The specific gravity of individual fragments was calculated from 

weighings on a Berman microbalance, and the specific gravity of entire 

suites of grains from single localities were obtained by use of the 

pycnometer. The microbalance indicates that the specific gravity of gar­

net varies within single leyers of schist and within individual pegmatite 

outcrops. The overall range is from 3.72 to 4.31, but there is little 

correlation between the specific gravity of indivi~ual grains and the bulk 

specific gravity of entire suites. Records of previous determinations do 

not exceed 4.Z5, so it is assumed the higher readings signify the presence 

of heavy impurities. The results of 24 microbalance determinations are 

given in table 9; the compositions are stated in terms of the percentages 

of theoretical end members; pyrope (MgJA12Si3012), almandite (Fe3Al2Si3-
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Table 9.--Approximate composition of garnet in Hyatt area 

Sp, G. Sp • . G. 
Pegmatite individual Pro:Qortion entire 

number !n grain Index py hA §! 'Q:! ~ suite 

144 ... 4.06 1.81 76 11 13 

185 ... 3.80 1.81 30 35 35 

316 + 4.06 1.81 76 11 13 

397 3.86 1.81 33 38 29 

483 ... 4.06 1.81 76 11 13 

495 ... 3.75 1.81 21 41 38 4.10 

.584 + 4.07 1.81 77 10 13 
4.22 

584 ... 3.77 1.80.5 26 38 36 

827 .... 4.oo 1.80 86 8 6 

86) ... 4.22 1.81 36 64 4.06 

972 ... 4.1.5 1.81 20 77 3 

10.50 4.06 1.81 21 71 8 

1054 3.95 1.81 28 53 19 

1068 ... 3.72 1.81 1.5 48 37 ,... }.90 

1128 ... 4.14 1.81 16 84 

11.31 3.87 1.81 34 37 29 

11.57 4.02 1.81 23 65 12 

1164 ... 4.00 1.81 8) 4 13 

1194 ... 3.91 1.81 66 14 20 3.71 

1201 4.14 1.81 16 84 

128.5 ... 3.98 1.805 82 7 11 

Pegm,a.ti te: 
not num-
bered ~ 3.94 1.81 72 10 18 

I 

Schist .. 3.97 1.795 27 53 20 

Schist 3.87 1.81 34 37 29 
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012), spessarti.te (Mn::3A12Si3o12), grossularite (CaJA12SiJ012), and andra­

dite (Ca3Fe2Si3012) (abbreviated PY, AL, SP, GR, and AN, respectively). , 

The compositions are approximate, and are taken from the data tabulated 

by Winchell (1947, pp. 174-183). 

The index of refraction was measured by immersion in li~ids of known 

index of refraction. A few indices are equal to 1.81, but most are slight­

ly below 1.81 and above 1.80,5, and a few others are as low as 1.795. 

The presence or absence of manganese was tested with borax beads. 

Garnets from some peg:mati tes contain manganese and others do not. Two 

specimens from pegmatite 584, selected from different parts of the bo~, 

indicate widely differing compositions. Many garnets from schist, not 

included in table 9, were tested for manganese and the results were con­

sistently negative. A thorough study of garnet compositions and their 

distribution will reqnire much more extensive sampling. 

Apatite 

Deep-green, bluish-green, and lilac apatite has been found in the ex­

plored deposits and in pegmatites 807, 1212, and 1246 as grains ranging 

from 0.1 to 0.6 inch in diameter. Apatite is commonly dark and distinctive, 

but a few grains of light bluish-green material were mistaken at first 

glance for beryl, for example, in the outer part of the wall zone at the 

Big Boulder deposit. Lilac-colored apatite occurs in the inner inter­

mediate zone of the HYatt deposit. It is a very rare constituent of the 

pegmatites and is recognized principally because of its distinctive color. 

Apatite is present also in a miarolitic cavity. Apatite is more abundant 

in the country rocks, but is visible only under the microscope. 

Sillimanite 

The schist contains sillimanite in fine acicular crystals, but the 

only specimen found in pegmatite consists of a cluster of parallel columnar 
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crystal.~ .- 0 .. ;5 to ".l • .i) -.. incP.es .ilong anct,av.et.agi:ng. 9~l...., inch "in -diameter. _ .. 

The c~stals are a 'translucent gr~ish white, have a vitreous luster, and 

are somewhat fibrou~. Sillimanite is associated with quartz, plagioclase, 

muscovite, and perthite, and occurs within 2 inches of the contact of peg-

matite 1146o There are no indications that the sillimanite was derived by 

alteration of an argillaceous inclusion; if it is the result of contamina-

tion, the material was thoroughly digested before crystallization of the 

sillimanite and surrounding pegmatite. 

Li thiophillite-triph.yli te 

The phosphatic minerals lithiophillite and tripeylite are end members 

of a. continuous series between LiMnP04 a.nd LiFeP04. Ordinarily the pho.s­

phates of Fe, Mn, and Li ~e coated with ~ dark-brown to dull-black products 

of oxidation and b;rdration. The alteration products constitute a number 

of' minerals of which only purpurite is readily identifiable in the fieid. 

Members of the lithiophillite-tripizylite series were found only in the 

three explored and one u.nex.p1ored deposits. 

A member of the lithiophil1it~triphylite series was exposed in the 

upper part of the ~nner intermediate zone of the eyatt . pegmatite by mining 

operations in 19~ • . The fresh material is medium blue,_and . th~ lowest 

index is about 1.675. According to Winchell (1947, fig. 78, p. 1.50) thif!V/ 

indicates an approximate ~omposition of lithiophil~iteao tripbylite2o•, · It 

is associated with quartz, pyrite, and lithia mica, and the aggregate form~ 

blocky masses from 1 inch square to about 2 inches by 2 inches by .5 inches. 
I 

Cinnamon-brown lithiophillite-triphylite was found in the lower part of the 

inner inte;"mediate zone of the Hyat't deposit. The beta index of refraction 

is about +•69 indicating a composition of about lithiophillite45 tri-

. plvlitess• ,It is estimated that the lithiophillite-triphulite content of 

the workings made in the inner intermediate zone in 1948 was of the order 
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of o.oox percent. Workings driven ~e:fore 1948 yielded about 300 pounds of 

the brown to black altered mate~ial, and the. content .of tbat part of the 

zone ~ have been as high as 0.01 percent. 

·Columbite-tantali te 

A single block of rock found on the dump of the :Buckhorn Mica mine 

contains more columbite-ta.ntalite than has been found in the remainder of 

the Crystal Mountain district. The mineralogy of this sample inG.icates 

that it came from the core of the deposit. Three clusters of tabuJ.a:r 

crystaJ.s have an a.ggr~gate vo~u:me estimated_ to . be about 11 cubic ~nches. , 

The .platE:)S are f~om o.ol to 0.23 inch thick, o.2 to 3 inches long, and 0 • .1 . 

to .2 inches wide. A block of what appears . to be "massive• columbite-ta.nta.­

lite is about 1 inch by 1 inch by 0.7 inch. The Tantalum ~la~ and the 

Crystal Silica claims described by Hanley and others (1950, PP• 9:3-96, 

98-99) . and the :Beryl No. 5 claim, the :Big :Boulder deposit, the B'\ratt peg­

matite, and two small bodies not included in the areas mapped contain 

from a single crystal to three crystals of columbite-tanta~ite. The mineral 

dimensioJ?.S rang~ as follows: 0.02 - 0.1 inch in thickness. 0.3 - 0.9 inch 

in width. and 0.5 - 1.1 inches in length. From determinations of specific 

gravity it is possible to estimate the TazOs and Cb20; content of columbite­

tantalite: specific . g~avity of specimens from the Crystal Mountain district 

ranges -from 6.2 to 7.~, indicating a rall€e in T~05 content from abou~ 39 

to 76 percent and in the CbzOs content of from about 10. to 48 percent. 

A specimen from the Tantalum claim has ~he hi¢he~t reported specific gravity 

and .tantalum content (B'anley and others, 1950, P• 99). The colu.mbi te-tanta,.... 

lite content of the Buckhorn .Mica pegmatite and the Tantalum claim deposit 

may amount to a few hundred pQunds; however, the eolumbi te...otantali te found 

in the other pegmatites is negligi~le. 
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:Si smu thini te 

:Bi~~thinite (:Bi2 S3) and its alteration product, bismutite, a 'bis~th 

carbonate, ~ocur ;n the inner intermediate zone of the ~att pegmatite. 

The WJ:>ite~ e~~~mates the ~ontent in the zone exposed by mining in 1948 

amo~ted t(l) o.oox percent. .In one place the bismu.thinite formed a mass 

interstitial to large grains of perthite and quartz but with thin branches 

following fractures into other I;rlnerals. The main. mass of bismuthinite 

was intergrown with plagioclase, muscovite, and quartz. The field deter­

mination o£ bismutl:'Unite was verified chemically and the bismu.tite was 

identified by J. J. Glass of the Geological Survey. The bismu.tite is very 

·fine grained but bas the following characteristics: some grains are iso-

tropic and ~t~ers biaxial negative; mean index of refraction of biaxial 

grains is · 2.20; the mineral occurs as square plates. i .s yello~sh to light 

green; gives p<;>si~ive bisDillth test; and effervesces with acid.. X-ray ex­

amination by J. M. Axelrod of the Survey confirms the identification. .A 

related a.1 teration mineral also has been found: it is a gr.eenish-gr~, 

amorphous or cryptGcr;yatalline bi smu.th ·carbonat e. 

· It is reported t~t bismuth mineral.s were mined at the Oeystal Sllica 

property prior to 1900, but the amount and source are unknown. 

Uraninite and related minerals· 

The i .nner intermediate zone of the rzyatt pegmatite contains uraninite 

and its alteration products in minute qu.ant.ities. Smoley quartz and reddish­

brown feldspar are found in the vicinity of radioactive minerals. It is 

reported that masses of uranini te as large as a walnut were found in the 

inner intermediate zone when the deposit was first opened. Still visible 

are masses. of quartz as :rrru.ch as 4 feet in diameter which darken inward 

from gr~ edges to jet black centers and indicate that uraninite was once 

present. Fractures in the quartz contain scales and flakes of yellow 
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autunite, gray m etatorbernite and orange gu.mmite. A specimen from the mine 

~:~ contains a dozen . grains of dull black 'I:JXaninite, ranging from 0.03 to 

0.1.5 ~nch in diame~er, embedded in perthite. · Though not in . actual contact 

with the ura.ninite, quartz grains in the specimen are black • 

. Au~unite and gummite are present in pegmatite 824 but no uraninite is 

exposed• 

Metatorbernite was identified in a specimen submitted to the Geological 

Survey _ Trace Elements Laboratory, and is reported to have ~he following 

properties: radioactive and faintly fluorescent; sma+l 2V, uniaxial posi­

tiv~; beta and ga:mma. indices of :refraction close to 1.6:32; anomeJ.Qus blue 

and purple interfer.ence colo~s in anisotropic sections; qualitative chem~cal 

tests show the presence of P, Ou, and U; it occurs as small green flakes. 

N'9 uraninite can be seen at the Big Boulder pegmatite but the inte;-­

media.te zone contains the alteration products and smoley" to black quartz. 

The associ~tions are similar in . the two deposits. ~e zones conta~n beryl, 

scrap mi~a, phosphatic minerals, colU!!lbite-tantalite, smoky quartz,. and 

perthite. The H1att deposit contains, in addition, bismuth minerals. 

Despite the variety of uranium-bearing minerals in pegmatites the total 

qruantity of uranium obtainable from them is .probably mi~or or negligible. 

The subject has been reviewed by Page (1950, pp. 12-34). The writ·er 

estimates that the uraninite content of the exposed parts of the inter­

m~~ate zones ~t the Hyatt and :Big Boulder deposits is of the order of 

o.ooox percent. 

Relict spodllmene 

No una1 tered spodumene ·has been found in the Crystal Mountain district 

but .there . is evidence that spodumene crystallized in the interior zones of 

the Hyatt, Big Boulder, and BUckhorn Mica pegmati tes. The spodumene was al­

tered te a.n exc'eedingly fine-grained aggregate of albite and sericite which 
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has . p~eserv~d the lat~-like shape and the lamellar structure para+lel to . 

(100). Some pseud()morphs are :3 feet long and 2 t<:> 4 inches thick. Spec-

trogr~phio ~yses of two specimens of the aggregate . were made by A. T • . 

~ers, !rrace Elements Section Denver Laboratory, _tT. s. Geo~ogioal Survey. 

Each specimen contains lithium of the order of O.X percent, the specimen 

from the Big Boulder pegmatite is slightly richer than the one from the 

Buckhorn Mica pegmatite. 

The field relations indicate that during the crystallization of the 

Big_ Boulder pegmatite, perthite crystallized in the outer _ and upper parts 

of the wall zones and as a hood in the intermediate zones, albite formed 

in these units (cleavelandite in the inner parts), and lithium crystal-

lized_ as spo~ene in the inner part of the intermediate zone. The spod.., · 

umene, however, was not in equilibrium with the rest-liquid during. later 

crystallization and was altered ~Y reaction to albite and sericite. The 

resorbed lithium was redepos~ted, ~rtly with iron and manganese phos­

phates as lithiophillite-tripl:wlite, ~d partly as a minor element in 

lithi~bearing muscovite and sericite. 

The sequence at the Buckhorn Mica pegmatite is similar, and simpler 

In:iner~ogically. Albite and quartz grade inward into cleavela.ndite and 

quartz, and the spod:umene that crystallized with cleavelandite and quartz 

was l~ter altered by reaction; the freed lithium was incorporated in 

micas. 

Hematite and magnetite 

· ·'~:'Hematite and magnetite were found in peg:mati te 899. This quartz peg-
# 

m~ti te contains tourmaline crystals, as much as 0.2 inch in diam~ter and 

J .• l ~nches long, and one small mass of hematite and magnetite, O.J inch 

by o.4 inch, and 0.03 ineh thick. No feldspar or mica was found. Lode-

sto,r.~.e occurs intergrown with quartz and muscovite near the east margin of 
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the qua.rtz core of the Crystal Silica pegmatite. 

Ohnsoberyl 

Pegmatites 1039, 1148, 1155, and .11.58 co~tain asparagus-green to. 

yellowisll-green chrysoberyl in plates, masses, and imperfect crystals. 

The ceystal.s . ~e fc:>tmd in groups . of 3 to 8 crystals per pegmatite and 

are 0.0.5 ta _O.l inch th~ck and. 0.2 to o.6 inch long. The ehrysoberyl in 

pe~tite 1039 occurs ;n the core of pe~thite-qua.rtz-plagioclase peg.rna­

tite. A·t the Beryl No. S prospect (fig. 2) a fracture in quartz is 

filled ~ith ma:ny smal~ plates of chryso'beryl which form an almost solid 

la;ver o.o2 inch thick, 4 inches long, and 2-l inches wide. r.mn.y of the 

pl~tes are ,stellate twins showing fine feather-like striations on the 

(100) face. 

Chrysoberyl is a rare mineral in the Crystal Mountain ~s~rict but 

S _miles _to the north at the Wisdom :Ranch prosp~ct(st· .. ·sec. ;, T. 7· N., 

:a. ?l w.) described by Hanley and others (19.50, pp~-- 102-1~4) numerous 

plates and masses of chrysoberyl have been :found; however, it is quan­

titatively rare, even at the Wisdom Ranch pro.spect. 

Miarolitic minerals 

Ao. irregu.lar miaralitic cavity in the Hyatt ~egmatite contained a 

compact mass of yellowis:J:l-green micaceous mineral, a.nd minute crystals 

of a variety of minerals. The cavity was about 0.4 inch in average 

diameter and ~ccu.rred in a fine-grained aggregate of quartz, plagiocl~se, 

and nru.scovite that fill the interstices between large perthite masses. 

!~;'he material was identified by J. J. Glass of the U. s. Geological ~urvey. 

The micaceous material ~s sericite and the associated miner~ls, in 

the orde;- of their a.b~dance, are bertra.ndi'ie, apatite, fluorite, tourmaline, 

hematite, and limonite. 

The sericite is dominantly platy, but a small portion is fibreus, has 
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a wS.Jcy- luster, and does not yield a lithium flame. It is biaxial negative, 

2V variable from 30° to 70°, the fin~r-grained . material having the smaller 

optical axial angle. The gamma ~ndex is 1•577, A quantitative speetr~ 

graphic analysis of ~he sericite, made by J. D. Fletcher of the Survey, 

is given in table 10. 

The bertra.ndit~ is colorless, e.:x:hibi ts twinning, and perfect cleavage 

in three directions. The mineral is biaxial negative, angle 2V is 76° to 

80°, extinction is pa.r.allel, and tJ:le indices of refraction are: N alpha 

1.590; N beta 1.603; a.nd .N gamma 1.614 • . :Bertrandite is a rare hydrous 

beryllium silicate (~0 • 4::Se0 • 2Sio2). 

The apatite has th~ J?ropertie.s of fluorapatite: uniaxial negative, 

specific gra.vi ty near 3.3, the pale grayish sapphir~-bl':Le fragments have 

indices of refraction N epsilon 1.630 and N omega 1.633; ~d ~he color­

less fragments have indices N' epsilon 1.6.)2 and N omega 1.63.5. · 

T?urmaline is .present as small columnar crystals on albite at the 

edge of the cavity. . It is black in hand specimen, but brown to greenish 

g~ay in thin grains, I~ is uniaxial negative with the indices N epsilon 

1.626 and N omega 1.646. 

Hematite and limonite are present as crust-like specks on the cleavage 

planes of the albite and as pale pink and pale yellow stains throueJ;lout 

the specimen. 

Relation of pegmati tes to wall rocks a.nd structure 

The alteration of schist and granite wall rock in contact with peg-

matites of the Crystal Mountain district is in most places ineo.nse<EJ.ential. 

:Slack tourmaline has· been added 'to schist and granite in quantities 

ranging from negligible to 40 percent; intense alteration is unusual and 
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Table 10.--~titative spectrographic analysis of sericite .from the core of 
the ~att . pegmatite, Crystal MOuntain district, Color.ado 

Be 

Cu 

Sn 

:Si 

Mn 

Ga 

Or 

Se 

Ti 

Zr 

S:r 

:Sa 

:a 

Fe2o3 

OaO 

MgO 

J. :a. Fletcher,. Spectrographer 

0~04 

0.002 

o.o1 

0~004 

0~3 

o~ooa 

o.ooo2 

0~001 

0.0007 

o.ol 

o.o4 

0.02 

O~l - 0.3 

Plate ~ined fC?r Ag, Mo, W, Ge, Pb, As,. Sb, Zn, Od, Tl, Co, Ni, v, 

La, Th, Ob, Ta, and U; but not found. 
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rarel;v extends more than 5 inches from the contact. Tourmaline crystals 

range from micro~cop~c to l inch in ~ength. Intensely altered mica. schist 

contains about 20 percent tourmaline. Tourmalinization decreases outward 

from the contact and disappears at a distance of about 2 feet. As tourma­

line is a common accessory minera; 'in some schist 18\Y'ers, as well as being 

widespread around most pegma.tites, it has been recorded as a wa.ll-roc.k 

alter~tion. product only whe.re it is especially concentrated. Bannerman 

(1943, p. 9) describes black tourmaline as a particularly common mineral 

in the contact zones in Il1B.lzy districts in New Hampshire. 

Tourmaline forms rosettes of acicular crystals in minute fractures 

between pe~tite and granite in the northern multiple granite s~ll~ The 

needles are 0.1 to l inch long, as much as 0.0.5 inch in diameter, and the 

rosettes or clusters are no more than one-tenth of an inch thi~. The 

tourmaline is attached to the peg-matite but not to the gra.:n:ite. Tou!"In&­

line rosettes have bee~ fo'Wld in only a few places; their expo·su.re depends 

on fortuitous breakage. 

The granite in contact with pegmatite is almost invariably silicified 

. sufficiently to increase its resistance to erosion. The silicified wall 

rock forms low rid€es flanking recessed pegmatites on the bare surfaces 

of the northern multiple sill. · Narrow ridges of resistant granite are 

found along joint-like cracks which are in some places connected with 

pegmatites. 

Granite in direct contact wi~h the Hy-att, :Big :Boulder, and :Buckhorn 

Mica peg;ma.ti tes ~as analyzed :f'.cr 13$0, and th.e determinations are given in 

tables 11 and 12. Most ss.mples represent about 1 foot of rock at the peg­

ma.ti te contact, but sam,ples from drill holes HY-49 HY-6 • B:B-4, a.n.d: :BR.;;.;2--repre­

sent f?%'eater . distances • . The ~oeations of the samples are given in plates 

l7-'2lt 24-26, and 36-40. The range of :SeO content in the granite is :f'rom 
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Table 11.-:BeO content of granite near B';ratt pegmatit,e; Crystal Mountain 
district, Colorado 

Drill 
hole 

HY-1 

HY"!"'2 

HY-2 

HY-3 

HY~3 

HY--4 

RY-4 

HY-4 

HY4 

HY-4 

Bl'-4 

li!"!"'4 

HY-5 

HY~6 

Sample 
number 

0 2:31 

c 201 

c 218 

0 1?5 

0 200 

c 145 

0 12_9 

0 160 
-. 

c 163 

0 165 

c 167 

c 173 

c ll:J4 

0 123 

.Footage . 

56.a .- 5?.4 

ss.o - 9:5.0 

lo4.o - 104~9 

165,6 - 166t8 

131.,8 - 132.5 

209.6 - 210.6 

169.0. - 170,0 

213.4 - 214,5 

217,5 - 218,7 

220,9- - 221~,8 

222.2. -224.4 

227,8 -228.2 

2:34-.J - 23.5.0 

83.6 - a5.o 

54.0 - ss.o 

:BeO content 
(percent) _j 

o •. o11 

0.01.5 

a,ooa 

0.009 

o,oo4 

o,eoa 

o •. oo9 

o.oo1 

0,009 

0,001 

o.o1 

0.001 

o.oo6 

0.01 

0.0033 

Material included in 
the gra.n.i te 

Few quartz veins and 
:pegmati tic bleb·s 

.Aplite and pegmatitie 
stringers 

None 

Quartzose patches 

Pegmatitic blebs 

None 

None 

None 

Pegmatitic patche.s 

None 

quartzose and pegmatitic 
patches 

None 

None 

One slickensided quartz 
vein 

Q}lartz vein 

_} ~~itative spectrographic a.na.J¥ses of 0 123 and C. 144 by _ Saratoga 

Laboratories, and the rest by National Spectrographic Laboratories. 
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Table 12.~Be0 conte:nt of schist near the explored deposits, Crystal 
Mountain district, Ool0rado 

--

Drill Sample 
hol.e number 

n~:t c 222 

RY~l c 2?.5 

HY~6 a 111 

n~6 0 113 

n~ 0 116 

:S:S.J c 110 

:s:s~ 0 79 

:S:S-4 0 9.5 

B:S4 0 96 

B:a~s 0 63 

B:S..5 0 78 

::SH-:-1 0 56 

:SH"""2 c 4{) 

:BH~2 0 41 

:s:a:-2 0 48 

:SH-..2 e so 
mr~z c 5.5 

Bli"""3 0 26 

BH-3 0 39 

B:S:4 0 11 

:SH-:5 0 10 

BeO content 
F?ota.g~ _ (percent) . _} Nature of the schist ., 

55,0 - 56~8 o.ool Gra.nitized and :pegmatitie 

60~0 - 62~0 0,001 Pegmatitic impregnations 

29.0 - 30t0 

34,0 ~· 34.4 

39,2 ~ 40~.5 

82,4 - 83.2 

56,.0 - 57.0 

130.8 - 133.0 

133!-0 - 134.1 

107,7- 109.0 

178,1 - 179~1 

72~.5 - 73.5 

84t0 - 86t.8 

86,8 - 90.5 

112.7 - 114.4 

132t0 - 133,2 

64,0 - 6.5,2 

89.0 - 90.0 

0,"0180 

0.034 

0~00.5.5 

0.0027 

0.0027 

0.004.5 

0.0088 

0.0019 

o.oo46 

0.0028 

0!041 

0!0078 

0.-01.5 

0~0029 

o.oo,a 

0.0028 

0.0021 

0~0016 

0.0028 

Tou.rmalinized; weathered 

Tourmt:W.inized. and silicified 

Not visibly altered 

Do 

Pegma.titic stringers and 
blebs 

Not visibly altered 

Pegmatitie impregnations 

Not visibly altered 

P$gmatitie stringers and 
blebs 

Do 

Not · visib1y altered 

Tourma.linized 

Not visibly altered 

To'U.I'Illalinized 

Silicified 

_j Quantitative spectrographic analyses of 0 222 and 0 22.5 by · National 
Spectrographic Laboratories, and the rest by Saratoga Laboratories. 
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a trace to 0.015 percent; the average of samples without visible altera­

tion is 0 •. 005 percent and the average of all granite samples (table 11) 

is 0.007 perc~nt. As the limit of accuracy of the analytical meth·od is 

about t 0.001, there is no significant difference between the averages, and 

it is apparent that addition of BeO to granite is not important. 

The . ra.n.ge of BeO content in altered schist at the contact with pegma­

tite is from a trace to 0.041 percent. Schist that is not visibly altered 

contains an average of 0~003 percent :BeO. The average :BeO content of all 

samples in table 12 is 0.008 percent. Pegmatitic stringers and impregna­

tions add :BeO to the schist but there is no simple and consistent relation­

ship between the addition of pegmatitic material and the beryllia content. 

The average of all schists, 0.008 percent, and of all granites, 0.007 

percent, indicates that both types of country .rock are about equally en­

riched in ber,yllia, though the content in schist is more variable. 

Wall-rock control 
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more irregularly shaped bodies _in the Hyatt area (pl. 1), sueh as pegma.ti tes 

448 an~ 64.$, -are muJ.tiple bodies whose members are moderately straight and 

simple. The branching patterns of pegmatites 64.5, 673, 674, and 67.5 are pro­

duced by concordant offshoots of discordant bodies. Pegmatite 1108 follows 

intersecting fractures, and pegmatite 1045 is concordant in the eastern half 

and discordant in the western half. Irregular pegmatites 442, 46,), 196, 248, 

249, 898, and 900 have been but little eroded and _might present more regu­

lar outlines if they were 'more completely exposed. 

Pegmatite 432 seems to be the feeder for the flat-lying pipelike body 

which consti·tutes pegmatite 430. Pegmatite 432 is a steeply dipping body . 

that trends eastward; pegmatite 430 branches northward from pegmatite 4.)2. 

The lower contact of pegmatite 432 is an irregu.lar surface with an average 

southerly dip of 20°, exposed in small outcrops for 200 feet north of the 

junction. -The structure controlling the emplacement of pegmatite 430 is 

not exposed, but it ~ have been the low-angle line of intersection of two 

nearly parallel joints with opposed directions of dip. Other pegmatites 

in the area show apopllyses following planes of w:~es s that diverge from the 

structure localizing the main body: the southwestern end of the concordant 

branch of pegmatite 645 folla~s a plane dipping 4,5° ..;.55° D.; the southwest­

trend~ng discordant branch of pegmatite 846 rests in part on a plane strik­

ing N • . 70° w._ and dipping 2J0 NE; along the south side of pegmatite 69.5, 

the pegmatite bulges outward for a few inches to rest on a joint in schist 

striking N. 31° W. and dipping 6° NE. 

Pegmatites that occupy joints in granite are tabular bodies with 

straight courses and angular bends. Some joint-controlled pegma.tites end 

abruptly and squarely against other joint surfaces, and some taper to a 

knife-edge as the walls converge. Most joint-controlled pegmatites lose 

their identity in a network of other joint-controlled bodies. Pegmatites 
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form a veritable maze of interconnected bodies at the western end of the 

northern multiple granite sill: in the westernpart,(pl •. l) are shown all 

the pegmatites over S feet in width and. as many of the remaining bodies . 

over _l foot wide as can be plotted at a scale of 1:6,000. lastward from . 

pegmatite 300 all bodies over 1 foot wide and many of the persistent nar-

rower ones are mapped. North and east of pegmatite 10.5 bodies less tl;lan 3 

inches wide and less than 50 feet long are common but were not mapped. 

The relation of" many bodies to wall-rock structure is not apparent in 

the field and only those that are clearly joint-controlled are so designated 

in ~able· . l7. The various networks of pegma.tites centering around pegmatites 

278, 375, 3:32, and ,384 are similar to the more extensive and intricate net-

works made up of narrower bodies. 

Many pegmatites within granite sills are parallel to the flow structure 

or are along the hanging wall or footwall of the sills. These bodies have 

the same structural characteristics as pegma.tites concordant with the schist. 

Pegmatites 85, 87, and 88 . dip southward parallel to the footwall contact of 

the northern granite mass, and give the impr~ssion of being concordant in 

the longitudinal .fractures of marginal sills. 

There are small irregular patches of pegmatitie material in parts o.! the 

large multiple granite sills that are not fracture controlled pegmatites. 

They are amoeboid in shape, with intricately emb~ed ou.tlines and gradational 

contacts; but they are clearly fine-grained pegmatites. The materiaJ. has the 
' ' 

minerals tYJ?ical of . the granitic pegmatites of the district, perthite, 

plagioclase, quartz, and muscovite and contrasts sharply with the biotite 

granite host rock. .These bodies range from a few inches to 2 feet in maxi-

mum width and :f'rom 1 to S feet in maximum length. They are not alined in 

~ recqgnizable pattern with respect to the structure of the enclosing 

granite. Comparison of the mineralogy of the pegmatite with the host in-
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dicates that the pegmatitic material contains more plagioclase and musco-

vit~, less potash feldspar, and no biotite or magnetite; the pegmatite 

therefore must have crystallized from material higher in alkalies and 

water and lower in iron than the surrounding gra.ni te. 

These pegm.a.titic patches ·ca,re so small• irregular, and rare. that they 

are qwantitatively unimportant but the,y pose an interesting genetic prob-

lem. The writer interprets these pegmatitie patches as segregations of 

material rich in hyperfusibles which probably originated by differentiation 

of the granite after emplacement as a sill. ~e hyperfusibles apparently 

acc'ilmUlated in pockets as the sill solidified. ·These irregular patches 

would correspond, according to this intexpr~tation, to the early genera­

tion of ·pegmatites discussed by Grout (1932, PP• 220-221). The origin 

~ proposed for the~e pegma.tites is similar to that po-stulated by Kelley and 

Branson (1947, p. ·708) for the pegmatites of Rabb Canyon, N. Mex. 

Six broad mineralogic types of pegmatites are rec~gnized in the area, 

but no sing+e type is restricted to a.:rzy- particular litho logic or structural 

environment. Garnet does not occur more abundantly in pegmatites under one 

condition than any other. The distribution of moderate to intense tourma-

linization of country .rook . shows no preference for association with a min-

eralogic type of pegma~ite. Tourmalinization does seem more prevalent in 

granite than in schist, but the writer hesitates to draw conclusions from 

this s-imply because tourmalinized. granite is so much more striking to the 

eye than tourmalinized schist; equivalent tourmalinization in schist might 

go 'tUll"ecordedt particularly ·because the granite is usually better exposed 

than schist. Only beryl exhibits a discernible preference in distribution. 

It is sli~htly more abundant in discordant than in concordant pegmatites 

in schist, and is found in more deposits away from the large multiple gra:n­

i te sills than immediately adjacent to them. ( See table 7. ~~ , 



111 

Throughout _the _Georgetown quadrangle, Ball (1908, p~ 64) finds a 

fairly constant relation between the mineralogy of the country rock and 

that of the pegma,tites. There are many exceptions, but the following 

correspondence is noted: 

1) Biotite-bearing pegma.tites in biotite-bearing older granites. 

2) Hornblende-bearing pegmatites in quartz diorite and hornblende 

gneiss. 

3) Mu.scovi te-bearing pegmatites in the Idaho Springs formation. 

4.) Pegmatites in quartz mo.nzQn,ite areas are characteristically 

without ferromagnesian minerals, and many of them contain, 

instead of an alkali ~eldspar, a soda-lime feldspar. 

S) Allanite-bearing pegma.tites in allanite-bearing quartz monzonite. 

Ball (1908, p • . 64) concludes that in the Georgetown area the pegmatite 

fluid abstracted, prior to solidification, sufficient material from the 

enclosing rock to modify the chemical composition of the pegmatite. Ball 

infers that magnetite was an original constituent of the pegmatite magma be­

cause it alone of the ferromagnesian constituents of the pegmatites is not 

influenced by the rock intruded. In the Montezuma quadrangle Lovering 

(1935, pp. 15-16) found the same general relationship between the composi­

tion of the country rock and the pegmatites; he adds that quartz-sillimanite­

tourmaline-bearing pegmatites occur in quartz-sillimanite-tourmaline-bearing 

schist. Lovering describes a pegmatite transgressing the contact between 

biotite granite and muscovite schist: the pegmatite contains biotite be­

tween granite walls, muscovite between schist walls, and both biotite. and 

m~scovite in the vicinity of the contact between granite and schist! 

T"ne sills of Mount Olympus granite in the Hyatt area are everywhere 

rich in biotite despite their irregularities in texture, fabric, and color. 

The schist contains biotite in aJ.l exposures. With three minor exceptions 
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muscovite is the only mica in the pegmatites. No biotite has been found 

as an essential constituent or even as an important aceesso~ in any de­

posit. Sillimanite is a common minor accessor,y in the schist, but only 

one small cluster of sillimanite (in pegmatite 1146) has been found. 

Ga~net and tourmaline are common accessories in the schist, are abundant 

in and near pegmatite,, and tourmalinet at least, is native to the granite, 

and therefore these minerals do not offer a means of correlating mineralogy 

of pegmatite with wall rock. The widespread tourmalinization of granite 

and schist and the moderate silicificationof granite indicate that solu­

tions escaped from the pegmatite magma and contributed material tG the coun­

try rock, but the compositions of the pegmatites do not indicate significant 

or even any detectable assimilation of wall rock. 

Minor elements in wall rocks 

Analyses of 24 samples of wall rock show small, but generally con­

sistent amounts of rare elements. In the course of the exploration, the 

drilling of some holes furnished cores of virtually unweathered granite and 

schist. Samples of wall rock for spectrographic analyses were cut from 

cores at the Hyatt, Big Boulder, and Buckhorn Mica deposits. Zach sample 

is one-half of the drill core split from a .5-foot section; the sections 

are taken at 1.5-foot intervals from the pegmat~te contact, but do not in­

clude t-rall rock within 10 feet of the :pegmatite. The positions of the 24 

wall rock samples are marked in plates 17 t 18 , 2.5 , · 26 , :36 , and 38 , and the 

semiquantitative spectrographic analyses are given in table 13. 

~1e analyses indicate that the granite contains small and erratic quan­

tities of silver, molybdenum, and a trace of bismuth not found in the schist, 

and the schi$t contains small but consistent amounts of yttrium and lanthanum 

not present in the granite. The schist is also richer in cobalt, chromium, 
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vanadium, zirconium, boron, and magnesium than the gran.i te. The granite 

seems to have a somewhat greater amount of lead, calcium, strontium, and 

barium. The differences, however, are not striking, and are no more than 

one unit in the order of magnitude scale. In samples taken more than 10 

feet from the contact there is no indication of a systematic increase ar 

decrease in the content of a.tcy" component in either the schist or the 

granite outward from the wall of the :pegmatite. 

If there were such systematic variations it might indicate that the 

emplacement and crystallization of the :pegmatite had effected some changes · 

in the surrounding rock by the addition or subtraction of material. The 

absence of discernible systematic variation means that either (l) the con­

tact aureole is so large that the samples represent rocks that have been 

affected equally, or (2) the wall rocks have been so little altered chemi­

cally that the cha:oge is not detectable with the methods used. The first 

alternative seems so improbable that the writer believes the analyses in 

table 1' are truly representative of the trace ~laments in the normal coun­

try rock at each deposit. If there is a. contact aureole, it must extend 

less than 10 feet from the p~tite~ 

Age relations of :pegmatites 

The sills of Mount Olympus granite were intruded over a :period of time, 

:probably from a magma source to the south that might have been subsidiary 

to the Pikes Peak batholith. Minor variations in composition and major 

variations in texture and fabric of the granite, and the structural rela­

tions of the sills to the schist and to each other, are evidence that the 

sills were emplaced as successive injections. Quartz veins, less than .) 

inches in width a.n.d not more than a few tens of feet in len&th, were de­

posited in fractures that formed late in the cooling history of the sills. 



114 

After the granite was well crystallized, joints developed which in some 

places cut across the margins between members of the multiple in.trusives 

and across the contacts between schist and granite. Pegmatites were em-

placed in the joints, the walls moving apart so as to cause a few inches 

displacement of the quartz veins. 

The pegmatites were also emplaced over a period of time. The miner-

alogic types, limited in number as they ~ be, correspond to the progres-

sive changes in composition of a granitic magma during cr.ystallization. 

The mineralogic types are unsystematically intermingled throughout the 

area, apparently indicating that the pegmatitic materials were fed 

sporadically into the area from a.n underlying source-magma undergoing 

fractional crystallization. From the relations in the Georgetown area, 

:Ball (1908, p. 64) concluded the pegmatite magmas left the cooling mass 

of granite at widely differing times and differed in chemical compo$ition. 

Lovering (193.5, p. 1.5) states that the structural relations of the pegma.-

tites to themselves and to other rocks in the Montezuma qwadrangle indicate 

that their intrusion took place over a long period. Few of the intersecting 

pegma.tites in . the H;ratt area show conclusive age relations. Pegmatite 1192 

is younger than the northwest branch of pegmatite 1197 and is probably 

younger than pegmatites 1190, 1191, and 1193 (pl. 1). P~atites 117 and 

116-b are parallel; they are cut by pegmatite 116-a. Pegmatite 263 is a 

multiple body, made up of an anastomosing network of pegmatites 2 to 18 

inches thick; it intersects several pegmatites, but only its relations with 

pegmatite 264 are well exposed. The continuity of the network comprising 

pegmatite 263 across pe_gma,tite 264 is indicated by fine-grained border-zone 

material along two of its branches, and by a consistently greater resistance 
. 

to erosion of most parts of pegmatite 263. 
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Origin 

At one time there seein.ed to be little question that pegmatites were 

true eruptive rocks formed by ccystallization of a magma derived :from a 

sout"ce within the earth's crust. In 192.5 thi.s view was changed by three 

independent papers by Schaller, Hess, and Landes. Each advocated that 

part or all the zonal and related internal structures of complex pegmatites 

were developed by eydrothermal or pneumatolytic replacement of earlier­

formed pegmatite or aplite. These ideas have been used and elaborated since 

by a number of geologists, notably Landes (1928, 1933), Gevers (1929), 

Anderson (1931), Fersman (1931), Bjorlykke (1937), ~rke and Kremers (1943), 

and possib1y Uspensky (1943). In these papers there is the tacit assumption 

that the pegmatite magma and the later fluids o:f' replacement, if any, are 

derived :f'.rom granitic magma. :Sy any hypothesis of the formation of 

granite-whether by the melting of a deep section of the sialic crust, by 

the differentiation of a basaltic substratum, or by the transformation a.n.d 

mobilization of rock without a magmatic stage--a. fraction with granitic 

composition rich in ~erfusibles can be derived which will serve for peg­

matite magma. 

Cameron and others (1949, pp. 97-106) have reviewed the literature and 

the field evidence offered by a large number of zoned pegmatites in many 

parts of the country. Additional reviews and evaluations of field evidence 

are contained in district studies by Bannerman (1943), Cameron and others 

(1945), Hanley and others (1950), Jahns (1946), Olson (1942), Page and 

others (in preparation), and Staatz (in preparation). The mode of origin 

of internal structures agreed upon by these men is summarized be1ow but 

no attempt is made t o review their evidence or arguments. 

Pegmatit ic magmas are derived as a byproduct of the differentj_ation 
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~f granitic magma. They are formed over a period of' time and vary some­

what in composition, depending on differences in place as well as time ~f 

escape from the parent chamber. Granitic pegmatite ma&llJB. is composed of 

the same essential elements as granite: sodium, potassium, aluminum, sili­

con, and oxygen in large quanti ties; magnesium, calcium, iron, and manganese 

in relatively small qwantities; and beryllium, fluorine, boron, phosphorus, 

lithium, and many less common metallic and rare-earth elements in widely 

differing, but, generally small, quantities, Water is an important part 

of the solution and is present in relatively large proportions as compared 

with the water content of the parent granitic mag:ma.(See Ingerson, 1950~) 

The pegmatite magma invades the country rock in much the same manner 

as other eruptive rocks: it moves under pressure, follows the path of 

least resistanee,aacommodates itself to pre-existing structures, and is 

capable of deforming its wall roOks. With declining pressure, and loss of . 

heat and some of the more fugitive mineralizers (b~~on and water, for ex­

ample), viscosity increases and eventually the magma comes to rest. In some 

magmas crystallization starts before the last movements are completed, and 

gneissic and flow structures develop. 

Solidification proceeds from the walls inward and follows the normal 

order of crystallization of the minerals of igneous rocks. Fractional 

crystallization of pegmatite solutions rich in mineralizers and tr.ace ele­

ments produces zones characterized by distinctive mineral assemblages ar­

ranged in a constant sequence. The process m~ be interrupted by deforma­

tion and fracturing, by e'scape of hyperfusibles, or by intense reaction be­

tween earlier-formed pegmatite minerals and the rest-liquid. The systematic 

variation in composition of persistent or recurring minerals in the zonal 

sequence indicates that fractional crystallization produces a rest-liquid 

progressively richer in byperfu.sibles. As stated by :Bastin (19.50, p. 8) 
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"A c~tallizing magma is a system characterized by 
changing conditions of equilibrium in the still liquid por­
tions. Such changes in equilibrium ~ lead to ~hanges in 
the composition of the minerals deposited an.d/or ~.to reo­
solution of minerals already formed." 

The Unceasing attempt to establish equilibrium between the solid phases and 

the residual liqnid phase of the complex system produces a host of replace-

ment textures. In the final stages of the process of fractional crystall~za-

tion the rest-li~id becomes so rich in mineralizers by residual concentra-

tion that it has more of the characteristics of a hydrothermal than a magma.t-

ic solution. Movement of the rest-liquid (or fractions thereof) into 

solidified parts of the pegmatite or into the wall rock produces replacement 

bodies. There is no evidence that zones: or replacement podies in pegmatites 

are formed :f're>m solutions that invaded the pegmatite body from outside 

sources. 

The papers ref erred to in the preceding paragraphs and the theory of 

origin outlined above are concerned almost exclusively with the internal 

structure of zoned pegmatites. There does not seem to be any qaestion 

that "simple" "unzoned" bodies, the homogeneous pegmatites, are deposits of 

orthodox magmatic origin. About 98 percent of the pegmati tes in the Hyatt 

area are not zoned; of the 28 zoned bodies 43 percent show only rudimentary 

zoning. Only one pegmatite in the Hyatt area is sufficiently well zoned to 

rank with those discussed in previous papers. The study of the Crystal Moun-

tain district has not disclosed new data concerning zoned pegmatites, but it 

provides supplementary information on a number of points: 

1) The district provides examples that confirm the nature 

and sequence of 6 of the mineral assemblages described 

by Cameron and others (1949, p. 61). 

2) There is independent verification that plagioclase-quartz 

pegmatite should be included as a distinct assemblage pre-
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ceding plagioclase-qua.rtz-spodumene pegmatite in the 

general sequence of mineral assemblages as proposed .by 

Page and others (in preparation). 

3) Where there is a systematic variation in the composition 

of beryl it consistently indicates an inward increase in 

the aL~ali content of the solution from which it was 

deposit~d. 

4) The fracture filling at the Big Boulder deposit shows that 

the shell of partly solidified pegmatite was broken after 

the border zone, wall zone, outer intermediate zone, and 

a 4-foot thickness of the hood were formed; a portion of 

the solution from which perthite-quartz pegmatite was 

being deposited was drawn into the fracture; the liqu.id 

continued normal crystallization and perthite-qwartz 

pegmatite was deposited which is continuous with and in­

distinguishable from the material composing the hood 

(pl. 22). 

The writer believes the principal contribution that the study of the 

C~Jstal Mountain district can make to the problem of the origin of inter­

nal structures of pegmatites is in the relation of homogeneous to zoned 

deposits. What seems like a monotonous array of' 11unzoned" pegmatites 

contains many varia~ions in texture, mineral proportion, and distribution. 

There is an insensible gradation from (1) pegmatites composed of uniformly 

disseminated grains of small size, through (2) bodies containing crudely 

segregated clo ,t 's of minerals in a homogeneous matrix, and (3) two-zoned 

pegmatites whose cores are coalescing clots, to (4) multi-zoned deposits of 

contrasting mineral assemblages and grain sizes in gradational units com­

posed of the same essential minerals as the preceding groups in the series. 
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{See pl. 6.) No member of the series contains evidence of the action of 

solutions coming from outside the pegmatite boey. All members of the 

seri.es show the same kinds of changes in grain size and distribution of min­

erals, and the changes are of the same kinds exhibited by common eruptive 

rocks. 

The relation between homogeneous and zoned pegmatites gives some basis 

for speculation on the factors that control or promote zoning. A series of 

hypothetical cases will illustrate one set of conditions visualized by the 

writer which will be compared with a different set discussed later: 

1) A pegmatite magma containing the sgme elements as granite 

and in the same proportions as granite, with the addi­

tion of the barest essentials of mineralizers (perhaps 

water, boron, and phosphorus) to promote supr.agranitoid 

grain size, will crystallize as the simplest type of 

homogeneous pegmatite with the composition of assem­

blage 3 (table 6). 

2) A magma with the same elements but in different proportions 

will crystal.lize with rudimentary zonal structure. 

a. A slight excess of silica will produce quartz clots; ( c 

a marked excess will produce a quartz core, as in 

assemblage 12. 

b. Lesser amounts of silica will leave perthite as the 

dominant mineral crystallizing at the last, forming 

clots or a core of assemblage 4. 

c. An excess of the elements of plagioclase will promote 

early sat uration of the magma with respect to plagio­

clase and a plagioclase-rich wall zone will form o:f 

the co~osition of assemblage 1 or 2. 
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These hypothetical cases are believed to be representative of the 

processes that formed the zoned pegmatites of the Hyatt area, with the 

exception of the Hyatt pegmatite. The mineral assemblages developed 

hypothetically are the same as those actually found in the area, and the 

list is limited to assemblages 1, 2, 3, 4, and 12. Assemblage 4 is close­

ly related to assemblage 10, and 1 and Z are akin to 6, but 6 and 10 have 

not been found except in the association discussed below. The recurrence 

of minerals in nearly identical assemblages but with different structural 

positions within the pegmati.tes must require conditions not commonly met 

even by those unusual pegmatites that develop two zones. 

Variations in proportions of the elements of common granite-forming 

minerals can produce a limited variety of zones. Other factors control or 

promote the development of the complex patterns of internal structure 

typical of well-zoned depositsz the wide range of textures, the recur­

rence of certAin essential minerals in more than one assemblage, the marked 

segregation of accessory minerals, . and the development of special units such 

as perthite-rich hoods, and replacement bodies. In the Crystal Mountain 

district the homogeneous pegmatites have the widest range of shape, size, 

type of country rock, and structural environment; therefore, it is not the 

amoun~ of magma, nor the cooling rate, nor the pressure conditions that 

. determine whether or not zones will develop. The well-zoned deposits·; 

Hyatt, :Big :Boulder, the Buckhorn Mica pegmatites, are distinctive by com­

parison with nearby pegmatites only by reason of their content of such ele­

ments as bismuth, tantalum, columbium, lithium, uranium, phosphorus, fluo~ 

rine, and. the rare earths. The writer infers that the initial co.q>osition 

of the pegmatite magma, particularly the content of minor constituents, de­

termines in most magmas whether or not it will become a complexly zoned de­

posit. 
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There is no evidence that zoning is developed through the act ion of 

one of the elements listed nor does it seem likely that all are necessary" 

All the well-zoned pegmatites do not contain the same elements. .There must 

also be a lower limit to the concentration and combination of minor elements 

effective in promoting the development of zonal structure because recog-

nizable crystals of minerals containing rare or mineralizer elements are 

:found in a few places in homogeneous pegmatites. Lithium-bearill8 compounds 

are essential constituents in four mineral assemblages and are present, at 

least in trace quantities, in so many complexly zoned deposits that the 

presence of lithitml i .s considered a major factor in promoting extensive 

zoning. The concentration of beryllium does not seem to be important in 
( 

promoting zonal st;.ructure. ·Pegmatites 132, 357, )87, 402, and 606 contain 

approximately the same percentage of beryl as the :Big :Boulder and :Buckhorn 

Mica deposits but they are not zoned; pegma.tites 441, .S63, 773, 774, 859, 

and 1039 are zoned bodies but contain no beryl. 

The qu.artz,-:-rich bodies are classed as peg:mati tes rather tlaan quartz 

veins because most of them contain at least trace ~tities of feldspar 

and muscovite, and resemble the quartz cores of pegmatites of type I 

(tables 5 and 11). But, as in the case of the tourmaline-rich bodies of 

type III, they may be transitional genetically between pegmatites of mag-

matio origin and veins of eydrothermal origin, or may actually be products 

of erystallization from hydrothermal solutions. 

MINE!AL RESOURCES OF T.BE CRYSTAL MOUNTAIN DISTRICT 

:Beryl, perthite• scrap mica, and colu.mbite-tantalite are the principal 

resources of the pegma.t i tes of the Crystal Mountain district. These minerals 

are not being mined at the present time because the grain sizes and the con-

cent:rations are teo small t o be recovered at a profit by hand so_rting. The 
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future of' the district depends 1J±>On the development of milling methods 

which will profitably separate beryl, perthite, mica, and columbite-tanta­

lite from the associated minerals. The irregularity of the shapes and 

grain boundary relationships of beryl and other minerals ( p!'l.8.A~ ·· ma.yi 

necessitate elaborate milling to effect high recovery of clean beryl. 

~er,yl is the most important mineral in the district. It is present 

in 78 pegrnatites in quantities of 1 ton or more, .and occurs as a minor 

constituent of at least 271 pegmatites. The beryl grains range from 

microscopic in size to 7 feet long, but the majority are less than 3 

inches. The beryl content ranges from trace ~tities in many pegmatites 

to about 2 percent in some units of zoned deposits. It is present in all 

types of feldspar-ri.ch pegmatites. :Beryl-bearing pegm.atites are not re­

stricted to any special structural environment or type of count~ rock, 

but there appear to be fewer rich deposits in the thousand-foot belts im­

mediately adjacent to grani.te masses of the ~att area than in the masses 

themselves, or in the areas farther than 1.000 feet from the masses. Dis­

cordant beryl-bearing pegmatites in the Hyatt area contain richer deposits 

than the concordant pegmatites. 

:Beryl has been produced from fortuitous exposures, and there has been 

comparatively little waste rock to move. The top of the H1att pegmatite 

has been eroded to the level of the inner intermediate zone and many large 

crystals w~re exposed before mining. Greater-than-average thicknesses of 

beryl-rich rock were available for mining in the gentle folds of the crest 

of the same zone in the upper opencut (pl. 9). .Future mining will un­

doubtedly expose large crystals, but the principal reserves of beryl are in 

grains less than 3 inches in size. The pegmatites will have to be milled 

to recover the beryl, and the reserves of potash feldspar, scrap mica, and 

columbite-ta.ntalite will constitute bypr.od.ucts of vaJ:ue. 
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Perthite constitutes as much as 70 percent of some pegmatites, but 

more commonly ranges from ·20 to 60 percent. It makes up 96 percent of 

the core of the Hyatt pegmatite. The :perthite grains in most pegmatite 

range from. microscopic in size to 1.5 inches; only in zoned peg;ma.tit·es are 

there perthi te crystals as mueh as 10 teet in diameter. The average size 

of perthite grains in the district probably does not exceed 3 inches. 

Perthite of such small average size and intergrown with other minerals 

is not exploitable at this time. 

Muscovite is a minor constituent of the pegmatites, but it would 

probably be recovered by almost a..tcy" milling process and is therefore of 

potential byproduct value. 

Oolumbite-tantalite is a rare constituent o:f the pegma.tites at the 

:Buckhorn Mica mine and Tantal:wn claim, a.nd is present in trace quanti ties 

in five other deposits in the district. Several hundred pounds of colum­

bite-tantalite mB\V be obtained from the :Buckhorn Mica mine and the Tanta­

lum claim, and small quantities might be recovered from other deposits if 

they were milled for beryl, perthite, and scrap mica. 

The plagioclase and ~rtz of the Crystal Mountain district have no 

present value. The plagioclase is dominantly albite and could be used in 

commerce, if recovered by milling. The albite is generally fine grained, 

grayish white to pink, and intimately intergrown with other minerals; it 

seems improbable that this material could compete in the near fu.ture with 

the coarse~grained feldspar mined in other districts. The current market 

for soda spar is mor-e limited than that for potash spar. Light-gray to 

smolcy' quartz has no special properties that make it a salable product. 

The pegmatites of Tps. 6 and 7 N., and Rs. 71 and 72 w. have been 

prospe~ted intermittently since about 1934 and it is improbable that <;>ut­

erops of coarse-grained beryl, perthite, or mica have been overlooked. 
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Concealed zone~ ~ contain hand-cobbable crystals, Albite which in-

creases markedly in size and developes a plate-like habit toward the interior 

of the pegmatite suggests that it is a zoned boey. Stringers and patche~ 

of fine-grained curved muscovite, and fine-grained aggregates of sericite 

and albite autting all other minerals also suggest that the pegmatite is 

zoned. M.8.n,}r of the pegmatites that contain an unu.sua.lly high proporti-on ot 

fine-grained beryl in the outer part o:£' the boey also contain medium-. . 
grained beryl in the interior. 

Ber,yl is generally associated more intimately with plagioclase and 

muscovite than with qu.a.rtz and :perthite; therefore, the plagioclase- and 

muscovit&O!-rich units of zoned deposits and clots of homogeneous pegmatites 

should be examined with care. 

The beryl of some pegmatites and fracture fillings is concentrated 

close to the margin, and gives a false appearance of abundance. A beryl-

bearing fracture filling that cuts across a large barren pegmatite ~ 

give the impression that the large pegmatite is rich in beryl. 

DESCRIPTIONS OF INDIVIDO'.AL PEGMATITIS 

Over 1,.300 of the pegmatites mapped in the ~att area have been in-

dividually examined a.n.d described, and the essential information is given in 

table 17. Pegmatite numbers correspond with those on the index map (pl. 4), 

and the descriptions are arranged in groups according to mineralogic com-

position as outlined in table s. Such pegmatites as exhibit special ~eatures 

or constitute nearly ideal examples of som.e typical relationship have been 

discussed in the appropriate sections of this report. Most of the pegma-

tites have characteristics that fall well within the types that have been 

discussed in preceding sections. 

Hundreds of pegm.atitio patches. small pegmatites, and quartz veins were 
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cored in the co~se of drilling the three zoned deposits; some are satel­

lites and offshoots of the main body, some are barely more than pegmatitic 

impregnations of the wall rock, but others are individual pegmatites dis­

tinct ~rom the deposits being explored. 

The small bodies are mineralogically like the homogeneous deposits 

mapped in the Hyatt area, and ma.ny are also like the wall zones of the zoned 

deposits. Analysis of 32 samples shows that :BeO is present in amounts rang­

ing from 0.001 to 0 • .50 percent, and averages about 0.03 percent. Some of 

the small bodies are as rich or richer than the wall zones of the adjacent 

zoned deposits. Samples 0 21 to C 25 (table 14) are taken from a concealed 

zoned body; it is closely related mineralogically to the nearby :BuCkhorn 

Miea· ;p~gma.tite, but the structural relations are unknown. It is interpre:tu~d 

as an independent pegmatite, not connected directly with the larger zoned 

body. 

Deposits explored by core drilling 

:Ezyatt peg-matite 

The HYatt pegmatite is about 23 miles by road west of Loveland, Colo., 

in NE!NW! sec. 28, T. 6 N., R. 71 W., sixth principal meridian. It is 

reached from Drake on U. ·s. Highway .34 by going west on the Glen Haven road 

for SOO yards an~ then turning northward on to a private road {fig. 2). 

The private road goes to the Fred Hyatt ranch on which the deposit is found. 

The deposit was discovered in 1936 by Roy Hyatt, but little work wa~ 

done until September 1942 when it was leased to the United Beryllium Ores 

and Metals Corporation of Denver. The pegmatite was mined intermittently 

during the :f'aJ.l of 1942, and was operated steadily from June to December 

1943 under a financial arrangement with the Reconstruction Finance Corpora-
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Table 14.-BeO content of concealed zoned pegma.ti te cored in drill hole BH-3, 
Or,ystal Mountain district, Colorado 

Sample 
number 

c 21 

c 22 

o. 2) 

0 24 

0 2,5 

BeO content 
Footage (percent) lf 

47.5 - 48.4 0.0014 

48.4 - 48.9 0.004:3 

48.9 - so.4 0.0011 

50.4 - 51.2 0.058 

,51.2 -51.8 0.0)6 

Internal structure and mineralogy 

Wall zone of qua.rtz-plagioclase­
muscovi te pegmatite. · 

Intermediate zone of cleavelandite­
quartz pegmatite. 

Core of quartz pegmatite. 

Intermediate zone of cleavela.ndi te­
quartz pegmatite. 

Wall zone of quartz-plagioclase­
mu.scovite pegmatite. 

lf ~titative spectrographic analyses by Saratoga Laboratories. 
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tion. The mine was idle from 1944 to 1948. In the spring of 1948 a 

~ease was granted to the :Beryl Ores Compa.n;y who operated the Hyat.t mine 

from May ~-o Octc;>ber 1948. The mine was inactive during 1949 and 19.50. 

Since 19;36 about .50 tons of beryl, .30 tons of scrap mica, and 400 tons of 

potash .spar have been produced. The potash spar was mined from the core 

of the pegmatite, and the other minerals from the inner intermediate zone. 

The deposit has been opened by three opencuts and a number of shallow pros­

pect trenches. One of the opencuts has been back filled and all but one 

of the trenches have been destroyed by later workings. The EYatt p~atite 

is shown both prior to mining and after the 1943 operations in two maps 

. and two photographs by Hanley and others (19.50, pls. 13 and 14). The ex­

tent of the mine after the activities of 1948 is shown in plate 9. 

The . Hyatt pegmatite was mapped by Hanley and Page in October 1942, and 

additional studies and maps were made in September 1943 and June ·1944 

(Hanley and others, 1950, pp. 99-102). In September 1947 the writer and 

A. J. Lang remapped the deposit. 

Geology 

The ~att pegmatite cuts across a small plug-like mass of gray biotite 

granite which crops out along the crest of a small anticline in quartz-mica 

schist (pl. 1). Pegmatites are abundant in the vicinity but none _are zoned 

bodies though a. few of them are beryl-bearing. The contact between the 

granite plug and the schist is not exposed, and the contact between the Hyatt 

pegmatite and the granite is visible only in the workings on the northwest 

(hanging-wall) side. 

The contact between granite ·and pegmatite is gradational and somewhat 

irregular. The feldspars and quartz interlock and are indistinguishable 

even under the microscope, but biotite is restricted to the granite • . View­

ed under the microscope the quartz and feldspars of the granite exhibit 
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strain shadows and the biotite flakes are bleached for a fraction of an 

inc~ beyond the limits of definitely recognizable pe.gmatitic material. 

The force of intrusion of the pegmatite magma probably deformed the grains, 

and solutions escaping from the pegmatite altered the biotite. The pegma­

tite has no border zone in many places at the contact with granite, and 

though the position of the contact ean be fixed within a few inches, the 

attitude of the contact can only be approximated. At the contacts with 

schist the border zone is well developed and the attitude is readily de­

terminable. 

The Hyatt pegmatite is :36.5 :feet long and has a maximwn width of 70 feet. 

It is a roll{';hly lenticular asymmetrical body' whose long axis trends N. 60° E; 

it has an average dip of 60° NW. The northeast end has a flat pl'U.I3€e to the 

southwest which steepens in the gra.nite (pl. 10). The southwest end pl'onges 

about 42° northward so the pegmatite has approximately the shape of half a 

lens tapering downward and to the northwest. The core of the pegmatite is 

crossed by a curving mid branched f:ra.ct"Ure filled with granular friable 

gouge about 4 inches thick. The fracture has a general trend of N. 50° E., 

dips steeply southeast, and seems confined to the core of the deposit. 

A few 1- to 4-inch irregular aplite dikes cut all zones of the pegmatite. 

The Hyatt pegmatite is divided into the following zones; a wall zone 

of plagioclase-perthite-qu.artz pegmatite, an outer intermediate zone of 

perthite-qu.a.rtz pegmatite, an inner intermediate zone of plagioclase-quartz­

muscovite pegmatite, and a core of perthite pegma.tit.e. The wall zone and 

inne:r intermediate zone are continuous around the deposit, but the outer 

intermediate zone is restricted to the hanging-wall side of the body. kill­

ing disclosed t .hat in the lower part of the bod;y' the wall zone contains al­

most no perthite, a.nd confirms that the outer intermediate zone is not 

present $.'n the .footwall side. The average composition of the entire pegma-
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tite_, calculated from the composition of the individual zones, is plagio­

clase .50 p~rcent, pert hit e :3.5 percen.t , quartz 1.5 percent, and mu.scovi t e 

less than l percent. 

The concentration of perthite in the upper part of the pegmatite is 

so marked that zonal boundaries have been drawn (pl. 10) on the basis of 

its distribution. 

The upper wall zone consists of about .50 percent plagioclase (albite), 

25 percent perthite, and 25 percent quartz. The zone has an average width 

of about 25 feet, but ranges from 1 to 60 feet. The texture is fine 

grained and the grains average slightly less than 1 inch in diameter, 

though perthite grains are as IIIll.Ch as 4 inches in length. Mu.scovite is a 

common accessory in flakes and books from microscopic in size to 2! inches 

in length. Beryl occurs as irregularly disseminated eu.hedral to anhedral 

blue-green cr,ystals. The sizes and shapes of the beryl grains found in the 

drill core are shown in plates 11 to 16. Tourmaline is present near the 

contact as crystals 0.01 to 0.7 inch long, and in the southwestern end of 

the pegmatite as clusters of columnar crystals up to 2 inehes long. 

A sample of the wall zone, weighing almost 300 pounds, was taken from 

the southwest trench (pl. 9). The BeO content determined by quantitative 

spectrographic analysis is 0.0?8 percent, and by the nuclear reaction method 

it is 0.066 percent. An average of the determinations of index of refrac­

tion of beryl in this zone indicates that the beryl contains about 12.4 pe~ 

cent BeO. The analyses, therefore, indicate about 0.6 percent beryl in the 

sample; this is higher than the average for the entire zone but confirms 

the measurement of beryl grains made in and near the trench. 

The results of chemical analysis and semiquantitative speot!t'ographie 

analysis of the same sample are given in tables 15 and 16, respectively. · 

The proportions of uestandard mineraJ. moleculesoo or "normative minerals" 
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Table 15.--0hemical analysis and norm of plagioclase-perthite-quartz pegma­
tite, wall zone of ayatt pegmatite, Crystal Mountain district, Colorado 

Analysis 

Sio2 
A12o3 
Na2o 
x2o 
Fe2o3 FeO 
OaO 
MgO 
V20.5 
Ti02 
MnO 
:BaO 
u 
H2o~ 
H20"" 

72.61 
1,5.60 
s.as 
,3.88 
0.24 
o.~, . 

0.35 
0.12 

· o.o4 
0.01 
0 •. 04 
o.o; 
o.oo4 
0.04 
0.45 

9.9.714 

A. M. Sherwood, analyst 

Quartz 
Orthoclase 
Albite 
Anorthite 
HY,persthene 
Corundum 
Magnetite 

22.5 
22.8 
49.8 
1.7 
0.8 
1.0 

...Q..,£ 
98.8 

Table 16.~Semiquantitative spectrograplzy of plagioclase-perthite-qu.artz peg­
matite, wall zone of Hyatt pegmatite, Crystal Mountain district, Colorado 

Helen Worthing, spectrographer 

Limits of concentration, percent Elements 

Over 10.0 Si 

1.0 to 10.0 Al, Na 

o.l to 1.0 X, Fe 

0.01 to 0.1 Mn, Ba, Mg, Pb, Oa, Cu, Ca, V 

0.001 to 0.01 Sr, B, Ti, Bi, Or 
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calculated from the chemical analysis according to the system of Cros s~ 

Iddings, Pi rs son, and Washington (Washington, 1917) are : ort ho ~a se 23, ,: 
1 

albite 50, anorthite 1.7, corundum loO, magnetite Oo2, hypersthene O.S, and 

quartz 23. The differences between the hypothetical norm and the actual mode 

are minor: the muscovite present in ·the rock and not inCluded in the no~m is 

represented by corundum, water, and part of the quartz and magnetite; the 

hypersthene in the norm (but not in the rock) reflects the presence of a . 

small amount of MgO, and FeO in excess of Fe
2
o

3
, which are probably incor­

porated in minute quantities in the feldspars or in the muscovite. 

Comparison of the analysis in table 16 with the analyses of the granite$ 

samples c 232 to c 241 of table 13' rndi~cates that there has been little in-

terchange of trace elements between the pegmatite and its wall rocko Mangan-

ese, barium, strontium, and chromium are present in similar proportions in 

the wall .zone of the pegmatite and in ·the adjacent granite, but the other 

elements, magnesium, lead, calcium, gallium, vanadium, _ titanium, and bismuth 

are higher or lower by at least one unit in the order-of-magnitude scale. 

The lower part of the wall zone consists of a bout 60 percent plagio-

clase (albite) and 40 percent quartz with accessory perthite, muscovite, 

and beryl. Except for the decrease in perthite content, it resembles the 

upper part of the wall zone, including concentrations of the same types of 

beryl. The lower wall zone has a maximum thickness of about 40 feet in the 

keel and narrows upward along both walls to a feather edge. This trough-

like body is shown in plate 10. 

The outer intermediate zone is made up of perthite (55 percent) and 

quartz (45 percent). The grains average between 4 and 12 inches in size, 

but are as much as 3 feet in diameter. Minor amounts of fine-grained 

plagioclase, muscovite, and quartz fill interstices and fractures in the 

large grains. Assays of drill core from this zone show small amounts of 
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BeO, which probably indicate small grains of beryl in the interstitial 

filling; no beryl has been observed in the perthite-quartz pegmatite ex­

posed in the drill core or the upper opencut. The zone extends about 130 

feet along the hanging-wall side of the deposit, and for a distance of about 

110 feet down the dip. Its width ranges from less than an inch to? feet. 

The inner intermediate zone of coarse-grained plagioclase-quartz­

muscovite pegmatite contains coarse-grained beryl and scrap mica that has 

been mined intermittently since 1942. This pegmatite consists of 50 per­

cent plagioclase, 40 percent quartz, 7 percent muscovite, and 3 percent 

beryl and other accessories. The inner intermediate zone pinches and 

swells, ranging fram ·2 to 8 feet wide. A series of gentle folds plunge 

at low angles to the southwest (pl. 9), and probably reflect irregulari­

ties in the crest of the pegmatite. 

Beryl occurs typically in clusters of large and small crystals. A 

few small grains are scattered at random in the rock between clusters. 

Pockets 6 to 12 feet long and extending the full width of the zone have 

been discovered 10 to about 35 feet apart during mining. There are poor­

ly exposed parts of the pegmatite, as much as 70 _feet long, in which beryl 

shoots are not exposed·, but which have not been prospected. The beryl 

ranges in size from 1 inch to 1 foot in diameter, and as much as 5 feet 

long. Both anhedral and euhedral beryl are common. 

Estimates of rock moved from the inner intermediate zone compared to 

the tons of beryl produced indicate a beryl content of 2.3 percent re­

coverable by hand sorting. 

The inner intermediate zone also has yielded scrap mica from shoots 

and streaks of fine- to very coarse-grained muscovite. The strea~s are 

from 1 inch to 5 feet wide, and from 1 to 30 feet long. The largest books 

are as much as 15 inches long and 6 inches thick but no sheet mica has been 
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obtained from them; the books are _ heavily ruled, wedged, have "A" struc­

ture, and many mineral inclusions. The zone is estimated to contain an 

average of 7 percent _muscovite, and perhaps one-quarter of it is recover­

able by hand sorting. The fine-grained mat.erial consists of flakes and 

books ~rom microsco:r;>ic to 3 inches in diameter, intimately intergrown with 

quartz, plagioclase, tourmaline, and beryl, and oriented at random. 

The pl~ioclase of the inner intermediate zone is of medium texture. 

It is albite, somewhat platy in habit but is not cleavelandite throughout 

the zone. The cleavelanditic parts .form white curving pl ·a ~t.:e.s as nm.ch as 

6 inches in long dimension-. 

Minor accessory minerals approximately in order of decreasing abun­

dance are tourmaline, microcline, garnet, apatite, lithiophillite-tripbylite, 

and other phosphates, bismuthinite and its alteration products, and uranin­

ita and its alteration products. The accessory minerals constitute less 

than l percent of the zone, and no attempt has been made to· estimate the 

abundance . of tourmaline, microcline, garnet, and apatite. The rarer. min­

erals exposed during mining operations in 1948 were estimated to be of the 

following orders of magnitude: phosphates other than apatite O.OOX to O.OX 

percent; bismuth compounds o.ooa percent; and uranium-bearing minerals 

o.ooox percent. 

The core of the Hyatt deposit is .about 96 percent perthite, 3 percent 

quartz and 1 percent of plagioclase, muscovite, tourmaline, and garnet. 

The perthite is ve:cy coarse grained, attaining sizes as nrn.ch as 10 feet in 

length. Quartz occurs in very coarse masses as much as 4 feet in size, 

and as fine-grained inclusions in the perthite, and as interstitial fill­

ings. In addition, plagioclase, mu.scovite, and tourmaline are included in 

-' ··-.· ..... .__ the perthite and fill the spaces between perthite grains. :Beryl has been 

found along the margins of the core, but not in the interior; however, it 
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may be present in the center either as small grains in the interstitial 

material or as inclusions in the perthite, because small amounts of BeO are 

found in spectrographic analyses of the drill samples. The miaroli tic 

cavity from the core of the Hyatt deposit contained bertrandite, indicating 

that a ber,yllitim-bearing mineral was deposited at a late stage in the crystal­

lization of the pegmatite. 

The maximum dimensions of the core are: 240 feet long, 25 feet wide, 

and 100 feet in the plane of dip. 

Exploration 

The Hyatt deposit was explored by six holes drilled from the hanging 

wall side of the .pegmatite (pl. 9). The elevation of the collar, inclina­

tion of the hole, and depth drilled are indicated on the map (pl. 9), the 

drill logs (tables 16a-16f), the asslzy plans (:pls. 17-21), and the cross 

sections (pl. 10). For analysis, 58 sludge samples and 121 core samples of 

pegmatite including the immediately adjacent country rock were taken to- .. 

gather with 10 core samples for a spectrographic study of the wall rocks. 

Mineral deposits 

The HYatt pegmatite contains about 170,000 tons of rock including 850 

tons C?f beryl. The beryl is present in the wall zones, both upper and 

lower, and in the inner intermediate zone. The wall zones contain about 

360 tons of beryl in 105,000 tons of rock, or about 0.35 percent beryl, 

all in grains less than 3 inches in size and averaging less than 1 inch. 

The drill samples from the inner intermediate zone indicate 2.5,500 tons of 

rock containing slightly over 1 percent ·beryl. Production of beryl from the 

same zone at the surface indicates a recoverable grade of about 2.3 percent 

beryl. The drill sampled the zone in three places, but only cut one rich 

shoot of beryl such as those from which most of the production of beryl has 

been derived. .The drilling., hO\'Iever, does indicate that shoots of beryl are 
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prese~t in the lower parts of the zone and are not restricted to the exposed 

parts. The inner intermediate zone is estimated to contain 4.50 tons (1. 7 

percent) ber,yl, of which 60 percent or 270 tons might be recovered by hand 

sorting. 

The core of the pegmatite is estimated to contain 40 tons of ber,yl a­

long its margins. If this beryl is enclosed as fine grains in perthite it 

may not be recovered except by milling the perthite. 

The Hyatt pegmatite also contains scrap mica and perthite resources. 

The inner intermediate zone _ contains about 1,800 tons of scrap mica of which 

450 tons ~ be recoverable. The core contains about 33,000 tons of perthite 

o:f' which 20,000 tons are recoverable, but inclusions and interstitial materi­

als are abundant and the potash spar is not of the best grade. Minor con­

stituents that are o:f' byproduct value are bis~thinite and uraninite; there' 

might be 1,000 to 3,000 pounds o:f' bismuthinite, and 100 to 300 pounds of 

uraninite in the inner intermediate zone which might be recoverable. 

The dumps at the HYatt mine are not large but are estimated to con­

tain considerab~e beryl and potash spar. Potash spar could be recovered 

by hand sorting, but not much of the beryl could be recovered economically 

by this method. The large dump between the road and the lower opencut 

(pl. 9) is estimated to contain 2,000 tons of pegmatite from which 1,000 

tons of potash spar could be recovered. The residue of the large dnmp 

after the removal of the perthite and the small dump are estimated to con­

tain between 15 and 30 tons of ber.yl in about 2,000 tons of rodk. 

The milling of pegmatite to recover beryl and associated minerals of 

economic value is not within the scope of this report, but it should be 

pointed out that the fine-grained beryl of the wall zones, the existing dumps, 

and the residue of future hand-cobbing operations in the inner intermediate 

zone all constitute accessible mill feed. Milling of the pegmatite would 
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undoubtedly yield higher recoveries of potash spar and mica than those cal­

culated for the resources of' recoverable minerals. Milling of the perthite 

of the core might also improve t~e . grade of the potash spar by reducing the 

content of interstitial minerals. The talus slope below the cliff that 

formed the outcrop before mining was estimated to contain at least 5 tons 

of recoverable beryl .• 

Big Boulder prospect 

Th~ Big J3?ulder prospect is about '37 .miles by road southwest of Fort 

Oollins, .Oolo., in the SEf sec. 36. T. 7 N., R. 72 W., sixth principal 

meridian. The prospect is reached from the town of Masonville by going 

west on the Buckhorn Creek road for 21 miles to a bridge and then turning 

west on an unimproved ranch road to the property (fig. 2). The prospect 

is on State land and is under the jurisdiction of the Colorado Board of 

Land Commissioners with offices. in the State Capitol, Denver. 

The Big Boulder pegmatite was opened in 1936 by Roy HYatt and H. A. 

Snider; they mined 10.5 tons of beryl from one crystal in the perthite­

quartz hood. In 1941 about 600 pounds of beryl was mined and stockpiled 

by the United Beryllium Ores and Metals Corp. but the mine was idle from 

1942 to 1950. 

The workings on the property consist of four shallow pits, a small 

cut, and a lO~foot discovery shaft. The large beryl crystal was mined from 

the round pit northwest of the discovery shaft (pl. 22). 

The wartime investigations of the Geological Survey included mapping 

the Big Boulder pegmatite by Hanley and Page on October 2, 1942, and the 

results of this study are described by Hanley and others (1950, pp. 9.2-93). 

In August 1947 the deposit was remapped by A. J. Lang and the writer. 
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Geology 

The Big :Boulder pegmatite is concordant throughout most of its length 

in 9.UBXt,z-mica schist which has a northerly strike and steep dipo(See pl. 

22·) The southern end of the Big Boulder pegmatite is in contact with a 
\ . 

perthite-plagioclase-qua.rtz pegmatite, but the structural ·relations are 

poorly exposed; a scale of fine-gr.ained mu.scovite-rich pegmatite which is 

continuous with the border zone of the east-trending pegmatite (pl. 22) 

leads the writer to regard the perthite-plagioclase-qu.artz pegmatite as 

intrusive into the Big Boulder pegmatite along a plane dipping eastward 

at an angle of about 2$0
• 

Most of the Big Boulder :pegmatite is weathered and eroded to the level 

of the surrounding terrain. but the north end forms a prominent knob stand-

ing about 30 feet above the flat hilltop (pl. 22). A considerable amount of 

the border zone is exposed on the northern half of the knob indicating that 

the present exposure . closely approximates the original shape of the north 

end of the pegmatite. In some places where the border zone has been re-

moved, the muscovite books of the wall zone show a preferred orientation 

so the position and attitude of the contact can be inferred w:ithin a few 

inches of the border. 

The :Big Boulder pegmatite is a zoned deposit about 24.5 feet long and 

with a maximum. width of 80 feet. It strikes N. 10° :m., has· an over-all dip 

to t~e east; and . plunges southward-the crest more steeply than the keel 

(pls. 22 and 23). 

The deposit consists of five zones in addition to the border zone: 

a wall zone of plagioclase-quartz pegmatite, an upper intermedi~te zone of 

plagioclase-perthite-qua~tz pegmatite, a lower intermediate zone of cleave­

landite-quartz pegm~tite, a .hood of perthite-quartz pegmatite, and a eore 

of qu.a:rtz pegmatite. 
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The bo:r:-derzone is well developed along most of the exposed contact 

but rarely exeeeds an inch or two . in thickness. . It is rich in mu.scovite, 

and is essentially a ~soovite-quartz-pla.gioalase pegmatite with grains 

ranging in size from 0.01 to 1 inch. In a few exposures the schist. at 

the contact with the pegmatite bas been converted to granulite and the 

border zone is unusually thin or absent. 

The wall zone is composed._ of 55 percent plagioclase and 45 percent 

quartz ~ith accessory perthite, muscovite, .tourmaline, beryl, gar~et, and 

apatite. The texture is fine grained. but the grains range from 0~01 to 3 

inches in length. Anhedral and euhedral · beryl crystals average 0.7 inch 

in length, but are as mu.ch as 2.5 inches long. Muscovite books are more 

abundant in the outer few inches o:f the zone than in the inner part, and 

are roughly oriented normal to the contac~. The zone is as much as 2S 

feet wide and. averages about 12 :feet wide, but is absent in some places • . 

The zone thickens along the keel and toward the south end of the deposit. 

Although perthite is only an accessory mineral in the zone, it occurs 

principally in local concentrations rather than uniform disseminations: 

perthite composes lOto 2.5 percent of the material in elongate clots at or 

close to the cont~ct, for example, along the east contact south of. the in­

truding . pegmatite, and at an offshoot from the west contact west of drill 

hole :B:B-3 (pl. 22), and at the west contact in drill hole :B:B-4. The 

perthite ~s not abundant enough to be classed as an essential mineral in 

this zone. 

The intermediate :part of the deposit is essentially an aggregate 

of albite, p~rthite, and quartz in two zones. Plagioclase-perthite-qtlB.rtz 

J)egmatite forms the . upper intermediate zone and plagioclase-quartz pegma­

tite the lower zone. In both intermediate zones the plagioclase has the 

composition of albite but in the lower part it has a platy habit and is 
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designated ~leavelandite. The upper intermediate zone is well exposed only 

in the knob, and the lower intermediate zone is poorly exposed and only 

crops out in the weathered sauthern part of the pegmatite. 

The up:per interm~diate zone is composed of plagioclase (.50 percent~, 

perthite (~0 percent), and qu.art·z (20 percent) with acces.sory muscovite, 

tourmaline, beryl, apatite, relict spodumene (7), and _uranium minerals. 

The zone is present in the upper part of the body (pl. 23), and attains a 

maximum thickness of .50 feet in the northern bulbous part; the average is 

about 1.5 feet. ~e _texture is medium grained, but the grt;tins are as much 

as 8 inches in size~ :Beryl crystals range in size from 0.1 to 4.,5 inches, 

and average about 1.5 inches in length. An area 4 feet wide and . 2.5 feet 

long between the knob and the east contact is composed principally of 

fine-grained albite with some perthite and quartz, which weathe.rs more 

rapidly than the surrounding material and has a different appearance, but 

grades imperceptibly into material typical of the zone. It seems to be an 

integral ~rt of the unit that cry.stall:i.'zed under some lQcally anomalous 

conditions. The relict spodumene (!) and uraninite and its alteration 

products are exposed on the east wall of the discovery sha£t along the 

boundary betwe~n the intermediate zone and the hood. The amounts of each 

are negligible. 

The lower intermediate zone of cleavelandite-quartz pe~tite is com­

posed of about 6.5 percent cleavelandite and 3.5 percent quartz • . Muscovite, 

perthi te, beryl, tourmaline, and garnet are accessory minerals. Two minute 

plates of ta.ntalite-colu.mbite were found in a core sample. Muscovite occurs 

as large flakes and books, and also as minute scales with low refractive 

indices indicating the presence of some lithium. The zone forms a trough­

like body with a :ma.:x:imum thickness of 2.5 feet at the south end and tapering 

upward to a knife edge. The texture is coarse because the common plates of 
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cleavelandite range between 4 and 12 inches in length, though a few in the 

drill core may be as much as 30 inches long. 

The .inner edge of the lower intermediate zone contains relict spodu­

mene (?). It is exposed in the eastern end of the northwest-trending 

trench (pl. 22), and in two places in the drill core of hole B::S-.5. In all 

places it is within a few feet of the quartz pegmatite of the core. The 

relict spodumene (?) is composed of a very fine-grained aggregate of albite 

and sericite which. contains almost 1 percent lithium. Veinlets of fine-

grained albite with a few euhedral garnet crystals and some dark phosphatic 

material cut the cleavelandite-quartz pegmatite. 

A hood in the northern part of the Big Boulder pegmatite is composed 

of ?0 percent pert~ te a.n.d 30 percent quartz. I.t has a maximum thicknes.s 

of 60 feet (pl. 23). The rock is coarse grained, for the minerals average 

over l fqot in diameter and some perthite grains are as much as 6 feet in 

diameter. Beryl, muscovite, plagioclase, tourmaline, garne~, alteration 

products o.f lithiophill~te, and traces of gwnmite, autunite, and torbernite 

are present in the hood. A 10 .5-ton crystal of beryl was mined from the 

small pit in this unit northwest of the discovery shaft. In -addition to 

this large .. crystal, a number of beryl crystals 12 inches in diameter have 

been found. Some of the qaartz in the large shal~ow pit south of drill 

hole RB-3 is dark gray and minutely fractured but it is not believed to 

be a tectonic breccia. The "breccia-like'' material is found in masses 1 to 

6 feet in diameter that grades outward into typical light-gray to white 

quartz ctlt by a few widely spaced joints. The fractures are filled with 

fine-grained perthite. Streaks of fine-grained muscovite, from an inch to 

a foot wide and 1 to 5 feet long, cut the perthite and quartz. Irregu.l~r 

pockets, ! to 3 feet across, containing garnet as the principal mineral, 

are scattered through this unit. The garnet is euhedral to anhedral, close-
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ly packed, dark colored and stained with manganese oxides; associated with 

the garnet are quart~, muscovite, tourmaline, plagioclase, and iron and 

manganese phosphates. 

A fracture filling of perthite-qu.artz pegmatite extends from the 

northern part of the hood, across the ~pper intermediate zone and wall zone 

to the contact, and possibly beyond the pegmatite into the schist (pl. 22). 

It is as much as 4 feet wide, has a sinuous trace, and probably dips steeply. 

The fracture filling can be traced about 4 feet inward from the boundary 

between the tq>per intermediate zone and tl;le hood, and there it merges with 

the perthite-quartz pegmatite o:f the hood. 

The core of the deposit is essentially quartz pegmatite with minor 

amounts of cleavelandite, muscovite, tourmaline, and garnet. S:peetrographic 

analyses of drill core from this zone reveal the presence of BeO but no 

beryl has been recognized. !he long axis of the core plunges 45° S. and is 

200 feet .long; the maximum width is 35 feet and the greatest thickness is 

100 feet. The size of the qwartz grains is not known but continuous masses 

of quartz S feet in length can be seen in the drill core. 

Small grains of tourmaline and muscovite form fillings in steeply dip­

ping fractures that cut all minerals and zonal boundaries of the northern 

part of the Big Boulder pegmatite (pl. 22). The muscovite-tourmaline fill­

ings are as mu.chas half an inch wide, are discontinuous along the strike• 

and occur singly, or in groups a foot wide and 6 feet long. The long groups 

of fractures exhibit a 11horsetail pattern" of gently curving planes diverging 

from a central line. The single fractures rarely exceed six inches in length 

. and are generally straight. The horsetail groups are largest and most abun­

dant directly north of drill hole BB-3 and decrease in length and abundance 

northward and outward to the walls of the deposit. The relations of the 

fractures to the mineral boundaries of the intermediate and wall zones show 
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the fractures formed after these zones had solidified. The fracture fill­

ings are not found in the hood or core. The fractures could have formed 

any time between the _.solidification of the outer zones and the final solidi­

fication of the core. The fractures are radially arranged and restricted 

to the northern qua.rter of the pegmatite so it does not seem likely that they 

are of . tectonic origin. It may be presumed they . are contraction or cooling 

cracks, as suggested by Cameron and others (1949, fig • .52, p. ?1), which 

formed in the northern lobe of the bo~ because it solidified first and lost 

heat faster than the main mass of the pegmatite. The zoning as shown in 

plate 23 indicates that the lobe was fu.lly crystallized before the core in 

the main part of the pegmatite solidified. The presence of tourmaline 

crystals 2-i inches in diameter in the core of the pegmatite indicates that 

material was available at the last stages of crystallization for the forma­

tion of tourmaline. 

:itxploration 

The .:Big :Boulder prospect was explored by five core holes totalling 

682 feet. The elevation of the collar, inclination of th~ hole, and depth 

drilled are indicated on the map (pl. 22); the drill logs~ (table~ 16g-16i) ·; 

the assey plans (pls. 24 jto 26); and the cross sections (pl. 23). The 

drilling provided 32 sludge samples, 48 core samples of pegmatite including 

the immediately adjacent country rock, and 7 core samples for a spectro­

graphic study of the wall rock. 

Mineral deposits 

The :Big :Boulder prospect contains about .560 tons of beryl in 110,000 

tons of pegmatite, or approximately 0 • .5 percent beryl; the core is almost 

barren, but the wall zone contains a greater-than-average amount. 

The wall zone contains 47,000 tons of pegmatite with a grade of 0.7.5 

percent or about 3.50 tons of beryl less than 3 inches in maximum size~ The 
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lower intermediate zone consists of 24,000 tons of rock with 0.37 percent 

or about 8.5 tons of b:eryl, in grains less thai.l 5 inches in size. The 

core and upp~r intermediate zone have about o.o6 and 0.07 percent beryl; 

respectively, and have combined resources of 15 to 20 tons; beryl is 

i"isible in the outcrop of the upper intermediate zone but neither the 

drill core nor the outcrop of the core reveal acy beryl, so the reserves· 

are probably less than 10 tons. 

Only one drill hole cut through the hood of the depo~it and it did 

not ·core ~_ beryl crystals. The analyses show o.o.4 percent beryl in the 

drill sample, but the production data shaw s. grade of about 1.68 percent 

beryl; the drill data indicate 5 tons of beryl in the hood, and the pro­

duction :r;esults combined with drilling data indicate 110 tons of beryl may 

be foUlld. With 60 percent of the beryl recoverable by hand sorting the 

yield should be about 60 tons. · The remaining .500 tons of beryl. in the :Big 

Boulder pegmatite is in grains too small to be recovered economically by 

hand sorting.(S~e pls. 2? and 28J ~ 

E'o other economic mineral resources are present in the :Big :Boulder 

deposit~ Muscovi-te is scarce and of scrap grade; perthite is intimately 

intergrc;>wn with other minerals; and ta.ntalite-colu.mbite is rare and fine 

grained. 

:Buckhorn Mica mine 

The :Buckhorn Mica mine is reached from the town of Masonville by going 

we:st ol). the Buckhorn Oreek road for 21 miles to a bridge and turning west . on 

an unimproved_ ra.n~h road to the property (:fig. 2). !fhe l3u.ckhorn Mica mine 

is in SWf sec. 29 11 T. 7 N., R. 71 w., sixth principal meridian. 

The · mica deposit was discovered in 1884 and was mined for a short 

period by the Buckhorn M~ca Mini~ and Milling Co. The mine is now owned 
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by Roy Hyatt, who relocated it in 1942 as the Emerald Gem claim. The 

reco;""dS of :.past product~on are not available but it is reported that at least 

180 tons of ground mica, a few hundred pounds of sheet mica, and .~ or :3 tons 

of beryl ha.ye been produced during different periods of operation. In recent 

years b~ryl has been band picked from the dump and the amount is estimated 

at about 1 ton. 

The mine has been described b7 Sterrett (1923, PP• 59-60), and by Ra.n~ey 

and others (1950, pp~ 88-90). It was mapped by L. R. Page and J. B. Hanley 

on S~tember 29 and 30, 1942, and was re-examined by the writer in September 

1947, but was not remapped. T.he map by Page and Ef.a.n.ley is reproduced with 

minor modifi.cations b7 the writer. as plate 29. 

!he workings consist of three .shafts, a series of shallow, more or 

less interconnected opencuts, and five trenches.. The eastern shaft is re­

ported to have been 50 feet deep and according to Sterrett (1923, p. 59) 

drifts were made from this shaft, but the underground workings are inac­

cessible. The observable part·s <i>f the caved and backfilled shafts are 

vert~cal and undoubtedly they were sunk in the mica-rich part of the pegma­

tite. ~ost of the pegmatite is eroded to the level of the surrounding 

terrain, but the contacts are well exposed at the east end and the interior 

zones can be examined in the larger workings. 

Geology 

The :Buckhorn Mica pegmatite is a multiple intrusion consisting of the 

mai~ body 530 feet longt a smaller member with an angular trace at the west 

end, and a poorly exposed member south of the workings in the eastern part 

of the deposit. The main body and t .he south member are vertical and con­

cordant in the quartz-mica schist of the area that strikes N. 70° E. The 

western member is partly concordant as a western extension of the main 

body and partly d.iscordan:b, lying in a plane striking N. ·.50° w., dipping 
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45° D. .The main body has a maximum width of )2 feet and probably aver­

ages about 20 feet in. width. The western member has an average width of 

about 10 feet and reaches a maximum of 16. ·The full extent of' the south 

member is not known, but it is at least 100 feet long and has a maximum 

width of 9 feet, probably tapers to a knife edge at both ends, and extends 

to a depth of 120 feet or more. 

-The . outer part of the main body contains plagioclase, quartz, and 

perthite, but the perthite is concentrated in the upper and outer parts 

of the deposit as at the Hyatt and Big :Boulder pegmatites. The pegmatite 

forming the outer part of the deposit is divided into two zones on the 

abundance of perthite: the wall zone exposed at the surface is plagioclase­

perthite-quartz pegmatite which grades inward and downward _ into the outer 

intermediate zone of plagioclase-quartz pegmatite (~1. 30) • The inner 

intermediate zone is eleavelandi te-qu.artz pegmatite, and the core is 

cleavelandi te-quartz-spc:uiumene (?) pegmatite. 

The plagioclase-perthite-quartz pegmatite has a maximum width of lS 

feet and extends to a maximum depth of 110 feet below the surface. The 

average grain size is less than 1 inch, but some grains are as much as 3 

inches in long dimension. The texture and appearance of this zone are 

unusual: · the bulk of the material is exceedingly fine grained and encloses 

coarser-grained minerals in streaks and patches elongated roughly parallel 

to the walls. The matrix has a grain size of less than 0.3 inch, but the 

minerals in the streaks are as mu.ch as 3 inches in length though the same 

minerals are common to both parts. The fine-grained matrix i .s somewhat 

darker colored than the common types of fine-grained pegmatite and the 

color is irregular giving a blotch;y appearance to the rock. 

The 70-foot east--trending t ongue at the east end of the main body is 

a zoned fracture filling. The pegmatite was fractured after most of the · 
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wall zone had soli<;lified and pegmatite solutions escaped from the uncon­

solidated interior. The ~terial crystallized to form zones continuous 

witn the rest of the body. The fracture which breached the wall zone is 

a conspicuous .surface coated with fine-grained green mu.scovi te which 

separates the . wall zone from the intermediate zone on the north side of the 

large opencut. The wall zone has an average width of about 7 feet in most 

of the main bod;y, but is only o.·2 to 1 foot wide in the fracture filling • 

. This ~nt~rpretat ion has been proposed previously by Cameron and others 

(1949, P• 76); the writer concurs and adds the data regarding the thin 

perthite-bearing wall zone to restrict more closely the relative chronolog• 

and eliminate the possibility suggested by Hanley and others (1950, P• 89) 

that the interior zones were formed by a separate injection of magma dis-· 

tinct from. the pegmatite forming the wall zone. 

The wall zone contains about 0.4 percent beryl accerding to the drill­

ing data, b~t only a few crystal.s less than 1 inch in size are visible in 

the outcrop. · The proportions of minerals in the fine-grained wall ~one are 

difficult to ~stimate but appear to be about .55 percent plagioclase, :30 per• 

cent perthite, and 1.5 percent quartz. Muscovite forms less than 1 percent of 

the wall zone. Other accessory minerals are tourmaline and garnet • 

The outer ~ntermediate zone of plagioclase-quartz pegmatite is as mu.ch 

as 10 feet wide, but is missing in many places along the outcrap; it ex­

tends to the keel of the pegmatite, a ma.rlmwn depth of 1.5.5 feet below the 

surface. The outer intermediate zone is composed of 6.5 percent plagio~lase 

and .3.5 percent quartz in grains ranging from 0.01 to 12 inches in size. 

Most of the grains, however, range from l to 4 inches. Muscovite is abun­

dant in lGeal concentrations• the old workings were sunk on one or more 

mu.scovite shoots, but existing exposures do not indicate that m:u.scovite is 

an essential constituent of the remainder of the zone. ·Undoubtedly mica-
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rich p~9kets aJ;Ld ~~reaks exist in oonceaJ.ed parts of the d~osit, but mica 

probab~ · oonsti tutes less tban 5 percent of the total rock, ~ mn.seovi t~ 

books from the d~ are 1 to 8 inches across and as mu.ch as 3 inches thick, 

but all are ruled., wedged, and stained. Pert hi te in grains 2 to 26 inches 

across is present in this zone. Tourmaline, and purpurite and related 

phosphatic compounds are mi~or accessoey minerals. 

:Beryl makes up about o • .s percent of the outer intermediate zone and 

occurs in anhedral and. euhedral ccystals 0.1 to 5 inches in length. :Many 

of the euhedral crystals enclose a large amount of quartz ., plagioclase, and 

muscovite, and some are hardlu more tban hexagonal rims of beryl around a 

core of other minerals (see pls •. :31 to :35). 

·The plagioclase of the . outer intermediate zone is albite with an 

average composition of Ab94• It becomes coarser and somewhat platy inward 

toward the inner intermediate zone, and passes gradUally into cleaveland.ite •. 

The boundary between the two intermediate zones is drawn more on average 

texture and d~cline of ma.scovite content than on differences in the essen­

tial minerals. 

The inner intermediate zone of cleavelandite-qua.rtz pegmatite is ex-. 

posed for 490 f ·eet on the surface and extends out in the eastern tongue of 

the main body'; i 'b · ifl well exposed in the trench at the east end as well a.s 

in the main workings. It bas a maximum width of 16 feet and is interpreted 

to have a maximwn depth of 110 f'e.et below the outcrop. The inner intermediate 

zone contains about 55 percent cleavelandite, 43 percent quartz, and 2 per­

cent accessory minerals. The cleavelandite has an average albite content of 

Ab95 to A~96• and forms plates as mu.ch as 0.:3 inch wide and 12 inches long.. . 

Mu.scovite, beryl, eol'Wllbite-ta.ntalite, and perthite are accessory compon~nts • . 

Musco.vite forms thin books, 1 to 6 inches in di~eter, and .minute scales. 

Oolumbite-tantalite occurs in :plates and blades, 0.01 to 0.6 inch thick and 
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0.02 to 1 inch in length. 

The becyl of the inner intermediate zone is white to pale greenish 

blue_, occurs in _ gr~ns and crystals 0 .1 to 10 inches long and as nmch as 6 

inches . ~n diameter. AssB\YS of drill samples indicate the zone contains. at 

least o.a percent beryl and locally contains as :rm1ch as 2 percent _beryl. 

The core crops out in the workings for a distance of BS feet. It has 

a maximum width of 10 feet and an average width of ab~ut 4 feet, tapers 

downward, and extends about 75 feet below the surface. The core was inter.­

sected in drill hole :BH-.1 but not in the other holes. It is interpr~~ed 

t<;> have~ maximum length of 180 feet in the direction of plunge, i.e., 22° 

s. 68(!) w. 
The core of the main body contains SO percent cleavelandite, 45 percent 

quartz, J percent relict spodumene (?), and 2 percent_ accessory minerals. 

Were it not for the relict spodumene (?~, this zone would differ from the 

zone surrounding it only in being somewhat coarser grained. The spodu.mene 

is represented by lithi'lllil--bearing pseudomorphous aggregates of albite 

(Ab97) and sericite, and by cleavelandite. The fine-grained 8€€;regate 

preserves in many places the la.mellar stru.cture of spodumene, but cleave­

la.ndi te growing inward into the space occupied by the spodumene preserves 

only the outline of _ the lath. Some of the relict laths are J feet long and 

2 to 4 inches thick. The cleavelandite of the groundmass ranges in composi­

tion from Ab96 to Ab99, and form.s plates as much as 20 inches long. 

~rtz ~n the cor~ occurs in larger masses than in the inner inter­

mediate zone, some of the clots attaining a length of S feet. The quartz is 

cut by streaks and veinlets of fine-grained pale sealy mica. :Beryl is an 

important acaessory _and in the workings is estimated to constitute 1 percent 

or more of' the zone. The beryl crystals are white to pale blue, are common­

ly coated with ver,r fine-grained muscovite and albite, and enclose fewer 
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I 
grains of other . minerals than beryl in the surrounding zones. Ool~bi ve-
tantalite occurs . in plates .which range fro~ 0.01 to 0.23 inch thick, 0.2 

to 3 inc.hes ~ong, and 0.1 to .2 inches wide. One block of rock from the core 
. ; J!" 

contains a.n estimated 11 cubic inches of columbite-tantalite in three clus-

ters of tabular crystals. 

The south member of the Buckhorn Mica pegmatite branches from the main 

boey along the westward extension of the schist parting exposed on the south 

side of the main workiDgs. ·It ls made ttp of plagioclase-perthi~e-qu.artz peg-

matite like the wall zone of the main bod;y with which it merges. It is also 

fine gr~ne~, tan to ~ream. ,,and mottled. .It contains plagioclase (.5.5 percent), 

perthite (30 percent), and qt:Jartz (15 percent). It is known to extend west­

ward to d:r:i~~ hole :BK-2, and it may connect <::with the two ~aJ.l pegma.tites 

farther west. Assqs indicate a. beryl content of about 0.5 percent, but 

beryl !~ ·nQt readil1 discernible in the outcrop so it is prQbably very fine 

grained. MUscovite and tourmaline are minor accesso~ minerals. 

The west member branches from the . main boey at tl!l.e end of a. schisu 

parting expo.sed. in the westernmost pit. Mu.ch of the pegmatite in thit?~ 

part of the deposit is concealed and some of the .relations are obscure. 

The northeast-trending part of the member parallels the main body and is 

CQncordant in the schist. The northwest-trending part is in a plane 

str~ing N·. ,50° W., dipping 4.5° NE. According to the data obtained by drill• 

ing~ the strike and dip of the discordant branch changes slightly to the 

northeast.(Gompare cross sections in pl. 30~ . The concordant part of the 

west member ~orms the connecting link between the main body and th~ dis-

cmrdant part. The northwestward extent of the discordant part may be 

greater than is shown in the sections (pl. 30), and. its northeastward 

extent in the plane of dip · may also be somewhat greater. The intersection 

of the northeast-dipping plane with the plane of the main body may modify 
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the shape. of' . the keel of the main body; the shape suggeste~ in the sec­

tions (pl. 30) assiunes that there has been no modification, but the dotted 

areas are ~ot ~;ncluded in the aalcn:Uations of l!aeserves. 

At the stll.rface the west member consists· of a perthi te-bearing wall 

zone of p~agioclase-qu.a.rtz pegmatite and a cor,e of cleavelandi te-qu.a.rtz 

pegmat~ t~. In drill h0les :SX-4 and BJ-.5 the wall zon.e does not contain 

per~hi te. ·In hole :BH-3 there are relicts of schistose structure which 

are interpreted as_pegmatized material at the junction of the west member 

with the main bod;y • 

.:Drill holes :BH-4 and :s:s:-s pass beneath the[ main body at such points 

that the possibility of a westward-plungi:ng crest is eliminated, and a 

narrow limit set on the probable extent of the main body. 

!f.lhe zonal bounda:t"ies shown in plate 29 differ in detail from those on 

the original map by Hanlef and others (1950, pl. 11). The drilling reveals 

that the zones are · more uniform and symmetrical than the weathered ou.tcrop. 

suggests and the float has been re-examined and re-interpreted accordingly. 

Exploration 

The :Buckhorn Mica deposit was explored by five holes. The elevation 

of the collar, . incl~nation of each hole, and depth drilled are indicated 

on t~e map (pl. 29), the drill logs (tables 16J-16n), the assaf plans 

(pls. 36 to 4o), and the cross sections (pl• 30). The drilling provided 15 

sludge sampl~s, 62 core samples of pegmatite and the immediately adjacent 

country rock, and 7 core samples for a ·spectrographic study of' the wall 
J,J 

r~its. 

Mineral deposits 

The :Buckhorn Mica deposit contains a total of about 600 tans of be17l 

in _lOO,OOO tons of pegmatite. The wall zone and outer intermediate zone of 
' ~· ' . 

the main body, the ;south member, and the west member contain about 380 tons of 
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fine-grained beryl in 82,000 tons of rock. The inner intermediate zone and 

co~e of the main bo~ contain about 220 tons of coarse-grained beryl in 

21,000 tons of rock, and ~t is estimated that 1.35 tons of this beryl is re­

coverable by hand sorting. 

The most important beryl-bearing zones are the core and inner inter­

mediate zone of the main body. The core is relatively small and is estimated 

to have the same beryl content as the surrounding zone so they are considered 

as one deposit in the calculations of tonnage and grade. The drilliDg in­

dicates that beryl-rich pockets are present below the workings, but there is 

no ev~dence to assume that they are present in the western part of the de­

posit. Ass~s of the drill samples are combined with ass·ays of samples 

taken at _the surface to arrive at estimates of beryl content west of the 

workings. Samples of the dumps from the main workings confirm the high 

beryl content indicated by drilling beneath the workings. 'I'l;le beryl con• 

tent _calcu:).ated fram the drilling data ranges from 0.01 to 1.97 percent and· 

averag~s o.86 percent; when combined with other sample data the. range is 

from 0.29 to 1.97 percent and the average is 1.06 percent beryl. The beryl 

is estimated to amount to 220 tons, of which 1.3.5 tons is recoverable by 

hand sorting. 

The remainder of the deposit contains ,380 tons of beryl in grains that 

average less than .3 inches in size. A small amount of beryl would be re­

covera~la by _hand picking the few larger pieces, but probably at comparative­

ly high cost. 

Other reso~ces of the BuCkhorn Mica mine are scrap mica and columbite­

tantalite. lt is possible that the unexposed parts of the outer intermediate 

zo'~e of plagioclase-quartz pegmatite might contain .3,,500 tons of muscovite in 

.3.5,000 tons of rock because past mining of the zone indicated a mica content 

of 10 percent. M·illing of the deposit to e:x:tract fine-grained beryl could 



152 

produce 1,000 to 3,000 tons of scrap mica from the outer intermediate 

zone. 

The col'Ulnbite-tantalite content of the core and inner intermediate 

zone has not been tested analytically, but an examination of the workings 

and dumps . ~ests that the mineral is present in concentrations of the 

order of 0.00001 percent and the interiQr zones ~ be expected to produce 

about 4oo pounds of _columbite-tantalite. 

T.b.e dumps at the Buckhorn Mica mine have been partly reworked and the 

larger pieces of ber.yl removed, but they are estimated to contain 6 tons 

Gf ber.yl too small to recover by hand sorting. 

Perthite grains and crystals might be hand sorted as a byproduct, 

but the deposit could not be mined for potash feldspar alone. Passibly 

1,000 tons. of salable potash feldspar of No. 2 grade or lower might be 

recovered. 

The relict spodmnene <t) contains iess than 1 percent lithium and is 

not a merchantable product. 
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Part . II 

EXPLORATION 

The HYatt, Big Boulder, and Buckhorn Mica deposits were explored by 

core drilling. The reserves of beryl in each deposit are summarized in 

tables 21, 22, and 2), and in plates 41, 42, and 4). Tonnage was cal­

culated by planimetry of the sections (pls. 10, 23, and 30). The grade 

calculations are shown in tables 24 to 37. The samples of core do not in 

all cases match the samples of sludge, and the combined assays are calcu­

lated by apportioning the :BeO content of the sludge to the corresponding 

core samples in proportion to the BeO content of the cores. 

RESEVES 

The pegmatites of the Crystal Mountain district were studied primarily 

to determine the content and distribution of beryl. Of the 1,300 bodies 

mapped in the Hyatt area, about 3.50 contain beryl, and of these the 77 de­

posits described in table 18 contain at least l ton of beryl in roCk having 

at least 0.01 percent beryl. Five pegmatites in the Big Boulder area 

(table 19) and three in the Buckhorn Mica area (table 20) also contain 

beryl as an important accessory. 

The tonnage and grade of the beryl resources listed in tables 18, 19, 

and 20 are ·distributed as shown in table 38. The beryl content of pegma­

tites, catalogued according to country rock and structure in the Hyatt 

area (table 39), supplements table 7 (p. 91) which suggests that pegmat ites 

in granite masses are most likelY to yield the greatest quantities of beryl. 
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Table 21.--Eer.yl reserves of the HYatt pegmatite, Crystal Mountain district, 
Colorado 

Structural unit: Pegmatit~ Tons Indicated Beryl Tons re-
peg:ma- grade of short .. coverable 
tite pegmatite, tons, by hand 

percent indicated sorting 1/ 
beryl 

Upper wall zone; plagioclase- 28,.500 y O.J.5 101 None 
perthite-quartz pegmatite. Do. jj 0.37 10.5 Do. 

Lower wall zone: plagioclase- 76,800 0.34 260 Do. 
quartz pegmatite. 

Outer intermediate zone: 3,600 Trace None Do. 
perthi te-quartz pegmatite. 

Inner intermediate zone: 2.5 ,4oo y 1.08 27.5 164 
plagioclase-quartz-muscovite 
pegmatite. 

11 Do. 2,5,4o0 1.77 4.50 270 

Core: Perthite pegmatite 34,250 0.12 40 None 

Total 1J l68,600 67.5 164 

Total 'l/ ~68,600 8.50 270 

lf Assumes 60 percent of efficiency in recovery by hand sorting. 

~ Grade det~rmined from drilling data, plate 10. 

'lf Grade determined from production data combined with drilling data. 
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Table 22.--Beryl reserves of the Big Boulder prospect, Crystal Mountain dis­
trict, Colorado 

Structural unit: Pegmatite 
assemblage 

Wall zone: plagioclase-quartz 
pegmatite. 

Upper intermediate zone: 
plagioclase-perthite-quartz 
pegmatite. 

Hood: perthite-qnartz pegma­
tite. 

Do. 

Lower intermediate zone: 
cleavelandite-quartz pegma­
tite. 

Core: quartz pegmatite. 

Tons of 
pegmatite 

46,900 

10,700 

13,:300 

13,300 

23,.500 

17,200 

Indicated 
grade of 
pegmatite, 

1:.1 

~ 

percent 
ber.vl 

0.75 

0.07 

o.o4 

0.78 

0.37 

0.06 

:Beryl, 
short 
tons, 

indicated 

3.50 

5 

s 
110 

85 

10 

lf Assumes 60 percent efficiency in recover,y by hand sorting. 

~ Grade determined from drilling data, plate 23. 

Tons re­
coverable 
by hand 
sorting 1/ 

None 

Do. 

Do. 

60 

None 

Do. 

J/ Grade determined from drilling data combined with production data. 
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Table 23.--:Beryl reserves of the :Buckhorn Mica mine, Crystal Mountain dis­
trict, Colorado 

Structural unit·: Pegmatite 
assemblage 

Main body: 

Tons of 
pegmatite 

Wall zone: plagioclase-perthite- 22,700 
quartz pegmatite. 

Outer intermediate zone: 
plagioclase-quartz pegmatite. 

Inner intermediate zone and core: 
cleavelandite-quartz pegmatite, 
and cleavelandite-qwartz-spodu­
mene pegmatite. 

Do. 

Total main body 
Do. 

West member: 
Wall zone: plagioclase-quartz 
· pegmatite. 

Core: cleavelandite-quartz 
pegmatite. 

Total west member 

South lilemb er: 

35,300 

21,000 

Do. 

79,000 
79,000 

14,100 

2,000 

16,100 . 

Homogeneous body: plagioclase- 8,000 
perthite-quartz pegmatite. 

Total, entire deposit 100,000 
Do. Do. 

Indicated 
grade of 
pegmatite, 
percent 
beryl 

0.41 

0.,54 

y 0.86 

J/ 1.06 

0.38 

0.18 

o.s 

:Beryl, 
short 
tons, 

indicated 

9.5 

190 

180 

220 

46.5 
50.5 

.50 

55 

40 

.570 
600 

Tons re­
coverable 
by hand 
sorting 1/ 

None 

Do. 

110 

13.5 

110 
13.5 

None 

Do. 

Do. 

Do. 

110 
13.5 

y 
J/ 

-----------------L-------'------~------.J.-------

!/ Assumes 60 percent efficiency in recover.y by hand sorting. 

Y Grade ~etermined :f'rom drilling data, plate 30. 

JJ Grade determined from drilling data combined with surface sampling 
data. 
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Table 38.--Distribution of beryl resources accordingf'to tonnage and grade 

I 
~rv. s or B 1 .. h t t ons 

Grade_, p_ercent beryl 0.01 to 0.1 0.1 to 0.5 0.5 to 1.0 Over 1.,0 
Indicated reserve 

Hyatt pegmatite 
Wall zone 36.5 
Inner intermediate zone 4.50 
Core 40 

Big Boulder prospect 
Wall zone 3.50 
Upper intermediate zone 5 
Hood 110 
Lower intermediate zone 8.5 
Core 10 

Buckhorn Mica mine 
Main member 

Wall zone 9.5 
Outer intermediate zone 190 
Inner intermediate zone 
and core 220 

West member 
Wall zone .50 
Core .5 

s·outh member 40 

Indicated reserve 1.5 680 6.50 670 
Total 2,01.5 

Inferred reserve 2 J2lates 12 2 
and 3 

.517 pegmatites 921 
18 212 
5 58 
1 1 

Inferred reserve 936 892 708 671 
Total 1,192 

Inferred reserve 2 miscellaneous 
Double Opening prospect 

Wall zone 1.5 
Intermediate zone 1.5 
Core 1 

Tantalum claim 1 

Crystal Silica property 61 to 210 
Total :32 61 to 210 
Total resources 968 95.3 708 6?1 
Grand total 3,300 
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Table 39.--Distribution of beryl-bearing pegmatites according to country 
rock and structure, Hyatt area, Crystal Mountain district, Colorado 

Pegma.tites concordant Pegmat-it:es Pegmatites 
in schist and iso- cl.1$Cnr.da.:b.t in granite 

lated sills in schist masses 
-

~~a~it.~ Tons of P.egrna tit e Tons of Pegmatite Tons of 
-~~q~;r~. t \_~ ·beryl number ber:vl number bervl 

18.5 14 .54 ' 424 8 200 2 64 2 
4.54 1 243 9 113 1 
.500 1 246 1 12.5 1 
.514 1 249 23 128 6 
.530 2 2.52 3 lZ9 8 
.53.5 6 426 43 132 6 
544 3 477 1.5 137 60 
628 1 .503 '18 140 8 

11 67.5 .50 511 1 14.5 4 
676 2 519 17 272 13 
677 39 521 3 276 1 
683 32 .52.3 4 279 1 
706 3 .526 27 280 5 
779 4 .527 11 301 20 
824 4 .56.5 19 306 1 

330 4 
827 2 .566 4 331 1 

3.51 2 
. 1068 . 1 .567 s 3.57 6 

1128 30 .568 5 '377 11 
1260 6 606 6 '38? 7 

641 4 '394 18 
649 7 39.5 63 

!I 67.5 50 '397 97 
835 67 '399 4 

1131 19 400 1 
11.57 4.5 4ol 1 
1160 142 402 5 

405 42 
654 8.50 

1299 1 

19 196 27 564 31 12.53 

lf Pegmatite 675 is about one~ha1f concordant and one-half discordant; 
tons of beryl apportioned accordingly. 
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FUTURE -WORK 

Additional mappin.g would deteriiline the _ext~nt of the pegmatite-bero.-ing 

regiqn and might indicate the limits of ~he beryl-bearing part or parts. 

The three areas mapped in the Cry~tal Mountain district are considered to 

be repres_entative of a larger pegmatite-bearing region which extends at 

least 5 miles to the east and south and possibly 10 miles to the north and 

west. Beryl occurs in pegmatites 15 mil~s north of the district, north of 

the Cache la Poudre River, and 15 miles south near the town of Lyons. They 

may be distinct pegmatite-bearing regions, or they may be separate- beryl-

bearing districts within a continuous pegmatite region, or they may be part 

of a continuous beryl-bearing area. 

Amblygonite has been found in pegmatites near Lyons and may indicate a 

lithi~ as well as a berylli~bearing district. Perhaps there are lithi~ 

rich localities within the pegmatite region that could be exploitable • 
. , 

More extensive mapping may contribute to the understanding of the rela-

tion of pegmatite to granite, and thereby suggest other areas worthy of 

study and furnish assistance in e~loration. Additional study might show 

more conclusive structural or petrologic c,ontr~l to guide exploration. · 

Amblygonite and other lithi~bearing minerals, and columbite-tantalite 

have not been produced commercially in the district and it is unlikely that 

prospectors are aware of their value and identification. It is possible 

that deposits of t~ese minerals may be found by continued detailed study. 

Detailed study may point to concealed deposits of beryl in pegmatites that 

have not been eroded very much. 

Extensive detailed mapping of areas like the Hyatt, Big Boulder, and 
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Buckhorn Mica areas may be expected to disclose beryl resources of roughly 

500 tons per square mile, and perhaps one complexly zoned deposit per two·­

squa.re miles of area. Detailed mapping in the Hyatt area has shown that 

77 out of 1,300 pegmatites, or a.b~ut 1 in 16, contain beryl as an im­

portant accessory. The 77 deposits are inferred to contain 1,163 tons 

of beryl, or almost 1 ton per total number of peg~tites mapped, ex­

clusive of the Hyatt deposit. Recon~aissance in the Crystal Mountain 

district suggests that about one pegmatite per 1,000 is a complexly zoned 

deposit containing over 100 tons of beryl, and that there are roughly 

500 pegmatites per square mile. 
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