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GEOLOGY AND SERYL DEPOSITS OF THE PEERLESS PEGMATITE. 

PENNINGTON COUNTY, SOUTH DAKOTA 

By Douglas M. Sheridan, Hal G. Stephens 
Mortimer H. Staatz, and James J. Norton 

ABSTRACT 

The Peer~ess pegmatite, half a mile south oC~ Keystone, Pennington County. s. Dak., has been 

a large source of scrap mica and beryl. Feldspar, amblygonite, tantalite-columbite, and cassiterite 

also have been recovered.. 

The pegmatite is intrusive into Pr~cambrian quartz·mka.:schist. Mu<:h ofthe schist contains sta-urolite 

and chloriteo Staurolite has been partly altered to mica, quartz, and chlorite, especially near pegmatite 

contacts. The pegmatite is generally discordant with the schist, but in many places secondary schistosity 

has been d~yeloped parallel to the contact. Tourmaline anq muscovite, presumably introduced by 

pegmatitic solutions, are characterisqc of the wall rock near discordant contacts. 

At the surface the pegmatite is tadpole-shaped and is 580 feet long and 360 feet wide. In cross-

section the pegmatite has an anticlinal form that sugges~ control of the intrusion by fractures bearing 

N. 30 °W 0 and dipping 45°NE. and SW. Dike-like apophyses extending from the main pegmatite have 

various attitudeso 

The Peerless pegmatite is a complex pegmatite comisting of seven zoqes, two replacement unJts. 

and two types of fracture-fillings. These are: Zone 1, quartz-muscovite-plagioclase pegmatite 

(border zone); Zone 2, albite-quartz-muscovite pegmatite (wall zone); Zone 3, .cleavelandite-quartz-

muscovite pegmatite (first intermediate zone); Zone 4, perthite-cleavelandite-quartz pegmatite 

(second intermediate zone); Zone 5, cle~velandite-quartz pegmatite (third interme<Jiate zone); Zones 

6a and b, quartz-microcline pegmatite and quartz pegmatite (fourth intermediate zone); Zone 7, 

lithia mica~cleavelandite pegmatite (core); lithia mica-cleavelandite-quartz replacement unit; muscovite-

cleavelandite replacement unit; quartz fracture-fillings; and tourmaline-quartz fracture-fillings. 
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Zones ·1 and 2 consist of alternating layers of different texture and mineralogy that are parallel to 

the contacto _The layers contain differ:ing proportions of quartz, plagioclase, muscovite, perthite, and 

accessory mine ralso Sugary albite•quartz aggregates are important constituents of so~e layers. Laye rs of 

similar composition may occur two, -three,, or perhaps more times. ·The overall mineralogic composition 

of Zones 1 and 2 is similar ~o the composition of wall zones in many other Bla~k Hills pegmatite~, Zones 3 

to 7 are tn the normal sequence of zones in l;lla:ck Hills. pegmatites. 

The -stru'ctural, textural, and mineralogic data confirm previously published evidence from other 

Black Hills pegmatites that indicates crystallization of a inagma-like fluid fiom the wall inward._ Repetition 

of layers in Zones 1 and 2 indicates changes in composition of the fluid at the crystallizing face.. The~e 

changes may have been caused by addition of new material from beloW, by loss of material to the wall 

rocks, or by failure of codvect:iom to maintain equilibrium throughout the fluid in the -pegmatite cha!llber. 

Zone 3 to 7 are in the normal sequence of zoned pegmatites that indicates crystallization from a restricted 

or. nearly closed system.. The lithfa mioa-cleavelandite replacement unit, which extends outward Irom 

tpe core, shows that in, the very late stages of crystallization a pneumatolytic 'or hydrothermal fluid escaped 

outward and replaced previously crystallized pegmatite. 

Accessory minerals of the pegmatite include tourmaline, beryl, apatite, amblygOiiite (variety, 

montebrasite), lithia mica, cassiterite, tantalite-columbite, garnet, spodumene, svanbergite, loellingite 

( ?), vivianite (?), triploidite (?), d~hllite, and vari-colored phospJ;late minerals of the lithiophilite-

triphylite group and their alteration products. 

The chemical composition of the pegmatite has been determineil by estimating the minera~ 

', constitution of the various ' units and by calculating the tonnage of these units by use of successive geologic 

-, .. ... ;.i , • • · • \ ' 
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Olemli.cal composition has also been de termined for fom subdivisions of the pegmatite : {A) Zones 

1 and 2, {18) Zon.~s 3 and 4, (C) Zone 5, and (D~ Zones 6 and 7 and the replace mem unHs. The content of 

Si02 increases and the content of Al2o3 decre ases from the omer pan of the pegmatite inwa!l'd. Na2o 

ftlrm~ only 0. 4 percent of the inner subdivision (D), but 4 . 7 to 6. 5 percent of the other subqivisions. 

K2o- forms 40 0 percent of subdivision (B), but only o. 7 to 1. 3 percent of the other subdiv)i.Sions. 

Zone. 30 , tlle pll'incipal minable uni t, contains 1. 7 percent beryl and 28 percent scrap mica. Beryl 

also consti.n.lltes more than 1 percent of parts of the wall zone, especially albite -rich layers of the inner 

prurt of rue unit lin the upper part of the pegmatite., Beryl is a less important constituent of other tinita of 

tthe pegmatite. 

Potash feldspar is mine d chiefly from Zone 4. Cleavelandite that can be hand-cobbed and sold 

as soda-feldspar occurs in Zones 3, 4, and 5.. Amblygomlte for ms between 0. 5 and 1. 0 percent of Zone 5. 

Reserves of beryl, scrap mica, potash fe ldspar, and amblygonite are one to six times past production. 

~ INTRODUC:T:lON 

Location 

The Peerless pegmatite is in the l<eystone district, Pennington County, s. Dak.. This district is 

near the northeast edge of the large area of -gran'tt.ic rocks surrounding Harney Peak in the southern Black 

Hillso Pegmatites also have been mined in the Hill City district, northwest of Harney Peak, and in ~he 

Custer district, southwes t of Harney Peak. 

The Peerless pegmatite is one of a group of zoned pegmatites, within an area of less than one 

squarre mile, which have been the source of the greater part of the pegmatite m:i.nel."al production of the 

Keysitone disttli.ct, Other major pegmatites in this group are the Hugo, !Etta, White Cap, and Edison (fig. 1). 

The Peerless mine is in sec. 8, T .. 2 s., R. 6 E., Black Hills principal meridian, about half a mile 

south of Keystone (fig, 1). The pegmatite crops out along the crest of a 3idge th.1t ttends so.utheastfroxn. the 

jl..llllction of Batltle Creek and Grizzly Bear Creek. The crest of the ridge is approximate ly 350 feet above the 

valley floor" Relief is rugged, and the pine-covered slopes drop steeply to the valleys below .. 
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The Peerless mine can hEr reached from Keystone, the nearest railhead, by 1. 1 miles of paved 

and dirt road in . accordance with the following log. 

Miles -

0. 0 Keystone, at intersection. of Chicago, Burlington, and 
-~ ~, -, . c;)uinc'y ~Rallroacl'Janct u; · §'; :·Higl\ilAy !6A. :Trave"'l sm.tth on 
~""' · n r S H" h•-~ · 16A "" > UJ. • . !g way, • 

o. 6 Turn left on grad~d roa<;l, 

0. 6-0. 8 Cross three bridges over Grizzly Bear Creek. 

0. 8 Turn left. 

1. 1 COmpJe:ssGlr~· ho!lse, Peerless mine. 

History 

The pegmatite was first mined about l907 for amblygonite by the Harney Peak Tin Mining. 

Milling, anq Manufacturing Company, and probably it had been prospect~d earlier for tin by the same 

company. Mast of the e.arly work for amblygonite, however, WflS dope by the Reinbold ·MetalluFgic'al 

Company. Since 1924 the Keystone Feldspar and Chemical Company has mined the property. ·Ernest 

Reckitt of Chicago is president, J. A. Schreiber of Chicago is general manager~· and A. F. Walker of 

. ,~ 

KeyStbpe is resident superintendent. 

Production 

The Peerless pegmatite has been a source of s~rap mica, beryl, potash feldspar, soda feldspar, 

punch and sheet mica, amblygonite, tantalite-columbite, and cassiterite. Production records from 1907 

to 1950 are given in tables 1 anq 2. In recent years scrap mica and beryl were the principal mineral~ -~.:- ~ .... \f! ':·; ~ ·· 

recovered. 
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The total recorded pr9duction of minerals from the Peerless pegmatite to September 11, 1950, is 8, 747 

tons of muscovite, 511. 25 tons of beryl, 9., 649 tons of potash spar, 1, 772· tons of soda spar, 1, 013 tons 

of amblygoni te, 930 pounds of tantalite-columbite, and 1 ton of cassiterite (table 1).. This material 

would have a gross value at 1953 Iifices of approximately three -quarters of a million dollarsa 

Scr~p mica has been the chief product of the Peerless pegmatite since 1924. In 1950 th~ scrap 

mica~. was being sold to the U. s. Mica Company, Chicago, 111 • ., . and used as artificial snow for 

Christmas decorations. Small quantities of punch and sheet mica were produced from 1,943 to 194 7 

(table 2), but the total value was trivial in compari~on with the value of the scrap mica., 

The Peerless mine has been a major source of beryl. The production through 1950 was about 17 

~rcent of all domestic production and 1 percent of the total world production._/ The Peerless beryl ·> • 

_I Data based on: Staff of the u. s. Bureau of lytines and GeologiGal Survey, 1953, . Materials 

Survey 6eryllium: Table IV -1. 

production through 1949 was 26 percent of the total beryl production cited by Smith ( 1950, p. · 6) for 

South Dakota. 

Both potash and soda feldspar have also been major products of thj.s mine. The demand for soda 

feldspar, however, .is so small that it is ordinarily stockpiled so that it can be sold whenever OJ;ders are 

received. 



1907- 1908 

1917- 1919 

l924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

J2 

Table 1~ - -Production of mica, potash feldspar, soda feldspar, beryl, 
amblygonite , tantalite-columbite , and cassiterite, 
Peerless pegmati te, Keystone, Pe,n.nington County, South 
Dakota, 1907 -Se pte mber 1950. )j 

Mica 
(tons» 

46 

178 

543 

571 

314 

257 

257 

47 

423if 

127 

159 

281 

429 

Potash 
fe ldspar 
(tons) 

354 

512 

262 

121 

534 

267 

61 

708 

160 

290 

328 

Soda 
feldspar 
(tons) 

42 

18 

58 

49 

Beryl 
( tons) 

3 

157 

39 

28 

Ambly­
gonite 
_(tons) 

900 

3/ 

12 

94 

Tantalite­
columbite 
( pounds) 

270 

200 

320 

11 The tonnages shown in table 1 are for salez in the'.years 1907··; illl.oug11' Se'ptembe'r· 195Q.p· ; ·:·:·r;-.,, · 

and are not necessarily the amounts actually mined in such years. For this reason, the figures for beryl differ 
slightly from the production figures cited by Stoll ( in :pa.-gt;, and others, , 1953, Po 17 5-176)0 

'l:.,l The amblygonite production from the Keyrtone district during 1911-1916 totalled 1, 502 tons, part 
of which probab ly came from the Peerless pegmatite. 

§../ The amblygonite production from the Peerless pegmatite and t~e Hugo pegmatite totalled 
387 tons between 1917 and 1919 inclusiveo 

i / The 423 tons of mica sold in 1932 and 8 tons of the 1947 production were designated "~mica schistj 
the miner 's term for s cr~p-mic <J th~t occurs in fine -grained {( 00 5 inch) aggregatesG -

... • • . ~} '> i.l . . ... ·· - . . - .. , "'-' ~ - . • "'" 



Ye~r 

1937 

1938 

1939 

;1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

Table lo --Production of mica_, potash feldspar, soda feldspar, beryl, 
amhlygonite, tantalite-columbite, and cassiterite, 
Peell'less pegmatite, Keystone, Pennington County, South 
Dakota, . 1907";>September 19500 J/ --Continued 

Potash Soda Ambly-

Mica fe ldspar fe~dspar · BeJ}'l gonite 
( tons) (tons) (tons). , (toJ}j) _ ~ ( to.ns) 
451 --r--, 60 . 36 

417 151 

297 174 28 . 

. 534 'TB ... 31 

725 25 

390 2, 221 43 

218 l. 080 385 45 

175 1, 269 99 9 fl 

311 947 12 

433 490 60 6 

4j 
331- 45 113 ·r 8 

289 §/ 233 10 

344 §_I 17~ 22 

200 §_/ 7,9. 9 1/4 
{through September 11) 

6; 
.1. -

Totals ·~ , 8, 747 9,649 1, 772 511 1/4 1, 013 

~/ Feldspar production in the years 1948, 1949, and 1950 was recorded as 

Ao F. Walker state d that the sales were predominantly soda-spar in .·lh~se years. 
"spar". 

§! In addition, approximately 1 ton of cassiterite has -been accumulated by the 

Tantalite-
columbite 

(pounds) 
140 

.. 

930 

Keystone feldspar and Chemical Company since 1924, but no · sales of this mineral have been r~ corde d. 
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Table 2. --Production of punch and sheet mica, Peerless pegmatite, 
· Keystone,· Pennington County, South Dakota, 1943-1947. 

Year 
PUJ1Ch Mica 

(pounds) 

Sheet mica 

( pounds) 

1943 312 .. 50 279.99 

1944 127;. 58 

1945 

1946 255.00 29~ 88 

1947 279.00 

Totals 43;'7.~ 45 

~/ Not stated whether punch or sheet mica. 

The total amblygonite production Qiay be several hundred tons more than the 1, 013 tons recorded 

in table 1. Most of the amblygonite· was mined prior to 1924 by the Reinbold Metallurgical Company, 

which mined rich areas in the ~pper part of the main pit and in the old cut northwest of the main pit 

(fig.. 2). The Keystone Feldspar and Chemical Company sold 106 tons between 1924 and 1935, ·but only 7 

tons w.ere produced from 1935 to September 1950. 

Tantalite-columbite, the only other mineral that has been sold, has been a minor byproduc~: 

Afpto)('imately 1 ton of cassiterite has been accumulated since 1924 (table 1), but no sales have Qeen recorded. 

Past !nd present investiga'tions 

The Peerless pegmatite was mendoned in several early geologic publications, but the first extensive 

report was by F. L_ Hess (1925) 0 He discussed mineralogical relationships and textures in tpe Peerless 

pegmatite and briefly described the shape of the outcrop. K. K. Landes (1928) described the Peerless 

pegmatite and discussed the sequence of mineraliZation. G. M.. $.ch)lartz ( 1928, p. 61-62) d~scribed 

thispe&matite briefly. W~ c. Stoll (!!I Pa~ .and others; 1953"' P~ .l!7:5--1W.6j) and W. E. Hall examined 

and mapped the Peerless pegmatite in 1942 during re~onnaissance investigations for strategic minerals by 

the U. s. Geological Survey. ) 
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More detaHed investigations of the Peerless pegmatite were started by the U.; S~ Geological Survey 

in July 1947., The filrst work was done by w. R Thurston and A .. J .. Lang, Jr.. Between Au.gust and -

December--194'7, M~' lfo Staatz and H., G. _ Stephea~, assisted at various times by J. _ W. Adairul and L. R., Page:. 

completed the smface mapping and part of the undergroUnd mapping. and prepared preliminary geologic 

sections (Stephens and Staatz, 1948, p .. 1400). 

Kn January 1949, Stephens prepared proposals for diamond drilling ,and developmental mining 

at the Peerless pegmatite at the request of the u.. s.. Bureau of Mines.. On August 30, 1949, a core~drilling 

pmgll'am began. and the work was completed on December 15 .. -Seven holes totalling 1, 573. 5 feet were 

~lrilled under the supervision of Stuart --Ferguson and Eugene o. Binyon of the U. s. Bureau of Mines., 
. . . . 

Geological work d ming the drilling, including revision and extension of eXisting maps and sections, was 

done by D.. M. Sheridan. R.. E .. Roadif'er, and J., J. Norton of the U .. s.. Geological Survey.. D. M. Sheridan 

logged the coreo 

The U., S .. Bureau of Mines conducted an experimental mining project at the Peerless pegmatite 

dming 1950~ 19510 This work consisted of driving an adit along diamond drill hole 5 (figs~ 20 3• and 4) 

to test the results obtained from the drill hole. The coarse material from the adit was hand ... sorted on a 

picking bellt to gather data on mineral content, arid the fine material was saved for metallurgical treatmen.t 

(Runkeo Mullen, and Cunningham, 1952. Po 21-22, 23, 30-31). The adit was mapped by Staat;Z and 

Sheddan in January and April 1951., L~ R. Page and J .. Ao Redden in April 1954 examined layering of the 

border and wall zones: their results were used to compile table 4. 

Acknowledgments 

The writers wish to thank Ernest Reckitt, Jo Ao Schreiber, and A. F. Walker of the Keystone 

Feldspar and Chemical Company for their kind cooperation in providing production datao Appreciation is also 

extended to me mbers of the U., S. Bureau of Mines for their assistance and cooperation in obtaining 

geological information during their diamond-drilling and experimental mining p:rogramso 

This investigation was done partl; on behalf of the Division of Raw Materials of the Uo s. Atomic 

Energy Commi.ssio~ 

/ " 



16 

MINE WORKINGS 

The Peerless pegmatite has been worked by both open-cut and underground mining methods. Most 

of the recent mining has been conducted in the underground workings (fig. 3), in the ma,in pit (fig., 2), 

and in two new open cuts started after the surface map was made. The main pit (fig. 2) is in the southeastern 

part of the pegmatite., It is about 220 feet long, 105 feet wide, and a maximum of 115 feet deep., A 

lOO~foot access cut extends southward from the main pit, ~md another cut extends westward 160 feet from 

the southwestern edge of the main pit to a point above the portal of the adit., A small cut northwest of 

the adit portal is 60 feet long and 50 feet in maximum depth. Older workings in the northern and western 

parts of the pegmatite. consist of five small open cuts (fig .. 2) 10 to 110 feet long and 4 to 55 feet wide. 

Two new open cuts were started orr the north~ast part of the pegmatite by the Keystone Feldspar and 

Che mical Company in 1950, at the same time that the U. s. Bureau of Mines was driving an adit for' i- · -

e xperimental mining tests along driU. hole 5 from the southwest side of the p~gmatite. 

Underground workings having a length of 735 feet are in the southern and eastern parts of the 

pegmatite (fig. 3) at an altitude of 4, 540 feet. Stopes to a maximum height of 20 feet have been made 

in the pegmatite along the first intermediate zone. After the geologic map (fig. 2) was made, the 

underground workings were extended into the main pit through two glory holes having dimensions of 40 by 

20 feet and 25 by 30 feet at the adit level,. 

The u. s. Bureau of Mines experimental adit (fig.. 3), as of July 1, 1951, extended 165 feet 

northeast along diamond drill hole 5. The altitude of the new adit is approximately 4,. 580'' feet. 

Four large dumps southwest of the Peerless pegmatite are all more than 80 feet wide and 120 feet 

long., The material in the three largest dumps came from the main pit; each dump represents a different 

stage in the mining.. In addition, there are at least seve n smaller dumps on the pegmatite itself and along 

its northe ast side; most of the material in these dumps came from the smaller pits,; Calculations made in 

1947 indicate d a total of 113, 000 tons of rock in the Peerless dumps., Since that time there has been a 

slight increase in the size of the large dump $Outhwest of the pegmatite (fig. 2) and a new dump has been 

added on the northeast side of the pegmatitee 
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GEOLOGY 

Me.tamorohic rocks 

1he Precambrian country rock coqsists pr~dom,immtly of gray to brownish-gray schists consis~ing of 

quartz, mica, chlorite, staurolite, and garnet,. The predominant facies is quartz-mica schis t, but many 

beds contain essential staurolite or chlorite, and others are so :def.feitmt. in mica that they are best termed 

micaceous quartzites., Because these beds are generally too thin--mostly less than 2 inches thick, but as 

much .a§ 10 feet thick--to be mapped on a scale of 1:480, they are not distinguished on figures 2 and 3. 

The most abu~dant type of country rock, quartz -mica schist, that has an average grain size of about 

Oo 02 inch, contains quartz ( 45 to 65 percent), muscovi te ( 15 to 30 percent), biotite ( 10 to 25 percent), 

Ghlorite, (0 to 3 percent), and garnet ( < 1 percent)o Feldspar also oceurs in the schist, but the quantity 

was not e$tlmated. 1\.11 minerals have tabular shape that cause the rock to have a stron,g schistosity& 
\ 

Some beds of q,uattz-mica schis.t contain a$ much as 4 percent rp.uscov1te and biotite pseudomorphs 

I 

· .after ·stanrq1ite~ . Be ds e>f micaceous quartzite contain C!lUartz '(75 to 85 percent) and muscovite· and biotite 

\ ,, 
( 15 to 25 percent); chlorite arrcfgarnet are absent. 

The beds of quartz .. mica-staurolite schist are similar to the quartz-mica schist except for the 

presence of metacrysts of staurolite (2 to 10 percent) and andalusite ( <.. 1 percent). Staurolite occurs 

coriunonly as ~~uciform twi~s. The length ranges from .0. 1 inch to 2 inches; the average is about 0. 4 

inch .. ,: . Indices of refraction are: N·f = 1. 75; N ~ = 1. 74. Less abundant; pink prismatic 

metacrysts of andalusite average about 1 inch in length. Optical data for the · .C\ndalusite .are: 

/ 
\ 

(average size, 0'!' 05 inch form 1 to 2 percent of the quartz-mica-staurolite schist., The matrix of this 

type of schist averages about 0. 02 inch in grain size~ 

.some of the quartZ-mica ... chlorite schist is similar to the quartz-mica schist but contains more 

chlorite ( 5 to 10 percent) in the form of ·tabular metacrysts, 0. 1 to o. 3 i,nch in diameter. Other beds of 

quartz-mica-:.~clhrotite ·. schist an~ almost identical with quartz-mica-staurol~te ~ehist ex<;ept that the .. 

staurolite and andalusi!e are present only as relicts, and chlorite ·.forms 3 to 10 percent of the rock {plo 1~0 
I 
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A. Quartz-mica schist containing staurolite partially changed to 
muscovite, chlorite (ripidolite), quartz, and biotite. 
(Photograph is 1-1/2 times natural size.) 

Bo Schist in which staurolite has been completely replaced by 
muscovite, quartz, and biotite. Beds in the upper specimen are 
as much as 1/8 in. thick. (Photograph is 1-1/4 times natural 
size.) 

PLATE 1. WALL ROCK, PEERLESS PEGMATITE 

'CiPO 83675Z 





Co 

Do 

Co and D. · Tourmalinized schist. (Photograph is natural size.} 

linch 

PLATE 1. WALL ROCK, PEERLESS PECJIIATITE 

GPO 8J675Z 
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Pseudomorphs of muscovite., biotite,.. and chlorite after euhedral staurolite comprise about 5 percent of 

this schist. The mica flakes in the pseudomorphs average o. 05 inch in diameter, compared tto the average 

grain size of 0. 02 inch in the schist matrix. Some of the pseudomorphs contain relicts of brown staurolite; 

others have chlmite centers and muscovite or biotite rims {plo 2); still others are wholly muscovite. These 

pseudomorphs are more abundant near pegmatite contacts. 

Garnet is more abundant along contacts of quartz-mica.-chlorite schist with mQre quartzose beds. 

The country rock adjacent to the pegmatite contact commonly is altered to a quartz-muscovite-

tourmaline schist, especially where the pegmatite cuts across the bedding and schistosity {pl. 1). The 

thickness of the altered rock ordinarily is less than 4 feet, but may be as much as 9 feet. Thi~ rock contains 

quartz ( 30 to 55 percent), muscovite ( 30 to 45 percent), tourmaline ( 5 to 40 percent), and apatite 

( <1 percent). The tourmaline (N = 1. 67) is in black euhedral needles that range in length from 0. 1 to 
w 

1. 1 i nch. Bluish-green grains of apa,tite (N ::± 1. 63) 0. 05 inch or less in diameter are common only within 
w 

a few inches of the pegmatite contact. The average grain size of the altered schist is about o .. 04 inch 

which is somewhat coarser than that of the unaltered rock. In some places the only visible alteration of 

the schlst has been the destruction of biotite with only negligible additions of tourmaline; in other places 

there has been no apparent alteration., 

The average strike of bedding is almost directly east, and the average dip is 85° s. The structure 

of the schist is not known completely, although the schist has been studied not only in the area shown on 

fli.gure 2, but also in adjacent areas. Probably the tops of beds are generally to the north, but there may 

be some reversals caused by folding. Minor folds in the schist have not been ·studied in . detaiJ. 

The schistosity near the edges of the mapped area (figure 2) is nearly parallel to ~ -bedding, but 

the average dip may be at a lower angle to the south than the bedding dip. As the pegmatite is approached, 

however. the attitude of the schistosity turns until it is parallelcor nearly parallel to the contact. This 

re lationship is shown especially well on the 4, 540-foot -level (fig.. 3) and east of the open pit (fig. 2). 

0 
Nonetheless, :;chistosity at the contact may be discordant by as much as 20 • 





20 

Quartz-mica-chlorite schist at depth of 34.8 feet 
in drill hole 5, and 35.5 feet from the pegmatite contact. 
The grounclaass contains quartz (SO percent), biotite 
(25 percent), muscovite (20 percent), chlorite (3 percent), 
and titanite (trace). Pseudomorphs of euhedral staurolite 
cr,ystals forming S to 10 percent of the schist are composed 
of muscovite (SO percent), quartz (20 percent), chlorite 
(20 percent), and biotite (10 percent). In the pseudo­
morph shown in the thin section, biotite,(B) forms the 
outer rim, muscovite (M) fonas the next layer, and 
chlorite (C) is concentrated near the center of the 
pseudomorph. 

PLA'l'E 2. PSEUIDMORPH OF A STAUROLITE CRYSTAL 
(photomicrograph 2-1/3 times natural size) 

GPO 83675Z 
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All types of schists are cut by munerous quartz stringers that range in thickness from 0. 05 inch to more 

than 12 inches. Some of the stringers are parallel to the foliation, but many crosscut the foliation at 

various angles., Most of the stringers consist ent~rely of colorless to slightly milky, massive quar~; a few 

contain as much as 20 percent plagioclase. The minimum. index of refraction ( N~ ' ) of (00 1) cleavage 

fragments of the plagioclase in one of these stringers is · 1 ... 543, indicating that the plagioclase is oligoclase, 

'(f/ · / Aq:g· =/ Some of the quartz veins and the adjacent schist contain small .: specks of chalcopyri~~. pyc~Je. 

;1:-/ ,~ and:.J?YJ!Oh.olHeo 

.;_/ Throughout this report the determination of the anorthite content of plagioclase is based on Grout, J 

1932, p. 468, fig. 264. 

Q u.u;. tz- -pl~g.iocla. rie -muscov i te pegma.t ite , undivided 

Undivided quartz -plagioclase-muscovite pegmatite cuts the schist in the southwest part of the 

mapped are a (fig. 2). This pegmatite has a variable texture but is generally fine -grained. The maximum 

grain size is about 1 inch. Part of the albite and quar~ - occurs as sugary-textured aggregates. 

Peerl~ss p e gmatite 

The Peerless pegmatite is a large northwesttrending comple x pegmatite anticlinal fn cross~section 

(figs. 4, 5 and 6) and irregularly elongate in plan view (fig~ , 2). The pegmatite contains seven zones,,..· 

two rep~acement units, and two cypes of fracture -fillings. These units consis t chiefly of differing 

~ 
proportions of quartz, plagioclase, perth~te, muscovite, and lithia mica. Chemically this pegmatite has 

a relatively si~ple composition; it consikts almost entirely of four oxides: Si02, Al~03, Na
2
o, and 

K2oo Available evidence suggests that this pegmatite crystallized from a magma-like flu:i.d consisting 

chiefly of these constituents together with an unknown quantity of water. 
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Size, shape and structuire 

The long axis of the pegmatite outcwp trends northwest over a distance of about 580 feet; tthe 

maximum w][dth of exposed pegmatite is about 360 feet. The .~qticlinal structure of the pegmatite and 

its discordance with the schist suggest control of the intrusion by fractures striking abom No 3lJ
0

W. and 

:-~ :. . 0 

dipping about 45 !Eo and w ~ (figs., 2 anq 6). The axis of the anticlinal structure has a low angle of plunge 

0 . 0 
(fi~ 6 and plo 3}; on the underside of the southern part of the pegmatite it is 10 S<> :27 IE; northward 

it changes to 2°N., 34°W •• and still farther north it is 5°N .. 49°W. 

Geologic plans at 4, 560 and 4, 620 feet in altitude (fig.. 6) show the changes in shape of the 

pegmatiteo At the 4, 560-foot level the pegmatite is divided into three se.gments: two on the northeastern 

limb and one on the southwestern limb. At the 4, 620 foot level the southwestern limb is joln,ed to both . 

segments of the northeastern limb.. The two segments of the northeastern limb may also join each other at 

this level, ev-en though. they are separated (figo 2) and (fig. ,6)" 

The keel~ of the southwest limb and each segment of the nottheast limb are doubly plunging, 

having a north plunge at the south end and a south plunge at the n9rth end (figo 6)o The geologic sections 

0 0 
(fig. 4) indkate that from section AA' to section BB • the keel of the southwest limb plunges 34 s. 23 W. 

Fmm section BB' toDD' the plunge is probably nearly horizontal. Further south the underside of the pegmatite 

0 0 0 0 
has t~ree large rolls, rather than one simply defined keel. These rolls plunge 5 to 25 N., 5 JE .. toN .. 35 W .. 

The pattern of these rolls on the 4, 560-feet level (fig. 6) suggests that these are two .rooa1e·scing pegmatites. 

The two segments of the northeastern limb are structurally similar to the southwest limb.. Both 

have rolls that suggest coalescing structure., The,?outh segment is simple at its south end, but it has at least 

three major mlls at the north end.. The keel is probably horizontal just south of section EE '. 

The keel of the north segment of this limb plunges northerly from section CC • to AA 'o Further 

0 0 
north it probably cmves upward to join the crest. This conclusion is supported by 65 to 80 dips and 

easterly plunges at the north end of the outcrop (fig., 2) 0 

In addition to these three large structures and their various minor rolls» there are several dike-like 

apophyses that extend outward from the main body of the pegmatite., The two chief ones are on the west 

\ 
\ 
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Ao The main axis of the Peerless pegmatite; northeast limb on 
the right and southwest limb on the left. Location is between 
sections EE' and FF' (fig. 2). Sch --quartz-mica schist. 
Ab-Q-M--Zone 2, albite-quartz-muscovite pegmatite (wall zone). 
Cl-Q-M--Zone 3, cleavelandite-quartz-muscovite pegmatite (first 
intermediate zone). Cl-Q--Zone 5, cleavelandite-quartz pegma­
tite (third intermediate zone). Upper parts of the exposure 
contain unlabeled central units of the pegmatite. Scale is 
given by hat in lower left. 

PLATE 3. PEERLESS PEGMATITE 

GPO 83675Z 
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B. Layering in the wal.l zone. · &lgary albite-quartz pegmatite on 
the left. Coarser-grained albite-quartz-muscovite pegmatite on 
the right. 

PLATE J. PEERLESS PEGMATITE 

GPO 83675Z 
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C. Layering in the vall zoneo Schist contact on the right. South 
of A. 

PLATE 3. PEERLESS PEGMATITE 

GPO 836752 
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D. Beryl in albite-rich pe~atite near the contact of Zones 2 and 3. 

PLATE ). PEERLESS PEGMATITE 

GPO 83675Z 
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side of the pegmatite ne ar the north end {figs. 2. 4. and 6». These are inegular and discordam with the 

schist; the principal attitude is a strike of N. 20 °W. and a dip of 70 °E. A footwall wll in drill hole 

6 { filg., 4> may be similar in stnllcture. 

Internal units 

The Peerless pegmatite has a sequence of seven zones, two replacement-units. and two varieties 

of fucture~filling units. The outermost unit is a 1/2-inch-thick border zone consisting predominantly of 

quar~~ · but also containing muscovite and blocky albite-oligoclase. !Blocky to subplaty albite becomes 

predominant in the wall zone~ at the expense of quartz and muscovite (table 3). Both the border and wall 

zones conslls1t of a series of layers that differ greatly in texture and in content of quartz, feldspars, and 

In Zone 3, the first intermediate zone. albite is still the chief mineral, but itt is predominantly 

cleavelandite. Zon.e ~contains more muscovite than any other ·z one. Zone 4 is a hood-shaped zone at 

the top of the pegmatite in which very coarse;grainedmicrocline-perthite is the principal mineral; muscovite 

lis minor. and the cleavelandire-quartz groundmass is much the same as in zone 3. Zone 5 is similar to 

the groundmass of Zone 4. Sharp changes take place at the contact with Zone 6. This zone consists 

chiefly of qiJ.llartz, but a subsidiary unit containing non-perthlltic micwcline fmms a hood. a t the top of th:i.s 

zoneo The coae consists principally of lithia mica. but it also contains cleavelandi'lte. The core is 

bordered by a replacement unit. The introduced minerals of the replacement unit are t he same as the 

mine~als of the core. but relicts of Zones 3 through 6 can also be recognized. Mlinor units of the pegmatite 

include fracture-fillings containing quartz and tourmaline, and also a mass of muscovite-cle.avelandire­

pegmatite that probably is a replacement unit. 

The minerals of the Peerless pegmatite include: albite.., qua.rit:~ 99 muscovite.;f m1t:::ll'll).cline!'"perthite~.- non~;. -

perthitic XJQ.krocline, t9urma,'i\,ne. be.ryJ, apatite, .amblygonit~ (vall'iety, msJi~ebr.~sli.te)o · !JtT;ti~:, mic'a'~ ca;ssiterite, 

srra:nnite, tantalW:e -columbite, garnet, lq.elU.ngite (?),_ chalc0pyiit~0 limonite, spodumene. svanbergite, 

vivianilte {?). dahllite, triploidite (?), an unidentified bluish-green to dark .. green mineral, and 

vari~colored phosphate mine~rals ( probably largely members of the HthiophiUte~tdphyUi!e gwup)~and 
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their alteration productso Other minerals that have been reported in the literature but not observed dming 

the present investigations. include struverite (strueverite) (Ziegler. 1914a, Po 115). alteration products of 

stannite (Headden. - 1893, Po 105-11~.)., ~autunite and t~rbemit~ ' (Zieglero 1914ao Po 206-207), and possibly 

rare chrysoberyl (Page and others. 1953, Po 11)o 

Table 3 gives ootailed data concerning the mineralogy of the varli.ous pegmatite unitso The percentages 

of the various minerals listed in table 3 have · been compiled from visual estimates'. at numerous exposures. 

both at the surface and in underground workings. and from visual estimates of the drill coreso Beryl figures 

are based panly on grain measurements. 

Pegmatitic textural terms in this report are adapted from the classification by Cameron. Jahns. McNaif. 

and P&ge (1949, Po 16)o The terms "very fine-grained" and "sugary-grained" have been addedo The terms 

and grain sizes used in this report are as follows: 

Term 

Sugary 

Very fine 

Fine 

Medium 

Coarse 

Very coarse 

Average grain size 

Less tnan Oo 1 inch 

Oo 1 to Oo 25 inch 

Oo 25 to 1 inch 

1 to 4 inches 

4 to 12 inches 

Greater than 12 inches, 

Quartz-muscovite-plagi<~clase pegmatite .(Zone 1. border zone) and albite-quartz .. muscovite pegmatbe 

(Zone 2. wall zone)o --The overall composition of the border zone is quartz-muscovite-plagioclase pegmatite, 

and the wall zone is albite-quartz-muscovite pegmatiteo These zones can be further subdivided into a 

series of pegmatite lenses or layers (pl~ 3)0 These structures have been defined from studies of this and other 

Rl&ck Hills pegmatites, as differing in mineral composition, texture. or both; they are parallel to the pegma­

tite contact and may or may not be continuous around the entire body., The layers may be cut by fracture­

fillings or replacement units; they may or may not be zoned. 

Figure _7 sho:wlt~ the::t~<tutme~ 10(t i~YCJ:$ -an,ttp.r.~b4bl~r9Ql1~l~U~l)~_J'lh~m t~e ~pegrp.atit-e -w_as cut ~Y. ~i~.II!ond 

drill holeso Table 4 shows a somewhat similar sequence in the main open pito 
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' 

Table 4., ~-Sequence of layers in the border and wan zoK?,es. northeast pait't of the main 
~pen JPRlt ,5 Peerless pegmat iteo Geology by JL., R. Page and J. A. Redden. 

(}lt'der of layers Correlat ive layer A ppwxima te Average 
inwall:'d flt'om in drill holes mode grain size Known age 
peg rna t ite contact (fig. 7) Thickness (percent ) ( inches) relations 

11 Q~Ab 3ft Quanz~65 11/2 Younger than 10 • 

"" 10 Variant of 4ft Quartz ·~·45 11/2 .Younger than 8., 
__ _..,:.._ _ _____ 

Upper Ab-Q-M Albite~40 

Muscovite~15 

9 Variant of 0 to 6 in., Penhite=40 a·· Younger than 8 
Ab-Q - P Quartz~30 and 10. 

Albite-10 Segregation or 
Muscovite ~ 1Q fracture -filling. · 
Tom:maline-10 

8 Mi'ddle 5 to 6 ft Albite ~"·65 3/8 Younger than 7 ~ 
Ab -Q~M Quartz~25 

Muscovite ~5 

Perthite ~trace 

7 None 3ft Quartz-60 2 Younger than 6, 

Muscovite-25 
Albite 
( clea.velandite) -15 

6 Ab-Q 2ft · Albite ··8'0 Sugary. Younger than 5. 
Quartz-20 

5 Lower 1ft Albite-55 1 Younger than 2. 
Ab~Q-M Quartz-30 

Muscovite-10 to 15 

4 None 1ft Quartz -45 2 Younger than 3 
Albiteo35 and5. 
Muscovite-20 Segregation or 

fracture -filling·. 

3 Lower 1ft Albite-55 1 Younger than 2. 

Ab-Q-M Quartz-30 
Muscovite'-10 to 15 

2 ' Q-Ab-M 3 in. Quartz -45 1 PJ:obably the 

Plagioclase- 35 oldest unit in 
Muscovite ~20 the sequence. 

1 Q 0 to 1/2 in .. Quartz~-100 Massive Probably younger 
th~n 2. 
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The bmder zone is very fine grained: the average grain size is 0..,, 1 inch. The thickness is generally 

about 0., 5 inch, but the maximum thickness is 2~ 5 incheso The largest exposures of border zone occur as 

dip slopes along the nonhem and northeastern flanks of the pegmatite ~fig .. 2); elsewhere the zone ll> 

exposed along mme steeply dipping contacts where it is too thin to constitute a mappable :?.U"lin:. 

The border zone consists of quartz ( 65 percent), muscovite ( 23 percent), albite -oligoclase 

( 10 percent), tou:rmaline ( < 1 percent), apatite (<' 1 percent), garnet <<1 percent)9 beryl (trace), 

and tantaJite=columbllte (trace)o Locally the border zone ranges from quartz pegmatite with accessory 

muscovite to pegmatite composed of albite (50 percent), quartz ( 35 percent), and muscovite ( 15 percent}; 

several outcrops have as much as 35 percent muscovite. Detailed mineralogic data are presented in table , 5., 

Quartz is the dominant mineral in nearly all exposures of the border zone. At many places the 

outermost layer of the pegmatite is a thin sheet of massive quartz that may be a fracture;filling unit 

Plagioclase is sparse at the outer contact, but it increases in abundance inward.. The anorthite 

content of the plagioclase is as much as 13 percent at the outer contact and decreases to 4 percent at the 

inner contacto 

The w·aU zone is as much as 20 feet thick, but the average thickness is about 5 feeto His 

thickest on the footwall sides of the pegmatite limbs and is thinnest near the crest of the body and near 

some of the structural rolls (figs. 4 and 5). Locally the wall zone is absent and either the first or second 

intermediate zone is in direct contact with the border zone. 

The wall zone exhibits a great diversity in mine;alogy and texture, as shown by the data on 

layering in table 4 and figure 70 Most of the wall zone has a fine-grained pegmatitic texture; the average 

size of individual grains is about 0 0 4 inch but the size ranges widely. The minerals are albite (58 percent), 

quartz (28 percent), muscovite (8 perc~JJ,t),--,perthlte (3 percent), tourmaline (1. 5 percent), beryl (Oo 6 

percent), apatite ( ~ 1 percent), varicolored phosphate minerals and their alteration products (~J percent), 

garnet (trace), amblygonite (variety monteb_r_~~~~~)__{gace), svanbergite (trace), tantalite-columbi1te 

(trace). cassitell'ile (trac¢)_, loellingite ('?)(trace), triploidite (?)(trace), dahlite (trace). an(;tan unidentified 

bluiS'h-green to dark~gre-en mineral (tt~ce)o Detailed mineralogj.c data are presented in table 6o 

} 

/ 
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Table 5, - - Mineralogy of qua n z-muscovite - plagioclase pegmat ite (Zone 1, border zone) , 

Peerless pegmati~e 

Grain size 
(inches) 

~M~i~n~e~ra-1~-----------~P~e~rc~e~n~t ______________ R~a~n~g~e~--------~A~v~e~r~ag~e=~l~/ ___________ § hape 

Quartz 65 

Muscovite 23 

Plag ioclase 10 

. Tourmaline L.l 

Apat ite < 1 

Garnet < 1 

Beryl TraGe. 

Tantalite - Columbite Trace 

0,02 ~ 0 . 5 

or Massive 

0 01- • 4 

• 01 - . 5 

• 05 - • 3 

• 01 - ,15 

• 02 - • 25 

. 1- • 5 

• 01- .15 

0~ 1 

• 05 

• 1 

.15 

.::. ,05 

.1 

, 25 

. 05 

11 The " average" size is the ave age of the lengths of the grains. 

Jj Anorthite content based on Grout, 1932 , p. 468 , fig. 264, 

Ji / BeO Content of beryl is from unpubl ished curve by W. 1'. Schaller. 

Xrregular grains, Discontinuous 
massive quartz .as much as • 5 in. 
thic k. . at contact 

Tabular flakes 

Mostly blocky, Some subpla ty 
to platy at inner edge of zone. 

Euhedral 

Rounded 

Rounded 

Subhedral to euhedral 

Platy 

Color 

Colorless to slightly 
smoky and milky 

White to yellowish­
silver 

White , pale buff, and 
grayish- white 

Black , bluish- black , 
greenish- black 

Bluish-green 

Redd ishobrown 

White to colorless 

Black 

Optical date 

T he minimum inde of 
refraction (~) on cleavage 
fragments (001) ranges from 
1, 533 (An1_3> for grains near . 
contact to 1, 528 (An 4) f~r grai\ns 
at inner edge of zone, l 

Nc.o = 1. 67 (blue ~blac k) • 

N = 1. 82 

N.,., is 1. 577 to 1, 581 
(13, 3 to 13. 0 percent BeO. ~/) 



Mineral · 

. Albite. 

Qu•t.z. 

l(uacovi te. 

Perthite. 

Tollnll&line. 

Beryl. 

Apetite. 

Yarioolorecl 
phosphate 
llinerals and 
alhration 

• products. 

Garnet. 

58 

1.08 (outcrop) 
0.09 (drill core) 

<1 

<l 

Trace. 

Allblygonite, ver. Trace. 
JDOntel:ruite. 

Snnbergite. 

Tamalite- Trace. 
ool~te. 

Caeaiterite. Trace. 

Loell i!~&ite(?). Trace. 

friploidita(?). Trace. 

Dahllite (carbonate-
apetite). Trace. 

. lhl.identified !race • 
lllneral. 

3l 

Table 6.-Mineralogy of albite-quartz-muscovite pewnatite (zone 2, ""ll zone), Peerless peanati te. 

Grsn size (inches 2 
Range Average Shape Col:>r 

0.1-1.0 

.01-.1, 

.1 -2.0 

.os-J.o 

.l-2.75 

.25-12 

.02-15.0 

.l-5 
(diameter) 

.1-2.0 

.1-).0 

.01-.02 
(thicknen) 

• cs-.7 
(length) 

.02- . • 4 

.os-:.s 

.6 by 1.5 

.os -.25 

0.25 

.os 

.6 

.5 

.5 

2.0 

.5 

Bl:>cky to sub- White to lllf'f. 
· platy. 
Sugary-grained. 

Platy grains. 

Irregular grains • Co lor less to 
milky while. 

Tabular flakes Silvery to 
and books. yellowish-..t>ite. 

Blocky. Flesh. 

Subhedral to 
euhedral. 

Black,bluish­
black,blua, and 
greenish-black. 

Optical data 

Blocky to subplaty: N.<.'• 1.528 to 

. ~~~y~~~~~d~~~= 1.528 to 
1.531 (An4 to An9). 
Platy: N.( • 1.528 to 1.530 
(An4 to Ang). 

Black tourmaline: N111 = 1.67. 
Blue,bluish-black,and greenish­
black: Nw • 1.66 - 1.675. 

Remarks 

Mostly blocky to subplat,... Sane s~ary­
grained in tre very fine-grained albite­
rich pegmat i te that makes up betW~en 10 
and lS percent of the zone. Platy 
albite occurs in some of the quartz-rich 
parts of the zone. 

The size increases toward the inner 
edge of the wall zone. 

Grains of perthite are enbayed, rounded, 
and veined by sugary-grained albite and 
by fine-grained alb i te, quartz, and 
muscovite of the matrix. 

Black grains are chiefly along innen~~>st 
edge of zone. Blue,bluish-black, . ani 
greenish-black grains are distriruted 
throughout: t he wall zone. 

0.75 (outer edge Subhedral to Colorless, ..tli te, The JM.xiJnum index of refraction Beryl is most abundar.t in the inner 3 i't 
of zone) to euhedral (pris-
3 (inner edge of matic). 

pale yellowi.t>- (N111 ) ranges fmn• 1S74 to 1. 587 (13.5 of the wal l zone, where it l oca lly is 

zone). 

.l 

.75 

.01 
(thiclmaaa). 

.lS 
(length). 

.l 

.l 

.1 

.1 

whlte,pale green- to 12.3 percmt BeO); in general, as much a s 6 percmt of t he rock. 
ish white, .the beryl of higher refractive index · 

is frt>n• irmP.r part of the !Dne. An unident:: fied ,..,now-brown t o green-
Some of the larger crystals have a brown, soft, waxy mineral may be an 
higher index in the o)l.ter part than alteration J>rodu:t oi' beryl. 
in the c enter. 

ROunded to sub- Bluish-green, N10 : 1.64. TriUlslucent, grayish­
bll.e,priomatic crystals are 
abnonllll.lly bioial (-) with 2V.ca. 
2SO; Ny" 1.63. 

Prismatic, grayist.-blue apatite 0.1 in. 
to 0.15 ir•. in length occurs in vugs . hedral. Areen,and gray­

blue. 

Irregular to 
r.ounded. 

Rounded to 
euhedral. 

Rounded. 

Microscopic 
cube-shaped 
ceyetala in a 
pseudomorph of 
cream;r-buff 
)(&olin after 
beeyl. 

Platy. 

. Rounded to 
euhedral. 

Elongate to 
irrogulP-r. 

Irreg11lar .• 

Rounded. 

Angular clots 
graphicall1' 
incll.ded in 
albite. 

Brownish, grey­
black, gray-brown, 
clove-brown, 
y-ellow-brown, 
pinkish-buff, 
greenish-gray. 

Pink to reddish- N • 1.82. 
brown, 

White to gra,..ish-
white. Biaxlal (t), Ny'• 1.615- 1.625, 

No('= 1.6oo - 1.610. 

Black • 

Brnl>tlish-black. 

Silve!'y. 

Uniaxial ( t) 
Nrv - 1.625. 
Nf" = 1.639. 

Dark-yellow to N > 1.72. 
liver-brown. Second order interference colors. 

Pleochroic: Yellow to red-brown. 

Buff-'Nbite. Uniaxial (-). 
N..,. 1.64. 
Birefringffice: .oos. 

Bluish-green Very fine-grained aggregate with 
to dark-g~n. refractive index • 1.58. 

Probabl7 mostl7 lithiophillte-trji~ylite. 

~0:~~-t:~~~l~=a~~ e;a~!~~. 
manganese and iron oxide~) stain the 
other mir.erals of the zone. 

Most conrnon in the perthi te-rich inner 
parts of the wall zone along the f 90t­
wall of u,e pt'gmatite. Also found in 
irregular bodies that may be fracture­
fillings in the outer part of the wall 
zone. 

Alt~ed beryl containj11g svanbergite is 
associated with anb.J.y gonite. 

Contains euhedral inclusions of beryl. 

Identified as dahllite by A. J. Gude, 
3d, using po'l«ier x-ray techniques. 
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m general. the keelw ard parts of the wall zone contain less albite and more qnar~ tha.n :~~ptt)~.uJres :,J · :. \ 

of the wall zone in the upper parts of the. pegmatite . In 24 :;egmel[]\ts cut by drill holes, the wall zone 

contains 50 percem albite and 35 percent quartz. In contrast, an exposure of wall zone near the crest of 

the northern part of the pe gmatite contains 70 percent albite and 20 pel!'cent quartzo The measmed beryl 

content is lo 98 percent in surface exposures and only 0. 09 percent f)[]\ drill core e Thii.s change can !also be 

correlate d with the changes in albite and quartz content; figure 7 shows that beryl tends to be most abundant 

in alb itte ~lt'ich layeu. 

The layers of the wall zone (fig. 7 and table 4) can be corre lated and a meaningful sequence of 

units can be constructe d for the map area. Contacts between layers are generally gradational., Layers 

such as "4 .. and .. 9" in table 4 have some what sharper contacts that in places cut across adjacent layers. 

These layers m ay be fracture-fillings, or they may have crystallized from segre gatli.on of fl uids tha t were 

napped by more rapidly crystallizing adjace nt rocks . 

The outermost layer of some part;s of the wall zone consists of quartz - muscovite pegmatite similar 

to the border zone except that itt is coarser~ grained. Ordinarllly, however, the outermost l ayer is quartz .. ·' E­

albite~or a lbite~quall'tz - muscovite pe gmatite., 

The next layer in the sequence, is similar to the albite -quait'tz =muscovite pegmatite, but it abo 

contains distinctive sugary-graine d aggregates of albite ( 85 percent), quartz (10 percent). and accessory 

mineralso These aggregates form lenses and layers parallel to the larger=scale l ayerso 

This laye r is succeeded in many places by an albi te -p~rthite - quartz layer that contain9 coarse 

perthite crystals in a gmoodma::::s of albite, quartz. and muscovite. His chiefly fine - to medium~grained but 

also contains sugary~grained albite- quartz aggregates. 

Arrwther non-penhite layer containing sugary albite and quartz follows, and it is succeeded in 

tum by l ayers containing fine- to me dium -graine d albite, quartz, and muscovite ( layers 7 and 8 of table 4 ; 

layell' 9 of fig. 7)0 
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A perthite-bearing layer containing quanz, albite , and muzcovite is next in the sequence both in 

. the drill holes (fig~. 7) and in the open pit (table 4), It: is succeeded by still another layer of fine- to 

medium-grained albite~quartz..;muscovite pegmatite. 'This innetmost layer of the wall zone is quartz-albite 

pegmatite, recognized only in a few pl~ces. 

I 

Another type of layer, not shown in either figure 7 or table 4, consists of medium~·grainec\ lenses 

of quartz - dc.hpegmatite that rarely exceed 1 foot in thickne~ and 3 feet in length. A lens of this type in 

the main pit has an average grain size of 1. 25 inches and contains quartz ( 60 percent), tpuscov1te.(~4- percent), 

albite { 14· percent), beryl ( 1 percent), and sparse accessory minerals. 

H can be expected that further detaUed study will lead to the recognition of still more layers in the 

sequence. lEach of ·the layers from 2 to ~0 in table 4, and 4 to 11 in figure 7 may be repeat~d more times 

than shown here. 

The albite (An4 _9) in all parts of the wall zone, except the sugary-grained aggregates, is blocky 

to subplaty~ The aY~erage grain size is about O. 25 inch. In a few places, such as layer 7 of table 4, the . 
albite is placy: Platy albite (A~4_ 8) has an average gra.in size of o. 6 incho · The JElOrthite content of the 

albite te.nds to decre ase toward the inqer~ part of the wall zone (figo 7), but there is overlap and repetition 

that presumably is related to the repetition of the layers and to crosscuttirtg ~; relations between these UI\its. 

Beryl tends to be most abundant in albite-l.'ich layers, especially in the inner part of the wall zone 

where it locally forms as much as 6 percent of the rock (pl. 2). The, average size increases from 0. 75 inch. 

in diameter in the outer part of the wall zone to 3 inches in diameter at the inner edge. The aeo content 

of the beryl tends to decrease toward the inner part of the zone, but as with the albite, there is overlap an<;l 

repetition. In the drill holes (fig, 7) the BeO content of beryl tends to decrease from layers 2 to 5; it increases 

in layer 6, which contains sugary albite-quartz aggregates; it decreases again in the p~rthl.t.e-rich pegmatite 
' ,~ • r{~a. I I 

of layer 7, which probably is a segregation; then it increases in the albite-quartz pegmatite of layer 8. 

Beryl with the lowest BeO content occurs in quart~-albite pegmatite of layer 12. The index of refraction of 

beryl from the outer part of some of the larger crystals is higher than for beryl from the centter of the crystals. 

Crystals of black tourmaline, a~ mu~h as 10 inches in diameter, are most abundant near the contact 

with the first intermediate zone. Grains of blue, bluish-black, and greenish-black tourmaline, ~s much as 

1 inch in length, and bluish-green grains of apatite, o .. 02 to 0. 3 inch in length, are distributed throughout 

1the wall zone. 
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Varicol.ored phosphate minerals occur in irregular to rounded masses as much as 2 inches in diameter. 

Most of these mine~als are probably members of the lithiophilite -triphylite group. One dark~yellow to 

liver-brown mass may be triploidite ( ?). Small, rare, buff -white grains are dahilite. _/ Brownish -gray 

_I Determined in part by powder X-ray·work done by A. J. Gude, 3do 

to black alteration products of the phosphate minerals, probably manganese and iron oxides, fsta.in the 

other minerals of the zone in irregular streaks and patches. 

Reddish -:brown grains of garnet, black plates of tantalite~columbite, and. brownish-blac}< grains 

of cassiterite are sparsely distributed in the wall zone. Rounded grains of amblygonite, o. 1 to 3 inches 

in size, are most common in perthite-rich layers along the footwall parts of the zone but have also been 

observed in small irregular bodies that are possibly fracture -filling in the outer part of the zone. Optical 

data indicate that this amblygonite is relatively high in hydroxyl and is probably on the montebrasite side 

of the amblygonite-montebrasite series. Microscopic cube-sh<wed crystals of svanbergite occur in a 

pseudomorph of creamy-buff kaolin after beryl that is associated with a grain of amblygonite at the base of the 

pinnacle in the main open cut (fig. 2). An unidentified bluish-green to dark-green soft mineral occurs 

as 0. l-inch angular clots that are graphically included in albite; microscopically the unidentified mineral is 

very fine-grained and has a refractive index of about 1. 578. 

Cleavelandite-quartz-muscovite pegmatite (Zone 3, first intermediate zone).- -Zone 3, the first 

mtermediate zone, consists of cleavelandite-quartz-muscovite pegmatite that forms a less complet~ shell 

than the wall zone; in plan (fig. 2) and in section (figst 4 and 5}~ however, it ieflects the overall shape 

and structure of the pegmatite body almost as well as the wall zone. Where the wall zone is locally absent, 

Zone 3 is separated from schist only by the border zone. The inner margin ofZone 3 is adjacent to Zone 5 

throughout most of the pegmatite body, but in the upper parts of the northeast limbs of the pegmatite, it 

lies between the wall zone and the downward-tapering Zone 4 (figs. 2, 4, and 5). Zone 3 pinches out 

upward over most of the crestal parts of the pegmatite. Possibly Zone 3 grades upward into Zone 4 in some 

of the unexposed parts of the pegmatite. 
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ln .most exposures, the contacts of Z one 3 are cle arly define d0 because the re1ative1y large muscovite 

content is in sharp contrast with the lower muscovite · content of adjacent zones. Locally, where the -C, r::Jntact 

is gradational over a distance of several feet, a cutoff at 10 percent muscovite was used to map the contact 

with Zones 2 and 50 

The thickness is as much as 15 feet; the average is about 5 feet in the footwall parts of the pegmatite 

and about 1. 5 feet in the hanging-wall parts of the body (fig~ 4 and 5) 0 · 

'Ibis zone ha~ a medium.-gra~ned pegmatitic texture; the average siz~ of in'dividual grains is about 

20 25 inches, but the size ranges widely__ Lo-cally, num~rous large aggregates of cleavelandite or of large 

books of muscovite give the zone -a coarse pegrnatitjc texture. 

The mineraJs of Zone 3 are cleavelandite ( 40 pr cent), -quartz (29 percent), muscovite (28 percent), 

becyl ( 1
0 

7 percem:), perthite ( <1 percent), apatite -(~ i percent), tourmaline (< 1 percent), tantalite-

colutnbite ~ < !percent), . cassiterite (< 1 percent), amblygonite (variety montebrasite) ( ttace), dark-colored 

phosphate minerals and their alteration products (trace), garnet ( trace), loel1ingite (?) (fl'ace), vivianite (?) 

(trace), and dahllite ( trace)o Locally the proportions of the minerals vary widely• For ex<J,mple, the large 

exposure between sections A-A' and B-B ~ · (figo 2), contains areas of about 5 square feet that have 55 

percent cleavelandite, ).9· percent quartz, 15 percent beryl, and 10 percent muscovite; yet the remaining 

area -contains a relatively high proportion of muscovite - as much as 50 percent- and less than 1 percent 

beryl. Near the west end of the main pit (fig, 2), Zone 3 contains 60 percent muscovite, 25 percent 

cleavelandite~ 20 percent quartz~ and 1 _ _p_ercent beryl. In general, muscovite is most abundant in the 

u:hick parts of the zone near the keel of the pegmatite (fig. 4 and 5). LocaUy, perthite comprises as much 

as 5 percent of the zone. 

Detailed minera~ogic data are presented in table 7. 

Aggregates of cleavelandite (,c\n
4

_
8

) are as much as 18 inches in diameter, but the average 

size is about 4-inches. Individual plates have an average length of about 1 inch and an average thickness 

about 00 02 inch. 

The largest book of muscovite observed is 3 feet in diameter, but the average size is about 5 inches; 

aggregates of book~ are commonly 2 to 3 feet in diameter. Nearly all the mUtscovite has herringbone and 

wedge structures, and soine is strongly ruled. 



'l'abl• ? • ...-~Unerelos,y ol eleavelanUte-qiiB.l't.e-411USCovite pef'Jll&tite (zone 3, tirst tntell'l!ledlete zone), 
Pearlltas pea~~ats.te. 

~ ~-~~- __ ____ LT 11
" 'i'JWJl Slla OolC!I' ~~Jnl_de.ta -----~arl<s 

a ... taDUt._ to 0.2 to ).0 1.0 pu.,,. White to sras~ "-' nngee fl"'Oll 1.528 fb 1.536 Average thickne:s5 of platy gaiaa ie 
ish-M1ite, (An4 to Azl.a) • ()0 o:;! in, but aV!IJ'I!,ge length is 1.0 

l!.no Aggregates or plates are as IIIUQb 
as 1$ in. in dillll!eter, but. tho e.vw•ge 
siee of such ~regate• is 4 in, 

Quart.s. Z9 .l • 4.5 loS ~. C.lorleee w 
ar.il~ • 

MusllDViWo 28 .a .. J6.0 5.0 ....... Yallow18h- --- A~gatea COIJIIOhly 3 t.o 3 ft. in ,..., .u •• ..,. cl1mneter. Allunaat\t hel'l"in&bone w 
.a!dge stli'\lttllre, am - r~lme. 
f\ulth and sheet v.e a-are. 

Beryl. 1.116(out.aop) ·'""'·0 ' Ollefb ......_, White,p•Uowh,... 1\,=1,575 -tc 1.584 (13.$ to 12,!1 BitJ71 roDe as muell aa li !Pll'tel& ol 
l.fJ (drill (lfl!lA'h) (d1allleter). te wlledRI CII!Pia- _.u.,,n 8...,_ percent Btl()), outer paris ot' small eleavelandit.e-:rieh ,.._s of t'-... , ~~~a\lc),bu\ lfta isb-wldte. ' eeyttab ?lave bigl'ler indiees than ll!One. l.,, .... , ~ 8111atdnl. the centers. 

Aleo • tapered. 
lweguJartr 11exa-
«<JJIIl,elreletel 
eJ'ystel• eonteining 
th1n layers of 
d. eawlantUt.e, 

~it.e. <I .~u.o 3 (outer part Bloc ley. Flesb, - -- Perthite is in the outel:'most part of 
(O!MJ' )"' or zone) the rone ><11«e it occurs near perthite-
oreone · 10 (iMer part rich parts of the wall zone. Larger 
4-tO ot :tone) arrl more abundant perthi te grains 

~~c:.rl't occur near the inner contact of the 
zone where it grades into the per-
tl\i te-cleavelarrlite-quart:l: pegmatite 
of the second intennediate zone, 

ApaU\eo <I .ot- .3 .l aounded to Bluish-green, 
elongate, 

'fOIIftlalln•• <l .01-2.5 .s Subhedral to Blu1sb-l!lactt, Bluish-black: ~ : l.,66. Comnonly occun-along grain boundaries 
euhedral. black,and green- between cleavelandit e arrl muscovite. 

bh-blaek, 

'f..Ute-t~Dllablte, <1 .2 -4.0 • 25 Platy. Black, -·-- Intergro'Wl'l with cleavelarrlite • 

C'anl\al'lte. <1 .05- .65 - -- Rounded to , Brownish-black. --- Occurs along the edges of muscovite 
subhedral, books and forms inclusions in beryl 

and cleavelandite, .. .,._ ....... ...... ·'- 3.0 1 Rourned · to ormsh-'llhite. Biaxial (+) Sparsely distributed near inner edge 
~ntebNstte~ irregular. Nr' = 1.62. of zone. Comnonly has a white to 

rt,.• • 1.61 buff-white dusty coating. More rarely 
bordered by fine IIIUScovite gra:ins 
(0,25 in.), 

V~OCiloNd True. .1 - 1.5 --- Irregular. Mostly dark --- Erratically distri but eel, , Probably 
• pboephat.e lllin..-te. brown. consists chieny of lithiophilit-

triphylite • . 

~. ,.,.... --. < .25 Rounded. Reddish-brown --- Occurs near schist contact, 
\o pink. 

Lo411Un81te(t). '!'Nee. - w- < ., Il"X'egular. Buff to eil very, 

tlts.l\e(t), \'Mea, --- < .s Il"X'egula.r, Blue, Nr = 1.65. Pleoellroict deep blue 
to fain\ yellow. 

Borders loellingite(?). 

IIUJ.Ute (~at~ tnce. .os- ·5 --- Rourrled, White to :tz!r!i::;~ee• .oos. .,.ut..). sra,yhh-'llhite. 

I. 
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White, yellowish-white , and gr~enish~whi1te beryl occurs (1». as prismatic euhedral crystals, (2} as 

hexagonal •. tapered skeletal crysta1s r•rshi1Th~l altemating with thin layerz of cleavelandite, and ~ 3) as 

anhe.dral masseso The average diameter of the beryl crystals is about 3 inches; the maximum length Jls 26 

incheso Nw ranges from 10 575 to 1. 584, indicating that the BeO em tent ranges from 120 6 to 130 5 percento 

The outer pa1rts of many crystals and a~hedJta] masses have higher indices and lower BeO contem: than the centers. 

Resh~colored perthite grains, 0
0 

5 to .12 inches in size, occur sparsely in the outermost pan of the 

zone, especially near perthite-ni.ch parts of the wan zoneo Larger penhite cry~tahi, as much as 20 inche!l 

fn size, occur ~ear the,. inner contact of the zone where it grades into penhite-cleave landite -quartz pegmatite 

of Zone 40 

Bluui.sh-black to black, euhedral to subhedral grains of tourmaline, as much as 2. 5 inches in length. 

commonly occur along the grain boundaries between cleavelandite anclmuscovitte . Black plattes of tantalHe-

e olumbite, as much as 4 inches in length, are intergrown with cleave1anditeo Brownish-blacK grains of 

cassiterite, o. 05 to 0. 65 inch in diameter, occur along the edges of muscovite books and form inclusions 

in beryl and cleave landite. Rounded grains of amblygonite, as much as 3 inches in size , are sparsely 

distributed ne ar the inner edge of the zone. Dark-brown ilrregular masses of phosphate minerals ~probably 

largely w~mbers of the lithiophilite-triphylite gmup). reddish~bmwn to pink grains of gamet, buff to 

silvery grains of loellingite (?). bluish grains of viviamite (?), and whhe grams of dahllite are rare 

corutituen1ts of Zone 30 

Perthite~cle avelandite-quartz pegmatite (Zone 4, second intermediate zone). --Zone 4, the second 

inttermedi.atte zone , con~_Jl.sts of perthite~cleavelandite-quartz pegmatli.tte that forms a hood in the u~per 

part of the non heastem limbs of the · pegmatite (figo 2). Tne shape ofZone 4 Ji.n cross .. section ~fig. 4 and 5) 

is that of a.n asymmetric crescent, titled to the 'nortneas~ H is as much as 35 feet thick near the crest of the 

pegmatite but pin1~hes out down-dip. The zone is absent both in the footwall parts of the pegmatite and on the 

hanging-wall side of westward-dipping linjbs. 
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The outer edge of Zorie 4 is in contact with the wall zone near the crest of the pegmaQte, but at 

depth the downward -tapering Zone 4 is separated from wall zone by the upward-tapering Zone 3. These two 

uniJS: grade into e.ach othei. A cutoff at 5 percent perthite is used to mark the contact. 

The average size of individual grains is about 10 inches, but crystals ·or perthite are as much as 20 

fe·et long. · :Perthite crystals avera~e about 2 feet in length and aggregates of cleavelandite -quartz p1atrix · 

are as·much as 4 feet in size; thus the overall appearance of most exposures is that of very coarse pegmatite. 

The minerals of Zone 4 are perthite (40 ~rcent), cleavelandite ( 30 percen~). quartz (23 percent), 

muscovite (6 percent), tourmaline ( < 1 per~ent), apatite ( < 1 percent), and beryl (< o. 5 percent)~ In 

up~r and outer parts of the zone, perthite constitutes as much as (>5 percent of tbe unit; perthite decreases 

in abundance toward the interior of the pegmatite. 

Detailed descriptions of the minerals are in table 8. 

White to flesh-colored blocky ctystals of perthite are in a matrix composed of massive quartz and 

aggregates of white cleavela,ndite~ The average length of individual plates of cleavelandite is about 1 inch, 

but aggregates ·are commonly 4 inches in diameter. Masses of quartz are as much as 18 inches in size, but 

the average is about 1 .. 75 inches.c Books of yellowish-silvery muscovite, as much as 6 inches in diameter, are 

s.catterE:d as much as 30 inches in diameter and 50 inches in length and are distributed erratically in the zone. 

Bluish-black tourmaline occurs as irregular shells and masses .along grain boundaries in the ·cleavelanditE:-

quartz matrix. Rounded bluish-green grains of apatite (0. 05 .. inCh} ' are present in small quantities. 

Cleavelandite-quartz pegmatite (Zone 5, third intermediate zone). --Cleavelandite-quartz 
. d . 

pegmatite of Zone 5, the thjrd intermediate zone, forms a complete shell that tlfldetlies the hood-shaped 

Zone 4 and completely surrounds Zones 6 and 7.. In the keel ward parts of the pegmatite Zone 5 is bounded 

on the outside py Zone 3 (figs. 4 and 5). In a few places, especially at the crest of the northwestern part 

of the pegmatite (fig. 4), Zone 5 is in contact with the wall zone. Locally, irregular replacement bodies 

of muscovite.:..cleavelandite pegmatite and lithia mica-cleavelandite pegmatite cut Zone 5. 

Zone 5 has a maximum thickness of at least 35 feet, but in most parts of the pegmatite it is 

between 15 and 30 feet thick (figs. 4 and 5). 

"-. .._ __ _ 
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Table 8. ~~Minell'alogy of perthite-cleavelandite-quartz pegmatite (Zone 4, ~econd 
intermediate zone), Peerless pegmatite. 

: 1Grain)size (inches) 
M,ineral P~:rcent , . Range Average Shape Color Remarks 

Perthite. 

Cleavelandite. 

Quartz. 

Muscovite. 

" 
Beryl. '( 

.t,. 

Tourmaline. ~.-

, Apatite -< 

; · 
I 

40 

30 

23 

6 

0.5 

1 

1 

1 .. 240 

• Z5·18 

• 1-6 

?-50 
(length) 
• 5-30 

/(:diame.~~) 

\ 
\ 

24-. 

1. 0 

1. 75 

2. 5 

• 05 

·slocky. 

Platy. 

Irregular . 

Books and flakes 

Euhedral. 

Irregular shells and 
masses .. 

Rounded. 

White to flesh. 

White to grayisq-white. 

Colorless to milky-white. 

Yellowish-silvery. 

White. 

Bluish black 

Bluish- green • 

.. veuge: size. of cieav~ian­
dJ~e ·c:;aggr.egates ir;aoAllltt~ 4 in. 

Erratically distributed. 

Commonly occurs lilong 

jrain hooodaries in the 
oleavelandite-quartz 

matrix. 

"" co 
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The average size of individual grains is approximately 1. 5 inches. The size of aggregates of mine rals 

ranges widely. Aggregates of cleavela,ndite are as much as 5 feet in diameter, though the average is about 

4 incheso 

Zones 5 contains cleavelandite ( 45 percent), quartz { 45 percent), muscovite (6 percent), dark-brown 

to purple phosphate minerals and their alteration products ( 1 percent), amblygonite (variety, montebrasite) 

(0. 5 to 1 percent}, beryl (0. 5 percent), tantalite-Golumbite (< 1 percent), apatite ( <..1 perce11t), 

tourmaline ( <.1 percent), and cassiterite ( < 1 percent). In general the outer one-third of this zone tends 

to be relative ly rich in quartz- -as much as 70 .~ percent quartz and . 23 percent cleavelandit~ i.n some exposures. 

The inner part tends to be re latively rich in cleavelandite; it has as pmch as 62 percent cleavelandite and 

30 percent quartz in some places; 

Table 9 contains detailed mineralogic data. 

The cleavelandite (An4) occurs in white to grayish white, platy grains that average about 1 inch 

in length and 0. 02 inch in thickness. The cleavelanclite plates are both flat and curved. They occur as 

radiating clusters and as aggregates of diversely oriented plates. In the q~artz -rich parts of the zone, 

cleavelandite forms irregular streaks and clots surrounded by massive quartz. The contact with Zone 6 is 

commonly marked -by a cleavelandite-rich layer, 1 to 3 feet thick. 

Books and flakes of silvery-yellow muscovite range in size from 0. 1 to 20 inches. The distribution 

of larger books is very irregular. As in Zone 3, the muscovite has abundant herringbone and wedge structureso 

Grayish-white rounded grains ot amblygonite, as much as 3 feet in diameter, are commonly coated 

by buff-white alteration products and are veined and embayed by quartz. Optical data indicate that this 

is montebrasite of approximately the same composition as in outer zones. Irregular aggregates of dark-brown 

to purplish phosphate mineral~- -probably lithiophilite -triphylite --are intergrown with variable amounts of 

strongly stained, intergrown cleavelandite, quartz, and muscovite to form dark-colored pod-shaped to 

irregular masses that are as much as 3 feet in diameter. 

Beryl is most abundant in the outer parts of the zone but the distribution is irregular~ White...--

faintly greenish, and semi-transparent beryl occurs both as prismatic euhedral crystals and as anhedral masses 
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Mineral 

Cleavelandite. 

Quartz. 

Muscovite. 

Varicolored 
phosphate minerals. 

.Amblygonite, var. 
IIDntebrasite. 

Beryl. 

Percent 

45 

4S 

6 

1 

• ~l 

.s 

Tantalite-columbite. < 1 

Apatite. <1 

Tourmaline. <1 

Cassiterite. - <1 

T~ble 9.--Mineralogy of cleavelandite-quartz pegmatite (1cne 5, third inta-mediate zone). Peerless 
pegJDatite. 

Grain size (inches) 
Llige lnrage :llape Color Optical data. 

0.2•3.0 
(length) 

.2s-l2 

.1- 20 

.2- 6.0 

.2-)6.0 

.3-lS 
(diameter) 

.2s-4.0 
-(legt.b) 

0.02 
(thickness). · 

1.0 
(lenatJI) 

1.7, 

.,.o 

.?') 

6.0 

3 
Cdiameter) 

.8 
{length) 

• ~- .15 .01 
, (tldekness) (thielmess) 

.,.2-6.0 .6 

• 2 

.02-.75 .25' 

Plaq. 

lrnplar. 

Books and flakes. 

lrreplar. 

Wbi te to gr"a7• 
i sb-lllhite. 

Colorless to 
mlll;r......tdte. 

SiberJ'-
7'Jllmr. 

Dark b,wn to 
purple. 

N""' is 1.528 (An4). 

Rotuded to sabhedral • Grayish-white. Biaxial (•); COIIIIIOft~ 2'1>7~· 
"t' =1.62. . 

Euhedral (prismatic). White ,pale 
Also adledral. masses green; some 
intergrovn with cleave- serl-trans-
landite,.quartz, aDd parent. 
muscovite. 

Platy. mack. 

Jahedra1 to subhedral. Pale green to 
clark bluish­
green. 

Euhedral. 

Rounded,subhedral, 
ani euhedral. 

Pale blue. 
Bluish-black. 
Black. -

Brownish­
black. 

Nw = 1.584 to 1.587 (12.6 to 12.3 
per cent BeO). . 

N,., = 1.654. 
~·= 1.651 
One s peeimen has N;>ld' • 

Nc.r = 1.66 • 
Nw: 1.66 to 1~67. 
~ = 1.67. 

.:r 
r-~ 

Remarks 

Occul'S c:hietl.y as aggregat·es of 
divarseJ.7 oriented or rad:ia ting 
cleavelandi te plates,many of 11i'lich a 
curved. 'nl.ese aggregates are as much~ 
S rt in diaileter; the average is am: 
• 4ft. 

Wedge am herringbone structures are 
~n. Some or the muscovite is 
str.ansJ.7 Nled • 

Probably consist largely of lith io--­
philite-triphylite and their altera~~ 
produ::ts. Irregular aggregates of 
these minerals associated with str01 
stained ci eavelandite, quartz, and 
lliuScoYi.te fonn dark-colored, pod-sh; 
to irregular masses as mudl as 3 ft 
diameter. 

ec-ml.y coa~d by a buff-white 
al:terat.ion product. Veined and emoa 
br cpartz. 

't'ertds to be most abundant in the out 
part. of the zone, but the dist ributJ:­
is irregular. 

ec.m.mly between plates of cleave-
1.-dite • 

Aggregates are commonly 0.75 in. in 
diameter .• 

Most common along grain boundaries 
between muscovite and cleavelandit e; 
also occurs as inclusions in cleave­
larrlite, amblygonite, musoovite, ani 
quartz. 
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" that are intimately intergrown with cleavelandite. The diameter of grains of beryl ranges from o. 3 to 15 

inches NW ranges from 1. 584 to 1. 587 indicating a BeO content of 12. 3 to 12. 6 percent. Thin black 

plates of tantalite-columbite are interleaved with cleavelandite. ·Pale-green to dark-bluish anhedral 

masses of apatite occur irregularly in this zone. Euhe~ral grains of bluish-black tourmaline form aggregates 

that are commonly about 0. 75 inch in diameter, but isolated grains of pale-blue and black tourmaline also 

occur in the zone. Brownish-black grains of cassiterite, having :an average grain size of about 0. 25 inch, 

- ·~ 

occur most commonly along grain boundariea between muscovite and cleavelandite but are also fb'\md as · 

inclusions in cleavelandite, amblygonite, quartz, and muscovite. 

Near the bottom of diamond drill hole 3 (fig. 4) vugs as long as o. 75 inch ar~ lined with quartz 

crystals; other small vugs are filled with limonite. In this drill hole, the bottom 8. 7 feet were in an open 

hole that is :probably a vug or a solution cavity in the main fault zone; there is no reason to believe that 

this part of the pegmatite has abandoned mine workings. 

Quartz-microcline pegmatite and quartz pegmatite (Zones 6a and b, fourth intermediate zone; 

fracture-fillings), --Zone 6 consists of quartz pegmatite and a hood of quaJ:~t.~~microcline pegmatite. 

This hood overlies both the quartz pegmatite and the lithia mica-bearing core and replacement unit 

(figs. 2 and 5). Quartz pegmatite is the central unit ot some parts of the pegmatite, as in the east part of 

section EE', figure 5, and in section AA ', figure 4. 

. '"' 
The thickness of quartz pegmatite may be as much as 40 feet. The quartz~ micr.ocline hood also •· . 

reaches a thickness of about 40 feet. 

The quartz-microcline pegmatite has a very coarse pegmatitic texture. The minerals are quartz 

(59 percent), micro cline ( 40 percent), and lithia mica (< 1 percent). Colorless to milky white quartz 
) 

I 

occurs in masses as much as 30 feet in diameter, separating large crystals of flesh-colored microcline, as 

much as 15 by 10 by 6 feet in size. Perthite was not recognized in this zone. Megascopic gridiron 

twinning was observed in some of the microcline. Very fine-grained (less than 0. 05 inch)yellowish-.gree?· 
. ; 

lithia mica is disseminated along some cleavage surfaces and cracks in the microcline and may be 

genetically related to lithia mica of the replacement unit. 
/ 

Quartz pegmatite consists essentially of massive, milky to colorless quartz (99 percent); the minor 

accessory minerals include spodumen~ ( < 1 percent), dark-brown phosphate minerals ( <. 1 percent), 
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and beryl (trace) . · Remnants of two spodumene crystal s, 24 inches and 6 inches in length. occ ur at the 

north ··.end of this zone m ·tbe nortllwestern··part of the pegmatite. Dark -brown phosphate minerals, 

·prob:abJy lithiophilite -trii.phylite, are exposed as irregular clots, 2 to 8 inches in size, in the southwestern 

Hmb of the peg~atite. 

Three prominent quartz fracture-filling units, 6 inches to 2 feet thick, are exposed on the western side 

near the north end of the pegmatite.. These uni ts cut Zonea 1 1"', 2, 3, and 5, but do not extend across the 

pegmatite ... schlst contact. Smaller quartz fracture-filling units are exposed elsewhere in the pegmatite but 

are not · l arge enough to he· mapped. All of these fracture -fillings consist of massive · ·milky quartz; nn 

accessory minerals wer.e observed. 

Lithia ·mic~ ·~levelandite pegmatite (Zone 7, core). - -Lithia _ mica-cleavelandite pegmatite forms the 

ve·rirmall -eore ::qf f li'Upegmatite (figs. 2 and '5).; The maximum thickness is probably about 15 feet: the · 

longest ·dimension is probably down the dip and may be as much as 50 feet, ·~e chief exposures are in the 

open pit near section EE' (fig. 5) . 

The core has a very fine-grained pegmatitic texture ; the average · grain size is about 0. 1 inch • 

. Aggregates of lithia ~mica and cleavelandite are much larger. 

The minerals of core .include lithia mica (82 percent), cleavelandite ~ ·(15 percen9, quartz ( ~F-etutfk), 

dark -brown phosphate minerals ( 1 percent), tantalite -columbite ( < -1 percent), and f:assiterite (~ 1 percent). 
' ! ' i~ 

. The i nnermost ·part of the core is composed almost exclusively of olive-gi-~en lithi~ mica, .in grains 

averaging about o. 05 inch in size; in the _ outer part of the core lithia mica is asaocia.ted with cleavel;mdite, · 

in 1 inch -aggre gat;es--and thin, vein-like stringers as long as 2 feet. Individual plates of cleavelandite 

'Gommonly are o. 1 to o. 4 inch in size ~ -Quartz grains are as ~uch as o. 5 inch in diameter• Dark-brown 

phosphate minerals, probably lithiophilite-triphylite, oc;:cur in irregular cl ots as large as 8 inches o 

Ca.ssitedte and tantalite•Golumbite are irregularly distributed in the core as grains generally less than 

0. 5 inch in size. 
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"Lithia mica" is a fielid name that has been used for micq occuHing· in other Black Hills pegmati~es 

as fine~grallned olive-green aggre gates differing greatly in appe arance and habit from muscovite of outer zoneso 

Presumably it also differs in chemical composition and structme.. The Hthia mica rese mbles lepidolite in habit 

and appe aran-ce. but not in color and lithia content. Unfortunately, data on mineralogic variations in Black 

Hills micas are as yet very incomplete . and an accurate mineralogic name cannot be applied to this co-caned 

lithia mica. 

A puriffted s91mple .of the lithia mica was studied by petrographic,. X-·ray, · and spectrographic method3. 

The mica has the following optica l properties: biaxial(-}, 2V- ca. 30° ( definitely< 3'11/2°), 

Nif, = 1. 593 t 0. 001, N'' = · 1. 588 :! o. 001. The fusibility of the mica is about 2. A semi-quantitative 

S'pectrographic analysis by P. L Dunton and R G. Havens of the U. s. Geological Survey, ·gave the results 

shown in taM:e 10, p.47. An x-ray powder diffraction photograph by A. J. Gudeo 3d~fU. S6 Geological Survt~Y). 

showed that mica is muscovite. in which the strongest lines are spaced as follows: 

A; 10 5418 -Cu K~; -- Ao 

.1 d-sEacigg 
·--~ 

10 9., 936 
9 3. 345 
8 2 .. 556 
7 2.006 

The results are in accord with the work of Levinson ( 1953, Po 101), who found that micas with less 

than about 3. 3 percent u 2o have the normal muscovite structureo Mica from the core of the Peerless 

pegmatite containing 0. 2 percent lithium is within the general range of normal muscovite, according to 

Levinson's graphs 0.953. figso 4 and 5, p. 103). 

quartz replacement unit extends outward fr~m the core across all of the intermediate zones (figs. 2 and 5). 

Tne ihape of the unit is very irre gular, and the size is not exactly known. The main body of the replacement 

unit extends at le ast 30 feet from the core, but small parts of the replacement unit are as much as 100 fee t 

from the coreo 
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The replacement unit is principally· h1 .Zones 5 and 6,1 but masses 1 to 3 feet in diameter occur in 

Zones a ·and 4. The wa11 zone conJains fracture-fillings, o. 1 to 3 inches tbick, filled with fine-grained 

.:.ir.aybh•yellow ·m-a;ter:j.al that may be lithia mica, but otherwise there h no evidence that the wall zone contains 

· minerals of the replacement unit. 

The composition of the replacement unit va~ies greatly, depending on the zone replaced and upoQ. the 

_per.ce:p.tacge of relict min~rals. As much as 20 percent of some mapped exposures of this unit consists of 

umeplaced, irregular~shaped relicts. In some parts of Zone 5 replacement has produced a mottlecl ·rock with 
\ 

irregular einb-ayed clots of cleavelanc:Ute-quartz pegmatite surrounded by the very fine-grained lithia mica-

cleavelandite ·pegmatite. Elsewhe~;e replacement of this zone has resulted in a "b_laded .. texture, with 

:elongate (2 to 24· inches) tapuiar remnants of eleavelandite-quartz pegmatit,e separated by the veJ;Y fine-

grafne·d lithia mica -cleavelandite pegma~ite • . Masses of 'the replacement unit in quartz ... microcline pegmatite ; 

have a tabula;r shape that suggests fracture control. 

Outside of the mapped limits of the replacement unit, some lithia mica associated with cleavelandite 

o.ccurs along·mitiute fracture·s and as interstitial aggregates in other units. These may be ·genetically 

related ·to the core ·and replacement unit. 

Musco:vite.;.-cleavelandite pegmatite (reelacernent unit). --The muscovite -cleavelandite replacement 

maximum thickness is nearly 40 feet. Po~ .. shaped to irregular masses of muscovite-cleavelandite pegmati~ 

are exposed in Zone~ 5 in the underground workings, but these masses are too small to be mapped. 

The contacts are very irregular in detail. -Muscovite-cleavelandite pegmatite fills fractures in the 

quartz pegmatite and exterids outward fromthese fractures into massive quartz. Irregular to rounded relicts 
I 

". of quartz pegmatfte are cut by muscovite-cleavelandite aggregates along the contact of J:,hese two uitlits. 

The con:tacu-with the cleavelandite-quartz pegmatite of Zone 5 are ~qually comple,c ·and irregular. The 

form· of the boundaries of this replacement unit suggests that itwas controlled, in part. by an irregular 

network of f.ractures that fotmed after the consa'lidation of Zone 60 
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The minenrals~ excluding reHct masses of partiaHy :replaced pegmatite , consist of muscovite {69 percent). 

deavelanditte ~ 30 percent)~ apati1te ~" 1 percent}~ toumaHne ( ~ 1 percent), tamalitte - columbh:e (~ 1 percen.t), 

lilthia mlica << 1 percent), cassiterite (trace), and beryl (?) {trace)o The average size of individual gll'ains 

is about 00 2 llncho BuJf=white plattes of cleavelanditte and flakes and books of silver=yeUow muscovite avera'ge 

about 0. 2 inch iJJ] size bm: are as large as 1 inch. Tfie deavelandi~e occurs in ilr:regular sne aks along 

gradational colllltacts with Zones 5 and 6, and is also disseminated thmugh the replacemrenllt mtit 31{ ,in.eguhu 

a-ggregatess as much as 1 inch in diametero SmaH rounded grains of greenish=blue apatite and black to 

bluish .. black tourmaline a;re irregularly distributed throughout the unito P lates of tam:alite-Golurnbite are as 

large as 1 by 3 inches but generally are less than o. 5 inch in size. 

Tommaline=quan z pegmat:i.\te (f,acture=fillings}.-~Dmsy fract 1LlJre-fHlings of tourmaHJrne =quanz 

pe gmatite occur on the northwestward-trending fault just southwest of the large unmined pi.nnade, and also 

along the main east-west fault northwest of this pinnacle (figs. 2 .and 5). These faul ts must have formed 

after the consolidation of the core of the Peerless pegmatite because they cut an the zones, replacement bodies, 

and the cme. On tthe other hand, the faults formed before the consolidation of :the tommaHne -quartz pegmatite 

because these fracture=fiU.ing units occur on slickensided surfaces of the faul1tS and the dru.sy sttuctwre iz 

1..mdisturbedlo These strUJctmal relations indicate that the \tourmaline -quartz frac:tme -filling mits are 'not 

necessadly directly relate d in origin to the main mass of the -peerless pegmatite . The thickness of the 

tourmal.ine =quartz fracture-fillings ranges from 0. 25 too. 5 inch. 

The minerals are tourmaline ( 90 percent). and quartz ( 10 percent).. The average grain size is about 

o. 15 incho Tne tourmaline is in pale~pink, tl!'anslucent, prismatic crystals that range fm m 0. 05 to o .. 25 

ilnch in length. OpticaUy the tourmaline is colorless. uniaxial ( -), N = 1. 632. A few grains seem to 

0 
be abnormally biaxial { +) with 2 V = 10 to 40° . The quartz occult's iTR tiny colorless crystals si rriHar iln size to 

the tourmaline but is less regularly distributedo 

Variation in mica composition 

Xn order to determine the compositional differe:nces in mica fmm various uml1l:S of 1thb pegmatilte, ·a 

series of samples coHected from five zones and from the muscovi\te-deavelandHe K'e pJlace ment unit was analyzed 

spectrographicaHy {table 10)0 The results show that the content of cal~ium, mbidftu mo bown. and perhaps 
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Pegmatite Unit 

Segment 
or 

pegmatite 

zone 1. Quartz-muscovite- Southeast 
plagioclase petJ~~~Ltite. 

""%one 3. Cleavelandi te-quartz- do • 
IIWicovit.e pepatite. 

Do. do. 

Do. do. 

Do. West 

· %Gae 4. Perthite-cleavelandite- Southeast 
quartz pe&~~&ti te. 

Do. 

%one 5". Cleavelandlte-quartz 
pegmatite. 

Do. 

Do. 

·-itllfcovit.e-cleavelar.dite re­
.,_ac_nt unit.. 

Do. 

%oM 7. I.itbia-ldca­
clea-bndit.e pepatit.e. 

do· 

do. 

do. 

West 

Location 

East side or pegmatite in 
underground workings. 

East side or pepatite at 
aurface. 

East side ot pepatite in 
lllldergound' workin&&. 

Foot. wall or pegmatite in 
uncler&J"'UUIIl workings. 

Foot wall. 

East side or pegmatite at 
IRlrt'ace. 

do. 

East side or pegmatite at 
surface. 

Center ot pegmtite in 
underground workings. 

Foot vall. 

Table 10. Spectrogra)ilic analyses ot mica, Pesrless pegmatite !f. 

Composition (in percent) 

Fe Ti Mn Mg Na B Ba Be Ce Ga 

o.x o.ox- o.ox o.ox+ o.x+ o.ox o.oox- o.oox- o.ox- o.oox+ 

.x .ex- .ox .oox- .a • x- 0 .oox- .ox .oox+ 

.x .oox+ .ox .oox .x .OX+ 0 .oox- .ox .OOX+ 

.x .OOXf' .ox .ox .:M- .ox 0 .ooox+ .ox -~ 

.x .ox- .ox .ox+ .xt .ox .oox- .oox- .ox .OOX+ 

.x .oox+ .ox .oox+ .x .ox+ 0 .oox- .ox .oox+ 

.x .ox- .ox .ox- .x+ .ox+ 0 .oax- .ox .oox+ 

.x .ox- .ox .oox- .x .x- . 0 .oox- .ox .oox.f 

.x .oox+ . ox .oox .xf .oxt 0 .oox- .ox .oox+ 

.x .ox- .ox .oox .x .x- 0 .oox- .ox oOOX+ 

.x .oox+ - ·~ .oox .x .x- o· .oox- .x- .oox.+ 

.x .oax. .OX+ .oox .a •• 0 .oo. .x- .oo» 

.X .ox- .5 .6· 

Li Nb Rb 

o.ox+ o.oox o • .x 

.ox .oox .x 

.OX+ .oox .x 

.ox+ • oox .x 

.x- .oox .x 

.ox, .oox .x 

.ox .oox .X 

.ox .oox • x+ 

.ox+ .oox .x 

.ox .oo.lto!- .x 

.ox+ .oox- .-JW. 

.ox ·- -~ 

.2 .a 

Sn 

o.ox-

.ox 

.ox 

.o • 

.ox 

.ox 

.ax 

.ox 

.ox 

.ox+ 

.ox 

.ax 

.aa 

Sr 

o.oox-

0 

0 

0 

0 

0 

0 

0 

0 

0 

.~ 

o. 

Zr 

o.oox-

Tr • 

.oox 

.oox 

.~ 

.oox-

·--
Tr • 

.oo~ 

.oox-

.oox-

·-

·-~=" 
-J 

1/ Analyses by J. C. Hamilton, U. S. Geologl.cal Survey Denver Laboratory. The samples !rom Zone 7 had been analyzed previously by P. J. Dunton and R. G. Havens, and were reexamined by Hamilton. 
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tin and -man·ganese incre ases from the wall of the pegmatite inwa]{'dl. ·The llithium content of mica from 

,,.~:/ ,,- f~?·one 7 b 0 0 2 percent, but the Hthium content of aU bw: one of the samples fmm other units b 0. OX or o. OX+ 

....• , .;i,ercent., The magnesium and niobium content of mica show a poody defined tendency to decrease from the 
..... ~ .'} 

-<..,- J 
~an inward. Ana~yses of four samples from Zone 3 suggest that in the lower parts of this zone the mmeovite 

~!~ 

·m;,Y contain more magnesium and lithium all1d less boron than muscovite in structurally higher parts of this zone~ 

'\~. 
:~~-" 

·t .. "·"'' ·-.,,,,_ F a u. 1 1t s 
"''1<,~, ... "'~ 

!.,.,._ 

A system ·:;~€stedy-trendr~g ~aul.ts cuts aU units of the Peedess pegmatite except the tourmaline~ 
quanz fracture -fining units• Most of these are _normal faults, but a few are reverse faults. The dip is 

0 . '• 

commonly be~ween venical and 70 s. , the fault that cuts quartz pegmatite alQld muscovite-cleavelandire 

pegmatite nonhwesl of the UllUrtined pinnaCle dips 70° N. {figs 2 and 5}0 

The main east-west fault on the north side of the large open pit is vertical near its eastern end but 

0 
·~ips 84 So on the west side of the pegmatite. The apparent displacement has been determined from the 

~oslltion ofpegmatitte units on eitper side of the faulto The south side lis offset as rmllch as 45 feet to the 

we~t; the ·maximum vertical offset is probably about 25 feet, down to the south• Branch faultcs have dips as 
:;,: 

,, 0 0 

liow a~ 75 s. OJ\ 82 N~ 

The fault that trends northwest on the southwest side of the unmined pinnacle is a normal fault' that dips 

0 ' 
78 to 88° S.W, The vertical offset is about2 feet. Other faults shown orrthe maps (figsd 2 a:nd 3) simHarliy 

have sman displacementso 

Chemical composition 

The cherrulcal composition of the Peerless pegmaUte -has been determined by~ 1) using successive 

,, geologic secdom to compute the volume of each unit in the pegmatite, (2) converting volume to tonnage, 
~;.~~::~ 

{_.~} de rerrmining the tonnage of each mineral (table 11) by use of the data on mineral distribution in 
).B 

\ta~le 3, and ( 4) converting the minerals into chemical equivalents., 
'< 

·k5'T<ible 12 contains the data on mineral composition u~ed in making the calculations~ These all'e based 
'--~f:/ ~ .. ,,_,_. -. .:.,,,~~·'· 

/ion optical nudi~~. typical chemical analyses recorded. in the Utell'atme firom many locaUdes, and a partial 
_, .d, 

specttrographic analysis of lithia mJi.ca. 
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·Table· 11 • ..:~Es.tlmated mineral content of the Peerless pegrnaQ.te.,. 1/ 

/ ~ ' . ' ' 

Plagioclas~ 

Quartz 

M1,1scovite 

Perthlte and microcline 

Lithia mica 

Beryl 

Tour rna line , 

Iron -lithium- manganese 
phos,~hates 

Amblygonite 

Apatite 

Other rrlinerals 
' 

Tat,.ls 

Tons 

226. .500. 

213,000 

'50, 000 

25,000 

5~000 

3, 500 

2,900 

2,400 

1, 600 

1, 100 

~~. 500 

532, 50(). 

!/ Data in this table are not to be interpreted as reserveso. Tonnages 
lined are ~ non •minable as well as m4table rocko 

\ . 

~-



Table 120 d ~Mineral compositions used in computing chemical composition of the Peerless pegmatiteo 

Composition ( in percent) 

Fe2o3, 
Mineral Si0

2 
Al

2
o3 FeO MgO CaO Na2o K

2
0 Li20 H20 P205 BeO Other 

ConstitUents 

Quartz 100 

Plagioclase 67. 1 20.3 - - 1. 0 11.2 0.4 
(An5) 

Perthite and 64.4 19.8 - - .4 2. 7 12.7 

microcline 

muscovite 45.2 36.5 1. 5 g •. 6 .2 1:-o 9.0 - 5.0 - - 1. 1 

Lithia mica 47.0 35.0 .5 - - .. 7 10.5 0.4 4.0 - - 1. 9 

en 
Beryl 66.8 18.9 - - - .2 - • 1 - - 12. -8 1. 2 0 

Tourmaline -31.0 32.0 14.0 2.0 - 2.0 - - 3.0 - . -- -·-· - 10.0 

Iron -lithium- - - 35.0 - - - - - 9.-0 - 45.0 - 11.0 

manganese 
phosphates 

Amblygonite ,- 34.0 - - - 3. 0 - 9. 5, 5. 0 47.5 - 1. 0 
\ 

Apatite -~ -. - - - 51.0 - - - 2.0 42.0 - 5. 0 



-., .·r·,·· 
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The only water shown in ·table 12, and thus of the completed estimates of the chemical composition 

of the ·pegmatite (table 13), is in mica, tpurmaline, amblygonite, and apatite., Any additional water that 

may be contained in the pegmatite cannot be estimated. Other errors that m~y be introduced by inaccuracies 

in table 12 probab~y do not change the fina~ results as much as errors in the tonnage estimates of table 11., 

The calculated chemical composition of the.Peerless pegmatite (table 13) shows that the silica content.: 

at 77.0 percent, is extraordin.arilyh!gh. The only other constituents that form more than 00 6 percent of the 

pegmatite are alumina, soda, potash, an<;l probably water. Potash forms only l. 7 percent of the pegmatite, 

yet soda forms 5. 0 percent. Despite the commonness of various rare minerals in this pegm~~~. the 

content of rare elements is very small. 

Similar calculations have also been made to determine the content of silica, alumina, soda, and 

potash in four subdivisions of the pegmatite (table 14). These show that silica increases greatly toward 

the center of the pegmatite. Alumina decreases as silica increases. Sod4 is more or less constant in Zones 

1 to 5, but decreases to 0. 4 percent in the center of the pegmatite. Potash reaches a peak of 4. 0 percent 

in Zones 3 and 4, but is snuch less in 0uter and inner units. 

The mineral distribution of the various units (tables 3 to 9) ind~ates that a more detailed breakdown 

and more complete chemical ~ata would show many additional interesting relationships. Silica, for example~ 

is a rich constj.tuent of the border zone (tables 4 and 5). Probably it alternately decreases and increases in 

the wall zone (table 4, fig. .7). ::Jben itrprobab.ly increases through Zones 3, 4, 5, and 6, and decreases 

again in Zone 7. 
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Table 13., .--Estimated chemical composition of the Peerless pegmatite. 

Percent 

77.0 

13.7 

.5 

MgO ol 

I cap .6 

5.0 

1. 7 

.1 

.6 

.4 

13e0 .1 

Other constituents 2 
Total ·? 100.0 

,/ 

/ 
\ 
\' 

/1 
+'' 

~ 

/~ 

Table 14. --Distribution of the princiJ?al chePiical constituents of the Peerless pegmatite. 
. ,; ' ... 

1 Chemical composition (in percent) 

Units Tons SiO . . ,;2 .. _AlzP~a .. Na2g Other consitiuents . 

Zones 1 and 2 143,000 73.7 . 16.0 6.5 1. 3 2.5 

Zones 3 and 4 130,000 70.7 17.6 4.7 4.0 3.0 

Zone 5 205, _000 79.1 11.8 15.3 .7 3.1 

Zones 6 and 7 54,500 . 92.3 4.5 I .4 1. 3 1. 5 
and replacement 
units 

Entire pegmatite 532,500 . 77.0 13.7 5.0 1. 7 2.6 
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Further discussion of this sort must be delayed until more data are available from. this and other peg­

matiteso The predominance of silica, alumina, soda, and potash, and the very small content of other 

constituents suggests that laboratory studies on relatively simple systems may be applied directly in studies 

of petrologic relations in this pegmatite. 

Origin 

The origin of the tpeerless pegmatite and other Black Hills pegmatites has been discussed for many 

y~arso The pegmatitic fluid generally has been considered a derivative either of the Harney Peak pegmatitic 

granite or of a deep-seated parent of the Harney Peak granite. The greatest disagpeement has been with 

regard to what happened after the pegmatitic fluid began to crystallize. The earliest authors considered 

Black HiHs pegmatites to be true igneous rockso Between 1925 and 1939 various authors emphasized the role 

of replacement processes in an open system. More recent authors have considered systematic fractional 

crystallization in a restricted system to be the chief factor in the deyelopment of the Peerless and other 

Black Hills pegmatites. 

The proximity of the zoned pegmatites like the Peerless to the so-called Harney Peak granite has led 

all investigators to believe that these rocks are genetically related. Furthermore, the layered pegmatite 

of the Peerless border and wall zones is similar to the layered pegmatite that is characteristic of the so-cal~ed 

granite of H'arney Peak. 

The attitudes of the various segments of the Peerless pegmatite and discordance with the schist indicate 

control of the intrusion by fractures. Dike-like apophyses extending outward from the main body doubtless 

ar,e also fracture -controlled. In some places a secondary schistosity has been developed parallel to the 

contact. These Yelations suggest that the pegmatite fluid was suffiCiently viscous to shoulder aside and 

deform country rock. 

The alteration of staurolite to mica and chlorite in schist near the pegmatite may have been caused 

by introduction of water from the pegmatite. Potash may also have been introduced ffom the pegmatite. 

Another possibility, however, is that potash was released by biotite in adjacent rock. The Fe:Mg ratio in the 

biotite may have increased during the breakdown of staurolite and the formation of chlorite, and as thts ratio 

increases. the potash content decreases. 
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Higaty (1949) presented the suggestion that pegmatites of this area were formed by metasomatic re· 

placement of schist wall rocks. He pased his conclusions qn origin almost entirely on th.e study of thin sections 

and chemical analyses of perthite, assuming that the pegmatites consist almost solely of perthite. In as 

much as none of the Black fHlls pegmatites known tQ the authors consist almost entirely of perthite., Higazy's 

inferences and conclusions cannot be applied to the problem at hand. 

The layered structure and repetition of rock types in the border and wall zones suggest a complex origin 

for these units that can best be understood by compar-ing the sequence of layers (table 15) with the mormil 

zonal sequ~1;1ce of Black Hills pegmfitites described by Page and others (1953~· · table 3}; "(Sei"~~ble .. l5)~yelf:he' 

outer layers of the border and wall zones evidently crystallized progressively from AsseJilblage · la::<to Sg. The 

only anomaly in th~ sequence is the second occurrence of Assemblage lf. Field relations show that this .is 

younger than the adjacent layers of Assemblage 1h, arid thus may be a fracture-filling injected at a later 

stage in the developmenJ of the wall zone. The sh~rply defined aggregates of sugary albite-quartz ln ttwo 

layers of Assemblage 2a surrounding a layer of Assemblage 3g suggest rapid changes in physical and chemical 

conditions. Possibly the layer of As$emblage 3g formed from liquid that was trapped quring rapid crystalliz.­

ation of the sugary to fine-graip.ed pegmatite of Assemblage 2a. Perthite·bearing segregations in the wall 

zone resemble peg111atite that crystallizedtlater as Zone 4 of the Peerless and thus represent similar chemical 

stages in the crystallization history. Similar pegmatite forms intermediate zones and cores of many other 

Black HillS pegmatites., 

The sugary grain-size of the albite-quart2i aggregates may have been caused in part by a~sharp decrease 

in pressure and temperature, resulting in rapid development of nuclei and the partial depletion of volatiles 

. a1,1d consequent rapid crystallization. In figure 7. it can be seen that sugary pegmatite tends to occur near 

discordant contacts. where volatiles or heat are likely to escape; so far as known, however, there is no spatial 

relationship between sugary pegmatite and altered wall rocks, which would be expected if volatiles escaped 

from the fluid 'into the wall rocks. On the other hand, the alteration of staurolit.e to mica and chlorite in the 

wall rock suggests that water was addecl from the pegmatite. Possibly volatiles were depleted during crystalliz­

ation of mica-bearing pegmatite, and convec;:tion in the liquid may not have been rapid enough to replenish 

the supply~ The great decrease in Illica content from Assemblage:: la to 2a suggests that the volatile content of 

-the fl':lid decreased during crystallization of these layers. 



Table 15, - -Sequence of layers in border and wall zones, Peerless p~gmarite: 

Equivalent mineral 
Laye r number . assemblage in other 
fig. 7, diamond Layer number. Black Hills 
drill holes table 4, open pit Mineralogy pegmatites 1/ Rema rks 

12 11 Quartz-albite 2b 

11 Albite -quartz-muscovite 1h 

10 Quartz-albite-muscovite 1f 

9 Perthite -quartzt-albite - 3p Segregation or fracture - filling 

muscovite -tourmaline 

10 Albite -quartz-perthite 3d 
""'-

9 / 
~ 

8 Albite -quartz -muscovite 1h 

7 Quartz-muscovite -albite 1c 2-in, grains of cleavelandite 

8 6b Albite-quartz 2a Contains sugary albi te and quartz 

7 Albite -perthite -quartz 3g Contains sugary albite and quartz 

6 6a Albite-quartz 2a Contains sugary albite and quartz 

5b 5 Albite -quartz-muscovite 1h 

4 Quartz -albite -muscovite 1f Fracture-filling or segregation 

..J 5a 3 Albite - quartz - muscovite 1h 

4 2 Quartz - jllbite- muscovite 1f 

3 Quartz - muscovite-albite 1c 

2 Quartz -muscovite 1a 
1 1 Quartz Variant of 1a? 

]j Page, L. R, . and others 1953,, u. s. Geol. Survey Prof. Paper 247, table 3, 
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In table 15 the sugary alb:i.te~quartz pegmatite is succeeded by Assemblage 1, which is followed 

aga-in .·. by Assemblage 3. and then again by Assemblages 1 and 2. These repetiteions may have been caused 

by several mechanisms: 

1. The system m.ay have been open. either because new materi~l was introduced from below. or 

because volatiles and heat escaped into the wall rocko These events would change the chemical 

equilibrium and could account for the observed repetition of layers. 

2o Mixing of liquids from various pegmatitic fluids may have caused changes ia chemical - . 

composition at the crystallizing faceo 

30 Poor convection may have caused the liquid to be out of equilibrium at the crystallizing faceo 

Thus layers of Assemblages 2 and 3 may have crystallized earlier than they would otherwise. 

When good convection was restored, the minerals of Assemblage 1 \W:ould again crystallize. 

Assemblages 1 and 2 in the innermost part of the wall zone are similar to the outermost zones of :r .j 

many Black Hills pegmatites. The intermediate zones and core similarly are in the sequence of zones de-

r 

scribed for other pegmatites of the Black Hills (Page and others. 1953, p. 16, table 3). After the wall(, ~one , 

~ 
had crystallized. the pegmatitic fluid must have been isolated. Crystallization would then proceed in-A re-

stricted system. as described by Page and others (1953, Po 20-23) and by Cameron and others (1949, p. 104-

105). As crystals were deposited to form the various zones, the minerals that formed early in the mesh work 

at the crystallizing front were embayed, corroded, and veined by later minerals. Quartz-fracture filling 

units cut :z:ones that lie outside of the quartz pegmatite of Zone 6a, and it is logicalto suppose that these 

fracture-filling units formed during the stage when Zone 6a was crystallizing. 

The core and the two replacement units have a high mica content f;hat suggests concentration of 

water and flourin~ iin the rest liquid during the last stage of crystallization. It follows logically that the 

replacement bodies formed from hydrothermal or pneumatolytic materials that escaped into zones that had 

already c rystallized~ Relicts of these zones can be recognized in the replacement units. 
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The genetic s~ificance of replacement textures in the Peerless pegmatite was overemphasized by 

earlier authorso These authors lacked the detailed maps and drill hol~ data now available and 8 consequently, 

tlepended more on detailed mineralogic and textural relations than now seems warranted. F. Lo Hess was one 

of~ the first to suggest a genetic process involving continuous flow of solu~ions that replaced pre-existing 

pegmatites, and part of his data was derived from the Peerless pegmatite (Hess 8 1925, p. 289-298)o Hess 

described J;eplacement textures among quartz, feldspar, muscovite, and other minerals that are now most 

logically explained by reaction between crystals and the rest liquid at the crystallizing front during the de­

velopment of the ~nes. 

Landes (1928, p. 519-530, 537-558) made a study of the Peerless and other Keystone pegmatites that 

led him to suggest a three-stage sequence: (1) a magmatic stageG in which microcline and quartz formed 

together with some tourmaline, muscovite, beryl, triphylite, and apatite; (2) an intermediate stage, in 

which hydrothermal solutions soaked th,rough the pegmatite and replaced older minera~s with spodumene, 

amblygonite, and beryl ; (3) a vein stage, in which hydrothermal solutions l'eplaced earlier minerals and 

filled fissures with albite, lepidolite, muscovite, tourmaline, quartz, and metallic minerals. He later; 

(Landes, . 19.33, p. 55)· noted the:po,s~bility that "hydrothermal solutions" in larger pegmatites such as the 

Peerless, Ettc;t, Hugo, and Ingersoll, may have been residua of the crystallization of the pegmatite magma 

itself. The paragenetic sequence of Landes relies heavily on the textural relations of individual minerals, 

at the expense of the internal structural relations of the pegmatite • . Landes, for example, postulated tb.at 

the albite was formed during a late "vein stag~." because iri many places albite forms. embayments and vein- . ............_,, 

like masses, that cut other · min~ral,s. NeverthelessG structural relations indicate that albite of the outer zones • 

must have been formed prior to the crystalHzation of the inner zones. Furthermore, the a~onbite content 

of albite decreases toward the center of the pegmatite, thus suggesting normal magmatic differentiation. 

Significan~ly, detailed mapping has shown no evidence for through-going channels of hydrothermal solutions. 
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Ziegler (1914b. p. 275) observed amblygonite along slickensided fault surfaces in the Peerless pegmatite 

and believed that the amblygonite was deposited after the faulting~ Amblygonite found along a fault 

surface in the locality described by Zieg~er has textural relations, indicating that it is a normal part of the 

cleavelandH:e~quartz assemblage that is cut by the fault. and is not.i a post-fault mineral., 

Weis (1953, p. 681-684) determined the filling temperature :of "primary" fluid inclusions in one beryl 

crystal from Zone 2. four crystals from Zone 3, and two crystals from Zone 4. The temperature ranges are 

so great that it seems unwise, without further work, to attach significance to these results. In the one 

crystal from Zone 2 (Zone 1 of Weis). 15 inclusions ranged from 2570 to 405° C, with a mean of 317° C; 

172 inclusions in 4 crystals from Zone 3 (Zone 1a of Weis) ranged from 2320 to 4500 C, with a mean of 359° C; 

41 inclusions in 2 crystals from Zone 4 (Zone 3 of Weis) ranged from 304° to 447° C, with a mean of 405° C. 

The determinations are fairly evenly distributed throughout these ranges. Weis himself t1953, p..., 692 .. 693) 

lacked confidence in his data from the Peerless pegmatite. He did suggest, however, that the apparent 

increase in temperature from the wall inward may be in part explained by evidence obtained ••by the U., S~ 

Geolog~cal Survey" showing that the Peerless pegmatite "probably formed as a result of two or more separate 

intrusions .. (Weir, 1953. p" 693). 

This statement can be explained only as a mi,sunderstanding. The only evidence for multiple intrusion is in 

the layering of Zones 1 and 2. which suggests the possibility that there were injections of new material after 

crystallization began. Even if this were the correct interpretation, however, it would have little or no bearing , 

on the data obtained by Weis from Zones 3 and 4. 

Additional work bearing on genesis of this pegmatite should be profitable. Fluid-inclusion studies of 

minerals from all zones and from different structural positions within each zone might _yield significant results., 

Minera~ogic studies and spectrographic and · chemical analyses are needed to determine the nature of the 

change· in .compoSltion,.<if:the pegmatite -magma during crystallization and the importance of changing 

concentrations of the various constituents in the crystallization process. Further detailed studies of the 

layeril]g in Zones L and 2 should be emphasized. 
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MINERAL DEPOS ,ITS 

Scrap mlica is the chi~f product of the Peerless pegmati.te. Other minerals that have been produced 

are beryl. potash and soda feldspar, amblygonite, and tantalite-columbite (table 1). Minerals of potential 

economic value that have not yet been marketed include lithia mica, cassiterite, a.nd phosphate minerals 

-of the lithlophylite~triphylit~ group. 

Grade figures for all of; these minerals in the various units of the pegmatite are contained in table 3. 

Beryl grade i.s based chiefly on grain measureme~ts. on typical faces. and on drill core. No assay dala are 

available from the drill cores. All other grade figures are from visual estimates on nqmerous expos1,1res. 

Mica 

The main :plUSCOVite mica deposit is Zone 3, cleavelandite-quartz-muscovite pegmatite (fir$t mter­

mediate zone). · Mica also occurs in Zones 2, 4, 5, and 7. and in the replacement bodies. 

The muscovite content of the main mica depositranges from 10 to 60 percent, but the average grade 

is about 28 percent. Books of muscovite in this unit are as much as 3 feet in diameter, and the average 

size is about 5 inches. Because of the coarse grain size, especially when the mica is in aggregates, about 

two-thirds of the · mica is recoverable by hcmd -cob bing. 

Zones 2, 4, and 5 contain, 6 to 8 percent mica, and the average grain size ranges from o. 5 inch in 

Zone 2 to 3'inches in Zone 5. Les~ than one-tnird of this mica can be recovered by hand-cobbing. 'Ordi-, 

:narflythe only mica recovered from these UJ;lits is a bypJ:oduct during mining for other minerals or during 

development work. 

The muscovite is yellowish-silvery, and most of the books contain wedge and herringbone structures; 

some of the books are ruled. High quality scrap mica is produced everywhere in Zone 3 except in areas cut 

by faults. where there is some iron staining. A few books contain enough flat mica to warrant preparing ~· 

sheet and punch mica during periods of favorable market conditions (table 2). 

The small muscovite-cleavelandite replacement unit contains aggregates of o. 2 inch muscovite books 

that can be sold as scrap maca. 
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Lithia mica 

The lithia mica in the core and replacement body of lith~a mica-cleavelandite pegma1tite may be a 

potential source of scrap mica for specialized uses. The lithia content of 0. 4 percent is much too low for 

the lithium market, but the content of ~esium and rubidium is high. 

, :Beryl 

Beryl qccurs chiefly in Zone 3, cleavelandite-quartz-muscovite pe,gmatite (first intermediate7 zant~). It 

is extracted from this unit as a byproduct of scrap-mica mining. Beryl has also been obtained from the inner 

part of the wall zone and from Zones 4 and 5. Traces of beryl have been observed in .Zones 1 and 6a, and in 

the muscovite-cleavelandite replacement unit. 

The beryl content of the various layers of the wall zone varies widely. Figure 7 shows a range frcm 0 to 

0. 6 percent beryl in the layers cut by the drill holes. The richest beryl units contain abundant albiteo 

Measurements of beryl crystals in surface exposures show that the inner part of the wall zone contains much more 

beryl than the outer part of the zone (table 16}. The beryl content of the various layers in surface exposures 

has not been determined. 

Grain measurements on surface exposures of the wall zone indicate an average beryl content of 10 08 

percent (table 16). Measurements on drill core give o. 09 percent beryl (table 6). These figures suggest that 

the beryl content decreases in the keel ward parts of the wall zone; this decrease may be correlated with a 

corresponding decrease in the albite content. Possibly, however. the explanation of the low beryl content 

of the drill core is that the euhedral beryl of the wall zone tends to break out of the core and go into the sludge 

during drilling. Th.is possibility cannot be evaluated without assays of both core and sludge" In the absence 

of such data. the grade is best estimated as o. 6 percent beryl--an average of-the surface and drill hole figures. 

The inner part of~ the wall zone probably has. very nearly the same grade as the 1. 7 percent beryl content of 

Zone 3. 



/ 

/ 
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Table 16, .. - Measurements of beryl in seven exposures of Zone 2, albite quart z- muscovite pegmatite ( wall zone). Peerl ss pegmatite 

Weighted 

Part of Dimensions of Dimensions of Number of Area of Area averag 
wa ll zone smallest crystal largest crystal be ryl crystals beryl measured Beryl beryl 

measured Location (feet) 
• 

(feet) measured ( q, ft) (sq. ft) (percent) ( percent) 

North western part • 04 by • 05 • 25 by • 35 22 1. 2979 ~Jl. 6 6.01 
of pegmatite, 

Inner part Northwestern part • 04 by • 05 • 35 by . 6 14 • 8478 24, 0 3,53 

(40 percent of pegmatite, 
of wall : zone). 

2,30 

Main pit. ,04 by ,05 , 5 by ,8 89 1,5529 120,0 1. 29 

Main pit, • 08 by • 08 • 7 by ,33 22 1, 2125 48. 0 2,53 

Outer part Main pit. ,1675 48 , • 35 • 35 
(60 percent 
of wall zone). 

Northw stern part • 08 by ,10 1 by . 35 20 1, 2260 so. 1. 53 

l of pegmatite, 0 98 

Wall zone Northwestern part • 08 by • 08 • 08 by • 08 4 • 0964 55 • .18 
(northeasc of pegmatite . 
segment) . 

Average percent beryl in wall zone .. - 1. 08 
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Beryl also is irregularly distributed in Zon~ 3, mica-rich parts of the zone tend to have less than 1 percent 

beryl, whereas portions of the zone rich in cleav~landite contain as much as 15 percent beryl. Measurements 

of beryl on typical surface exposmes indicate an av~rage grade of 1. 46 percennr(table 17)o The average 

grade in the drill holes is 1. 93 percent beryl (table 7). Consequently the average grade of the entire zone 

is al>out 10 7 percent beryl. 

- Data on the beryl content of other zones are less accurate and are bas~d chiefly on visual estimateso 

Zone 4 has less than Oo 5 percent beryl. Zone 5 has about o. 5 percent beryl in surface exposures, but measure­

ments in the drill core indicate a content of o. 12 pe.rcent beryl. 

The mineralogic properties of beryl in the various units are presented in table 18. The beryl ranges from 

colorless to white and from pale yellowish-white to greenish-white. Subhedral to euhedral cr¥stals are most 

common, but shell intergrowths of beryl and cleavelandite were noted in Zone 3, and anhedral masses of 

beryl intergrown with cleavelandite, quartz, and muscovite are common in Zones 3 and 5. The beryl crystals 

in the border zone and the outer part of the wall zone are too small to be hand-cobbable. The beryl crystals 

in the inner part of the wall zone and in the first intermediate zone average 3 inches in diameter. Masses 

of beryl as much as 30 inches in diameter were produced from Zone 4.. The proportion of the total beryl that 

can be hand-cobbed is about one-third in the Zone 2, two-thirds in Zone 3, and one-half in Zone-:'S. 

The BeO content of the beryl ranges from an average of 12.4 percent in Zone 4 to an average of 13. 1 

percent -percent--in Zone 1._ A few crystals of beryl are as low as 12.3 percent:{Nt.J = 1. 587) or as high as 

13. 5 percent BeO (Nw = 1. 574). 

Beryl in the layered rocks of the border and wall zones has a range in refractive index and BeO content 

that is almost as great as the range in all of the units of the pegmatite. The data for the various units have 

been tabulated in figure 7. These show that the BeO content of beryl tends t~ decrease from the wall inward 

in the border and wall zones, but in contrast the BeO content of beryl in the layers containing sugary albite­

quartz aggregates tends to be higher than in the adjacent lower albite-quartz-muscovite unit~ 



I 

• 
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Tabl 17. ~~Measurements of beryl in five exposures of Zone 3, cleavelandite - quartz- muscovite pegmatite (first intermedia te zone) , Peerless pegmatite. 

Dimensions of Dimensions of Number of Area Area Weighted 
smallest crystal largest crystal beryl of b ryl measured Beryl average beryl 

Location ( fe et) (feet) crystals (sq. f ( et) (sq. feet) (percent) (percent) 

Ma in pit. • 03 by • 04 • 6 by 1. 5 12 2.0332 100.0 2.03 

Main pit. • 05 by • 15 • 6 by • 8 14 2.6675 315.0 • 85 

Main pit. .1 by. 2 .35 by1.2 11 1.8210 42. 0 4.34 
1. 46 

Northwestern part • 02 by. 02 •• 07by 1.2 36 .8755 39. 6 2.21 
of pegmatite. 

Northwestern pa rt of • 05 by • 05 • 30 by .45 13 • 3956 38.2 1.04 
pegmatite 

Totals 86 7. 7928 534.8 



'fable 18...-ll:laeralor:r ot bez7l. Pee-leu p.-Ute. 

Ber7l 

(j) 

+=" 

Thiclcnlss of uai\ (lfw) Number of Aftl'a£8 e.oo::. 
~·•} Size {inches) · Irdex of ret:taction retl'active irdex conten\ . , 

Unit · nr.. Cohr Shape Lnp AviS" age Range Aw:rage detc1dnations · (percent) !; ' 

Zone 1. Quart.-.uscovite- 0.2 O.Oit 'l'race. Colorl._ to lltlite. Sutlbeclral to 0.1-o.5 0.2S 1.57'7'-1.581 1.m 4 1).1 
albite pegpaatite (border sone). euhednl. 

Zone 2. Albi te-quarts-miiCOYit.e :zo. J. 0.6 J/ Colorless. pale :tilednl (pri8- .1-2, • 7S, 1.5'74-1.587 l/ 1.580 57 u.o J/ 
pepatite (vall Ute). 'JI ,.ellovish-white, •tic). d1aneter. da-ter 

white. pale green- (a~~\cr p&l"& 
il!b-white. of 1101'11) • 

• u-s, ), diameter 
diameter. (1Dner par\ 

of !lane). 

Zone ). Cleavelardjte-qliart~ 15'. 1., ft on 1.7 White, ,.ellowish- l'uhedral (poismatic); .s-26 ) 1.,75-1.584 1.580 18 l,J.O 
JNscovite pefJMtite (first inter- bmglnsml. llhite, greenish- •shell• int.ergrowths; 
aediate. zone). 5 tt on toot- white. anhedftl. 

vall • 

. Zone 4. Pert.hi te-clea.,.lanlite- 35. 20 < .5 White. Eubedral. .,_30. 
quartz pepatite (second intel'o diallaa-. 
mediate mne). 

? _,. 
lcgth. 

Zone 5. Cleanlanlite-quarts 3~. . 20 .S White, g!"Mnish- E\lhedral (prislllatic)J .3-15, ) 1.581.- 1.586 6 U.4 
pe(!Jilatite (third inter..tiate llhite. anhedral. diameter. 1.~ 
sone). 

Zone 6a. Quartz pepatite (fourth 40. - - - Trace. 
intennediate zone). 

Muscovite-clsvelandi\e < 40. - - ... Trace. 
peg~~atite (replacems\ wd:t.). 

!/ Based on grain measurements on typical eJ~posures and drill core in 1fr1es 2 ani 3. Other tipes as visual estimates. 

!} Based on unpublished curve b7 w. T. Schaller, U. s .. Geological ~. 

'J/ See figure 7 for data on beeyl in tbe var~us layers ot ~<ne 2. 

..J 'J) 

l= 
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Potash feldspar 

The chief potash feldspar of the Peerless pegmatite is perthite in zone 4 0 perthite-cleavelandite-quanz 

pegmatite (second intermediate Zone). Perthite also is abundant in some-layers of the wall zone ·(table 4 

and fig., 7) that resemble Zone 4 in composition. Non ~perthitic microcline is a significant constituent of 

Zone 6a. microcline~quartz pegmatite., The average grade of the second intermediate zone is about 40. percent 

perthiteo but the perthite content ranges from 65 percent in the upper and outer parts of the zone to al>out 20 

percent in the inner part of the zone. The perthite occurs in blocky crystals ranging from 1 inch to 20 feet 

in maximum dimension; the average length of perthite crystals is about 2 feet. The perthite is clean and 

nearly free from iron stain e~cept in areas cut by faults. 

Non~perthitic microcline crystals that averag~. about 10 feet in diaQJeter form about 40 percent of Zone 

6a (quartz-microcline pegmatite). This unit has not been mined for feldspar because it is small and contains 

large masses of quartz that would cause mining to be difficult and expensive. 

Soda feldspar 

The large cleavelandite aggregates of the Peerless pegmatite have been mined for soda feldspar, ~specially 

in Zones 3. 4. and 5., Cleavelandite and non-platy albite are such abundant consitiuents of the Peerless 

pegma tite (table 3), that mining depends less on grade than on market conditions and on the feasibility of 

recovering cleavelandite as a byproduct of minin_g for other minerals., 

The average grade of Zones 3, 4, and 5 is about 40 percent cleavelandite,. Aggregates of cleavelandite 

have an average diameter of 4 inches but some are as large as 5 feet .. 

Amblygonite 

Amblygonite (variety, montebrasite) occurs chiefly in the cleavelandite-quartz pegmatite of Zone 5 

(table 3). Some of the layers of the wall zone contain amblygonite. Traces of amblygonite occur in Zona · 3. 

I 
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The average grade of Zone 5 is between o. 5 and 1 percent amblygoniteo The mined-out upper portions 

'3, 

of this zone in the vicinity of the main pit may have contained more than 1 percent amblygonite. Hess 

(1925~ p. 289) ·described a m~ss of amblygonite in the Peerless pegmatite as being ••27 feet across." with 

other dimensions approaching this figure. Such a mass, however. would have contained nearly as much 

am.blygonite as the total recorded production from the Peerless mine. Nevertheless, present exposures in old 

workings in the ~pper part of' the pegmatite contain about 1 percent amblygonite. The grade is much less 

in underground exposureso 

The amblygonite of Zone 5 occurs in rounded, grayish· white crystals thal: range in diameter from O. 2 
grains 

inch to 3 feet; the average size is about 6 incbes. The average size of amblygonite/i.n the wall zone is abp-.O.t 

0. 75 inch, .and in the first intermediate zone _it is about 1 inch. The grains are commonly corroded and 

rounded by other minerals of the zones and are coated with a white dusty aiteration product. Optical properties 

given in tables 6, 7. and 9 indicate that the amblygonite is nearer the montebrasite or hydroxyl end than 

the arriblygonite or flourin~ end of the series. _/ . 

_/ Based on Winchell, 1951. p. 223. 

Other minerals 

The Peerless pegmatite also contains tantal~te -col umbite. c~ssiterite, and lithiophilite .. tryphilite. 

Tantalite-columbite has been observed in Zones 1. 2, 3, 5, and 7, and in the replacement units. The 

aveJ;"age grade probably does not exce~d 1 pound of tantalite-columbite in 10 tons of rock in any of these 

units, and the grade of Zones 1 and 2 may be much less. · 

Tantalite-columbite occurs as thin plates that have an average length of o. 2 inch and an average 

thickness of o. Ol inch. Bla.des as much as 4 inches in length and 0.15 inch in thickness are intergrown with 

cleavelandite and muscovite in Zones 3 and 5 and in the muscovite-cleavelandite replacement unit. The 

intimate association with muscovite and cleavelandite in these units makes hand-cobbing very difficult. 

However. a single crystal 6f "c;olumbite," associated with_quartz and mica, was reported by Hess (1925, 

p. 293) to weigh more than 200 pounds. 
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Cassiterite has Heen observed in Zones 2t 3. 5, and 7, and in the replacement units. The richest of 

these units is Zone 3, which probably contains an average of o. 2 pound of tin per ton of rock; a very rich 

exposure covering 315 square feet in the main pit contains about 5 pounds of tin per ton of rock. Zones 5 

and 7 and the replacement units may contain 0.1 pound of tin per ton of rock. The wall zone contains only 

a trace. 

The size of observed grains of cassiterite ranges from less than o. 1 to 2 inches but larger masses have 

been reported by A. Fo Walker. the mine superintendent. The cassiterite is erratically distributed. but 

it is commonly associated with muscovite. 

Approximately 40 tons of dark-colored aggregates of phosphate minerals has been stockpiled east of the 

main pit . but none :of this material has been sold,. The minerals in these aggregates are probably largely 

members of the lithiophilite-triphylite group and their alteration products. These phosphate minerals occur 

as irregular aggregates and pod-shaped masses in Zones 2. 3, 5, 6, and 7t and in the lithia mica-cleavelandite 

pegmatite replacement unit. Individual mass~s of phosphate minerals range in size from less than o. 5 to 

12 inches. Irregular aggregates of the phosphate minerals intergrown with varying amounts of other m~nerals 

are commonly 3 feet in diameter in Zone 5. They form about 1 percent of Zones 5 and 7 but less than 1 

percent of the o~her units. 

RESERVES 

The reserves of mica, beryl. potash feldspar. and amblygonite are estimated to range from 1 to 6 times 

past production of the minerals. Reserves of soda feldspar are many times greater than past production. 

The chief minable unit is Zone 3. cleavelandite-quartz-muscovite pegmatite (first intermediate zone). 

This unit contains the principal reserves of muscovite and beryl. The average thickness of Zone 3 is about 

5 feet in the footwall parts of the pegmatite and about 1. 5 feet in the hanging-wall parts of the pegmatite 

(figs. 4 and 5). The depth -ranges from 32 feet (fig. 5, section F-F') to 215 feet (fig. 4, section A-A'), as 

measured down the dip. The total length at the surface is about 360 feet. 

Adjacent parts of the wall zone also contain beryl and muscovite, as well as small quantities of potash 

feldspa:re The average thickness is about 5 feet but the maximum thickness is 20 feet-. Beryl occurs chiefly 

in the inner 40 percent pf the zone .. 
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The main potash feldspar deposit is Zone 4~ This unit is crescent~shaped in cross-section (figso 4 and 5) ', 

and occurs mainly along the crest of the pegmatite and along the hanging walls of northeastward-dipping limbs~ 

The deposit is as much as 35 feet thick in the upper part of the pegmatite (fig, 4, section D-D0
). but it 

pinches outdown dip. A Jarge outcrop of the $econd intermediate zone in the northeastern part of the pew-

m~tite is 2;35 feet long and 95 feet in maximum width (fig .. 2); two smaller Ol.ltcrops in the northwestern pan 

of the pegmatite are 12 feet and 25 feet in length. 

Pot.ash feldspar reserves also are present in ~one 6a. qqartz-microcline pegmatiteo This unit is in the 
r 

unmined pinnacle in the main pit (fig. 2). whefe it is 80 feet long and 25 feet in maximum width; a smaller 

outcrop to the north of the unmined p~nnacle is 8 feet in diameter. T4e maximum thickness is probably 

about 40 feet. 

Zone 5, cleaveJcl,ndite-quartz pegmatjte, is notable chiefly for its amblygonite reserves, but it also is 

very rich in soda feldspar. Most of this deposit is between 15 and 30 feet thick; the depth, measured down 

the dip, ranges from 22 feet (fig. 5. section F ... f') to 250 feet (fig. 4. section A -A'). The length at the 

surface is 375 feet. 

Zone 7 and the replacement bodies are small. The largest continuous exposure of the lithia mica-bearing 

core and replacement ur~it is 48 feet long. and the thicknes~ may be as much as 50 feet., Smaller exposures 

of.these rocks occur in the northern p~ut ofthe main pit (fig. 2). The musc;qvite-cleavelandite replacement 

unit crops o1.,1t in 1wo exposures, 4 by 7 feet and 30 by 60 feet in size. in the old cut northwest of the unmined 

pinnacle (fig. 2). 

U. S • BUR E A U 0 F MINES Dl A M 0 N D DRILLING 

Much of the data for this report was obtained from the st1.,1dy of cores from seven diamond drill holes 

that were drilled by the u. s. Bureau of Mines in the fall of 1949 (tables 19 :to 25). The purpose of the 

drilling was to determine the extent of beryl .. bearing units at depth in the Peerless pegmatite. The drilling 

was under the supervision of Stewart Ferguson and Eugene o. Binyon of the u. S. Bureau of Mines.. Geological 

work during th~ drilling wa~ done by D. M. Sheridan, R. Eo Roadifer. and J. 1. Norton of the U. s. 

Geological Survey • . Sheridan logg~d the drill core. 

The u. s. Bureau of Mines is preparing a separate report covering all but the geologic aspects of this work. 
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Table 19a ~~Detailed log of Ua So Bureau of Mines diamond drill 90le 1 0 Peerless pegma1tite11 .Pennington •,. 
County, South D~kota., 

Location of collar: 352 ft No 9° E. from the portal of the adit of the main underground workings of tl4e 
Peerless mineo 

Altitude of collar: 4, 617 o 5 fto 

Inclination .. Minus 39° 

Rearing -: so 63 1/2° wo 

Length 2100 0 ft. 

Angles of intersection of drill core with bedding. schi:;tosity, pegmatite contacts, and .fractures: .. 

Angle benY"een core and: 

Depth 
,Un ft) Bedding Schistosity Pegma.tite contacts Fractures 

10~15 200 Parallel to beds. 

20~35 so ~o0 - soP. 

45~50 45° 55°. 

51 25° 35°0 

55-63 soo - 60°. 

63 57°0 65° 

10008 50° 

101 68° 

101-12i' 10°'"'25° so0 - 50.0• 

125-155 o'h-15° 50° - 70°0 

155~165 15°-250 30°., 

165-177 25°-50° Parallel to beds. 

183~188 5°-10° 15°., 

190-200 35°-50° 15° - 60°. 

207-210 10°-20° Parallel to beds. 
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Table 19. --Detatled. lq~ qf N. -s. Bureau of Mines diamond drill hole 1--Continued •. 

Deascription of rocks: -

Depth 
(in ft) 

10.0-63.0 

Overburden. No core. 

Quartz-mica-chlorite schists. ~ interbedded ·with quartz-mica schist. Irregular discontinuous 

quartz stringer~, as much ~s 6 in. thick, comprise approximately 5 percent of the core. 

Some of the quartz stringers contain muscovite (< 10 percent) and traces of green apatite 

in grains as much as 0.1 iq. in diameter. 

Quartz-mica-chlorite schist beds cut at 10 - 40. 7 ft. and at 45.'9 - ao. 8 ft. consist 

of: quartz (45 percent), _ muscovite (30 percent), biotite (20 percent), chlorite '(4 percent), 

garnet ( <.' 1 percent), and suuroilite(< 1 percent). ,Pseudomorphs of muscovite~ biotite, and 

chlorite after euhedral ~taurolite, o. 05 to 1 in. in diameter, comprise as much as 5 percent 

of some of tQ.is schist. Some of the •?seudomorphs contain relicts of brown staurolite. Meta-

crysts of staurolite form about 2 percent of the core from 10 - l4. 7 ft but the pseudomorphism 

to micaceous minerals incre;ues towards the pegmatite contact. 

Quartz-mica schist beds cut at "10. 7 - 45.9 ft and 60. 8 - 63.0 ft consist of: quartz 

(50 rercent), muscovite (30 percent) , biotite (20 percen~). and garnet (trace). The schist 
l 

for 3 in. above the pegmatite contact at 63.0 ft has been altered to a muscovite-rich schist 

containing muscovite (50 percent), quartz (45 percent). ~nd biotlt~f(5 percent). 
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Table 19., ~~Detailed log of U" So Bureau of Mines diamond drill hole 1-~ Coilltinued. 

Pegmatite., 

63.2- 73,. 4 

73.4- 76.2 

Quartz-muscovite_} pegmatite(zone 1, border zone),--Very fine-

_/ Throughout the logs, the sequence of mineral names applies only 
to the core segment that is being described., It may differ from the name 
of the entire u:nit., Zone 1. for example, is ordinarily quartz-plagioclase 
pegmatite, even though it is quartz-muscovite pegmatite in this cor~ segment., 

grained (Oo 1 in., )o Contains quartz (60 percent), muscovite (35 percent), 

albite (?), (3 percent). apatite (<:1 percent), and tourmaline(<: 1 percent)o 

Quartz-albite-muscovite pegmatite (zone 2, wall zone)., --Contains 

quartz '(55 percent), albite (30 percent), muscovite (12 percent), tourmaline 

(< 1 percent), apatite (< l percent). perthite (<1 percent). unidentified 

alteration products of phosphate minerals (<1 percent), garnet (trace), 

tantalite-columbite (trace). cassiterite(?) (trace), beryl (trace), and 

loellingite (?) (trace). Average grain size is approximately Oo 35 in •• but 

the size ranges widely.. Albite is white to grayish-white; the minimum index 

of refraction (No<~) ranges from 1., 530 at 63., 3 ft to 1. 528 at 72 ft. Muscovite 

is yellowish-silvery; the maximum size of books is 2 in. Two pale~white 

translucent grains of beryl, 0., 5 by 0. 35 ino and 0. 25 by 0" 35 in .. , are at 

630 9 ft; the index of refraction (Nlt)) is 1., 581" Black tourmaline at 66., 4 

ft has Nt.tt14. 67. One grain of perthite, 1,. 7 by 1 inch in size, at 71., ·5 ft 

is ''Veined and emba yed by quartz., 

Quartz~fleavelanditelmuscovite pegmatite (zone 3. firs' intermed.iF:te 

zone)" ~-Contains quartz (45 percent). cleavelandite (35 percent). muscovite 

(20 percent). tourmaline ( < 1 percent). and apatite (< l -percent)., Average 
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Table ~9. --Detailed log of u. s. Burea.u of Mines ,diaLmond drill hole 1-- Continued. 

grain size is about 1, 5 in. Cleavelandite is white to grayish~wpite; minimiiTIIl 

lndex of refra~tion (N-< 0 ) is 1, 528, Maximum s.ize of yellow.ish-silvery 

muscovite books is 3 in, The index of refraction (Nw) of a bluish-black 

grain of tourmaline at 75, 0 ft, is 1. 66. 

76,. 2- 84.6 Cleavelandite-quartz~muscovite pegmatite (zone 5, third intermediate 

zone,, --Contains cleaveland:ite (50 percent), quartz (40 percent), muscovite 

(6 percent), tourmaline(~ 1 percent), ·and apatite(< 1 percent)~ Average 

grain size is about 1, 5 in. Cleavelandite (N.c.Q--= 1, 528) comprises ~7 

percent of the core from 76, 2 to 78, 4 . ft, but is disuib1,1ted evenly in the 

rest of the unit in aggregates that range in size from o. 5 to 4 in, Yellowish-

silvery muscovite bpcik_s are as long as 2. 25 in. 

84. 6 ... 87.4 Quartz-cleavelandite-muscovite pegmatite (zone 3, first intermediate 

zone). --contains quartz (65 percent), cleavelandite (25 percent), muscovfte 

(16 percent), tourmaline ( < 1 percent), apatite (trace), and tantalite-

columbite (tr~ce). Average grain size is about 2 in., Cleavelandite and 

muscovite arEf the same a~ between. 73, 4 and 76. 2 ft. Two plates of 

tantalite-cplumbite are 0~ 2 by o. 01 in. in size • 

.. , 
' ' 

87.4-100.7 Albite-quartz-perthite pegmatite (zone 2, wall zone). ~ -Contains 

albi~e ( 45 percent), quartz (35 percent), perttiire (10 percent), muscovite 

(6 ;percent), tourmaline ( 1 percent), unidentified alteration products of 

phosphate minerals (< 1 percent), apatite ( <.1 percent), ta{ltalite-cplumbite 

(trace), ancl garnet (trace). This unit can be subdivided as follows on ' 

the basis of mineralogy: 
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Table 19. --Detailed log of u. s. Bureau of Mines diamond drill hole 1--Contjnued. 

Estimated percentage of princieal minerals 

Blocky 
Depth . Average grain to sub- Sugary 
(in ft) size (in in.) platy albite albite Quartz Muscovite Perthite 

87.4- 92.1 0.6 50 35 12 ~ 1 

92.1- 93.8 .5 45 35 3 13 

93.8- 95.4 .5 50 45 4 

95.4- 99.0 • 7 30 5 25 3 35 

99.0-100.7 .3 40 10 40 10 

Average grain size is o. 5 in •• but it decreases to o. 3 in. near the 

conta~t with the border zone at 100.7 ft. Perthite crystals, however, are 

as much as 4. 5 in. Perthite is pale flesh-colored; it is embayed and 

veined by albite, quartz, and muscovite. Albite ~c1curs chiefly as blocky 

to subplaty grains having an average Size of o. 3 in. The minimum re-

fracti!lle index of clE~avage fragments (No( 0 ) is 1. 528-1.529. Albite 

also occurs as very fine-grained(<: o. 05'in.J irregular aggregates that are 

about 1 in. thick (Nc::< o~= 1. 528•1. 529). · Muscovite has an average grain 

size of 0.15 in.· near the contact at 100. 7 ft; .. but books are as large as 2 

in. at 87.4 to 92.1 ft. Bluish-black grains of tourmaline (Nw = 1. 66) 

average o. 15 in. in size, but aggregates ar~ as large as 1 in. 

100.7-101.0 Quar~z-muscovite pegmatite (zone 1, border zone). --Very fine-grained 

(0.1 in.). Contain:; quartz (60 percent), muscovite (35 percent), albite 

(3 percent), apatite (trace( o and tommaline (?) (trace). White grains of 

albite, 0.15 irt. in si'ze,- occur only at 100, 7 - 100. 75 ft. 
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Table 19~ -·Detailed log of u. s. Bureau of Mines dia.mond drill hole 1 ~- Continuedo 

101.0-210.,0 

I. 

Quartz-mica schislt, interbedded with quartz-mica chlolt'ite schist . 

lrr~gular discontinuous quartz stringerso 00 1 to 1o 5 in. thick$ comprise 

about 5 percent of the core. A quartz stringer 0 .1. 5 in., thicko at 1970 9 

ft contains traces of pyrite. 

The quartz .. _mica schist contalns quartz (50 percent)$ muscovite 

(30 percent), biotite (20 percent) , chlorite (Q - o. 3 percent), and garnet 

( < 1 percent). , Some beds contain as m,uch as 5 percent pseudomorphS of 

muscovite and biotite after euhedral staurolite, but .Jn general the pseudo­
f. 

morphs are less common than in quartz-mica-chlorite schisto 

The q~artz-mica-chlorite schist contains quartz (45 percent), mus-

covite (35 percent). biotite (10 - 15 percent), chlorite (5 - 10 percent), 

and garnet ( 1 percent). Pseudomorphs of muscovite, biotite, and chlorite 

after euhedral staurolite form.;about 5 percent of this schist. Quartz-mica-
162;. 9 - 164;·4. 

chlorite schist wa~ cut at 130. 7 - 143, 148- 162. 40165.;_··7:..169~ 5.:.:.1170~- 6-

175. 2, and 1as. 9 - 178 ft~ At 180.7 ... 185.7 ft and 190~:~"' .. 197b 3 ft , 

quartz-mica schist and quartz-mica~chlorite schist are finely interbedded in 

one .. inch beds. 
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Table 20~-Detailed log of '0. s .. Bureau of Mines diamond driil hole 2 0 Peerle~s pegmatite·. l'e'riningto'n County, 

South Dakotao 

Location of collar: 3 feet N. 63 1/2° E. from collar of hole 1. 

Altitude of collar: 4, 616 feet 

Inclination :tviinus 8~~ 

Bearing ··.s. 63 112 o w. 

Length 1376 9 feet 

. An.gles . of iptersection of drUl . <;:ore .. :with. beqding, schistosity, pegrnqtite corif.acts, and . fr~ctures:-

Angle between core and: 

Depth ·. ,il .• c Pegmatite . 

• H-.n._;f-t,_) ______ Be .... d .... d;.;.;;i;;.;;n,gg ______ S.:..;c~h.;.;;i;;.;st~o.;.;si;.;tY"----_.;.,;...:;.;__;;;__· co;;;:- ;;;;;n;;.;.t.;.;.ac .... ts;.;......_ ·, ~· ..• : ·, ·""' Fractures 

16-60 

63 35° (perpend-icular to beds). 

64- 66.4 

50~? 

92 

92-100 

100.7 

100.8 

1260 tf 

128-130 

130-131 150 (50° angle with beds) .. 

Pqrallel to beds. 
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T'g~le 20. _--Detailed log of U. s. Bureau of Mines diam<;md drill hole 2-- Continued. 

Depth 
(in ft) 

0 . - 16.0 

16. 0·· .., 31.. 0 . 

:u.o .. 66.0 

66, Q,. 66.5 

Overburden and $Chist. No core. . .' 

Qua~~~mica, ... ~ta urolitt;t schist.,.:: Contains quartz (50 percent), muscovite 

(30 percrent), biotite (14 percent). staurolite (5 percent), garnet(.::: 1 percent), 

and chlorite ( < 1 percent). Brown metacrysts of staurolite range in si,~e frpm 0.15 

to o. 75 inch+' :-: . Pseudomorphs of muscovite and biotite after staurolite occur 

from 2~ to 31 'feet. Irregular discontinuous quartz string~rs, 6. 1 to 3. 5 inches 

thick compri~e about 10 percent of th~ core. 

Quartz-m,!ca-chlorite schist • .,.-contains quartz ~45 p~rcent), muscovite 

(30 percent), biotite (17 percent), chlorite {6 percent), garnet (1 percent), stauro-

lite ( ~ 1 percent), and tourmaline(?) (trace). Staurolite metacrysts form about 

2 percent of the core from 31 to 46 feet, but pseudc;>mprphism to musco~ite, biotite, 

. aqd chlqr~te lncreases as the pegmatite contact is approached. From 46 to 66 feet, 

StaUrolite '?CCUrS only ~S relictS in pseudomorphs ihatrange Ui sir,;e ~ from 0.1 to 1. 5 

inches. Traces .of blacrk tour~al!ne (?), in grains less than o. 05 inches in size, 

occur at 63 .. 66 feet. 'Irregular discontinuous quartz stringers 0.1 to 3 inches thick 

form about 5 percent 0f the core, 

Quartz-muscovite schist, an altered varity of schist lying adjacent to the 
' l ., 

pegmatite contact. Contains quartz (55 percent), muscovite (45 percent), and 

tourmaUne (?) (< 1 petcent). Black .grains of tourmaline are less than O. 05 rllFh,~: 

in $ize. .Irregular discontinuous stringe~ of qua~tz, o. 05 - 0.1 inch~ thick, form 

about 15 percenf of th~ core. Th~ core is heavily iron -stained. 
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Table 200 ~-Detailed log of U" S., Bureau of Mines diamond drill hole 2.;.~ Continued" 

Pegmatite. 

66.50-66'152 Quartz~muscovite pegmatite (Zone 10 border zone)o -~Very fine~ 

grained (Oo 05 inch :' ) pegmatite containing QQartz (65 percent). muscovite 

(35 percent). tourmaline ( < 1 percent), and apatite ( < 1 percent)o The 

index of refraction (N_,) of bluish-black tourmaline is 10 67 o 

Quartz-albite-muscovite pegmatite (Zone 2, wall zone)..-- Contains 

quartz J50 percent). albite (35 percem). muscovite ( 13 percent). totumaline 

(1 percent) . apatite ( c::: 1 perc$t) . tantalite-columbite ( <: 1 percent) . 

garnet ( < 1 percent). and an unknown yellowish-gray mineral that may be 

lithia mica (trace)o The average grain size is about o. 5 inch ,;;; , but 

muscovite books are as rni1ch as 10 75 inches" This zone can be subdi~ided 

as follows on the basis of mineralogy: 

Estimated percent:~.ge of principal minerals 

Average Blocky 
Depth grain size to platy 
(in ft) (in in.) albite Quartz Muscovite 

66052-6700 00 5 < 1 75 20 

670 0 -69.8 .,5 30 55 14 

6908 ~700 8 • 35 65 25 8 

Albite is grayish white. The minimum index of refraction of 

cleavage fragments (No< •) is lo 528" Tourmaline occurs as black euhedral 

grains (N(IJ = 1. 67). 
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Table 200 -~Detailed log of u .. So Bureau of Mines dia.mcmd drill hole 2-· Continuedc 

72.1- 82.9 

Quartz-cleavelandite~mi.mcovite pegmatite (Zone 39 first intermediate 

zone).-- Contains quartz (55 percent). cleavelandite (25 percent). muscovite 

(20 percent). apatite ( <. 1 percemt). · tourmaline ( < 1 percent). and ta[\talite-

columbite ( < 1 percent)p Average grain size i.z about 1 incho The max-
' 

imum size of recovered books of muscovite is 4 incheso Three plates of 

tantalite-columbite are 0008 by Oa 01 inch . in sizeo 

Cleavelandite-qua.nz pegmatite (Zone 5, third intermediate zone);.--

Contains cleavelandite (82 percent). quartz (14 percent). muscovite (3 .percent), 

apatite ( < 1 percent). and tourmaline (trace)o The average grain size is 

about ~ inch. The outer part of the zone, at 72 .. 1 - 73. 0 feet, is relatively 

rich in quartz (65 percent). and has correspondingly less cleavelandite 

(30 percent); • Cleavelandite forms 75 percent of the core at 73 .. 0 - 77c 0 

feet,,' and 96 percent of the core at 77.0 - 82 .. 9 feetc The minimum re-
, l 

fractive index of cleavage fragmeuts (No< 0
) of the cleavelandite is 1,. 528. 

The maximum size of muscovhe books is 1 .. 75.inches. 

Quartf pegmatite (Zone 6b, fourth intermediate zcmel,o --Consists 

entirely of ma.ssive quartz .. 

Cleavelandite pegmatite (Zone 59 third intermediate zone)o nContains 

cleavelandite (93 percent), quartz ( 3 percent). muscovite (3 percent). ;_ i 

. apatite (trace). and tantalite-columbite (trace)o The average size of 

individual grains is about 1 inchc 

Cleavplandite-quartz-muscovite pegmatite (Zone 3, first intermediate 

zone) ... -..Contains cl~eavelandilte (72 percent), quartz (16 percent), musco-

; vite (11 percent) 0 a:ad apatite ( < 1 percent) a Average grain size is about 
\ 
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Table 20. --Detailed log of u. s. Bureau of Mines diamond drill hole 2-- Continued. 

92.0-100.8 

91.95-92.0 

1 inch. The maximum size of recovered muscovite books is about 

3 inches. The minimum index of refrac;:~ion (No<') of cleavelandite is 

Quartz-muscovite-albite pegmatite (Zone 12 border zone). --Contains 

quartz {55 percent). muscovite (25 percent), and albite (20 percent). 

Very fine-grained (0. 02 inch ·,.). The maximum size of muscovite books -

is o. 25 inch ·• White to creamy-white albite (No< 0= 1. 529, in o. 2-inch 

grains, occurs oniy at 91. 95 feet. 

Quartz -muscovite -tourmaline schist. --Contains quartz ( 40 percent). muscovite ( 35 

percen1);-~tourmali:ne (215 percent), and apatite (trace). Black euhedral grains of tourmaline 

(Nw = 1. 67) range in size from less th.;tn o. 05 to 1. 1 in,ches, but the average tourmaline 

grain is o. 5 inch · long and Q.2 inch in diameter. The tourmaline crystals contain 

mesgascopically visible quartz grains, which are oriented in layers para1lel to the adjacent 

bedding. The touramline grains tend to lie in the plane of me foliation but are diversely 

oriented in this plane. Traces of bluish-green apatite in o. 5 inch grain occur at 92., 0 -

92. 2 feet. The composition of the schist is fairly consistent except for a quartz-rich bed 

at 95., 4. - 95. 8 feet \'/~ich contains quartz (55 percent), muscovite ( 40 percent), and 

tourmaline (5 percent)., Irregular discontinuous quartz stringers. le~s than 0.1 inch( thick. 

form 1 percent of the core. 

Pegmatite. 

100. 8-110. 3 Albite-quartz-mll$covite pegmatite (Zone 22 wall zone). --Contains 

albite (55 percent) . quartz (40 percent), muscovite (5 percent), apatite 

( < 1 percent), tourmaline ( <: 1 percent). tantalite~colqtllbite (trace), 

cassiterite (?) (trace), and an unidentified yellow-brown to green-brown 

mineral (trace). The average grain size is o. 4 inch • About 20 percent 
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Table 20. --Detailed log of U,. s. Bureau of Mines diamond drill hole 2 .. - Continued" 

110.3-111.4 

of the albite is very fine-grained (< o .. 05 inch(· ) and o·ccurs in irregular 

aggregates as large as 2 inches. The remainder of the albite is blocky to 

platy and averages about o. 4 inch , in grain size.. The minimum index of 

refraction (No< 9
) of the blocky to platy albite cleavage fragments is 1Q 529 

at 100. 9, :"Slightly under 1. 529 at 102. 1, and is 1. 528 at 104. 8 and at 1090 5 

feet. The maximum size of muscovite is 1. 25 inches.. Black and blui~h­

black grains of tourmaline range in size from less than o. 05 to o. 15 inch o 

One bluish-black grain of tourmaline is apparently zoned, with refractive 

- index (Nw) ranging from 1. 665 to 1. 675. Five plates of tantalite ~co1umbite 

~reID .• al mch thick and o. 03 to 0.1 inch long. One black grain. 1J o 08 

by o. 02 ·inch ,, may be cassiterite (?). An unidentified yerllowish-brown 

to green -brown mineral occurs in irregular rounded masses, o. 7 inch fln 

diameter; the mineral is soft and waxy. One grain of the unidentified 

mineral has the shape of a rounded hexagon, suggesting that it may be an 

alteration product of beryl. 

Cleavelandite-muscovite pegmatite {~one 3, fii'st intermediate zon~t).-­

Contains cleavelandite (95 percent). muscovite (5 percent), apatite (trace). 

and tourmaline (trace) .. The average grain size is 1 inch. The maximum 

size of recovered muscovite is 1. 75 inches. 

Cleavelandite pegmatite {Zone 5, third intermediate zone). --Gcmuins 

cleavelandite (97 percent), muscovite (2 percent), quartz ( <.. 1 percent). 

tourma~ine ( <:: 1 percent), apatite ( < 1 percent) , tantalite-columbb:e (trace) . 

and cassiterite(?) (trace). The average grain size is ab~nt 1 inch. The 

minimum index of refraction of c~eavelandite (N.c: o-) is 1. 528. The maximum 
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Table 200 --Detailed log of u. s. Bureau of Mines diamond drill hole 2-- Continuedo 

size of muscovite is 1 3/4 incheso Tourmaline has the following character-

isties~--pale blue tourmaline~ Oo 05 inch grains, at 112 feet, Nw =;:: 1o S6; 

and black tourmaline. o 'l5~inch grain, at 1180 8 feet, NLO = 1o 67o Four 

black plates of columbite-tantaiite are 00 01 to 0., 02 inch';·i;· thick and 

0~ 03 to 00 2 inch.;. long~ Several rounded to irregular o. 02-inch grains 

are probably cassiterite ;(~)~ 

119.3~127.6 Albite-quartz'f'muscovite pegmatite (Zone 2, wall zone). --Contains 

albite' (75 percent), quartz (11 percent). muscovite (10 percent), perthite 

(2 percent), tourmaline ( < 1 percent), apatite ( < 1 percent), and tantalite-

columbite ( <: 1 percent)o The core is heavily iron-stainedo The average 

grain size decreases from 00 4 inch ,~1 at 119o 5 feet to 0. 2 inch " at 127 

feeto The zone can be subdivid~d as follows on the basis of mineralogy: 

Estimated percentage of principal minerals 

Average 
Depth grain size Blocky to Sugary 
(in ft) (in ins) platy albite albite Quartz Muscovite Perthite 

11903~120.,0 004 40 35 3 20 

1200 o - ~12:0 .. ~ .3 55 35 6 

12009-217.6 .2 75 10 5 10 

Albite occtirs chiefly as subplaty grain3; some is sugary-grained 

( < Oo 05 inch ). The minimum refractive index of cleavage fragments of 

subplaty albite ranges from slightly under 10529 at 1190 4 feet to slightly 

over 1. 529 at 1270 6· feet. Perthite between 1190 3 and 1200 0 feet consists 
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'r'.;ble 20., .- .. -Detailed.log of U., So Bureau of MineS..diamond drill hole 2-~ Condnuedo 

of white to creamy-whJte grains, 1 inch in size, embayed and veined by 

quartz. Muscovite is as long as lo 3 incheso Tourmaline between 120., 0 

and 120.9 feet occurs as greenish-,black grains o .. 06 by 00 5 inch in 

size, bluish-bl,ack grains 0 •. 01 too. 05 inch in size 0 and black grains 

(Nt.Af = 1., 67) 0.15 inch in diam~ter., Gr~enish-black grains (Neu = 1. 66), 

or o. 02 to 0" 5 inch .. in size occur between 120. 9 and 126" 6 feet.. Tan­

talite-columbite plates are as long as Oo 15 inch .• 

Quartz-mica-tourmaline schisto .... contains quartz (4'5 percent)o muscovite (35 per9ent), 

biotite (10 percent), and tourmaline (10 percent). Tourmaline forms 15 percent of the 

schist at 12p. 8 feet but decreases in amount to 5 percent at 130.0 feet. The tourmaline 

(Nco= 1. 67) occurs in black euhedral gr2lins which range in size from 00 01 to 0., 1 inch o 

Irregular discontinuous quartz strirtgers, less than 09 3 incp thick, form less than 5 percent 

of the core. Lineation of tourmaline needles is 350 to the core at 129 feet., 

Quartz-mica schist. --Contains quartz (50 percent), muscovite {30 percent), biotite 

{20 percent), and tourmaline (trace). Traces of tourmaline occur only at 1300 5 - 131., 5 

feet., Irregular discontinuous quartz stringers, .as much as 2 inclies thick. form less than 

5 percent or the core. 

J 
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Table 21G --Detailed log of U. s. Bureau of Mines qiamond drill hole 3, Peerless pegmatite, Pennington 
County. South Dakota. 

Location of collar:/ 151 feet s. 570 E. of hole 1, and 329 feet N. 36 1/2° E. of the portal of the adit of 
the main underground working of the Peerless mine. 

Altitude of collar: 

Inclination - · Minus 20°. 

Bearing s. 63 1/20 w. 

Length 331. 8 feet. 

Angles of intersection of drill core with bedding , schistosity. pegmatite contacts, and fractures: -

Depth 
(in ft) 

. 6-39 

~9.2 

39.5 

40-50 

55-60 

63 

64.5 

70-80 

80-87 

88 

89-105 

Bedding 

106 70° 

107-112 

113.5-

114.3 

Angle between: .coie ·arrd: , : 

• 
Schistosity 

Approximately parallel to tieds. · 

Approximately parallel to beds 

Approximately parallel to beds. 

Approximately parallel to beds. 

Parallel to beds. 

Pegmatite 
contatts 

}):'regular 

,:, .. F~ures 

·-



84 

Table 21.; -:~Detailed log of u. s. · Bureau of Min~s diamond drill hole 3-- ;Continued., 

Angle b~tween core and: 

Depth Pegmatite 
~in ft) Bed9ing Schistosity conracrs Fractures 

114"4 
) 

6fi0 I 

142.,7 40° 

157.,4 50° 

157., 8 60° 53?o 

158$5 63° 60~. 

I 

160- 180 55° .. 650 55°-6i~· -
181~ 185 35o-40P 459o 

186.5 55°. 

187g2 50~(?). 

229= 232 35°~40~ 

240 4-0°. 

308.4Q 31101 55°~65°0 

31809 30°, 

320.9 ,. 50°. 

321,.6 - - 1 - 55°. 

'-... 

/ 
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Table 21o --Detailed log of Uo S., Bureau of Mines diamond drill hole 3-- Continued., 

Description of rocks: -

Depth 
( in ft) 

.(}~ = 4., 5 Ove~burden. No core. 

Quartz-mica-chlorite schist. --Contains quartz (45i·percent), muscovite (30 percent). 

biotite (15 percent)$ chlorite (8 percent). garnet (1 percent). and staurolite (tra,ce). Pseudo-

morphs of muscovite, biotite. and chlorite after euhedral staurolite, o.1 to 1 inch in size. 

average about 5 percent of the core. Some of the pseudomorphs contain relicts of brown 

staurolite., Isolated elongate dark-green flakes of ch~orite, 0., 05 to o. 25 inch·, in size, . also 

occur in the matrix. Metacrysts of red-brown garnet are 00 05 to o. 1 inch in diameter., 

Irregular discontinuous quartz stringers, ranging in thickness from 0. 01 to 5 inches, form 

5 percent of the core. 

Quartz-plagioclase pegmatite. uNot shown on the cross-section (fig. 5)., The only minerals 

are quartz (75\percent) and plagioclase (25 percent)., The quartz is massive and colorless 

to slightly milky. White plagioclase grains (average about 0. 5 inch , in size) occur in 

-. aggregates as large as 1., 5 inches. 

39., 5- . 50 .. 1> Quartz-mica-chlorite schist, as at 40 5 - 39.2 feet. Quartz stringers, 0.1 to o. 75 inch _.,. 

thick, form about 3 percent of the core., 

5000- 55.0 No core. This lack of core and heavy iron staining at 55 - 60 feet suggest a zone of 

fractures. 

Quartz-mica-chlorite schist, as at 4., 5 - 30 92 feet. Interbedded with quartz-mica 

schist. Quartz stringers as at 39. 5 - 50. 0 feet. The quartz-mica schist contains quartz 

( 50 - 60 percent), muscovite ( 20 -25 percent). biotite ( 10 - 20 percent), chlorite (0-3 

percent), and garnet (tra:cej... Some beds contain as much as 3 percent pseudomorphs of 

muscovite and biotite after staurolite, but the pseudomorphs are less common than in the 

quartz-mica~chlorite schist. Beds of quartz-mica schist were cut at 60 - 64. £8.5 - 70, 
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Table 210 -=.Deta\lUed log of Uo So Bureau of Mines diamond drill holes 3-- Continued 

Depth 
(in ft) 

~· 

mica schist beds. ·1 to 5 inches thick. comprise about 40 percentt of the cmeo Traces of 

soft yellowish-white lath-shaped grain:;. 0., 05 to Oo 1 inch long. occur at 113.5 ~ 1140 4 

feet. near the pegmatite contact; thes-e grains cofx;;i.s:t of unidentified clay minerals and may 

be altered plagioclase metacrysts .. 

Pegmatiteo 

Quartz-muscovite pegmatilte(Zone 1, border zone). c·-Comains 

quartz (80 percent). muscovite ( 20 percem). and apatite (trace)o A 

sheet of massive. colorless to slightly smoky quartz. o .. 1 to 0.4 inch 

thick, forms the outer part of the zone adjacent to the schisto The 

average grain size of the inner part of the zone is Oo 05 inch 

Albite-quartz-muscovite pegmatite { Zan~ 3r wall zone)~ --Comains 

albite (55 percent), quartz (35 percenth muscovite (8 percent). unknown 

alteration products of phosphate minerals (1 percent), beryl (0~ 12 percent 

of 7. 75 feet of recovered core)o tDurma!ine. (<1 percent), apatite 

(trace), tantalite-columbite (trace), loelHngite(?) (trace). and garnet 

(trace). The average size of indivi<!_ual grains is Oo 35 incb and of 

aggregates 'is about o. 75 inch 0 The zone can be subdivided as 

follows on the :basis of mineralogy: 
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Table 21. --Detailed log of u. s. Bureau of Mines diamond drill hole 3~- Continuedo 

Depth 
(in ftl 

114.45-114.7 

114., 7- 120.2 

120. 2 -122. 3 

Depth 
(in ft) 

Depth 
(in ft) 

114.46 

114.5 

119.0 

Estimated percentage. of principal minerals, 

Average Blocky 
grain size . to platy Sugary 
(in ino) albite albite Quartz Muscovite 

0.4 4 75 20 

• 35 40 5 40 lli> 

.4 80 15 :3 

Albite is white, grayish, and buff or reddish stained. Miniptum 

refractive index of cleavage fragments (N~0) is 1. 528. Muscovite grains 

have a maximum dimension of 2. 25 inches. Four beryl crystals have the 

following characteristics: 

Size Shape Color Orientation 

o. 01 sq. in. Rounded, White, iron 
stained. 

1.579 
subhedral. 

~ J5'oy o •. '4 iril>, ElOngate, 
euhedral. 

0.15 by;0~ .5:in. Elongate. 

o. 5 by 1. 05 in. Prismatic. Milky 
white,.'., 

Perpendicular 
to contact 

1.577 

1.583 

·, / 
Three grains of columbite-tantalite are o. 01 inchil.~ thick and o. ~ to 

o. 2 inchc:;_: long. Dark-brown to black unknown alteration products of 

phosphate minerals stain the core. One buff-:spvery penetration twin, o. 3 

inch T in diameter, is tentat~vely identified as loellingite (?). A rounded 

reddish-brown grain of garnet (~.u = 1. 82) is o. 25 inch : by·o. 15 inch.o, · in 

size. 
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Table 21" ~~Detailed log of Uo So Bureau. of Mines diamond ddll hole 3~~ Com:inuedo 

Depth 
{in ft) 

122.3 .. 135.2 Cleavelandite-muscovite~quanz pegmatite (Zone 3• fiil'ut in~ermediate 

zone)c. --Contains cleavelandite (55 percent), muscovite (35 percent), 

·. quartz (8 percent)o tourmaline (<1 percent) 0 apatite (trace), and ci!Siterite 

(trace). The average grain size increases from Oo 75. inch at 1220 5 feet 

to 2 inches at 133 feeto The max.imum size of muscovite books recovered 

in the core is 8. 5 inches. and the average size is about 3 inches. The 

muscovite is ruledand contains ""herringbone" structures. Blue-black and 

green -black. euh~dral to subhedral grains of tourmaline range in size fmm 

o. 01 to o. 3~ inch· • Four irregular grains of cassiterite, ranging in size 

from 0., 05 to 0. 65 inch1 ·• occur along the edges of muscovite books.· 

Cleavelandite-quartz pegmatite (Zone 5, third intermediate zone) .... -

Contains cleavelandite (85 percent) , quartz (10 percent) , apatite (2 percent). 

muscovite (1 percent), tourmaline (< 1 percem). and an unidentified alttered 

pho~phate mineral (trace). The average size of individual grains is about 

· 1 inch J ·-'Jnartz o~curs as a massive pod at 141. 6 - 142. 2 feet, but forms 

l~ss than 1 percent of the rest of the core. Cleavelandite ( No( • - 1. 528) 

occurs in aggregates as large a$ 15 inches in· ..diamete~o Eight subhedral 

to rounded grains of apatite {mangan apatite?), pale green to dark bluith.-green, 

occur at 135., 75 ~ 136. 0 feet; these range in size· from o. 2 to 10 5 inches-

average o. 75 inchr:· ; Nw - 1. 654, :Nr ~= 1. 651. Blue to blue-black euhedral 

tour,maline grains average 0·0 05 inch ·- in sizeo An irregular o. 5- inch 

aggregate at 1440 4 feet consists of a clay like pinkish-buff material. surrounded 
f·,· 

by a halo of brown stains in tlle surrounding cleavelandite; the claylt'k~ material 

was not identified; probably H: is an altered phosphate mineralo 
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Table 21. --Detailed log of u. s. Bureau of Mines diamond drill hole 3--Continued. 

Depth 
(in ft) 

144.5-148.5 

148. 5 .. 157. 2 

Muscovite-cleavelandite pegmatite (Zone 3, first intermediate zone}.--

Cont~ins InllBD0V1te(85 percent), cleavel~ndite (10 percent), beryl (2. 61 . 

percent of 2. 9 feet of recovered core), quartz ( 2 percent), apatite (trace), 

and tourmaline (trace)i The average grain ~ize is about 8 inches. Muscovite 

books are a~ large as 18 inches in maximum dimension. One large prismatic 

grain of beryl, 375 inches long and 1 inch thick, occurs at 144. 7 - 145.0 feeto 

Tlte beryl (Nw = 1. 582) is pale milky ... :wh~te, with a very faint greenish tint. 

Albite .. quartz-muscovite pegm~tite (Zone 2, wall zone). --Contains 

albite ( 60 percent), quartz (25 percent), muscovite ( 5 percent), perthite 

(4 percent), tourmaline (1 percent), unknown alteration products of phosphate 

minerals ( 1 percent), beryl (0. 33 percent of 7. 95 feet of recovered core).., 

apatite (<0. 5 percent), tantalite-columbite (trace), unidentified bluish-

green to dark-green mineral (trace), amblygonite (?) (trace), and loellingite (?) 

(trace). The overall average grain size of this segment of w~ll zone is 

about o. 75 iQ.ch -· :. The zone can be $Ubdivided as follows on the basis of 

mineralogy and texture: 
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Table 21. ~-Detailed log of u. s. Bureau of Mines diamond drill hole 3-- Continued. 

Depth 
(in feetl 

148.5-149.,9 

149.9-151.2 

151~ 2-151.9 

151" 9-157.2 

Depth 
(in ftt) 

Estimated percentage of princlipal minell'als 

Average Blocky 
grain size to platy Suga1ry 
(in 

1

in.) albite albite Qual;'tz Muscovite Penhite 

0·~ 6 70 25 2 1. 5 

.5 50 5 30 5 

5-in. perthite crystal 20 Trace. 30 5 40 
in .0,3-in. g+oundmass. 

.4 40 20 30 7 

occurs as irregular aggregates and discontinuous layers o. 25 to 4 inches 

thick. Perthite occurs only as a 5-inch fleshy-white gJ;"ain at 151. 5 feet 

'that is veined and embayed by albite and quartz. Tourmaline is black to 

blue-black and subhedral to euhedralo Bluish-green subhedral to rounded 
'·· 

grains of apatite average 0. 05 inch in size 9 Four plates of tantalite-columbite 

are all less thanf 0. 1 inch in length. 

An unidentified bluish-green to dark-green soft minera-l occurs in 

0.1•inch angular clots with a graphic texture in albite; microscopically 

the mineral is a very fine-grained aggregate with a refractive index of 1. 58. 

Dark-brown and black unknown alteration products of phosphate minerals 

occur as heavy stains. and several o. 2-jnch grains consisting mostly of 

brown limonitic clay are probably highly altered phosphate minerals. Tra-ces 

of }"bite amblygonite (?) occur in these heavily stained aggregates; micros-

copically this mineral is very finely crystalline, and has a maximum re-

fractive index of about 1. 62. 
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.Table 21. --Detailed log of U. s. Bureau of Mines diamond drill hole--Continued. 

Depth 
(in._!!) 

150.1 

150., 35 

150.4 

150.45 

150.5 

152.45 

152.5 

Eight grains of beryl have the following characteristics: 

Size 

1 by 2 in~- / 

00 15 by 1.1 in. 

o 02 sq. i n. 

• 3 by 0 75 

• 3 by o 75 tn. 

• 25 py • 3 in. 

• 1 by 0 2 in. 

• 2 by • 25 in. 

157.2-157.4 

Shape Color NlAI 

Rounded pris- White with colorless to 1. 5805 in center. 

rna tic. faint green portions. 1~ 5815 at one end. 

Anhedral. Iron-stained. 1. 582~ 

Subhedral. - - -

Rounded pris- Colorless to white~ l. 582. 
rna tic. s':ained along fractures . 

Subhedral. 1. 582, 

Rounded pris,.. Milky to colorless, 1. 582. 
rna tic~ stained buff to yellow-

brown • 

lo 582 • 

Quartz-muscovite-albite pegmatite (Zone 1. border zone); --Cont~ins 

quartz (60 percent), muscovite {30 percent), albite (10 percent), beryl 

(0_42 percen(of 0< 2 foot of recovered core). apatite(<. o. 5 percent) • . and 

tantalite-columbite (trace). The average grain size is 0.1 inch ;-:J~ Q The 

average size of m uscovite decreases from o. 15 incb~~ at 157.2 feet too. 05 

inch-- _: at 157.4 feet, and the percentage of muscovite increases from 15 

percent at 157.2 feet to 40 percent near the schist contact. White blocky 

to s1,1bplaty grains of albite (No<' ::: 1: 530), o. 05 to o. 5 inch >~:i:" in size, occur 

only from 157. 2 to 157. 3 feet. A cluster of o. 1 inch,~:: beryl gra1ns occurs 

at 157. 2; Nt.t>"" 1. 579. Four colorless to white, buff-stained, subhedral grains 

·of betyrat 15'7.3 . ~ -157;,35 f~~ range i n maximum dimeilstmi'from t.ess :tharr. 

0.1 to 00 5 inch • , N(IJ == 1., 577. The maximum size of bluish-green apatite is 

o. 07 incn - • One grain of tantalite-columbite, 0.15 by o. 01 inch :',) , . was noted. 
d ,{: ..... 

~--" .,. 
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Table 21., --Detailed log of U., S., Bureau of Mines diamond drill ho!e 3-~ Continued., 

Depth 
(in ft) 

157.,4-187 .. 2 Quartz-mica Sfhist.,_ · ·-Similar to the schist at 550 0 ~ 114., 4 feet except that at 157 .. 6 fee1t 

· and at 185:. 9 ~ 187 o 2 feet adjacent to pegmatite contacts 3 the schist coma ins very little 

biotite and is relatively rich in muscovite., Quanz stringers. 0., 05 to 1 incq thick 3 form 5 

percent of the rocko 

187.20-187.25 Quartz-muscovite pegma.tli.l:e (Zone 1, border zone).-- Very fine-grained 

(Oo 1 inch, )o Contains quartz (75 percnet), muscovite (20 percte:J;il). albite 

(3 perc~nt), and apatite.(O. 5 percent)., 

187 .. 25-311.1 Albite-quartz·~muscovite pegmatite (Zone 2, wall zone).-- Contains 

albite (60 percnet). quartz (30 percent), muscovite (5 percent), pertWte 

(4 percent), tourmaline ( 1 percent), amblygonite (..c.1 percent), unidentified 

phosphate minerals and their alteration products {< 1 percent), lithia mica 

(< 1 percent). beryl (0., 01 percent of 118 feet of rec.;:overed cpre). cassiterite 

( < 0., 5 percent), apatite (< o .. 5 percent), tantalite-columbite (< 011 5 percent). 

dahlite (trace). tl'ip ~~oidite (?) (trace). unidentified dark-gray to green mineral 

(trace). and loelli.ngite (?) (trace)., The average grain size is about o .. 3 inch= ·p 

but the grain size ranges widely., Sugary aggregates and discontinuous layers 

consisting predominantly of albite (70 percent) and quartz (25 percent) hav·e 

an average grain size of o. 05 inch - e The grain size elsewhere is generally 

less than 1 inchQ b-ut perthite-rich p€lgmatite has an average grain size of as 

much as 3 inches at 295 feeto 
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Table 21. --Detailed log of U. s. Bureau of Mines dhmond drill hole 3-- Continued • . 

This zone can be subdivided as follows on the basis of mineralogy 

and texture. 

Estimated percentage of principal minerals 

Average Blocky to 
Depth grain size platy Sugary 
(in h) (in in.) albite albite Quartz Muscovite Perthite 

187.25-219.2 Sugary phase o. 05 20 40 30 8 "" 1 
Other. 35 

219.2 -220.5 .4 35 Trace. 45 10 4 

220.5-243.7 Sugary phase • 05 15 50 30 2 
Other. 35 

243. 7-292. 7 Sugary phase • 05 20 40 30 5 1 

Other • 35 

292.7-302.4 1.3 35 Trace. 20 2 40 

302.4~311.1 .4 65 30 2 < 1 

Albite occurs both as blocky to platy grains and as sugary grains. 

Mi{limum indices of cleavage fragments (N-< ') of blocky to platy albite 

range from 1. 530 at 187 feet to 1. 528 at 310 feet. Sugary albite a~ 244 

feet has N<X 0 = 1. 529. Flesh-colored crystals of perthite, o. 3 to 8 inches 

long are embayed and veined by albite and quartz. Sever iron:;..stained, 

pale-white euhedra.l crystals of beryl (N/AI = 1. 579), 0. 01 to o. 09 square 

inch<· in area, occur at 188 feet. At 306. 7 feet two milky-white subhedral 

398,. 1 feet a similar beryl grain, o. 5 by o. 85 inch ·. , has NW = 1. 579. 

Gray-white amblygonite (variety. momebrasite) occurs as gra.ins having 

a maxi:J;num length of 3 inches; N8° = 1. 62. Dahlite (tarbonate-~patite) 

occ11rs as a buff-white mineral. as much as 00 25 inchf·· in diameter. at 
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Table 21o --Detailed log of Uo So Bureau of Mines diamond drill hole 3--Continuedo 

_/ Identified by Ao Jo Gude 9 3d, using powder X-ray techniqueo 

- Gray-bmwn. clove-brown, yellowi~h .. brown, and black unidentified 

phosphate minerals occur as irregular clots and streaks. o. 1 to 10 5 inches 

in size, and their a lteration products stain the other minerals in the coree 

Triploidite (?) occurs as a yellowish.,brown irregular aggregate. 1. 5 by o. 6 

inch in size, at 187.8 feet, 

Tantalite-columbite and cassiterite grains are less tb,an o. 25 inch 

in maximum dimension. Tourmalin~ occurring ~s blue-black to bfack sub-

hedral to euhedral grains as much as 1 inch long forms a maximum of 15 

percent of the core at 263., 5 ~ 264., 6 feet. Approximately 1 percem of the 

/ 

core from 292, 7 - 302.4 feet consists of irregular fracture fillings. 011 1 to 

3 inches thick~. composed of very fine yellowish to grayish-yellow mica 

(probably a lithia mica). 

311. 1-322. 1 Quartz-cleavelandite-muscovite pegmatite (Zone 3, first intermed.iate 

., zone)~ -.Contains quartz (50 percent), cleavelandite (25 percent), muscovite 

(25 percent). beryl (0, 03 percent of 9. 2 feet of recovered core), tourmaline 

(trace). apatite (trace). tantalite-columbite (trace), and dahlite (trace), 

The average grain size is about 1, 5 inches. The maximum size of muscovite 

is 7 inches. and the average size of recovered books is 3 inches. A yellowish-

inch in size, 
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Table 210 -~Detailed ldg of 11"' s. Bureau_ of Mines diamond drill hole ~-° Continued. 

Depth 
(in ftl· 

32201~323.1 

3230 1-3310 8 

331()8 

The core is considerably fJFactured and iron-stained froni 311. 1 to 

322. 1 feeto Pyrite a.nd chalcopyrite, in grains ranging in size from 0., 05 

to o. 25 inch Q occur along and near some of the fractures. and a powdery~.. 

blue mineral is associated with some of the chalcopyrite., Vuggy cavities 

near some of the fractures are lined with quartz crystals. o. 1 to o. 75 inch·;> 

in length; other small vugs are filled with limoniteo 

No core recovered. 

Cavity. In fault zone. 

Hole abandoned,; 
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Table 220 ~~Detailed log of Uo So Bureau of Mines di3.mond ftrill hole 4g Peerless pegmatite, Pennington 
C'ourlty o South Dakotao 

Location of collar: 

Altitude of ocllar: 4, 600 feet 

Inclination 

Bearing 

Length 327.2 feet 

Angles of intersection of drill core with beddingo schistosity. and pegmatite contacts: -

Angle between core and: 

Depth 
(in ft} Bedding Schistosity Pegmatite contacts 

18-25 15° ' ~30° 15°-40° 

270 5 
- · I 

20° 25° I 

34-55 20°-40° 20o-4po 

6605 60° 70° 

71-73 70°-760 70°-75° 

7702 75° 

80 40° 40° 

84 30° 30° 

89-139 15° 15° 

13905 15° 

1410'7 20° 

14~.5 45° 

149a 7 60° 

15906 Parallel to contact 45° 

15908 55°~60° 55°-60° 
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Table 220 --Detailed log of Uq S .. Bureau of Mines diamond drill hole 4-- Continued. 

Depth 
(in ft) aedding Schistosit:X Pegmatite contacts 

159 .. 9 30° 30° 

160-165 300-40° Parallel to beds. 

165-170 50° 50° 

170~181 60°-70~ 60°-709 

185-199.8 30°-509 30°-500 

200 65° 650 

2D0.5 45° 

_2{)0 .. 9 35° 

\201.~ 40° 

203-205 50° 50° 

209 .. 5 25° 25° 

210-233 45°-550 Parallel to beds .. 

246 70° 60° 

250~260 45°-50° 45°-55° 

26006 75°-80° 

Description of rocks:-

Depth 
(in ft) 

0- 12.6 Overbt,uden and schist. No core. 

Quartz-mica-staurolite schist. --Contains quartz (45 percent), muscovit~ (30 percent), 

biodte (15 percent), staurolite (6 percent), chlorite (3 percent), garnet(< 1 percent), and 

andalush:e (< 1 percent>• Brown metq.crysts of staurolite range in length from 0.1 to o. 75 inchp· o 
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Table 22.,-r-DetaUed log of Uo So Bureau of Mines qiamond drill hole 4~~ Continued., 

Depth 
(in fry 

PseudomQrphs of muscovit~. biotite. and chloritte after euhedral staurolite increase in abunQ 

dance with depth; at 42 - 450 8 feet about 50 percent of the _staurolite metacrys\ts are mi~a 

pseudomorphso Andalusite occurs sparingly as tabular pinkish metacrysts. 00 5 to 1" 75 inc;hes 

in length. and is rimmed by a whHe Hne micaceous material; several irregular 1o 5-inch 

pat~hes of the white fine micaceous matedal a1t 25 feet are probably pseudomorphous aflter 

~nQ.alusiteo Irr~gular discontinuous quartz stringers, ranging in thickn~ss from Oo 05 to Oo 75 

il;lCh( • fopn ljess than 5 percent of the coreo 

Quartz-mica~chlorite schisto --Contains quartz (45 percent), muscovite (3~ percent). 

biotlte (15 perc~flt), chl9rite (5 percent), staurolite ( < 1 percent), garnet ( < 1 percent). 

tourm~line ( < 1 percellt), and andalusH:e (trace)o Pseudomorphs of muscovite. b~otite. and 

chlorite ,after euhedral staurolite. comprise 5 to 10 percent of the core; relict star,t:;olite 

within these pseudomorphs decreases in amount with deptho Several 2-inch aggregates of 

white very fine micaceous material at 50 - 55 feet contain traces of pink andalusiteo Black 

euhedy;al tourmaline grains, 0" 03 inch in length, form about 3 percent of the core at 700 5 -

72o 0 feeto Quartz stringers. ' 00 1 to 1 inch thick. form less than 5 percent of the coree 

Quartz-mica~tourmaline schisto--Contains quartz (45 percent). muscovite (40 percent). 

tourmaline (10 percent), biotite (5 percent), garnet ( < 1 percent). and chlorite ( <: 1 percent)o 

Mica pseudomorphs after staurolite form about 4 percent of the core • . Black euhedral grains 

of tourmaline are Oo 01 to o. 0~ inch in .lengtho Quartz stringers, Oo 1 to Oo 5 inch~·: thick. 

form about 5 percent of the coreo 
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Table 22. --Deta'iled log of u. s. Bureau of Mines diamond drill hole 4-• Continued. 

Depth 
(in feet) 

Pegmatite. 

Quartz-muscovite pegmattite (Zone 1, border zone). --Contains quartz 

(85 percent). muscovite (15 percent), tourmaline (trace), and apatite 

(trace). The average grain Size is about o. 2 inch but some of the quartz is 

75.0- 77.1 Quartz-albite-muscovite pegmatite (Zone 2. wall zone).- --Contains 

quartz (60 percent). albite (25 percent). muscovite (14 percent), beryl 

(0. 92 percent of 2. 05 feet of recovered core). and apatite ( < o. 5 percent). 

Average grain size is about 0. 6 inch. The minimum refractive index 

(Nell'( •) of subplaty albite at 75. 8 feet is 1. 530. The maximum size of 

muscovite is 1. 75 inches. but the average is o. 4 inch. Pale milky beryl 

occurs in f-4 euhedral grains, which range in length from 0.1 to 1 inch. at 

75. 6 - 77.0 feet. Two grains at 76.4 feet have Nw = 1. 578, but grains at 

76.6 to 77.0 feet have NW ranging from 1. 574 to 1. 577. Green rounded 

grains of apatite (NW = 1. 64) range in size from less than o. 05 t~ o. 25 inch~\; . 

77.1-77.2 Quartz-muscovite pegmatite (Zone 1, border zone). --Contains quartz 

(85 percent), muscovite (14 percent), tourmaline (1 percent), apd apatite 

(trace). A layer of massive quartz at the schist contact is o. 3 inch-_,- thick. 

The rest of the zone has an average grain size of 0.1 inch. 

Quartz-mica schist. --Contains quartz (45 - 60 -ercent), muscovite (25 - 35), biotite 

(10 - 20 percent), tourmaline (trace), and chlorite (trace). Rich in muscovite and contains 

little biotite at 77.2- 77.4 feet. About 3 percent of the core consists of muscoVite and biotite 

pseudomorphs af~r elihedral staurolite ranging in length from o. 05 to ;1~ 5 inch~so Some of 
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Table 22 ... ~Detailed log of U. s. Bureau of Mines diamond drill hole 4~.;. Continued. 

Depth 
(inft) 

pseudomorphs pave well-defin~d muscovite centers and biotite rims. ·Traces of black tour~ 

maHne. less than o. 05 inch( in length, occur at 77.2 ~ 79 feelt. Quartz stringers as much 

as 2 inches thick comprise less than 5 percent of the core. 

Pegmatite. 

139.5-139.9 Quartz~muscovite pegmatite (Zone 1, border zone). ~~Contains 

quart~ (85 percent). muscovite (12 percent>. albii:e (2 pc:rct"Jnt) . and apatite 

( < 1 percent). A layer of massive quartz. 0. 5 inch~ thick. is at the schist 

contact. The rest of the ~~ne averages about o. 15 inch in grain size. 

139.9-141.6 Albite-quartz-muscovite pegmatite {Zone 2. wall zone). uContains 

albite (50 percent}. quartz (40 percent) . muscovite (10 percent). tourmaline 

(1 per9ent), beryl (0. 08 percent of 1. 7 feet of recovered core) , apatite 

{trace). and cassiterite (?)(trace). The average grain size is about o. 5 

\nch • The maximum size of muscovite is 0. 7 inchc • Bllllish-black eu.hedral 

to subhedral gr~ins of tourmaline range in size from less than o. 05 to o. 25 inch . 

Twol buff-white eubedral grains of beryl (Nw = 1. 580 at 14;1. 2 feet are o. 15 

and 0. 13 inch in diameter. Severaibrownish~black rounded grains. Oo 1 to 

0. 2 inchr in diameter. may be cassiterite • .. 

141.6-141.7 Quartz-muscovite pegmatite {Zone 1. border zone). --Contains quartz 

(80 percent). q1uscovite {17 percent). albite (2·percent). and apatite(<~ 

percent). A layer of massive quartz. o. 15 inch(· thicko is adjacent to the 

schist contact. The average grain size of the rest of the zone is about 0. 1 inch' • 
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Table 22. --Detailed log of U. s. Bureau of Mines diamond drill hole 4-- Continued. 

Depth 
(in ft) 

141.7-149.2 

149.2-149.7 

Quartz-mica schist, as at 77.2 - 1390 5 feet. 

Quartz-mica-tounnaline schist. as at 72o 0 e 740 4 feeto Bfack ~uhedral tourmaline 

(Nrtl = 1. 672) grains range in size from 00 05 to 00 5 inch(·'· o 

Pegmatite. 

149. 7-.49. 8 Quartz-muscovite pegmatite (Zone 1, border zone). --Contains 

quartz (80 percent), muscovite (16 percent), albite (3 percent), and apatite 

( < 1 percent). Albite occurs only at 149. 8 feet. Very fine-grained (0.1 

incht< .). 

149.8-159.3 Albite-qua.rtz-muscovite pegmatite (Zone 21 wall zone). --Co~tains 

albite (75 percent), quartz (18 percent), muscovite (6 percent), beryl 

(0.18 percent of 9,. 5 feet of recovered core). tourmaline (c::: 1 percent), 

apatite (trace), tantalite-columbite (trace). and an unidentified blue-gray 

to green-gray mineral (trace)o Average grain size is about Q 5 inch}[. The 

maximum size of muscovite is 1 inch. Blue-black and green -black, sub-

heclral to euhedral grains of tourmaline range in length from 0.1 too. 75 

inch· ..• Three plates of tantaJite -columbite are o. 01 by o. 05 inch ; · in 

size. A bl'ue-gray to green-gray soft ~ineral, probably an altered phosphate 

occurs in rounded grains, o. 05 to o. 3 inch' o: in diameter. Nine grains of 

beryl have the following characteristics: 
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'fable 22., --Detailed log of U" s .. Bureau of Mines diamond drill hole 4-~ Continued" 

Depth 
(in ft) 

150.,4 

15008 

15102 

151.,2 

15102 

155., 8 

155.8 

1550 8 

157., 9 

Depth 
(in ft) 

Size 

O. 25 by 1., 15 ino 

o 2 by • 4 ino 

0 01 sqo in., 

.. 01 sqo in. 

0 10 sqo in. 

.. 02 sq. in. 

0 04 sq. in. 

0 04 sqo in. 

.. 4 by l. 5 in. 

15903-159.6 

Shape 

Prismatic" 

Subhedral. 

Rounded 

Euhedral. 

Color 

Milky white to faintly 
green. 

Buff ~stained .. 

.. ' 

Buff~stained 

White. 

1.,582 

1.580 

1 .. 580 

1 .. 580 

Quartz-muscovite pegmatite (Zone 1, border zone). ~-Contains quartz 

(70 per~ent), muscovit¢ (25 percent). albite (3 percent), and apatite 

(2 percent)., Very fine-grained (0. 1 inch)o The minimum refractive index 

(N ol.. ') of albite at 159.45 feet is 1 .. 53?" Blui~h-green grains of apatite 

range in size from 0" 01 to o. 1 inch .. 

Quartz-mica .. tourmaline schisto _~:Contaihs quaitz (45 percent}, muscovite (35 percem:)p 

biotite (15 percent), tourmaline (5 percent). garnet ( <. 1 percent), and apatite (< 1 percem)o 

At 159.6"" 159., 7 feet, muscovite forms 50 percent of the schist. and there is no biotite; 

biotite increases away from the contact., Black euhedral grains of tourmaline average about 

0 .. 05 inch1 in diameter and 0" 25 inchf in length" Blue-green grai11s of apatite (Nw = 1" 63) 

are 0" 05 inches in size. Brown-red grains of garnet. 0., 15 inch in diametero ,occur at 159., 6~ 



103 

Table 22o ~~Det~iled log of U. s. Bureau of Mines diamond drill hole 4-:-~ Continued. 

Depth 
(in ft) 

163.3-185.3 

185., 3-200. 9 

200.9-201.3 

201.3-260.6 

Quartz~mica schist, as at 77. 2 - 139. 5 f{.. Quartz stringers are o. 05 to o. 5 inch ; thick. , 

Quartz_-mka~chlorite schist. --Contains quartz (45 percent). muscovite (30 percent~- . 

biotite (20 percent), and chlorite (5 percent)o Muscovite, biotite, and chlorite ps~udomorphs 

after euhedral staurolite, 0.1 to 0. 75 inch · in length, form about 5 percent of the core. 

A quartz stringer. 2. 5 inches thick, cuts the schist at 199. 9 feet. Irregular discontinuous 

quartz stringers, 0. 05 to 1 inch thick, form less . thap 5 percent of the core. 

Quartz-plagioclase pegmatite. uContains quartz 192 percent), plagioclase (6 percent), 

muscovite (2 percent), and tourmaline(?) (trace). The plagioclase is oligoclase-andesine 

(An29~ No< • = 1. 543); it occurs in 0. 5 inch grains set in a matrix of massive colorless to 

milky quartz. Muscovite flakes average about o. 4 inch , in. size. This pegmatite stringer is 

too small to be shown in cross-section (fig. 4) and may not be connected to the main body 

of the Peerl~ss pegmatite. 

Quartz-mica-chlorite schist, 'interbedded with quartz-mica schist. Quanz stringers form 

abput 5 percent of the core. The composition of the quartz-mica- chlorite schist is the same 

as at 185. 3 ,. 200. 9 feet. The composition of the -quartz~mica schist beds is the same as at 

77.2 - 139. 5 and 163.3 - 185.3 feet. 

Quartz-mica-chlorite schist occurs from 201. 3 to 220. 3 feet. At 220., 3 - 240.6 feet, 

quartz-mica schist. in 1- to 6-inch beds. forms 40 percent of the core and is interbedded 

repeatedly with beds of quartz-mica-chlorite schist. Quartz-mica ·schist occurs from 240.6 

to 260. 6 feet. 
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Table 22. --DeJailed log of u .. s. Bureau of Mines diamond drill hole 4o- Continued. 

Depth 
(in ·ft) 

260.6-327.2 

Pep~l}. 
(~n ft) 

260 .. 8-264.8 

264.8-269.3 

269.3-270.6 

270.6-272.2 

Pegmatite. 

Quat:tz-muscovite pegmatite (Zone 1, border zone)., d oComains quartz 

(65 percent), muscovite (35 percent)~ and apatite (1 percent}.. Very fine-

grained (O .. 1 inch )., ·At 260 ... 7 fee rt a vuggy layer of o. 05-inch quartz 

crystals is at 70° to the core. 

260.8-272 .. 2 Albite-quartz;,perthite pegmatite (Zone 2, wall zone). --Contains 
I , I . . 

albite (50 percent). quartz (25 percent) 0 perthite (10 perceqtJ~ muscovite 

(9 percent), tourmaline (4 percent). beJ,'yl (0. 06 percent of 10.7 feet of 

recovered core). apatite(< 1 percen~). tantalite-columbite < .t~ace), and 

gal'flet (trace). The average grain size is about o. 7 inchr but the g~;:tin 

size rp.nges widely., The zone can be subdivided on the basis of mineralogy 

and texture as follows: 

Estimated percentage of principal minerals 

Average Blocky 

~rain si~e to platy Sugary 
in in.) , aloite albite Quartz Muscovite Perthi~e Tourmaline 

0.5 55 5 25 13 1 

3 in. perthite 40 3 25 6 25 < 1 
in .4 in. 

groundmass 
.3 55 15 25 5 Trace 

.6 45 25 5 25 
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Table 22c ~-Oetailed log of u. s. Bureal,l of Mines diamond .drill hole 4 ... -continued. 

Depth 
(in ft) 

Albite oc~ursa_s blocky ~o_ platy grains and also as sugary aggregates 

up to 2 incl1es aq~ss,; . The miniJ:l!.UIIJ. iQa~x of cleavage fragments (N
0
/) 

from a subp~{lty grain at 260., 8 feet is 1" 530~ and the index from a platy 

grain at 2610 7 feet is 10 529. - An el.ongat~ euhedral grain of buff~stained 

pale-white berylr.'(NuJ = 1. 579), • 25., by 1 ~nch. is at 260.9 feet. A pale 

greenish- white subhedral grain of beryl .(NACf,= 1o 580). OQ 35 by 0. 2 inch. 

is at 266.6 fto Flesh-colored perthlte :grain$. 0. 5 to 12 ~f1ches in maximum 

dim~nsion, are embayed by albite, quartz. and muscovite. The maximum 

size of muscovite books is 1. 75 .inches. Bluish-black to black tourmaline 

(NW = 1. 68) occurs as ~uhedral grains as much as 00 5 incb•> long, and also 

aggregates as much as 4 inches in maximum dimension. Some of the larger 

aggregates of tourmaline between 271. 5 and 2720 2 feet are veined by 

quartzo A 10 5-inch aggregate of tourmaline at 262o 7 feet is associated 

with red garnet (N = 1. 82) in 0 .. 25-inch grainso ·Six platy grains of tantalite-

columbite were recognized; the maximum length is 0.1 inchf;: . 

Quartz-cleavelandite-muscovite pegmatite (Zone 3, first intermediate 

zone). --Contains quartz (35 percent), cleavelandite (30 percent). muscovite 

(30 percent), tourmaline (1 percent). and apatite(<. 1 percent}. Average 

graim size is about 2 incheso The maximum size of muscovite books is 8 

inc he~; the average size is about 3 incheso Black grains rif'·taur:IDAline c.~re 

o. 05 fo 1 inch long, The maximum size of bluish-green apatite grains is 

0. 2 inch::) • 
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Table 22. --Detailed log of u. s. Bureau of Mines diamond drill hole 4-- Continued. 

Depth 
(in ft) 

327.2 

277. 1-303. 2 Quartz-cleavelandite pegmatite {Zone 5, third intermediate zone).,--

Contains quartz (55 percent), cleavelandite {40 percent), muscovite (3 :- · 

percent), tourmaline { < o. 5 percent), cassiterite (trace), and apatite (trace). 

The average size of individual grains is about .. 1 inch; the average size of 

aggregates is. about 2. 5 inches. The maximum size of cleavelandite 

aggregates is 8 inches and of mtiscovite books is 2 inches. Green-black and 

blue-black tourmaline occurs in euhedral to subhedral grains. 0., 05 to 

0., 75 inchf. in length. · Five grains of cassiterite range in diameter from 

o. 05 to o. 2 inch· • The core fram 302. 0 to 303. 2 feet is iron-stained 

and broken; probably it is in the main fault zone. 

303.2-327.2 Quartz-permatite (Zone 6b. fourth intermediate zone)D --Consists 

wholly of colorless to mUky massive quartz. The core is broken and iron- . 

staiped, and core recovery was low. Probably the main fault zone is from 

302 to 305 feet, and numerous subsidiary fractures cut the rock from -305 

to 327 feet. 

Hole terminated in pegmatite. 

/•. 
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Table 23 .. --betailed log of U. ·s. Bureau of Mines diamond drill hdle 5. Peerless pegmatite. Pennington 
County, South Dakota. · 

--x...."-. 

' \ 
Location of collar: 

Altitude of collar: 

Inclination 

Bearing 

Length 

340 feet s. 72° W. of hole 3, and 205 feet N .. 39° w. of the portal of .the adit of 
the main underground workings of the Peerless mine. 

4, 580 feet . 

N. 63 1/2o E. 

256 .. 6 feet 

Angles of intersection of drill core with bedding, schistosity, pegmatite contacts, quartz vein contac~. and 
fractures: ~ 

Angle between core and: 

Quartz 
Depth Pegmatite vein 

. ! in ft) Bedding Schistosit~ contacts contacts Fractures 

15 -50 5° - 20° Parallel to beds 

51.5 10° 10°-15° 

54- 60 5° - 10° Parallel to beds .. 

62- 66 5°-· lOO 35°-40° 

70.3 50° 65° 

71 .. 4 20° 

72.1 30° 

72 .. 1~ 72.8 0° - 15° o0-20° 

720 8 30° 

78 10° 150 (25° angle with beds)o 

81 40° 

163.,4 75°~80° 

l63 .. 5 85° goo 
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Table 230 .,. .. Detaileq log of Ue S. Bureau of Mines diamond drill hole 5.~- Continuedo 
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Table 23o --Detailed log of U. So Bureau of Mines diamond drill hole 5-- Continued. 

Description of rocks: -

Depth 
(in ft) 

Overburden and schist., No coree 

Quartz-mica-chlorite schist. interbedded with quartz-mica schist. The estimated 

composition of the quartz~mica~chlorite schist is quartz (45 percent). muscovite (25-30 

percent), biotite (15 - 20 percent), chlorite (4 - 10 percent}. and garnet (Oo 5 percent)c 

Pseudomorphs of muscovite, biotite, and chlorite after euhedral stauroHte, ranging from Oo 05 

to 1 inch and averaging 00 4 inch,.. in diametero comprise as much as 10 percent of individual 

beds; the average is about 4 percent. Some pseudomorphs contain relicts of brown staurolite; 

others have chlorite centers and muscovite or biotite rims; and others are aggregates of 

muscovite flakeso The mica flakes are about o. 05 inch · in diameter in the pseudomorphs. 

but only o. 02 inch( in the matrix. Isolated elongate dark-green flakes of chlorite Oo 05 

to Oo 2 inchf in size, also occur in the matrix. Metacrysts of red-brow.n garnet. o. 05 inch 

in diameter, are most abundant along contacts of the more micaceous bedso 

Quartz-mica schist beds were cut at 40 0 9 - 410 8, 42. 0 - 430 2, and 45. 9 - 46.5 feet. 

These beds consist of quartz (50 - 60 percent}, muscovite (20 - 39 perceru). biotite {10 - 15 

percent).· and chlorite (trace to 3 percent). Pseudomorphs after s~aurolite form less than 3 

percent of the volume of quartz-mica schist. 

Irregular discontinuous quartz stringers. as much as 1 inch thick, form approximately 

5 percent of the core. 
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Table 23o ~-Detailed log of Uo So Bureau of Mines diamond drill hole 5== Condnuedo 

Depth 
(in ft) 

Quartz.,.mica"' tourmaline schisto The cornposidon at 62 ftc is quartz (55 percent~. 

muscovite (2o percent). biotite (15 percent). and tourmaline (5 percent); at 70 feet it is 

quartz (45 percent). IDl,Jscovite (30 percent). and tourmaline (25 percent)o Muscovite 

increases to 45 percent and tourmaline decreases to 10 percent in a one=inch layer at the 

pegmatite contact. Muscovite aggregates pseudomorphous after staurolite form. about 1 

percent of the rock. 1;3lack euhedral metacrysts of tourmaline are as much as 00 25 inch' in 

sizeo Quartz stringers up to one =fou~tth linch thick from about 3 percen\1: of the coreo 

Albite=quartz=muscovilte pegmat!te (Zone 1. border zone)o =~Contains 

albite (50 percent). quartz (35 percent). nwscovire (12 percent). tourmaline 

(2 percent). and apatite (trace). Moderat~ly iron-stainedo Very fine"' 

grained (Oo 15 inch Yo The grain size of the individual minerals varies 

/ 
widely. White to grayish. buff=stained. blocky to su~plall:y albite (N~ o 

= 1. 531) grains are 00 05 to Oo 3 inch in size; colorless to milky quartz 

grains are from less than 00 05 to 00 4 inct- ; yellowish-silvery muscovite 

from Oo 05 to o .. 25 inch ; greenish=black to black euhedral tourmaline 

grains are as much as 0 0 3 inch ; and rounded blui.sh ... green apa1thce grains 

are less than 0 0 05 inch . 

Quartz-albite pegmatite (Zone 2. wall zone)o Subdivided as follows: 

70.5-7103 Quartz-albite pegmatite.; ;.;~Contains quartz (85 percent~, 

albite (12 percent) 0 muscovite (2 pei.'Cem)o and beryl 

(Oo 12 percent of 0 0 75 foot of recovert:d core)o Average 
\ 
\ 

grain size is 1 inch;, O~e yellowish-whill:e prismatic grain 

of beryl (Nw~~ lo 586), Oo 5 by Oo 1 ~cho lis at 710 1 feeto 
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Table 23o --Detailed log of Uo So Bureau of Mines diamond drill hole 5-- Contfu ued. 

Depth 
(in ft) 

72~1- 720 8 

72.8- 74.0 

81.0-163.4 

Albi.t:e-quartz~muscovite pegmatiteo ~~Contains albite 

(60 percent) 9 quartz (30 percent) 9 muscovite (6 percent). 

apatite ( < o. 5 percent). and tour~aline (trace). Average 

grain size o. 4 inch.· , 

Muscovite-guartz-tourmaline schisto --Contains muscovite (45 percent), quartz (40 

percent), tourmaline (15 percent), and'apatite (trace). Black tourmaline metacrysts are as 

much as Oo 4 inch1 in length, but the average is about 0. 2 inch<, • Few quartz veinlets. 

Albite-quartz-muscovite pegmatite (Zone 2, wall zone). --Contajns albite (60 percent}, 

quartz (30 percent), muscovite (8 percent) 9 unidentified alteration products of phosphate 

minerals (2 percent), and apatite (trace). The average grain size is about o. 3 inch , • 

Approximately 35 percent of the pegmatite is sugary~grained (Oo 05 inch ), in irregular 

aggregates as much as 3 inches in size. and the remainder of the pegmatite averages about 

o. 6 inch · in grain size. The alteration products of phosphate minerals occur as grayisn-

brown to grayish-black stains, in o. 05- to o. 1 inch spots. 

Muscovite-quartz-tourmaline schist, as at 720 1 - 720 8 feet, is cut by a few irregular 

quartz stringers, o. 25 to 1 inch thicko A few beds at 79 - 81 feet contain as much as 40 

percent tourmaline. 

Pegmatite. 

8100-81.05 Quartz-muscovite pegmatite (Zone 1. border zone)o uContains 

quartz (94 percent), muscovite (5 percent), albite ( < 1 percent). and apatite 

(trace}i Very fine-grained (Oo 05 inch ) o White to buff-stained albite 

(No( • = 1 .. 530) occurs only at 81 0 05 feet .. 



112 

~'ci:Nle 23. --Detailed log of U. s. Bureau of Mines diamond dll'ill hole 5~~ Continued. 

Depth 

(in ft) 

89.0-128.0 

AlbHe~guartz~pegmaHte (Zone 29 wan zone). =~Contains albite 

(60 percent). quartz (35 percent). muscovite (4 percent). and apaltite 

(trace). The average size of individual grains is o. 4 inchr-: ,, Albli.te 

(N~ o = 1. 530) . occurs in white blocky to subplaty grains. The maximum 

size of recovered muscovite books is o. 25 inch • 

Cleavelandite~guartz~mmcovite pegmatite (Zone 32 first intermediate 

zone). ~~Contains cleavelandite (60 percent). quartz (25 percent). muscovite 

(15 percenO, tourmaline (1 percent), amblygonite ( < 1 percent), and apatite 

(trace)., Average grain size is about 1 .. 5 inches. The maximum size of 

recovered mpscovite· hooks is 1. 75 inches. Black tourmaline grains range 

in size from 0. 05 to 0. 75 inch • Grayish-white amblygonite (variety 

montebrasite ) occurs in a single grain. o. 4 by 2 inches at 88. f) feet; N t" 

= 1. 62. The amblygonite grain has a buff-white dusty coating and is 

bordered by fine muscovite. o. 25 inch in grain size .. 

Cleavelandite~quartz pegmatite (Zone 5. third intermediate zone)., u 

Contains cleavelandite (55 percent). quartz (40 percent). muscovite (4 per~ 

cent), amblygonite (0. 5 percent). cassilterite (~ o. 5 percent). tourmaline 

(trace), apatite (trace). and tantalite-columbite (trace). Average size of 

individual grains is about 1. 25 inches. but the average size of aggregates 

is 3 inches. Cleavelandite (No<. o = i. 528) occurs in aggregates as large as 

3 feet in size. The maximum size of muscovite is 1. 5 inches., Ten 
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Tablt!t 23. --Detailed log of Uo s .. Bureau of Mines diamond ddll hole 5~~ Continued" 

Depth 
(in {t) 

128 .. 0-136 .. 0 

irregular to elongate subhedral grayish~white grains of amblygonite (variety 

montebrasite), o. 5 to 2 .. 5 inches in length, were cut between 101 .. 0 and 

106., 0 feet; Nro ::: 1. 62.. Brownish~ black irregular to subhedral grains of 

cassiterite range in diameter from less than 00 05 to o .. 25 inch;' ~ ; cassiterite : 

is most abundant at the contact of muscovite and cleavelandite; a few 

grains of cassiterite are included in cleavehmdite ~· ~mplygonite, muscovite, 

and quartz.. One grain of tantalite~columbite. o .. 05 by 0., 01 inch in sizeo 

was noted. 

Cleavelandite-quartz~muscovite pegmatite (Zone 3. first intermediate 

zone). --Contains cleavelandite (60 percent). quartz (30 percent), muscovite 

(7 percent). beryl (3.17 percent of 4 .. 0 feet of recovered core), arnblygonite 

( 1 percent)o cassiterite ( <. 0 .. 5 percent)i and apatite (trace). Average grain 

size is about lo 75 inches.. The largest muscovite book recovered is 1 .. 25 

inches in size; humerous small flakes of muscovite in the rubble suggest 

that a consideraple amount of muscovite went to sludge. Two white anhedral 

masses of beryl (NQJ = 1 .. 582 to 1 .. 583) are 1 .. 75 and 2 inches in maximum 

dimensiono The beryl has ground edges. indicating loss of beryl in the 

sludge. Arnblygonite (variety. montebrasite) occurs in one grayish~white 

irregular grain. 1 by 2 inches in size. at 133., 2 feet; Nb,O = 1., 62.. Fine 

muscovite (0 .. 2 inch, ) rims the amblygonite grain. Brown-black, rounded 

to irregular grains of cassiterite are o .. 05 to 0., 1 inch1: in diameter. 
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Table 23Q ~ .. Detailed log of Uo So Bureau of Mines diam:on.d drill hole 5~~ Continuedo 

Depth 
(in ft) 

141.0-150. 9 

Clea~elandite~quartz pegmatite (Zone 5, third intermediate zone) . ., u 

Contains cleavelandite (50 percem). quartz (45 percent), muscovite (4 per-

cent), tourmaline (Oo 5 percent), cassiterite{< o. 5 percent), and apatite 

(trace). Average grain size is aboUlt 10 5 inches;, The maximum size 

pf muscovite is 1. 75 inches. Brownish-black grains of cassiterite range inr 

size from Oo 05 to o. 2 inch: o. Green~black to blue~black tourmaline grains 

average about 00 15 incht in length., 

Quartz-gleavelandite-m:uscovite pegmat.ite (Ze>ne 3, first intermediate 

zone}o uContains quartz ( 40 percent). cleavelandite {30 percent), muscovite 

(25 percent). beryl (5. OS percent of 3.1 feet of recovered core. apatite 

(trace), and tourmaline (uace)o Ave.rage size of individual grains is about 

l inch. Cleavelandite (N Cl'( o = 1o 528) occurs in aggregates as large as 4 

inches in sizeo The maximum size of muscovite is 2o 25 inches. A 2o 5= 

inch- long anhedral beryl grain at 144 feet is milky .white with a faint 

greenish tint. The outer edge of the beryl grain (NlAI = 1. 583) is cpmplexly 

intergrown with quartz, cl,ea.velandite, and muscovite; the center of the 

grain has NW = 1 •. 580. A o. 05 .. inch fracture cutting across the beryl is 

filled with fine -grained muscovite. 
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Table 23o ~-Detailed. log of Uo So Bureau of Mines diamond drill hole 5~~ Continued. 

Depth 
(in ft) 

Depth 
(in ft) 

150.9-155.7 

15507-157.3 

157.3-163.2 

Albite-quartzemuscovite pegmatite (Zone 2, wall zone)o ~- Contains 
j. . 

albite (50 percent), quartz (35 percent), muscovite {10 percent). perthite 

(3 percent). tourmaline (3 percent). unidentified alteration producfs of 

phosphate minerals ( 1 percent). beryl (0 o 12 percent of 110 4 feet of 

recovered core), apatite (trace), tantalite-columbite (trace), and an. 

unidentified soft green-gray mineral (trace)o Avetage grain size is about 

o. 8 inch " This unit can be subdivided as follows on the basis of mineralogy 

and texture: 

Average Blocky 
grain size ~o platy Sugary 
{in ino) albite albite Quartz Muscovite Perthite. Tourmaline 

Sugary 40 15 30 5 6 
· ·gramed ;;. Oo 05-0.1 

Other - l. 

1 30 3 30 10 25 

.5 45 5 35 12 .5 

Albite is blocky. platy. and sugary.· The sugary albite occurs with 

quartz in aggregates up to 3 inches across. Coarse platy albite occurs in 

aggteg~t'al. ;; aver.agiilg 2 inches in diameter. Flesh~:-colored blocky perthite, 

o. 25 to·2. 25 inches in diam~ter, is embayed and veined by albite, quartz, 

muscoviteo The average size of muscovite is 0. 6 inch~ , and the maximum 

is 2. 5 inches. Two white to irregularly translucent, slightly milky elongate 

grains of beryl (Nt(.l = 1o 581) occur a.t 151 0 6 - 151o 7 feet; the dimensions of 
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Table 23 .. --Detailed log of U. S· .. Bureau of Mines diamond drill hole 5~- Continued. 

Depth 
(in ft) 

163 .. 8-165 .. 1 

~65.1 .. 166.2 

166.2-169.,8 

the grains are 1 .. 25 by Oo 5 inches and 125 in'" by Oo 25 inch · o iBlue~green 

apatite grains, o .. 05 to 0.,1 inch in size, occur in aggregates as large as 

Oo 5 inch• .. A rounded greenish-gray. soft mineral, 0 .. 2 inch'. in size. 

occu{ring in traces may be aggregates of very fine-grained lithia micao 

Gray-brown to black unidentified alteration products of phosphate minerals 

stain the coreo Bh,\e-black euhedral grains of tourmaline averagej about 0. 2 

inch in length. Three plates ·o( tantalite-columbite are 0 .. 05 inch :.· long 

and less than o. 01 inch thick. 

163.2-163.4 Albite-quartz-muscovite pegmatite (Zone 1, border zone). --Contains 

albite (45 percent), quartz (40 percent), muscovite (12 percent), garpet 

(2 percent), apatite (trace), and tourmaline (trace). A vera.ge grain size is 

about o. 2 inch • Albite at 163 .. 3 feet has No(9 = 1. 530. Red-brown grains 

of garnet range in size from less than o. 05 to 0., 25 ~ncb • 

Quartz:-muscovite .. tourmaline schist. --Contains quartz (40 percent), muscovi.te (40 per-

cent), tourmaline (18 percent). and garnet (2 percent). Black euhedral tourmaline grains range 

in length from q. 05 to o. 4 inch· , 

Quartz-mica schist. --Contains quartz (50 percent), muscovite (30 percent), and biotite 

(20. percent). Traces of tourmaline occur at 164 feet. Few quartz lenses, o. 05 to 0 .. 5 inc he 

in thickness. 

Quartz vein .. --Colorless to grayish-milky quartz .. 

Quartz-mica schist, as .at 163. 8 - 165 .. 1 feet. 
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Table 23;. --Detailed log of U. S. Bureau of Mine$ diamond drill hole 5~- Continued. 

Depth 
(in ft) 

169.8-238.2 

Depth 
(in ft) 

170.2-173.4 

173~ 4-176:.2 

176.2-177.0 

Pegmatite 

169. 8-170. 2 Quartz-muscovite pegmatite (Zone 1, border zone). --Contains 

quartz (70 percent), muscovite (25 percent). albite (4 percent), and apatite 

(O. 5 percent). Very fine-grained (.0.15 in.). A layer of colorless massive 

quartz, 0.1 inch thick, separates the border zone and the schist+ Albite 

(N.,/ = 1~ 530) occurs only at 170. 2 feet. 

170~ 2-177.2 · Albite-quartz-perthite pegmatite (Zone 2, wall zone}. - .. Contains 

albite (50 percent), quartz (25 percent). perthite (15 percent). muscovite · 

(7 percent), beryl (10 55 percent of 6. 5 feet of recovered core), unidentified 

phosphate minerals and their alteration products (1 percent), tourmaline 

( < o. 5 percent), apatite ( < o. 5 percent), and tantalite-columbite (trace). 

Average grain size is about 0. 6 inch : • The zone can be subdivided as 

follows on the basis of mineralogy and texture: 

Estimated percentage of principal mine,rals 

Average · Blocky to 
·' grain size platy Sugary 

(in in.} albite albite Quart¢ Muscovite Perthite Beryl 

Sugary-grained- 0,.05 55 14 25 5 
Other .5 

Other .7 25 12 20 6 3.5 --· 0.3 

.7 45 35 4 11.6 
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Table 23 .. ~~Detailed log of U. S. Bureau of Mines diamond drill hole 5~~ Continued. 

Depth 
(in ft) 

Depth 
(-in ft) 

175 .. 5 

175.9 

176.,0 ' ' 

176 .. 9 

Albite occurs chiefly as blocky to platy grains. Aggregates of sugary 

albite containing 10 percent quartz are as much as 3 inches across. Flesh·· 

colored perthite crys:als. 1 to 3. 5 inches in diameter. are corroded and ·, 

veined by albite, quartz. and mmcovite.. Tantalite-columbite occurf as 

two platy grains, 0. 01 by 0 .. 05 inc h r. and o. 01 by o. 25 inchn·; . Five grains 

of beryl have the follO\v-i~ characteristics;: 

Size Shape Color Nw 

2 grains. each 0., 2 by o. 7 in .. Subhedral .. White. -1.585 

.. 0'1 sq. in. Rounded euhedral. 1. 583 

.14 sq., in. 1 .. 584 

1. 75 by 2 in. Subhedral. II 1.585 

177.0-177.2 Quartz-muscovite-albite pegmati.te (Zone 1 •. border zone].; --Contains 

quartz (45 percent), muscovite (33 percent). albite (20 percent). garnet 

(1. 5 percent), unidentified alteration products of phosphate minerals (0. 5 

pe.rcent), tourmaline {trace). and apatite {trac·e). Average grain size is 

about 0.1 inch • White to buff~stained subplaty albite has No( • = 1 .. 531. 

Reddish-brown garnet occurs with muscovite and quartz in an irregular 

aggregate, 1 .. 5 inches in diameter. A blue grain of tourmaline. 0. 25 by 

0.1 inch' ·, is adjacent to ·'the gamet aggregate. 
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Table 23. --Detailed log of U. S. Bureau of Mines diamond drill hole 5-- Cominuedo 

Depth 
(in ft) 

177.7-180.0 

180.0-186.6 

Quartz-albite pegma.ttite (Zone 2. wall zone). --:Contains quartz 

{65 percent). albite (30 percent). muscovite (2 percent). beryl {1. 80 percent 

of 0. 5 feet of recovered core). unidentified phosphate minerals and their 

alteration products ( 1 percent). apatite (trace), and tantalite-columbite 

{trace). Quartz grains and aggregates of platy albite average 1 inch in 

size. A white irregularly-stained subhedral grain of beryl {Nw= 1. 584) 

at 177. 5 feet is 00 9 by o. 5 inch•· o Several rounded dark-green to brown 

grains. {0. 05 to 0. 5 inchr in size). are probably altered phosphate minerals 

of the lithiophilite-triphylite group. 

border zone ~ - -S'imilar 

Albite-perthite-quartz pegmatite (Zone 2. wall zone). --Contains 

albite {35 percern). perthite {30 percent). quartz {25 percent,. muscovite 

{6 percent}, unidentified alteration products of phosphate minerals (1. 5 

percent). garnet (0.., 5 percent), tourmaline (0. 5 percent). apatite (trace). 

tantalite~columbite (tr:ace). and cassiterite (trace). Average grain size 

is about o. 9 inch· , The zone can be subdivided as follows on the basis 

of mineralogy and texture. 
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T.mble 230 ~=Detail~d log of Uo s. Bureau of Mines diamond drill hoae 5~.:. Continuedo 

Estimated percentage of principal minerals 

Average Blocky 
Depth grain size to platy Sugary 
(llnft) (in. ino) albite albite Quartz Muscovite Perthite 

1800 0=1800 7 Sugary · grained - 0.03 15 45 30 2 
Other 04 

18007=184.5 Sug~ry-grained - 005 15 10 25 4 45 
·Perthite - 6 
Other .,5 

18405~18606 Sugary-grained - .05 25 20 30 9 15 
Other , .6 

Blocky to platy albite occurs as grains that average 0. 5 inch in size, but 

are in aggregates as large as 4 incheso Sugary albite (N~ o = 1o 531) occurs 

as aggregates, averaging 1. 5 inches across, that contain 25 percent quartz. 

Pink to reddish garnet occurs in aggregates as much as 00 75 i nchr in 

diameter (average 0. 3 inch· ) that are most abundant at 180. 7 feet., Bluish 

tourmaline rims some of the garnet. Bluish-black tourmaline (0. 25 inch' }l , 

brownish-black cassiterite {0. 2 inch ··>o and greenish apatite (Oo 05 inch · ) , 

occur in traces. Much of the rock is stained by grayish-buff to brownish-

black alteration products of phosphate minerals. 
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Table 23. --Detailed log of u. S., Bureau of Mines diamond drill hole 5=- Continued. 

Depth 
(in ft) 

Depth 
(in ft) 

18.9.1 

189.1 

199.0-199 .. 3 J 
199.3-200.0 

Quartz-cleavelandite=muscovite pegmatite (Zone 3 . firnrc intermediate 

zone). -=Contains quartz (40 percent) 0 cleavelandite (36 percent). muscovite 

(17 percent). beryl (5. 60 percent of 11.2 feet of recovered core), tourmaline 

(0. 5 perctmt). unidentified phosphate minerals and their alteration products 

( < 0. 5 pt~rcent) . perthite (trace). apatite (trace), cassiterite (trace). and 

loellingitt~ (?) (trace). Average grain size is about 2 inches. The maximum 

size of muscovite books is 8 inches. 

Thr1ee grains of beryl have the following characte ristics: 

Size: Shape Color 

1. 75 by 2. 5 in. Subhedral. Pale yellowish-white 
io greenish-white 

• 4 by • 5 in. 

32. 37 sq. in. in 7 
irregular masses 
intergrown with 
cleavelandite. 

Anhedral. White 

{

1. 583-1.584 

1.582 

Several o. 5-inch perthite grains occur at 186. 7 feet. Eight grains of 

cassiterite. o. 1 too. 25 inch1 in diameter. occur as inclusions in beryl 

and cleavelandite at 199.0 - 199.5 feet. Phosphate minerals occur as 

rounded to irregular dark-colored grains. 0. 1 to 1 inch in diameter; their 

alteration products stain other minerals. Bluish-black and black euhedral 

grains of tourmaline average o. 3 inch· in length; they commonly occur 

as inclusions in muscovite. 
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Table 23 .. -~Detailed log og U., S., Bureau of Mines diamond drill hole 5~~ Continued., 

Depth 
(in ft) 

Depth 
· -nnit>· 

206 .. 5-206 .. 8 

207 .. 0 

20791 

Cleavelandite~muscovite pegmattiJ:e (Zone 5~ -third in1ten:':medllai1te 

zona) .. ~..-- Contains cleavelandite (85 percent)D muscovite (9 perqen.1t~. 

quart~ (4 percent). beryl (2 .. 58 percent of 7 .. 0 feet of recovered core), 

cassiterite ( < 0., 5 percent). apatite (trace), and tourmaline (trace) .. 

Average gratn size is about 1 inch., An aggregate from 200., 1 to 206.4 

feet consists chiefly of plates of cleavelandite (N d( • = 1., 528) averaging 

1. 25 inches long; other minerals are muscovite (5 percent). quartz (3 percent), 

cassiterite ( < o. 5 percent), apatjte (trace). and tourmaline (trace) .. 

Pegmatite from 206. 4 to 207 .. 2 feet consists of muscovite ( 40 percent). 

beryl (25. 80 percent of 0., 7 feet of recove.red core), eleavelandite (24 per-

cent), and quartz (10 percent).. The average size of individual grains is 

1 inch.;- Muscovite books range in size from 0., 05 to 0., 5 inch(' j averaging 

o .. 3 inch1 · ~ Three grains of beryl have_ the following characteristics: 

Size Shape Color NIU 

1 by 3., 5 in .. - Rounde··v, _ White 1 .. 584 - 1 .. 587 
irregular., ( 4 determinations) .. 

.. 5 by 1 .. 0 in .. Irregular .. 1 .. 5860 

1. 75 by 1., 75 in .. Subhedral., 1., 586 .. 

207.,2-217.,0 Quartz pegmai:ite (Zone 6b, fourth intermediate zone) .. uConsists 

entirely of colorless to slightly milky D massive quartz .. 
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Table 23.,. --Detailed log of U. s. Bureau of Mines diamond drill hole 5-- ContinuedQ 

Depth 
(in ft) 

231.6-235.1 

235.l0-238.15 

Cleavelandite ~quartz pegmatite (Zone 59 third intermedli.a\te zone)o ~-

Contains c:leavelandite (50 percent). quartz (45 percent)o muscovite (3 per-

cent), apatite (trace}. and cassiterite (trace). Average size of individual 

grains is about 1. 25 incheso Cleavelandite aggregates are as la~ge as 15 

inches in s.ize. The maximum size of muscovite books is 2. 5 inches. One 

grain of cassiterite 0 less than o. 1 inch in diameter, is included in cleave-

landite. 

Perthite-cleavelandite-quartz pegmatite (Zone 4, second intermediate 

zone). uContains· penhHe (65 percent). cleavelandite (20 percent), quartz 

(10 percent). muscovite (4 percent). and apatite (trace). Average grain 

size is 4 inches. Two flesh~colored grains of perthite are 15 and 3 fiches 

in length; the edges of the grains are embayed by quartz, cleavelandite, 

and muscovite. The maximum size of muscovite is 1 inch. 

Quartz-cleavelandite~muscovite pegmatite (Zone 3, first k.t~mediate 

zone). --Contains quart~ (60 percent). cleavelandite (20 percent), muscovite 

(20 percent). beryl (Oo 47 percent of 2o 25 feet of recovered core). tourmaline 

{4:: o. 5 percent). and apatite (trace). Average grain size decrea~s from 2 

in~hes at 235.1 feet to about o. 7 inches at 237 feet. Cleavelandite has · 

N ~· = 1. 530. The maximum size of muscovite is 2 inches. Three buff-

stained white euhedral grains of beryl (N~ = 1. 580) at 237.4 feet are 0. 35. 

Oo 7, and 1. 25 inches in maximum exposed dimensions. Black euhedral 

grains of tourmaline. associated with muscovite. average about o. 5 inch1 

in length and OQ 1 inch in diameter. 



124 

Table 230 --Detailed log of Uo So Bureau of Mines diamond drill hole 5-- Continued., 

Depth 
(in ft) 

244.6-25606 

238.15-238.20 Quanz--inuscovite pegmatite (Zone 11 border zone) .. ~-contains 

quartz (78 percent), muscovite (20 percent). tourmaline (1 percent), 

and apatite (trace). Very fine-grained (0. 15 inch). A layer of massive 

quartz, 0.1 to Oo 5 inch thick, is immediately adjacent to lhe schist 

contact. 

Quartz-mica schist, as at 163.8 - 165.1 feet. Traces of tourmaline occur at 238 0 2 -

238.5 feet. 

Quartz veino --Colorless to slightly milky massive quartz. Contains irregular fragments 

of schist. Mica flakes and chlorite flakes are as much as o .. 25 inch in size. 

Quartz-mica-chlorite schist, as at 15.0 - 40.9 feet. Irregular quartz stringers, o. 05 

to o. 75 inch in thickness, form 5 percent of the rock. 

) 
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Table 24 .. --Detailed log of u .. s .. Bureau of Mines diamond drill hole 6, Peerless pegmatite, Pennington 
County. South Dakota. 

Location of collar: Same as hole 5. 

Altitude of eolian 4. 578 feet 

Inclination Minus 30° 

Bearing N. 63 1/2 o E. 

Length 154.2 feet 

Angles of intersection of drill core with bedding, schistosity o and pegmatite cont.acts: -

Angle between core and: 

Depth Pegmatite 
(in ft) _3 ed'ding Schistosity contacts 

20 100 50 

24~38 5° - 15° Subparallel to beds .. 

40~52 50 10° 

56 .. 5 20° 15° 

~7. 5 45° (?) 

)' 
30° 94~97 Parallel to beds. 

121.6 Parallel to pegm~tite contact. 18°. 

125-1~1 30° Parallel to beds. 

132.5 10° 

133 .. 2 oo 20° 

134 10°/(opposite to 
beds at 132.5 ft.) 

135-154 5° - 15° Parallel to beds .. 
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Table 24,. --Detailed log of U. s. Bureau of Mines diamond drill hole 6-- Continued. 

Description of rocks: -

Depth 
On ft) 

0 ~ 57., 5 Quartz.-,mica~chlorite schist.. bro~n.ish. g~ay. interbe/dded with lighter gray quartz-mica 

schist and micaceous quartzite.; The quartz-mica-chlorite schist contains quartz (45~50 

percent). muscovite (25-30 percent), biotite (10-20 percent). chlorite (3-5 percent). and 

garnet (0. 5 percent). Pseudomorphs after staurolite are AQ 2 to 1. 5 incbes long; they form 

as much as 5 percent of individual beds. but the average is about 3 percent. Isolated elongate 

dark-green flakes of chlorite, o. 05 to 0., 2 inch< in size, t occur in the schist matrix.. Meta~ 

crysts of reddish-brown garnet (average o. 05 inch in diameter) are esp~cially numerous 

along the contacts of quartz-mica~chlorite schist with beds of quartzite and of quartz-

mica schist. 

,Interbeds of quartz-mica schist at 6.5 -17.0, 32 .. 0 ~ 35 .. 0, and 50 .. 5- 57 .. 5 feet 

consist of quartz (55-65 per_cent), muscovite (~0-25 percent), biotite (5-15 percent). and 

garnet ( < o. 5 percent). 

Quartzite beds at 24.0 - 30.0 and 30. 5 - 32 .. 0 feet contain quartz ('75-85 percent)Q 

muscovite and bi.otite (15 ... 25 percent) .. 

Quanz veinlets, 0. 05 to 5 inches thick, comprise about 5 percent of the core. 

Pegmatite .. 

Quartz-muscovite-tourmaline pegmatite (Zone 1. border zone) .. -~ · 

Contains quartz (75 percent). muscovite (15 percent). tourmaline (5 percent), 

albi.te (2 percent), and apatite (0. 5 percent). Very fine-grained (average 

0 .. 15 inch )., Bluish-black grains of tourmaline range in size from o. 05 

to 003 inch • Iron-stained albite (No( • = 1.,531) occurs in 0 .. 2 inch aggre-

gates., 
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Table 24. --l)etailed log of U. s. Bureau of Mines diamond drill hole 6~- Continued. 

Depth 
(in ft) 

\ 
i· 

/ 

61. 5 ... 78.6 

Albite-quartz-muscovite pegmatite (Zone 2, wall zone). --Contains 

albite (55 percent), quartz (30 percent), muscovite (10 percent), tourmaline 

(4 percent), unidentified alteration products of phosphate min.erals (<0.5 

percent), and apatite ( < o. 5 percent). The average grain size of most of 

this unit is about o. 5 inch . • but f1rom -58. 5 to 61. 5 feet about 20 percent 

is very fine-grained (average 0. 05 inch ). sugary albite (N ' = 1. 529) and 
o< 

quartz, in irregular aggregates as much as 2 inches in size. White subplaty 

albite (No<' slightly more than 1. 529) occurs in aggregates as large as 3 

inches. The average size of muscovite books increases from 0. 25 inch• 

at 58 feet to o. 75 inct at 61. 5 feet. Bluish-black euhedral grains of tourma-

line, 0.05 to o. 5 inch in size, occur in aggregates as much as 1. 5 inches 

in size; a concentration is at 60.5 to 61.5 feet. Rounded brown clay-like 

aggregates, o. 05 to o. 25 inch in size. at 58. 5 - 61.5 feet, are probably 

altered phosphate minerals; brownish to gray-brown alteration products of 

phosphate minerals stain the other minerals in the core. 

Cleavelandite-quartz pegmatite (Zone 5, third intermediate zone).--

Contains cleavelandite (55 percent). quartz (40 percent), muscovite (2 per-

cent), tourmaline (0. 5 percent), apatite (C: 0. 5 percent). cassiterite (trace), 

and tantalite-columbite (trace). The average size of individual grains is 

about 1. 25 in., but the average size of aggregates is 6 inches.- White 

cleavelandite (NO(' o ::: 1. 528) occurs in aggregates as large as 4 feet. The 



Table 24. --Detailed log of U. So Bureau of Mines diamond drill hole 6-- Continued. 

Depth 
(in ft} 

) 86.5- 90. 5 

maximum size of muscovite books is 0" 75 inchf o Euhedral bluish-black 

graips of tourmaline (NblJ = 1. 66) average about 00 25 inc he · in length. 

Rounded to elongate bluish-green grains of apatite average about o. 05 inchc~ 

in diameter. Four euhedral brownish-black grains of cassiterite, o. 05 to 

00 2 inchr-: imsize. occur f,rom 75.4 to 78.6 feeto Two grains of tantalite-

columbite are Oo 15 by 00 5 inch( . . and 0" 01 by 0. 2 inche 0 

Quartz-cleavelandite-musccivite pegmatite (Zone 32 first intermediate 

AOne). -~Contains quartz (75 percent). cleavelandite (13 percent )~ :: .. ·s 

muscovite (11 percent). tourmaline (trace) . and apatite (trace)o Average 

grain size is about 1. 5 incheso The maxi,mum size of muscovite books is 

2 incheso 

Albite ... quartz~muscovite pegmatite (Zone 2. wall zone)o --Contains 

albite (65 percent). quartz (30 percent). muscovite (5 percent) . tourm~line 

(1 percent), tantalite~columbite (trace), and apatite (trace)o Average 

g~ain size is Oo 5 inch . , • White blocky to sub platy albite (No{' = 1. 529) 

oc<;urs in aggregates as much as 30 5 inches in size. The maximum size of 

muscovite books is o. 75 inch· • Euhedral to subhedraLbluish-black grains 

of tourmaline, averaging about Oo 15 inchc ·, occur in aggregates as large as 

Oo 5 inc he-. One blade of tantalite-columbite is Oo 65 jnche·: long and o. 01 

inch thick. 
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Table 24. --Detailed log of u. s. Bureau of Mines diamond drill hole 6~- Continued. 

Depth 
(in ft) 

100.0-121.6 

Depth 
(in ft) 

104.9 

104.9 

105.0 

105.0 

105.3 

Quart.z-mica·schist..,-- Consists of quanz (55 percent) 0 muscovite (25-30 percent) 0 

l>iotite (15-20 percent), and accessory garnet. Quartz stringers 9 as much as o. 2 inclir 

thick form about 2 percent of the core. 

Pegmatite. 

100.0-105.5 Albite-quartz-muscovite pegmatite (Zone 2. wall zone). --Contains 

albit~ (50 percent). quartz (40 percent)o muscovite (8 percent). tourmaline 

(1 percent). beryl (0. 31 percent of 5. 3 feet of recovered cpre). garnet 

(< 1 percent). and apatite (trace). The average grain size increases from 

o. 4 inchr ,1t 100.5 feet to 1 inch at 105.0 feet. White subplaty albite 

(No( • = 1. 530) occurs in aggregates as much as 3. 5 inches in size. The 

max~mum size of muscovite is o. 9 inch< • Bluish-black grains of tourma-

line, as much as o. 25 inch· long. occur in aggregates as large as 1. 5 

inches., Reddish rounded _:grains of garnet are as much as o. 25 inch,· in 

diameter. Five beryl grains have the following characteristics: 

Size Shape Color N~ 

0.15 in .. long Euhedral. Pale greenish-whtte. 1.580 

0 3 in. long" do. do., 1.,580 

• 05 sq. in. do. do" 1.581 

• 04 sq. in. do., do. 1.,580 

• 5 by 2.5 in, Rounded. do. 1. 580 (center) 
1. 583 (at one end). 
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Table 24. --Detailed log of U" s. Bureau of Mines diamond driH hole 6-- Contin.uedo 

Depth 
(in ft) 

Cleavelandite~guartz=muscovite pegmadte (Zone 39. first intermediate 

zone).~~ Contains cleavelandite (50 percent). quartz (40 perGent). muscovite 

(10 percent). tourmaline ( < 1 percem). --.4\mhlygrm_it~ (<.1 perc~nt)~ tan-

talite~columbite ( < o. 5 percent). apatite (trace). vivianite (?)(trace). 

loellingite (?) (t~a~e). and unidentified buff-white to greenish- brown 

phosphate minerals (trace). The average size of individual grains 0. 75 

inch· ; the average size of aggregates is about 1o 75 inches. Cleavelandite 

(N Cll(• = 10 528) occurs in aggregates as much as 4 inches in size. Musc~vite 

and quartz grains have maximum dimensions of 2 to 3 inches~ Black to 

greenish-black euhedral grains of tourmaline average about o. 75 inchv( . 

but aggregates are as large as 2. 25 inches. Amblygonite (variety monte-

brasite) occurs in one white iHegular grain. 2 ino long and 00 8 inche wide. 

at 115.4 feet; N ~ o = 1. 62. Fine-grained muscovite (Oo 2 inch· :) occurs 

along the grain boundaries of the amblygonJtte crystal. Loel1ing.li.te (?) 

occurs as silver-gray irregular grains. o. 05 to o. 3 inchr: in diameter. 

at 112. 8 - 113. 7 feet. Irregular bluish grains of vivianite (?). commonly 

border the loellingite grains; N a· = 1. 65; No<= 1. 610; pleochroic from deep 

blt,Ie to faint yellowo Also at 112., 8 ~ 113.7 feet. irregular buff-white to 

greenish to dark-brown rounded grains, Oo 1 to o. 75 inch: in size. are 

probably IVUtially altered phosphate minerals. Eight grains of tantalite~ 

columbite. as much as 00 3 inch lo!Dig. a1r~ associated with muscovite and 

cleavelandite at 1110 1 ~ 111.4 feeto 
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Table 24. --Detailed log of u. So Bureau of Mines diamond drill hole 6~~ Continuedo 

Depth 
(in ft) 

121.6-12107 

115. 5-121.4 Albite-quartz~muscovite pegmatite {Zone 2. wall zone).; ·.c.-Contains 

albite (60 percent). quartz (30 percent). muscovite (7 percent). unidentified 

altered phosphate minerals and their alteration products (lo 5 percent). 

tourmaline (1 percent). apatite (trace), and tantalite-columbite (trace)., 

Average size is about 00 4 inch · , but the. grain size ranges widely. 

Approximately 15 percent of the unit is .very fine-grained (4::. 0.1 inch)~ 

Albite decreases and quartz increases in amount from 120. 5 feet to the 

contact with border zone at 121.4 feet. .Albite at 121.2 feet has N~ = 

1 •. 530. The maximum size of muscovl.te is 1 inch. Buff-white to brown, 

rounded irregular grains, o. 05 to o. 3 inch in size, are probably altered 

phosphate mineralso Euhedral to subhedral, bluish-black grains of tour-

maline are o. 05 to 00 4 inc I:. in size. Two grains of tantalite-columbite 

are 0. 05 and 0. 15 inct : long and 0. 01 inch thick. 

121.4-121.6 Quartz-muscovite pegmatite (Zone. 1. border zone).o ~ .. contains 

quartz (80 percent), muscovite (20 percent), apatite (1 percent), and tour-

maline (trace)o Average grain size is o. 1 inch'< . Green to bluish-green 

grains of apatite are 00 01 to 00 1 inch '. in .diameter •. 

Muscovite-quartz-tourmaline schist.~~ Contains muscovite (50; percent), quartz ( 40 

percent), and tourmaline (10 percent). Black to brownish-black tourmaline gr~ins average 

about 0. 02 inch in diameter and o. 15 inch . in length. 
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Table 24,; -~Deta.iled log of Uo s. Bureau of Mines diamond drill hole 6~- Contil}ued. 

Depth 
(in ft) 

) 
/ 

Quartz-mica-schist. -~Contains quartz (45-65 perceilt)o muscovite (20-35 percent) 

biotite (10-20) 0 chlorite (trace to 3 percent), garnet (trace to 1 percenth staurolite 

(trace) 0 and tourmaline (trace). Pseudomorphs of muscovite and biotite after euhedral 

staurolite, ranging'fr?m less than o. 1 to l"' 5 inches in length; form as much as 10 

percent of individual thin micaceous beds but are completely absent in more quartzose 
t . ··-

beds; the average content of these pseudomorphs in the schist is 3 percent. Traces of 

brown stauroljte occur in some of the pseudomorphs.. Red grains of garn~t average o;o5 

inch( - in diameter. Black tourmaline grains, less than Oo 05 inch£ ' in s.iz~. occur at 

121. 7 to 121. 9 feet" Quartz stringers, o. 05 to o. 75 inch" thick, form about 3 percent 

of the core; traces of yellow sulfides (chalcopyrite and pyrite) occur in and a~jacent 

~o some of the quartz stringers. 
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Table 25 .. --Detailed log of U.. So Bureau of Mines diamond drill hole 7, Peerless pegmatite, Pennington 
County. South Dakotae 

Location of collar: Same as hole ) 5 and 60 

Altitude of collar: 4, 579 feet, 

Inclination Minus 15°0 

Bearing N .. 63 1/2° E .. 

Length 1550 8 feeto 

Angles of intersection of drill core with bedding, schistosity. and pegmatite contacts: -

Depth 
(in ft) . 

40 .. 55 

59 

61 

154 

, .. B"edding 

Angle between core and: 

Schistosity Pegmatite contacts 

·Parallel to beds • . 

Parallel t o bedso 

350 

Description of rocks: 

Depth 
(in f;t) 

No core. 

Quartz ·mica -chlorite schisto --Contains quartz ( 45 percent), muscovite (20 -30 percent). 

biotite (20-25 percent), chlorite (5 percent), and garnet (0. 5 percent)o Pseudomorphs of muscovite 

and biotite after staurolite, 0.1 to Oo 3 inch:- in diameter, comprise 2 percent of the core. Elongate 

dark-green flakes of chlorite an~ 00 05 to 0.15 inch in size., Reddish-brown metacrysts of 

garnet, 0. 05 inches in diameter, are irregularly distributed in the schist. Quartz stringers, flo 05 

to 1 inch thick. form approximately 8 percent of the core., 
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Table 23., --Detailed log of U. S., Bureau of Mines diamond drill hole 7 ~~Continued" 

Depth 
(~ft) 

6200-120.,2 

Quartz-mica schist" -""Contains quartz (55-60 percent), muscovite (20-25 percent), 

biotite (15 percent)~ and chlorite (1-3 percent)o Quartz stringers, 0.,05 to Oo 75 inch"";~ 

thick, form about 5 percent of the core., 

\ 
11
Pegmatite., 

62., o- 62.4 

62.4- 69.2 

Quartz~mll.sco tite eegmatite (Zone 1, border zone)., --Contains quartz 

(75 percent) , muscovite (20 percent). beryl ( 0~ 5 percent)_:/. tourmaline 

I Beryl percentages for hole 7 are based on visual estimates. The 
area of beryl -on the core was not measureo, as for other holes; because the 

- · :· core .rec~,~.!'~ Jn_p·egmatite was only 41 percent and results would not be 
significant" . · . · 

(Oo 5 percent), and apatite ( 00 5 percent). Very fine-grained (average 

00 2 inch ). Two subhedral white grai~ of beryl (Nw = 1o 581) are 0.1 

by Oo 5 inch. and 0" 1 by 0., 25 inch : in size" 

Albite-qu~rg;-muscovite eegmatite {Zone 2, wall zone). --Contains 

albite (50 percent)o quartz (35 percent), muscovite (8 percent), tourmaline · 

(3 percent), unknown alteration products of phosphate minerals (0~ 5-1 per-

cent), garnet (trace). and apatite (trace). Individual grains average about 

o. 5 inch • but aggregates of grains are commonly 1 inch in size., Approxi-

mately 15 percent of the albite is very fine-grained (0., 05 inch. :.· ) . occurring 

in sugary aggregates, 1/2 in" to 3 inches in sizeo Aggregates of blocky to 

subplaty albite are as large as 3 inches in diameter. The maximum size 

of muscovite books is 1 .inch. B~uish-black euhedral tourmaline grains aver-

· age about o .. 4 inch, in length., 
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Table 23., ~~Detailed log of U., S., Bureau of Mines diamond drill hole 7~~ Continued., 

Depth 
(in ft) 

69.2- 70., 8 Cleavelandite~quar[z~muscovite pegma~ite (Zone 3, first intermediate 

zone,}. o-Contains cleavelanditeo (50 percent). quartz ( 40 percent), mus-

covite (10 percent). tantalite-cplumbite (..C::O., 5 percent). tourmaline 

(trace). and apatite (trace)o Average grain size is about l inch., The 

maximum size of recovered muscovite books is 2 inches. One black plate 

of tantalite-columbite is 00 02 inch thick. and 0., 75 inchE, ~ong., 

70., 8-108.0 Cleavelandite-quartz~muscovite pegmatite (Zone 5. third intermediate 
' ' 

zone). --contains cleavelal}$.lite·'(65 percent), quartz (25 percent), muscovite 

( T percent), c-assiterite (< o. 5 percent). apatite ( < 0~ 5 percent}~ \and 

tourmaline (trace). The ave.rage size of individual grains_)s about lincti·v~ 

// but the average size of aggregates is 3 inches., The maximum size of 

cleavetandite aggregates is 13 inches. and of muscovite books is 3 .. 6 inches. 

Very fine mtiScovite (0., 2 inch 'i occurs in several aggregateS:., 2 to 3., 5 

inches in size, betwe·en 80.8 and 89., 5 feeta Brownish-black grains of 

cassiterite, o. 05 too. 9 inch in size. occur along the boundaries between 

cleavelandite and muscovite., Bluish-green grains of apatite are mostly 

0. 05 inch· in diametero but one elongate prismatic grain is 1.1 by 0., 2 inches. 

~08.0-113.,0 Cleavelandite-quartz-muscovite pegmatite (Zone 3, first intermediate 

zone}., --Contains cleavelandite (45 percent), quartz (40 percent), muscovite 

(14 percent). tourmaline ( .t:. 0., 5 percent), and apatite (trace). Average 

grain size is about 1., 5 inches., The maximum size of recovered muscovite 

books is 1 .. 5 inches. Greenish~black to bluish-black grains-of tourmaline 

average 0., 25 inch in sizeo 
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Table 250 ~~Detailed log of Uo s. Bureau of Mines diamond drill hole 7-~ Continuedo 

Depth 
(in ft) 

Depth 
(in ft) 

- 113, 0-114.4 

114.4--120.,0 

Albite-quartz··muscovite pegmatite (Zone 2, wall zone). -_:-Contaim 

albite. (50 percent), quartz (35 percent). muscovite (9 percent). perthite · 

(5 -perceni), tourmaline (Oo 5 percent), unknown alteration products of 

phosphate minerals (Oo 5 percent)~ garnet(< Oo 5 percent). apatite (trace). 

and tantalhe-columbite (ttace). The average grain size is about Oo 5 inct 

but the grain size ranges widely. The zone can be subdivided as follows on 

the basis of mineralogy and texture: 

Estimated percentage of principal minerals 
Average 
grain size Blocky to Sugary 
Hn in,) platy albite albite Qnanz Muscovite Pe.rthite 

Perthite - 2 45 25 4 25 I 

Other - 0 5 

S1;1gary- 45 8 35 10 
grained -. 05 
Other - .4 

Sugary albite occurs in irregular clots, o. 5 to 3 inches in size; blocky to 

subplaty albite is; ii_l aggregates as much as 2 inches in size. Flesh-colored 

grains of perthite range in size from 00 5 to 3 .. 5 inches and are embayed and 

veined by albite. quartz. and muscoviteo The maximum size of muscovite 

is 1o 5 incheso Bluish-black subhedral grairis of tourmaline are Oo 25 to o. 6 

inch long. One grain of tantalite-columbite is Oo 05 inchL long and · 

0. 01 inch tthicko Pink rounded grains of garnet. ranging in size from less 

than 00 05 to 00 2 inch occur from 118.0 to 120o 0 feet • 

. ' 



/ 
\ 137 

Table 25. --Detailed log of Uo s .. Bureau of Mines diamond drill hole 7-- Continued. 

Depth 
(in ft) 

12000-120~2 Quartz~muscevite=albite pegmatite (Zone 1. border zone)~ --Contains 

quartz (75 percent)o muscovite (15 percent)o albite (10 percent). garnet 

(Oo 5 percent)o and apatite (trace)o Very fine-grained (average 0.,15 incht :)o 

Albite occurs chiefly near 1200 0 fee to Reddish rounded grains of garnet 

are 0. 05 inch in sizeo 

Quartz-mica schist. --Contains quartz (45 -65 percent). muscovite (15-30 percent). 

biotite (10-25 percent). garnet (Oo 5 percent). and chlorite .(trace)~ Pseudomorphs of 

ml,lScovite and biotite after euhedral staurolite. 00 05 to o. 5 inchf in size, comprise as 

mucp as 5 percent of some of the more micaceous beds. but the average is only about 2 

percent. Quartz stringers. 00 05 to 00 25 inch · thiCk. form approximately 5 percent of the 

unit. 
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ABSTRACT' ., 

. ; · · ~he ,Peerless·:pegmatite, Pennington County, s. Dak., -~ ~ontains.s significant reserves of beryl,_ · scrap-~., .. 

·· - potash ·and soda feldspar., and amblygonite. This pegmatite also contains low-grade reserves of tant~Ute-

'· coltiJnbite and eassite.rite. 

B~ryl forms 1• 7 percent or 1,360. tOO$ of the 80,000 tons of rock in Zone 3, cleavelandlte .. qu~rtz-'mUi.@O.lilie 

· pegmatite ~that intermediate zo=.). Additional beryl is in. Zone 2, albite,..quartz-muscovite pegmatite 

(wall z·one); Zone 4. p~th1Jo•.velandite·quartz pegmatite:(second intermediate zone); and Zone 5, 

cleavelandite':"'quartz pegma_tite (thi~;d intermediate zone). Total beryl reserves are about 3, 00~ tOll$. 

Reserves of scr.fip mica, like beryl, are principally in Zane 3 but also in Zones 2, 4, and 5. Zone 3 

contains 28 percent or 22,000 tons of scrap mica, of which a.bout 65 percent can be recovered by hand•cobbing. 

'rb.e. to~l quantity of scrap Jllica in Zones 2-5 iS 48, 000 tons. 

The chief potash feldSpar reserves consis' of 20,000 tons. of perthite .in Zone 4. Cleav~landite - recdv~rable 

for us.e as soda feldspar is a very abundant constituent of Zones 3. 4, and 5. Zone 5 containS o. 5 to 1.; 0 percent _ 

or 1, 000 to 2 .ooo tons of amblygonite. 

lN'ERODUCTlON 

. ·The ,Peerless pegmatite, near Keystone in Pennington County~ s. Dak. , is a large zoned pegmatite 

,. · that bas _been a dgntVCan~: source of scrap mi,ca, · betyl, potash feldspar, SQda feldsp,.r. and a~blygonite·. 

· "<;flle pegmatite contains seven. zones~ . two repla·ce·ment units. and two fracture-filling-unitS. Part :I, of this 

. report b a description of the pegmatite that is detailed in every respect except tesenres, which are qis.cussed 

only .in a. general way. Par.t XI; co~tains specific reserve data. 

RESE.RVE CALCULATlONS 

T.he quantlty of unmined pegmatite has been calculated from successive geologic sections (figs. 4 and 5)_. 

The area of each section was mea11ured by use of a planimeter. The volume of pegmatite between adjacent ' 

sections ~as then calculated. The factor used to convert volume to tonnage was 11. 75 cub.ic feet per short 

..... , ·t 
i ~ 
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tonof pegiilatiteo This figure was obtained by measuring similat- pegmatite material from tbe Helen Beryl 
• 

pegmatite near Custero So Dak.. Th~ volume and tonnage of the principal units containing' reserves are 

3hown in table :26., 

The g~rade figures used in p1aking reserve estimates are from Pan I of this report (tables 3 and 17, 

and Po 59)o 

RESERVES 0 f P R IN C I P A L E C 0 N 0 Ml C M l N ERA L S 

) 

The principal industrial minerals are beryl, mica, and feldspar • . Reserves of these are shown in 

table 2 7., This pegmatite also contains amblygonite. tantalite -columbite. cassiterite, and lithiophilite-

triphylite and associated. phosphate minerals., 

••Beryl 

The Peerless pegmatite contains an estimated 2, 820 tons of beryl in Zones 2, 3, and 5 (table 27). 

Xn addition there may be as much as 250 tons of beryl in Zone 4 29 but no accuratte grade data are available. 

The most significant aspect of the beryl reserve data is that 80.000 tons of rock in Zone 3 probably 

has the exebedingly high grade of 1. 7 percent beryl. and thus contains about 1. 360 tons of beryl., This grade 

fig11re is bas.ed on grain measurements on typical surface exposures and drill core (tables 3, 7, and 17); the 

surface exposures indicated 1. 46 percent beryl. and the drill core indicated 1., 93 perce~t beryl. Approximately 

70 percent of this beryl is large enough:to be hand -cob bed. 

A large share of the beryl in the wall zone is in similarly high.,.grade rock in the inner and upper 

parts of the unit, where the grade exc.eeds 1 percent. As much as 75 percent of the 860 tons of beryl in the 

wall zone may be in these parts of the zon~. Grain measurements on &urface exposures indicate an average 

grade of 1., 08 percent beryl over the entire thickness of the zone, and 2., 30 percen1 beryl in the inner 40 

percent of the zone (table 16). On the other hajld, the grade in the drill core was only o. 09 percent beryl. 
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Zone 2 , 

Wa ll zone 

Volume 
Bloc k 2/ (cubic ft) 

Nonhwest of section A · A'. 159,400 

Between sections A - A' and B- B' . 327,400 

Between sections B- B' a nd C -C'. 184,000 

Ben1een sections C-C' and D-D'. 240,500 

Between sections D-D' and E-E' . 459 , 500 

Be een sections E-E' and F-F '. 289,800 

Southeast of section F -F'. 19,100 

Tota ls - - - - - ~ - - - - - 1,679,700 
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Table 26. - - Reserves of pegmat ite, Pee rless mine. _!./. 

Zone 3, 

First intermediate zone 

We ight Volume Weight 

(short tons} (cubic f>} (short tons) 

13,600 34,100 2 ,900 

27,900 154, 200 13, 100 

15,700 123,500 10,500 

20,500 142,000 12 ,100 

39 ,100 282,500 24, 000 

24,700 192.000 16, 300 

1,600 14,600 1, 200 

143,100 942,900 80, 100 

1/ A conversion factor of 11. 75 cubic ft per short ton was used to calculate tonnage. 

j/ Refer to figures 2 , 4, and 5 of Part I. 

0 F F I C I A L USE 0 N L.Y 

Zone 4 Zone 5 Zone 6a , Part of 

Second intermediate zone Third intermedia te zone Fourth in termed ate zone 
Volume Weight f olume . Weight Volume We ight 

(cubic ft} (short tons) (c ubic ft} (short tons) (c ubic ft) (short tons) 

0 0 94 , 000 8,000 0 0 

4,800 500 451,400 38 ,400 Q 0 

16 , 800 1,400 312,000 26, 600 0 0 

6.2, 800 5,300 332, 800 28,300 0 0 

312, 800 26,600 884 , 200 75,300 5, !)00 500 

184,800 15 , 700 303,2DO 25,800 6,400 c 500 

6,500 600 27, 400 2 , 300 0 0 

588,500 50 ,100 2,405 ,000 204,700 12,000 1, 000 
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Table 27. --Reserves of beryl , muscovite , potash feldspar , and soda - feldspar. ];/ 

BPryl Muscayire Potash fe ldspar Clea (soda - feldt.par) 
Estimated Average BeO Estimated Estimated Esti mated 

Reserves percent re - content of per centre- percent 1re- precentre-

Total weigh ' Grade short coverable by beryl Grade Reserves coverable by Grade Reserves cover able by Grade R serves co ra bl by 

Zone of !;one (short tons) (percent) tons) hand -cob bing (percent) (percent) , (shorl tons) hand· cobbing (percent) (short tons) hand-cobbing (percent) (shor ons) hand- cobbing 

2. Wall ~dne. 143,000 0.6 860 35 13.0 8 11,000 20 3 4,000 20 

3. First intermediate zone 80,000 1.7 1,360 70 13.0 28 22,000 65 <:.1 40 32,000 50 

4. Second intermediate zone 50,000 <. .5 -'}_/ 60? 6 3,000 30 40 20,000 60 30 15,000 50 

5. Third intermediate zone 205,000 .3 60Q 55 12.4 6 12,000 30 0 45 92,000 50 

6a. Quartz·microcline peg- 1,000 0 0 40 400 90 
matite of fourth inter-
mediate zone. 

Total reserves 479,000 2,820 48,000 24,400 139,000 

]j Grade figures are based on table 3 of Part I. 

'}_/Reserves not c~lculated because grade is not known accurately. 
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Mica 

Scrap mica occurs chiefly in Zone 3, the same unit that contains the principal beryl reserves., The 

80 0 000 tons of rock in this zone contain an estimated 28 percent. or 22 0 000 tons of mica. of which approximately 

65 percent can be recovered by hand~cobbing.. Only 00 007 percent of all the mica produced· in the past has 

been sold as punch and sheet mica, and most of this was sold under the favorable market conditions of Work 

War ll (tables 1 and 2) .. 

Zones 2. 4, and 5 also contain reserves of scrap mica, but the grade is only 6 to 8 percent mica and only 
)' 

20 to 30 percent can be recovered by hand-cobbingo The muscovite~cleavelandite replacement unit contains 

about 70 percent mica~ but the total reserves are only about 1.150 tons of rock having 800 tons of mica., 

Lithia mica of Zone 7 and the associated replacement unit contains only about 0., 4 percent L~O and 

thus is not usable as a lithium mineral, but possibly it will be used at some future time as scrap mica or 

as a source of cesium or rubidium. Zone 7 i~ estimated to contain 2, 000 tons of rock having 82 percent 

lithia mica. and the replacement unit is estimated to contain 5, 500 tons of rock having 60 percent lithia 

miGa.. These figures indicate a total of 5, 000 tons of lithia mica., 

Potash feldspar 

Potash feldspar reserves consist chiefly of an estimated 20,000 tr::m.s ofperthi~e :~hat forms 40 percent of 

Zone 40 Approximately 60 percent of 2, 400 tons of this perthite can be recovered by hand-cobbing. Zone 

2 contains only 3 percent potash feldspar.,~, Zone 6a. on the other hand, contains 40 percent microcline, 

but this unit contains only about 1. 000 tons of pegmatite and thus only 400 tons of microclineo 

Soda feldspar 

Albite occurs in all units of the pegmatite except Zone 60 Only cleavelandite aggregates that are 

large enough to be hand~cobbed are sold as soda feldsparo CleavelandH:e is mined as a byproduct of mica and 

beryl in Zone 3. and as a byproduct of potash feldspar in Zone 40 It iilso is the major constituent of Zone 5. 

These units contain 30 to 45 percent cleavelandite. and tb~ total quantity of cleaveland!te is 139, 000 tonso 

Approximately 50 percent can be recovered by handa 
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Amblygonite 

Amblygonite is a significant constituen~ of Zone 5, but only traces occur in other units. Zone 5 is 

estimated to contain between O. 5 and 1. 0 percent amblygonite in 205, 000 tons of rock. Thus the total 

quantity of amblygonite is 1, 000 to 2, 000 tons. 

Other minerals 

The content of tantalite-columbite in Zone~ 3, 5, and '], and in the two replacement units probably 

. does not exceed 1 pound in 10 ~/ of rock. The content in other units is much lesso The total quantity 

of tantalite-columbite in the entire pegm~tite ma:y be as much as 15 tons. The quantity of cobbable tantalite­

columbite may be only about 2 tons, .if recovery in the future is about the same as in the past. 

The-cassiterite content of Zones 3, 5, and 7, and "the lithia mica-cleavelandite replacement unit may 

b~ between 0.1 and Oo 2 pounds per ton of rock. The total quantity would be between 15 and 30 tons of 

casSiteriteo Only about 4 tons can be obta.ined by hand -cobbing if the recovery is the same in the future 

as in the pasto 

Lithiophilite~triphylite and associated phosphate minerals form about 1 percent of Zones 5 and 7 and the 

lithia mica-cleavelandite replacement unit. These minerals are less abundant in Zones 2, 3'· and 6. The 

total quantity of these phosphate minerals is probably about 4. 000 tons. 
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