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GEQLOGY OF THE PERCAMBRIAN ROCXS OF TEE KEYSTOME FEGMATITE DISTRICT,
SO0UTHRERE BLACK RILL3, SOUTH DAKOTA

- 4
Jeows Jenuings Sortom

ABSTRACT

The Keystone pegmatite district is on the northesst flauk of the moun-
taingus ares around Harmey Peak in the southern part of the Precambrisn
core of the Black Hills, South Dakota. The elief mineral produsts have been
potash feldspar, spodumene. amblygonite, laepldolite, beryl. scrap sisa, and
gold. Gold mining wes importent from 1501 to 1903. Pegmtite miaing begea
in 1398, and bas been a major activity since sbout 1529. Approxisstely 18
squore miles have been mapped gsologically at s scale of 1:10,000 fa and
near the pegmatite-dearing area of the Esystone distriat.

The Keystons district contains en estimated thickness of 11,000 feet
ermmmkl. These are mostly quartzose and micaceous schists;
other rocks include sephidole schiat, quartzize. and mica-graphite schist.
Ortho-amphidolite intrudes the metasedimeutary roeks.

All metamorphic rocks of the southern Blask Hills increase in grede
towasd the area of abundant pegmatitie iatrusives near Harney Peek. The
southern and southwestern part of the Keystoas district is in the stllimsa-
ite zone; staurcilte is the highest grade mineral elsewhere.

The metemorphic rocks were deformed first by isociinal folds, then by
intense eross folds. anmd finally by zentls flexures sssocisted with pegmatite
intrusives. The pluages of iscelinal folds are genarslly more thea 70° in
the north and northesst parts of the distrigt. but are ordinarily detween
0 and 50° elsewhere.



A large transcurzeat fault strikes northwest across the district.
Spaller high angle faults have been recognized both ia the vicinity of the
main fault and also {in the nortawest part of the district. The abundance of
faults in the Kaystone district, at the edge of ths pegmatite-bearing area
of the scuthemrn Flask Hills, suggests that faulting was caused by forces
associated with intrusive activity. Faults -cut the isoclinsl snd eyoss
folds, but they preceded the climax of the progressive metamorphism that
affected the rocks surrounding Harney Peak.

Pegustites of the Keystone district and other parts of the southern
Elack Hills sre here classified as layered, homogenecus, and zoned pegmatites.
Layered pegmatites cousist of relatively fine-grained plagioclase, quarts,
mw&nQWMMdcémthiumﬁcup&
- perthite, quartzs, and plagioclese. IHomogeneous pegnmatites ares composed
virtually entirely of unsegregated plagioclase, quarts, perthite, and musco~
vite. Zoned pegmatites are the lesst comnon variety, though they have been
videly described in the literature.

An iscpleth map showing the abundance of pegmatitas throughout the
southern Hlack Hills indicates that the pegmatites are conceatrated around
the Harney Peak dome and many satellitic domes. Lsysred pegnatites are most
abundant wvithin these domes, and homogenecus peguatites are most abundsnt oa
the flanks. Zoned pegmatites are in a delt at the cuter edge of the pegmatite-
bearing area. The Keystone district, on the northeast side of the Harmey

Peak dome, contains all three types of pegmatites. The belt of zoned peg-
matites Zoes aorthwest through the Keystone district, where it is 1 to 2
miles widse.

Structural, mineralogic, and petrographic evidence suggest that these
pegratites formed from s magme~like liquid. The iaternal structure indlcates



tmmmmﬁmﬁmuumwm,mtm
pegmatites may have erystallized in & amore open system. All varieties of
Mumwmmmmaﬁeg,n,oyneo,m
x.‘,o. The fluid from vhich the scned pegmtites formed may, hovever, have
been eariched in H.0, B, ¥, snd such "rare” constitusnts as Ii and Be.
Hydrothermal or pneumstolytie fluids gilven off during crystallisation of
goned pegmatites formed replacement bodies thet erves-cut the zoaal structure.

mummummmx«mmm@mm
pegmatites. Units in these pegmatites contain minsble eoncentrations of
potash feldspar, lithius minersls, scrsp mics, beryl, and ssall quentities
of otber industrial minerals.



DFTRODUCTION

The Keystone pegmatite mining district is ia the south central part of
Pennington County, in the southern Hleck Hills, South Dakota. The district
is on the aorthesst side of the mountsinous area around Harney Peak in the
soutbern part of the Precambrian core of the Hlsek dills. All of the peg-
matite mines are in a northwesterly trending delt 1 to 2 miles wide that is
southwest of Keystons. Seversl small gold mines, vhere the first miaing in
this district ves done, are clustered around the villesge of EKaystone.

The total area mapped geologically (fiz. 3) &8 about 18 square miles.
This ares includes all or larze parts of 22 sections in four towaships, T. 1
and 2 8., R. 5 and 6 E. VWherever localities are described in the text g
SRS the section mumber will be givea without the township and range
mumders. kmmmm@nmmoﬁmmmpmw
(r13. 2).

The Keystone district 1s in a maturely disaected regicn that consists
aAdmost entirely of foreated slopes. Valley dottcms ave marrov; the widest
is about 500 feet vhere Battle Creek passes through Keystone.

The highest altitude 1is 5,356 feet at the top of & peak in the SE 1/h
sac. 26, & miles oorthwest of Keystone. The lowest is about 4,150 feat where
Iroa Creek leaves the area in sec. li.

The largest streem is Battle Creek, which flows 3. 75° 3. scross the
area (fig. 3). It is Joined by Grizsly Bear Creek at Kaystone. The southern
part of the district is drained by Iron Creek. Iron Creek enters Battle Creek
southeast of the sepped area, and Battle Creek ultimately eaters the Cheyenne
River.

The forests comsist rredoninsntly of Poudeross ploe. Serub oak growvs oa
meny slopes. Aomwbimhmcmmnlmnmn.



The total permanent population of the Keystone distriet is asbout 40O
persons, neariy all in Keystone itself. The chief industries are mining,
M,MM“W. Mining is mosily for pegmatite minerals, but
gold mining and tin prospecting have been importsat in the past. The lumber-~
ing industry depends entirely on Ponderosa pine. The major tourist attree-
tion in the area is the Mt. Rushwore Haticunal Memorial, 2 miles west-southwest
of Keystone, wvhere the heads of Washington, Jeffersoa, Linecola, aad Theodore
Roosevelt have been sculptured om the mountainside.

munmmmwmmmms.xwmmw.
A spur line of the Chieago, Burlington, and Quiney Railroad carries oaly
freight.

Bapid City, 25 miles by highway to the northeast of Keystone, is the
economio center of western South Dakota. The populstion 1is sbout 35,000.
Rapid City is served by the Chicago and Northwestern Rallway, the Chicago,
Hlvaukee, and 3t. Peul Railroad, and Western Air Lines.

History

The earliesat recorded entry of white men into the central part of the
Rack Hills vas an expedizion led by Lt. Col. Gaorge A. Custer in 1374,
Cold was discovered neer the site of the present city of Custer (f£ig. 1)
by Horatio N. Foss, ons of the menbers of the Custer expedition, and a rush
to the Black Hills bezan shortly thereafter. The first major settlement,
astablished in 1375, was aomed Custer. Gold was discovered in Deadwood
Gulsh late in 1875, and the ares around Leed and Desdwood in the northera
Hack Hills beasme ths eentay of zreatest interest.



The history of mining in the scuthern Elack Hills has been deserided
1a many publications.. Coanolly and O'Harra &/ wrote the priocipal general
reference. Page sud others ¥ sumarized the history of pegeatite mining
in the Black Hills through 1945. Newton aad Jeuney 3 presented an secount
of the original gold diseovery and the first prospesting and mining.
Allsnan %/ summarized the history of gold mining throughout the BElack Hills.
Sterrett 2/ described the early mies mining, espeetally for the years
1906-1911.

Gold prospeeting in the Kaystone ares doudtless began in the late
1570's, but the first significant mining wes at the Keystone mine, which was
not discovered until 1391. Gold mining continued watil 1903, dut little
wvork has been done since then. The Bullion gold mine was operated for a
ahort tine in the sarly 13520's, but the chief product was arsenic. The com-
bined Eaystone and Holy Terror mines were worked for a while prior to World
War II. 7The only work since World War II was at the Juniper mine.

1/ Connolly, J. P., and O'Harra, C. C., 1529, The mineral wealth of the
Black Bills: 8. D. Sehool Mines, Bull. 16.

2/ Page, L. R., and others, 1953, Pegnatits investigations 1942-1945,
Black Hills, 3. D.: U. 3. Geol. Survey Prof. Paper 247,

“m P b6,

3/ Bewton, Henry, sad Jammey, ¥. P., 1330, Geology and rescurces of the
Black Rills of Dekota: U. 3. Geog. sod Geol. Survey of the Roeky
th.&gicn.

&/ Allsman, P. T., 1940, Reconnaissance of gold-umining districts ia the
mm; 3., D.; U. 8, Bur. Mines Bull. mt

5/ Stervett, D. B., 1923, Mica deposits of the United States: U. 3. Geol.
Survey Aull. 7Th0, p. 289-302.



The original discovery of lode tin in the Black Hills ves made in 1383
atmmmmuuymmmljkm.lé(m. 3} From 1884 to 159
there vas a great tin prospeeting boom in which the major compeny was the
Harney Peek Tin Mining, Milling, and Manufzeturiag Company. This compeny
speat more theas $3,000,000 ia the scuthern Hlack E{lls, yet produced less than
5 tons of metallie tin 2/, The Stta pegmatite vas oue of the chief deposits,
but other peguatites in the Keystone distriet doubtless were prospected for
tin. 3ince 1354 there has beea virtually no exploration for tinncarK;yam.

The first major pegmatite mining in the Black Hilla wos for sheet mica
between 1879 and 1834, Most of the mining was ia the area around Custer,
and production from the Keystome district vas meager. |

Spodumene was first nined from the Ztta pegmatite in 1893; this dats 1s
ordinarily taken as the bezloning of lithiua mining in the United States.
mxtummummntdmam”mmmﬂymrywu
since 1t wes first opened.

Axblyponite, espeoially from the Hugo mine, wes the ehief lithium mineral
produced betwesn 1303 and 1516, The Hugo mine was a3lso a source of tantalite,

The first potesh falisper mined in the Black Hills vas obtained in 1923
from the Sugo pegmatite by the Xeystone Teldsper and Chemical Company. The
sane company began mining the Peerless pemgmatite for scrap micas and potasn
faldspar in 152k. This company's Peerless operation has continued to the
preseat day; the most important products have been scrap mica, beryl, and
potash feldspay.

1/ Besdden, W. P., 1906, Mineralogical Notes, Ho. IXI: Colo. 8¢i. 3oe.,
\ L 3, P 169-

2/ Hess, ¥. L., 1908, Tin, tungsten, and tantslum deposits of Scuth Dekota,
umnmumzommmm 1508: U, 8. Geol. Survey
ﬁ:?*ly“'135‘



The Rugo pegmatite was lesssed to the Consolideted Feldsrer Corporstion
in 1929.. In subsequent years this company, nov a depsrtment of the Inter-
sational Minerals sad Chemical Corpormtion, decams the largest pegastite
uine cperator ia the Hlsek HSlls. It bullt a feldspar grinding pleat at
Kaystons that was opersted from 1529 uatil it was destroyed by fire in Feb-
ruayy 1957. The largest sources of potash faldspar have been the Hugo, Den
Pwtoh, and Hesnard pegmstites mined by the Consolidated Peldspar Corporation,
the Big Chief pegaetits mined dy the Consolidated Feldspar Corporation and
by other opsrstors, tbe Eod Ingersoll mine operated by the Hlack Hills Key-
stone Corporation, thae White Cap pegmmtite mined by the lLithium Corporstion
of ‘nerica and others, and the Etta mine opersted by the NMaywood Chemical
Campany. Many ssmller deposits heve also been worked.

World Wer II marksd the start of & very active period of pegmmtite
mning in the southern Hlack Hills. The principal products between 1942 and
1955 were potash feldspar, lithium minerals, deryl, sheet mica, and scrap
mica. Sheet mica vas of grectest importsnce ia the Custer district, es-
pecially betwesn 1942 and 1945; searcely sny sheet mica has been mined in
tbe Keywtone district,

The principel chanzge in the pegmatite mining industry at Keystone
aince 1542 hes deen the greet inecrease in lithium sod beryl mining. Serap
nlca has coutinned to be produced. especially from the Peerless ming. Potash
feldsper was mined from meay pesmatites. The large deposits at the Hugo,
White Cap, and Dan Petch mines have been virtuslly exhsusted.

The Edison wine, like the 2tta, becams & major source of spodumens.
The Lithium Corporation of Ameriea built a siank-float mtll at the Edison and
vigoroualy mined the deposit from 1548 to 1950, vhen all the spodumene thet
could be chtained by mechanized open pit methods had been mined. The Black



Eills Keystone Corporstion mined lspidolite from the Bod Ingerscll No. 1
pegmatite, espeeially detween 1933 and 1945. Spodumene has heen mined st
the Bob Ingersoll Fo. 2 pegmatite, snd alec at the Dyks lede end Hugo mines.

The largast sources of beryl have besn the Bob Iagersoll and Peerlesa
mines, each of which has prodused more than 500 tons. Other sources have
been the Hugo, Dyke, Den Patch, White Cap, Big Chief, snd meny smaller
pegmatites. A

Production figures for the Kaystone district have never besn reported
separately from the rest of the Black Hills. Nevertbeless production data
mmmmmmt,wmmmy,mum
used to compile the figures showa below.

Estimated produstica of pegmatite minerals through 1955, Keystose distrist

Mineral Tons
Potesh feldspar 300,200
Serap mica 13,000
Beryl 1,700
Spodumane 60,000
lepidolite 8,200
Amblygonite 6,300

The total velue of these minerals probably has been between 6 and T
million dollars. In additiom, the gold produstion probably has been between
1.5 and 2 million dollars, mostly from the Holy Terror-Keystoue group of
claimy. Through 1955 this district has probdably produced about cne-fifth
of the world‘s lithium and 2 percent of the world's deryl.

1/ Page, L. R., and others, 1953, Pegastite investigations 1542-1345, Black
Hills, 3. D.: U. 3. Geol. Survey Prof. Paper 247.

2/ Allsman, P. T., 1940, Becommsissance of gold-mining districts in the
Mm; 8. D.: U. 8. Bur. Minass Jld. m, P 92"933



Ceclogle Investigations

The earliest gealogie investization of the Precembrisa core of the
_Hlack Hills vas ia 1575 by Hewten sad Jemneyl/. Their report costains the
first desoripticn of a soned pegmatite in the Msck Hidls 2/,

During the succeeding yesrs & largs body of zeclogle literature hes
béea sssambled ou the Mlack Eills. Only the prinefpal articles concerning
metamorphic rocks and pegnatites will be mentioned here.

mmyﬁummmmn%ﬁmamtmtm
chiefly cn the petrogrsphie charasteristics and metamorphiam of Precsmbrian
roeks.

¥. H. Derton and Sidsey Paige 2 between 1500 and 1315 mede s geologic
map of four Yeminute qusdrungles that mzmmmmcmmmm.
Their report is still the principal reference on the gassral geology of the
Black Hi1ls. The geoloxy of the metomorphis rocks in the soutbern Black
Hills was mepped with less precision than in the nowthern Black Hills, and
the structure vas worked cut only in 2 generslized fashion. Hevertheleas,
the distribution of the meteamorphic snd igneous rock types vas shown with
considershle sqeurscy. Paige 2/ described the pegmatitis charvester of the

1/ Bewton, Beary, and Jenny, W. P., 1800, Geology and rescurces of the Hlsck
Eills of Dakota: U. 5. Geng. and Geol. Survey of the Roeky Mta.
Reglon.

g/ m, P Tl‘

3/ Van lise, C. R., 1890, The Precambrian rocks of the Elsck Rills: Geol.
Soo. America Bull., v. ), p. 203-24h.

b/ Darton, N. E., and Paige, Sidney, 1925, Cantral Rlack Hills, S. D.:
U. 8. Geol. Survey Geol. Atlas, folio 219.

.5/ Paige, Sidoey, 1925, Precaudriza rocks: in Darton, ¥. H., snd Paige, Sidney,
Can:m BReck HEillg, 3. D.: U. 3. Geol. Survey Gecl. Atlas, follio 219,
P »



so~called granite around Haroey Pesk, and was the first to emphasizas the
layering of this rock. He stated that the granitie rocks asme ianto thelr
present positicn by distention of the clder rocks under grest pressure %/,
and this conclusicn has besn generally sccepted by later workers.

J. J, Bunner and his asscciates wrote a seriss of reports from 1921 to
lwmmmmmmwwm«‘mmxm. Part of
wiis wark ves southeest of Lesd in the northern Hlack Mils 2/, Ruzner &/
mmm,ﬂmmummmmnm,mwmmm
of the rocks around Harney Peak. mmﬂmseaamummmu
thesis on the geology of the metamorphie rocks in the Eeystone diastrict, but
his map showed stretigraphic and strustural relztions iz only = gemeralized
fashion,

i/ Paige, op. eit., p. 5.

2/ Bunner, J. J., 1921, Bvidences of an unconformity within the Precssbrian
of the Black Hills of South Dakota (sbstract): Geol. Sce. America
Bull., v« 32, p. 37-33; and 193, Presagbrisn geclogy of the JYemo
mtﬂet?;gmmk Hills, 3. D.; Aam. Jour. Sed., 5th ser., v. 28,
»e 353376,

Berz, 7. R., 19546, Precsmbrian geology of the Calena-Roubaix distriet,
Rlack Hills, 3. D 3. D. Geol. w, w. Inv. 52.

3/ Bunner, J. J., 1928, Intrusion mechanics of the Harney Peak batholitic
granite (abstract): Geol. Soc. Americe Ball., v. 39, p. 136; =nd
1543, Strcture and orizin of Blsek Hills Precambrian granite domes:
Jour. W, Ve 519 P "31"557:

4/ Balk, Fobert, 1931, Inclusicns and follstion of the Harney Peak granite,
Black H11ls, 3, D.: Jour. W: v. 39, P 73&7&&0

5/ Bemilton, R. G., 1935, Precambrisn geology of the Eeystone distriect,
HRack Zills, 3outh Dskota; Univ. of Iowa FPh. D. thesis.



J. A, Roble\ani his collecgues in the Homestoke Hiaing Company made
detalled studles of the jeoiogy of the Lend eres 1a the northern Bleck
my. m:ymammmmmwmamw, 16 milss
south of lead.

Hgesy y wndertock 2 regional study of the pe;matites in the Keyestone
district. Ie 41d not. however, aske maps of any kiand to show t.‘us‘ relations
Letween pegmatite and countyy roek, aad his work on pagamtim wis ligited
almogt entirely to a miaevalogie study of perthite.
 Many gealoglats huove uede detalled studles of josmatites in the Xeystons
ares. Pezmetites of the Keystore district wers described by Hess in one of
threes papers published ty seologists of the United States in 1525 proposing
that pesmatites vere formed largely by mlacmt&/. In the same yesr 3

l &blﬂ) Jo Aug l?&& H..,ﬁhg!)’t&ih dikﬂs ia th& WSW m; Iead gu 304
Ceol. Soe. Ameries Bull., v. 59, . 927-939; axd 1950, Ore mizerale
ization ia the Jorestake gold mine, lead, 3. D.: Geol. So¢. America
w.; Ve &l; yt m'asao

Soble, J. A., anxd Haryder, J. 0., 1543, Stratiseaphy and metamorphism in
a paxt of the aoythern Black Hillas 2ud the Homesteke mise, Lead,
S. D.: Geal. Soc. Americs Bull., v. 53, p. 1-975.

Hoble, J. A., Haxder, J. 0., nod Slanghiter, A« L., 1349, Structwre of &
part of the northern Zeck Tills and the Homestake mine, Lead, 3. D.:
Geal. So¢. Americs Bull., T 60, P ﬁl—Bﬁ’a@

2/ Haxder, J. O., 193k, W&a?m@ﬁwwaﬁ%&aﬁmﬁiﬁ
ralation %o the reglonal structure of the aorthern Mack Hills:
- S. Br m m Ea :’!o theiu-

Y Wgsey, R. A., 1549, Petropenesis of perthite pesmtites in the Black
Hills, 3. D,: Jour. Ceology, ¥. 57, p. 555~531.

ym,f.z.,zm,mmmMamwmmm Eng. and Min.
Jour. ~ Press, v. 120, p. 209-293.

Landes, K. K., 1525, The pearazensis of the zrsnite pegmatites of central
Meine: Am. Minerologist, v. 10, p. 353-k11.

Sehaller, W. T., 1925, The zeuesis of lithium pegpatites: Am. Jour. Sei.,
Sth ser., v. 10, P Wg;



deseription of the Etts peguetite vas published by Sobwsrts . mmortly
thereafter Ianiss 2 published sa article on the petrology sud mineralogy
of the Bod Ingersoll, Peerless, Btts, and Hugo pegmetites. Many less sig-
niffcant articles published between 1584 and 1944 descrided various sspects
of the geology of Keystons pegmetites. |

In the ysars since 1942 most of the geologic work dome in the Keystons
digtriet has bteen by the U. S. Geological Survey. Several mineralogic studies,
however, have been mads by other organizations. m&mmuyam
Geophysieal laboratory, Carnezie Institutiocn st Washingtou, measured the in-
version tesperature of quarts from various types of pegmatites and from
verious uaits of soned pegmatites. r.z.my,mmmmweu
of the University of Wisconsin, mede fluid inclusion studles of specizmens froa
soned pegmatites. Still more reseutly Grootemsst and Holleat 2/ of Primseten
University determined the potsssium and sodium content of samples of muscovite
from all sones of the Pesrless pegmatite, and discussed the genetio sigaifi-
csnce of their results. Nortan perticipated in the fisld work of esch of
these investigations iu order to designste the structural position of the
specimens vithin the various pegmatites.

1/ Sehwarts. 4. M., 1525, Geology of the Etta spodumens mine: Zson. Geology,
Ve m; ’t mg'

2/ landes, K. K., 1925, Sequence of mineralization ia the Ksystone, 3, D.,
pegmatites: Am. Minerelogist, v. 13, p. 519-530, 537-558.

3/ Eaith, M. L., and Tuttle, 0. P., 1952, 3ignificance of variation in the
high-low inversion of quarts: Am. Jour. Sci., Bowen volume, p. 233-233.

5/ veis, P. L., 1953, Fluid inclusions in miserels from soned pegmatites of
the Hlackx Hills, 3. D.t Am. Minerslogiss, v. 3B, p. 671-697.

5/ Grootemmat, T. B., and Bollend, X. D., 1955, Sodius and potassium content
of muscovites from the Pesrless pegmetite, Hlack HNills, 3. D..
(M)’ Gool. Soe. Americe Bull., v. %; P 15&0



A progreaa of detailed strustursl study of pegmatites in the southemn
Black Hills was carried out in 1942-1945 wben L. R. Page and othar geologists
of the U. 3. Ceclogical Jurvey, including the present author, mapped pegmatite
mimmipmmatmofleéwmmy. Additional deteiled
mammmmummaz“

—

In 1945 the Gealogical Jurvey began mepping the geseral geology of the
priosipel pegoatite mining districts at schles of 1:10,000 sad 1:12,000. By
1955 spproximstely 110 squere miles uaderlein by Precasbrien rocks hsd been
wmapped in the Cuater, Rill City, and Keystone districts. Ultimstely the en-
tire aresa around Harney Peak will be mapped at seales of 1:10,000 to 1:24,000.

The work throughout the southern Black Hills was supsrvised by Norton
in 1949 and 1950, and agaia from 1954 to 1957. J. A. Redden was the project
supervisor during Norton's sbeence in 1951 and 13952. L. R. Page vas super-
umnml%?wiouahlghs'mmmmlgss.

m:hg?;mﬂmutmwmmﬂ@ﬂicmtm
of £ield work by Jorton in the Kaystone district. It is based larzely on
areal geologie mapping. Io addition, somes of the more ixportant data age
quired during detalled study of individual pegmstites have been used. Meta~
morphic rocks and pesmatites elsewbere in the southern Black Hills have also
been studied by Norton and his assoclates, and zress to the north have been
examined in recomaissance fashion. m:w}?ximmmmm

A re
Malmtarmbmkgmwthné

1/ Page, L. R., and others, 1953, Pegmatite investizations 19k2-19k5, Mlsek
Hills, 8. D.: U. S. Geol. Survey Prof. Paper 247.



The geclogis mep of the Keystone district (fig. 3) covers 13 square
milas at a scale of 1:10,000. Nost of the fiald work was done in the summers
MMwmwlﬁswmﬁs. Norten mapped about 10 square
miles wvithout assistance. He was assisted by J. A. Redden, P. M. Orvills,
P. L. Veis, sad J, B. Hanlay in mepping b square miles in secs. 9, 10, 15 to

17, and 20 to 22; by 2. B. langen, R. 5. Roedifer, and R. 2. Burms in mapping
1 aquare mile in secs, 5,7,3,3&939&1)33.6*?&71@8&6?‘&%1110
in mapping 2 square niles in secs. 1, 2, 35, and 36. L. R. Page mepped 1-1/3

square miles in secs. 29 ¢o 32. Certain unsolved stratigraphic and structural
problems require that additional work de done in parts of the mapped area, and
thus the geologic mep (f1g. 3) has not been entirely completed.

The U. 3. Bureau of Mines and the U. S. Geological Survey obtained diamond
drill records from 7 pegmatites in the Keystone district amdi 12 pegmatites else-
vhere in the southerm Hlack Hills between 1943 and 1353. The drilling was done
by private contractors. Norton did the greater part of the geologic work during
drilling at 5 of thess pegmatites, and participeted in the geologic work at 8
others. Part of the data obtained from drilling at the Rig Chief, Diamond Mica,
and Peorless pegmatites have been incorporated in this thesis. Specific data
obtained by drilling othey pegtatites will not be presented here, except inso-
far as thase data have been used with a large Dody of other ianformation that
alds in interpreting the geology of soned pegmatites.
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REGICNAL GROLOGY

T™he Kaock Hills is an elongate, asymetric dome ia which the Palsozalc
and Mesozols rucks dip more steesply on the esat flank than on the weat {lank.
The Prucoxbrian core 18 axposed in aa oval sres that s 0 uiles long in a
¥. 159 ¥. direction sad has 3 meaimum width of 26 miles. The schiats through-
out this area are hizhly deformed. Mmm‘mtmmiurmm
chlorite to the sillimanite zanes.

The geology of the Black Hills metamoaphic rocks is undersiood in datall
inoulyaﬁrytﬁam. Elsevhere only enough deta have been scquired o
explain the overall gecloglse reliations in & very gsmeralizsd fashlon, aod
the necessary datalled data sre not likely to be ssasesbled for many years o
come. Nevertheless, ia order %o odtain information that mey apply to strue-
tural, stratigrephic, and metamorphie problems in the southern Black Fills,
areas of metamorphic rocks elsewhere in the region have been examined, and
all svailshle published snd unpublished geclogic msps have beem studied. Duriag
the time that the Heystcne work has deen underway, geclogie maepping has slao
been done by J. A. Redden and others neer Custer and by R. G. Waylend nesr
Eill City. Continual efforts beve besn mads to correlats the zeclogy of
these three areas.

rmm_mo:mmmmkmm

The most thoroughly studled Precasbrian area for vhich there i3 a ;ub-
lished geclogic mep is in the vicinlty of Lead in the aorthera SBlack Hillas,
The rocks st lesd sre in isoelinal folds that plunge 10° to ks? 52.% Tne

ym‘; g, Ae, m, J. 9.,“131%@, A ch 19&9; Strusture of a
pare of the northern Bleack Hills and the Homgstoke ming, Lead, 5. D.:
Gecl. Soc. Amsries Bull., v. 60, p. 325.



WMme’amt&&maﬁww&lMﬁ. The
stratisraphic sequence cousists of six formstions described as follows by
mmmy,nmrmmmmmt: 1) Poormen formstioa
~ (possibly 2,000 feet or more}, 2) Homestake formation (200 to 300 feet),
3) Elltson formetion (3,000 to 5,000 feet), b) Northwestern formation (O to
possibly 4,000 feet), 5) Flag Roek formation (possidly 5,000 feet), and

6) Grizsly formation (possibly 3,000 feet or more). fheva.ge ordar 18 based
mmmmmmwmamwammwazmm
ammmm,mmmuwy.

The thicknesses siven for these unita are bused "on the sasumption that
the present shzpes of the folds in the rocks are a result of shear foldiag
mtmmrimnfomm"y. Consequently tbe thickness of each forymetion
is messured on the noses of folds parallsl to the axial plaze. This method
13 cbjeetionsble because it fails to take into sccount the jossibility of
flowege of material into tha aoses of folds and hecsuse the shear places aloag
Boble and Barder must have hsd difficulty in seleetin; nleces to messurs
thickasss. They zive the thickness of the Homestoke formetion as 200 to 300
faet, yet in meny places on their msp the Homesteoke formation forms o loag
thin nose in an igcelinzl fold, =nd a thickness of many hundreds of f{eet could
be mpasured paralliel to the axial plane. Noblas aod Herder fall to give the

1/ Hoble, 4. A., and Haxder, J. 0., 1943, Stretigrsphy and wetamorphisa 1a
a part of the norther:m Black Eills and the Homestsoke mine, Ieed, 3. D.:
Gesol. Soc. America m.; k 59; P W"m'

2/ Noble, J. A., parsonal comeunicstion, 195h,

3/ Moble and Hader, op. cit., p. k.



thickness of these units on the limbs of folds, and it 1s aifficuls to
estimate the figzures becsuse they also fall to provide zeologic sections.
emmm@mszmmywmmmmmm
the linhs is sbout one~fourth the thickness stated in thelr text. Furtber-
mre, the lishs of the major folds contais meay ssall drag folds that mey
cause the thickness as msesured on the map to de several times as mich aa
the actual thicimess. Thus the thiciness of the lead sections, ziven by
Hoble snd Barder &/ as at least 17,000 feet, zay be ouly 1,000 %o 3,000 feet
on the limhs of folds. Other workers in the Black Hills, ineludiag tha present
sutbor, bave messured thicknesses on the limbs of folds, and thus the figures
for the lead section must be couverted in this wsy before they aa be com-
pared vith thickness¢s in other sress. Regardleas of how the caleulaticus
are nads, the present thicknesses caunot de couverted to thickneases prior
%o deformation, and the most that cea be asked is thet the method of making
the caleulation be unifoam.

The Homestake formstion is the most dlatisetive unit in the lead area,
and it is also the key to solving many of the structural and strutigrophic
problems. Io the biotite zome of wetamorphism, the domestake formaticn is
ammmwmmmmmamrwwuzf
WMMymmmwy« memnatciaamemlevh
site, MOy msa mmwyamuba this farmtimasbeimg |
similar to the iron formations of the lake Superior reslom. frﬁmm&@gic;ly

e

1/ Boble end Harder, ap. cit., plate 1.
2/ Iiem, p. 4.
3/ aem, p. 36
&/ Idem, p. AT,
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1twwmemmmmw:my. Ia the garnet
mww—wmm&-mﬂy’dm@
schist. In this zone 1% is very similar to 3 unit consistiag predominently
of ampbibole sehist in the Keystone area, just east of the aorthwesterly
trending fault soos that pesses through Keystone (£1g. 3). In the Eeystone
district, as st lead, this unit contains pods and seams of quartsite that
prodadly was derived from ghert. The rocks on eitder side of this unit at
Keystooe are similay to the yocks on either side of the Homestuke formation
at Lesd, and a tentative correlstion based on lithelogy is suggested in
table 1.

Hoble and Earder’s descriptions of the lesd strutigraphie units jive the
characteristics of these rocis in the diotite zone of metamorphism snd then
mmmmmwnmwaw. In the
blotite zons the Poorsan formetiom, Deneath tbe Homestake formation, is a
gray phyllite consiatiag chdefly of quartz, muscovite. and ankerite. The
Zilison formetion overlies the Howestake formation, and is suoceeded by the
Horthwestarn, Flag Rock, and Crizaly formaticns. In the biotite zone the
and muscovite, but quartzite is sdhundant in meny plases. The Northwastern
formation consists of phyllite and schist contalning quarts, muscovite, sad
commonly biotite. The most evident difference between the Northwestern and
Ellison formations is the cbsencs of quartzite in the Northwestern. Where

1/ Jumes, H. L., 1951, Irom formstion end associated rocks in the Ircm River
distriat, Michigen: Geol. Soo. America Bull., v. 62, p. 251-266; and
1955, Zones of regional metamorphisam in the Preessdrian of aortheran
K:chli.mz Geol. Som. America Bull., v. 66, p. 1455-1433, especially
P- 75-

2/ Boble and Barder, Op. eit.



wuufmmmummmm,mm
formation is considered to be usksent along a presumed unconformity at the
bese of the Flag Rock. The Flag Rock conaists largsly of serisitic phyllite,
but also contains grsphitis schist, quartsite, and sideroplesits sechist.
The Griszly formation has phyllite consisting dominently of quarts sad
musoovite.

The biotite sone 18 in the southwesters part of the lead district.
Hotanorphism increases to the northesst through the gurnet sone and 150 the
staurclite sone. The rocks that were originslly argillagsecus tecome sarnst
and staurclite schists. The sideroplesite rocks become cummingtonite schista.
The snkerite~besring rocks mey contain homblends in the higher grades of
metamorphism, but the evidence is meoger, largely becsuse these rocks raxely
mmt&umwmatmmmy,

Tha lesd area also containg meny amphidolite masses that have been
Wwwyummm-m,m@wm.

Precesdrian Rocks of the Middle Part of the Kisck Hills

The lesd area is separated from the rest of the Blsck Hills Precsmbrian
mwwmmmuy. Nevertheless, rocks to the south and
southeast have been correlsted vith the lead section. AL Roehford, 16 miles
south of lesd sad 15 miles north-oorthwest of Hil) City (fiz. 1 shows the

ymﬁm,ay.ﬂt.,t&hlwy.%e.

2/ Dodge, T. A., 1942, Amphibolites of the lead ares, northern Hlack Eills,
8. D.: GCeal, S0c. America w», ¥ 53, P 561‘%.
3/ bartom, ¥. H., aod Paige, Sidney, 19525, Centrul Rlsck Hills, 3. D.:

u.s~m.ww.m;mm‘wmq



losation of Hill City), Barder ¥ mepped rocks that be eorrelsted with part
of the Lead sestion. East of Roshford snd southesst of Leed, Aumer 2 and
mymmwmmmmummmua
‘tequence of roeks thet is seversl tens of thousands of fest thisk. Noble
and Earder ¥ question the validity of this earrelsticn, but they oo have
recogaized rocks in this area that they think corrvespond to the lLead see-
 tton Y. In additicn, they have found a ok unit of thin-bedded ehlorite
schist sbove the Grizsly formstion that thay call the Uscle Sem formatioa &/,
The ‘geologlc Telstions slsevbers in the central part of the Mlack Hills
Precsabrisa core sve known ouly f3om the map by Darton amd Paige 1/ ant from
reconnsisssnce. Striles throughout most of this ares are north-nortivest,
and dips are steep. Derton and Patge Y/ show four large anticlines ol three
large synclises in geclogie seetions extending across the videst eres of Pre-
combrian rocks. These geclogle sections, though ecrrect in a broad and
generalised sense, do not adequately portray the structural complexity of thess
roeks. The rocks are isogliinally foldad vhervever the strasture csn be

1/ Baxder, J. 0., 193, Ceology of & Preeasbrian area at Roohford and its
relation to the regional structure of the northern Rlack Hills:
3« D. School ¥Minea 2. M. thasia.

2/ Runner, J. J., 1938, Precambrian zeclogy of the Nemo district, Hlaek
Eilll, 8. D.: Am. Jour. Sei., 5th ser., v. ﬁ; -1 353"378&

3/ Berz; J. R., 1546, Precunbrisn geclogy of the Calena-Roubaix district,
Black Hills, 3, D.: 3. D. Geol. Survey, Rept. Iav. 52.

b/ Op. eit., p. 955.

5/ Nodle, J. A., snd Harder, J. O., persoual commmicstioa, 195h.
&/ Baxdar, J. 0., perecoal csommmniestion, 1554.

1/ %. ett.

8/ lamm.



reoognized, as in the cutarops of the MeVey Burn extending from 3 to 3 miles
north af 211l City. larpe fxults may also exist. The atructural zrain of

the rocks in the MaVey Bum, for exsaple, is northerly, yet just to the
northeast a lithologieally different group of rocks has s northwesterly
trend; either faults, an unsonforwity. or veyy iatrieste folding are re-
quired to explain the obeerved relations.

Precsebrisn Metsmorphic Rocks of the Southersn Hlack Hills

The metemorphic rocks of the southern Black Hills are in many ways like
the rocks to the north tbat hove alreedy been deseribed. They have addi-
tional complexities, howsver, assooisted with the pegmatitic and grunitic
intrusives svound Harnsy Feak (£ig. 1). The isoelinelly folded rocks have
been deflected sxound and damed over the largey intrusives, ami many faults
have been recognised.

Yetemorphism snd Stretigrephy

The most couspicuous change in the metamorphic rocks from sorth to
south is the grest inoresse in grade. This incresse is from the chlorite
and biotite gones in the central psrt of the Presambrian core to the zaraet,
stsurolite, and sillimanite sones in the southem part of the Black Hilla.
The zaxnet lsograd is sdout 12 miles north of Harney Peak. Toward the west
itmﬂﬂhthm%ﬁﬁ%%%mﬂhmthtsmmmg
beneath the Paleozolo rocks. The change to 2 northwesterly trend carries
this isogred sround a smell granite body 9 miles west-southwest of Hill City.

The staurolite end sillimanite isograds form roughly coocentric curves
that pess, respectively, 6 and 3 miles north of Harmey Peak; the sillimagite
1sozred ts shows on fig. 1. The highest grade vocks sre sillimenite-mics



schists containing sillimsnite agzregates ss much os 1-1/2 inches long. All
of the Precambrian roecks south of Haraey Pesk are in the sillizanite zoue.
The srea eontaining sillimenite is 26 miles long and s mueh s 16 mdles
wide. The shape of the isogred indicates that if 1% could be extended be-
neath the Faleosolie cover, the total area of the sillimanite zone probebly
would bde at lesst twice as great as showm on figure l.

The close areal ssaocistion detween the high zrede metamorphie rocks and
the Barney Peak granitic and pegmatitic rocks lasves little doubt that the
agtamoyphism to garnet, staurolite, and sillimmuite zroades was genstically
related to the intrusicns. It is possidle that the lower grade rocks to
the north. containiag chlorite and biotite, were the produst of an earlier
and perhaps more widespresd swtasorphism, dut neither the data in the scanty
1iterature nor cbaervation of the Tocks themselves indicate the existemce af
aay conpelling evidance for two kinds or two pericds of metamorphism.

Quarta- and mice~bearing schists derived from thick clsstic and argillae-
esous Yooks are by far the mwt sbundant metamorphic rocks in the soutberan
Black Mlis. These renge in composition from micssecus schists to impure
Jgruaular guartsites. Over many large arees these rocks cannot de separated
{ato resdily distinguishehle strstigraphic units that are swall enouzh to
show the geclogy on & mep in a complete fashion. The querts-mica schists
mmnm-ummmm,mwmmwymwmm
morphosed cslearsous coucretions, but even these csanot be used as horizon
markers . memywmmmxmumm

1/ Bumner, 7. J., and Hewilton, B. G., 1934, Netsmorphosed calesrecus con-
cretions end their genetis and structural asigaificange: Am. Jour.
Sal., S5th ser.; v. 29, P 51‘&0 /

y Idem, P 53.



outur through seversl thousand feet of beds, and Redden 2 found them
distriduted through s thickness of 40,000 feet of schists in a single larze
syneling near Custer. Similarly, st Kaystome, lims-silicate nodules are at
meay horizons ia quartz-mica achists.

| In 2 faw avess, as i secs. 2 and 35 of the aorthwest part of the Zay-
stone district (£ig. 3), the quartz-mics achists ¢an be subdivided into smell
units. Interbedded units consisting of asltermating quartzose aand micacecus
bads gan be separated fyom Sore homogenecus rocks on either slde. Units rich
in zica and other alunincus mineruls, especially staurclite, cen be sepsretad
from adjacent units rich in quarts. In & fev plages, especially southwest
dmsmy,mmmnmmgzmamcwmmmmm
mepped .

Fortunately the southern Blask Hills alsc contain several highly dis-
tinctive units, ordinarily less then 70C feet thick, that have been recoinized
ia many places. These units heve lithologles that sugsest they were origia-
ally chemical sediments or fine-grained muds. largely on the bLasis of these
'mn,m@mnmmmwwmmzmnmumc
sequance abowe in tabie 1.

The lower part of this sequence is bDased larpely on the geoclogy east
of the northwesterly trending fuult sone that pegsses through Xeystone (block VI A
of £1g. 2; also see figs. 3 and §). The geology of this area will be dis-
cussed in detail in a later section VIR The structure here is
dominoted by isoelinal folds (£ig. 4), in which the older rocks are semersliy

1/ Bedden, J. A., 19553, Ceology of the Fourmile pegmatite area. Custer
County, 3. D,: U. S, Geol. Survey open file report NN
SR

2/ Iaem.
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to the soutivest, in the cores of saticlines, sad the younger rocks are
40 the northesst. The southwesterzmost uait cousists of quarts- and mica-
bearing schists showa in tables 1 and 2 ss the oldest unit ia the Keystone
district. The next unit consists mainly of smphibole schist with pods and
seans of quartsite, but also contains mica-graphite sehist. Lithologieally
this unit is similar to the Homestake formstion st Lead, and the two are
correlated in tadle 1. The most abundant minerals are cummingtonite and
quartz, as in the Homesteke formetion at Iasd. The highest grade parts
ummmmumwmy,mmmmm
are in the staurolite and sillimanite sones. H. L. Jomes 2/ desoribes sia-
ilar rocks from northern Michigan as consisting dominsatly of grunerite
(iron<rich cummingtoaite) and quarts in the garnet, staurolite, and silif-
manite zones. He shows that these rocks are astamorphosed iron formation
of his cardonate or nocu-clastic silicate facies.

The succeading unit at Keystone (sumber 3 on table 1) is exposed ia
block ¥ as well as block VI (figs. 2 and 3). The older part of this unit
has quartz-mies schist and quartsite similar to the Ellisoun formation, and
the upper pert has mics-garnet schist snd metsmorphosed iron formation
ammtomhmthonngMmy.

This unit 1s followed at Kaystons by quarts-mica schist and quartz-
mica-staurolite schist (numbder 4 of tuble 1) that extend over a wide area
in blocks V and VI. Lithologlieally this rock is very similsar to staurolite-
bearing schists of the Grizzly formation that R. G. Waylend hss shown the

1/ Robtle sad Earder, op. eit., p. 968-965.
2/ Jemes, 19555, op. eit., p. 14Th-1478.
3/ ¥oble and Barder, op. ¢it., p. M7-952 and 959-960.



author neer the railroad station in Deadwood, ntﬂnmrtmtda.c@
mmmwmmmy

At Kaystone there is at lsest one unit containing abundaut graphitie
schist with quartz-mices snd quarti-mica-~staurclite schist on each side |
(ounbers &, 5, and 6 of table 1). Similar graphitic schist has not been
mepped elsewhere in the Black Hills. Noble and Harder 2/ note that some
parta of the Griaxly formation are extremely graphitic.

The area southesst of Custer also contains rocks having similarities
to the lead sectica. Eare the older rocks are to the east and the younger
are to the vest. mmmtmamm"umt3(mul}hyapmh-
able fault.

The key to the sequence from units 6 to 9 of table 1 is the Oreville
formation. The type section was desaribed bymyatmomm
reilrced siding, 7 miles north of Custer. This unit consists predominantly
of thin-bedded biotite-garnet and diotite schists, dut alao contains beds
of quartzite and dexds of sehist rick ia microeline, grophite. or amphibole.
mmu-memammmwn(ﬂg. 3) probably be-
longs to this formstion.

The Oreville formmtion has also deen recognized in various parts of
the Hill City area. HNorth of Hill City the metamorphic grade decreases
until the garnet crystals are less thean 1 mm. across and the groundmess
consists of very fine-grained quarts, mica, and chlorite. Noble and Harder

1/ Op. ett.
_g/ u‘; P 952.
3/ Op. eit.



mmwymrmmmuam‘;wwm
Uncle Sem formstion, overlyiang the Grizsly formasion near Roubaix, 6 miles
southeast of lead. Specimens collscted by B. G. Waylsnd from this unit are
1ithologically the sane as the Oreville formatiom.

The Oreville formstion is in comntact with very quartsose schists iz many
places. One such place is in sec. 1 of the Keystone district (£ig. 3}, vhere
dotite-gurnet schist is ia conteet with a unit conaisting of quarts schist
and quartszite. The other side of the Orevilla formation ia in contact with
more micsceous sohiats in both the Custer and Hill City areas. ZSvidence for
the age order from truncated cross-bedding and a few imperfect examples of |
graded bdedding suggests that the quartzose schists are older and the miczeecus
schists younger than the Oreville. JFurthermore, the quartsose schiasts re-
'mmuhméatm,mmmwwmcmmrmm,
and thus would be older than the Uncle Sam and Orevills formations. For these
reasons the age order for units 6-9 of tedle 1 1a the best that can now be
suggested.

The upper three uanits cf table 1 are the Bugtown, Crow, and Mayo forme.-
tions dessrided by Bedden ¥/ 1n the ares west of Custer. The Bugtown forma-
tion has been traced into the area west of Hill City, but its relations %o
other quarts- and mica~rich rocks there are not known.

Ia the Custer distrist these three formations are axposed in & syncline
that plunzes 40° 3. 5% 2. Most of the exposures are oa the east limb of
this syneline; all dut a small part of the west limb is covered by Palecsoie
rocks. The structure of this syncline is BProught out graphically on Redden's

1/ Harder, J. 0., personal communication, 1348.
2/ Op. eit.



mywmm«wcmhmxmmmm«msm.

The Crov formation, though only about 200 feet thick, contaias & great varisty
of rosks: smphidole echists of various kinds, impure merble, cordierite-
biotite schist, microsline-biotite sehist. quarts-mica-feldspar schist, and
‘quartsite. The other two formstions--the Mayo above snd the Bugtown below
the Crowe~-gonsist mostly of quarts-mica schists. The Mayo formstion also
contains many beds rich i{n staurolite and gammet and a few beds derived from
grit and conglomerxats. Ths estimated thickuess of this series of three unita
is 40,000 feet; neither the top nor dottom are exposed.

A major thrust faul$ passing through Custer truncates the Rugtown, Crow,
and Mayo formations on the east lizd of this syseline. These three forme~
tiona have not been definitely recognized in any other part of the Rlaek
Eills, snd thus their age with respect to units 1-9 in teble 1 cannot de
known precisely. HReconnaissance to the north, however, sugiests that some
of the units 2-8 of table 1 may occur beneath the Mugtowa formation, and thus
the age order shown ia tabls 1 is suggested.

Structural Jeclogy of the Metamorphic Rocks

The rocks throughout the southeran Nlack Hills are isocliaally folded.
In addition, the isoelinal folds were deformed by later sross fulds, similar
to the cross folds at Lead 2/. The strike of bedding is north to northwest
and dips sre more than 50° in post of the southern Flack Hills. The Xeystone
district, as discussion on later pages will show, contains many isoclinal

1/ Op. eis.

2/ ZNoble, J. A., Baxder, J. 0., and Slaughter, A. L., 1549, Structure of a
part of the asorthern Rleck Hills and the Homestake mine, leasd, 8. D.:
Geol. Soe. Americs Bull., v. m, Pe 3R1-352.



folds that have plungss renging from nearly vertical, in the area northeast
of the large northwesterly trendiag fault, to relatively lov asgles in the
vest and southwest (fig. 4).

The large syneline west of Custer hes many swall iscelinal folds on
the liabs of the main fold. The isoelimal fold pattern is abowa bdest oa
Redden's map & by the distribution of the Crow formatica.

Elsevhere in the Custer area and in the Hill City ares isoclinal folds
have been mepped in many places. Plunges are generally betweea 30° amd 709
to the .south near Custer.  Plunges of isoclinal folds are at low anzles,
either north or scuth, in much of the H11l Clty erea.

The iscelinal folds are deflected arcund many of the larger masses of
pegmatite and greanite. In places domal structures have been formed in which
the isoclinal folds are recumbent. The largest dome {s in the area surround-
ing Barney Peek, where the strikes of beddinz snd schistosity are spproxi-
mately parsilel to the border of the main mass of granite and pezmatite, and
the dips are outward at moderste to low angles. Both Balk 2/ and Sunner &/
recognized these relations, and aseribed the doming to force of iatrusion of
the grenitie rocks. Thess relations are most apperent along the north edue
of the Harnsy dome. Strikes are northerly and dips are steep only about 5
miles north of the zgranite contact, as shown oh the mep and structure sections
by Darton and Paige /. As the area of granitic rocks is approsched, however,
the aversge strike changes to westerly and the dip assumes a low angle.

1f Op. ecit.

2/ Balx, Robert, 1931, Inclusions and foliatiocn of the Harney Pesk grauite,
Black Hills, 3. D.: Jour. Geology, ¥v. 39, p. T36-Th3, especially
ﬁaa 1 and P 73?'

3/ Raner, J. J., 19#3, Strusture and origin of Blsek Hills Precambrisn srenite
domes + Geology, v. 51, p. 831457, especially f£ig. 1 and p. 450-441.

y Op. eit.



In detail, this change in the attitude of iscelinally folded rocks
is meh more ecomplex than the necessarily generalized mapping by Balk sund
Romer could show. The changs may have been in large part doming caused
by foree of intrusion, but it was sssosiated vith faulting, vhich may also
have been caused by foree of intrusion. Faults have been mapped im the Eey-
stone alstrict (f1gs. 3 and b) on the northeast flank of the Harney dome,
aad also in the areas mapped by J. A. Bedden snd R, G. Wayland on the north-
wvest and southwest flanks of the Harney doms. However likely it may be that
there are also faults to the north {n the central part of the Hlack Hills
Precambrien core, the fact remains that they have not been recognized. Thus
it may De supposed that faults are more sbundant in the area around the
Harmey dome, and that the process of faulting wvas a part of the mechsnisn
of emplscement of the larze intrusives. The northwest part of the Keystoue
digtrict (figs. 1, 3, sad &) illustrates, fa detall, the structure of part
of the north flank of the Harney dome. It i3 true that the dips in mwch of
this sree are &t a low angle and the strikes are diverse, in contrast to the
steep dips and north to northvest strikes that are common elsewvhere in Eleck
Eills Preceambdbrian rocks. On the othar hand, this area is intsusely feulted,
and 1% seems likely that these and sizilar faults must be an important struc-
tural element on the flanks of the Harney domw.

Smaller domes elseavhere are either known to de sssociated with intru~
sives, or it may be suspected that unexposed intrusives lie at depth.
Bear the laorge pegmatites ia the 3. 1/2 see. 17 sud in sesc. 20 of the Key-
stone district, bedding is warped and partially domed (figs. 3 and 4).
Further east, in secs. 15 and 22, the schisss have a domal strusture that
mmmmwﬁ-wmmwmwnmm
surface.



Sintlarly, south of Custer, bedding is deflected around larze iatru-
simy. A dcoe 3 miles northwest of Custer has & folded thrust faoult
wapped Uy Redden; sny assosisted intrusive, if present, is unexposed.

The structure nesy Bear Mountain, 9 miles west-southwest of Hill Ciiy,
umumwwyaummmmmzn.

Pegnatites of the Jouthern Kaek Hills

The pegmetites sud the so-called granite arcund Harney Peak are tha
oRt prominent geologic feeture of the southern lsck Hills. The concen-
tratios of these rocks is grestest neer Harney Peak (213. 1). The concen-
tration decresses sharply to the northeast toward Keyatone and to the northwest
toward Hill City. These intrusives are adundant, however. in much of tie azes
south of Harney Penk, extendinz as far es the Paleogfaic contact.

Romenclature

Rock nsnes.--The granitic roeks of the southera Black Hills have teea
divided into pegmatite and Harney Peak grenite in the published litersture.
but 00 attempt has deen made to define a distinetion between the two & .
Several suthors have stated that the so-called granite has many of the

1/ Bedden, op, eit.
2/ Rumer, 1543, op. eit.. especislly £ig. 1 and p. Ml.
3/ Puige, Sidney. 1925, Precambrian rocks, ia Dartoa, N. H.. and Pnise,
Sidm; Central mm; 8. D.: U. 3. CGesl. Sumy Geol.
Atlas, folio 213, p. 3-5.
Bunner, 1943, op. eit.

Page, L. R., and others. 1953, Pegmatite investigations 1942-1345 3Blsek
Hills, 3. D.: U. 3. Geol. 3urvey Frof. Paper 247.



charaeteristiss of pegmtite /. Paige. for exsmple. saia ¥, "ween of
the granite is 30 very ccarse grained that it may be called pesmatite.”

There are all gredations from intrusives that consist virtually en-
tirely of pegmatite to intrusives in which true, coarse-greined pegmstite
is a minor constitusnt. Or, stated another way, there are all gredations
from intrusives that consist predominantly of leucocrutie soda granite,
or less commonly aplite. to thoss containing almost no roek that can come
positionally or texturally be ealled either sranite or.aplite. The contacts
betweoen thess varieties of rock are gredaticual; commonly the sradatica is
aver a distance of several feet, but in other places it is over a distaace
of only a fraction of an inth. Contacts may be planar or highly irregular.
In many places a cantact could be drswn, if one were 30 iaclined, dbetween
a “granite” groundmsss and "pegmatite” consisting of a single larze crystal
of perthits. Furthermore. the groundmass could be subdivided into "zranite”
and “aplite” with gradatiounal and highly debatable boundaries. !fany Hlock
Hills pegmatites that have teen videly descrided in seclogic literature--
ingluding the Etta aod Peerless, which have never Leen called snything dut
pesmtita--contain units of "zranite” or "splite”.

Thus, this problem of nomenclature gan d@ resolved into the simple
question of whether to uss one rock name or as many as three names for whot.
in any prestical sense. is o single rock. Henceforth in this thesis the

1/ Paige, op. ¢it., p. b,

Sahwartz, G. M., 1925, Geology of the Etta spodumens mine: 3Zson. Geolowxy.
¥s ﬂ, Pt &80

Rumer, 1543. op. eit., p. 447,
Page and others, op. ¢it., P« 6-T.
2/ Paige, op. eit., p. &.



nane pegmatite will ordinerily be wsed. All of these roceks. considered in
cuterop rather than hand specimen size. have the great range in grala aize
mthmﬁAmﬁuy. Plagioclase 1s more sbundunt then
potassic feldspar; this 1s true of most of the pegaatites the author hes
seen in Jouth Dakota, Coloredo, New Mexica, Herth Carolina, Virginie, and
Outario, yet the converss is true of normal granite 2. Tourmaline and
garuet are the dominsat dark minerals. BRBiotite is the only dark minersl in
these rocks that is typleal of granite; biotite is not caly uncosmon, but
whare 1t cceurs at all, {t is ordinarily in crystals move thes 1 inch serces,
and in some places more than 1 foot seross. Ae a matter of semuntics. it
seens doudtful if any name but pegmtite means s rock of this sort to most
gealogliasts. .

"Pegmatite” 28 a structurel term..-An additiomal difficulty in nomen-
clature is introduced Dy the widespread practice of using "pegmatite” aot
only as a rock neme, in the petrogrephic sense, Lut also in reference to
a body of roek, in the structural sense. The usege is essentially strus-
tural when authors dessribe "hamgenecus” sad "heterozensous” pegmatites o ,
”mmwmm”y,"mmmu;mwmm

1/ Stokes, W. L., snd Varnes, D. J., 1955, Glossary of selected ssologic
texms: Colo. Sei. See. Prog., v. 16, P 10k,

2/ Turner, ¥. J., and Verhoogen, Jean, 1951, Igneous end setamorphic petrology:
Hew York, MM%., Im., Pe 65#

Johannsen, Albart, 1932, A deseriptive petrogrephy of the izneous rocks,
v. 2, The quarta~beering rocks: Chicego, Univ. Chicago Press, p. 124,

3/ Johasten, ¥W. D., Jr., 1945, Beryl-tantalite pacmatites of northeastern
Bruzil: Geol. Soc. Ameriea Bull., Ve 55, p. 1025.

y m’ 2. K., mg D. “t; m; A. 3-, hy, 3. I wﬂ, v. 3.,
and Stewart, G. W., 19545, Strustural and economie characteristics of
New England mica deposits: Econ. Gealogy, v. 40, p. 373.



pegmatites” &, "tne Evta pegmtite” 2 or “Pegmtite 537° V. These rock
mmum,m,'mm,wmm,
pipes, or in many more irregular forms. The ouly availsdle all-inclusive
strustursl term is "psgmesite”, unless one vishes to use the frequently
aviverd terms “pegmutite body” or "pegmstite mass” 4. Inssmuch as the
ccutext can ahow clearly whethey the petrographis or strugtural sense is
iﬁm'mm”mu“mhwvi&mmum
]

Pegmatite units.~-A vell-defioed terminology hes been established in
mmt&t&%&n&ﬁa"mmm’yer%mm
pecmetites” ¥/, The daftnitions are ss follows, from Cameron and others L

“The lithologle and structural units found within peg-

matite Dodies differ in xdnerslogy or texture, ar both. Three
basie types of uaits are distinguished and are defined as follows:

1. Freeture are units, gensrally tabular, that
£ fractures in previously consolidated pegmatite.

2. Wa‘mummw
pre-existing pegmatite, with or with-
out obvicus strusturel comtrel.

ym, K. 3., JM; 3‘3.,. Wt, A. l!., MM; L‘R" 19&9, In-
terzal strusture of gragitie pegmatites: Deon. Geology Mon. 2.

g/ Sehwarts, P “‘(’ P 653.;

3/ Steats, M. H., and Trites, A. ¥,, 1955, Geology of the Quartz Creek
pegnetite district, Guanisoa County, Caloredo: U. S. Geol. Survey
Prof. m %5; P Stn

L/ Jabus, R. B., 1955, The study of pegmmtites: Bcon. Geology, Fiftieth
Amiversary Volume, p. 100.

2/ Cameron snd m; ms, P Qigog - 372-373.
€/ Johnsten, op. eit., p. L03-1025.
1/ Csmeron and others, 1949, op. eit., p. 1k,



3. Zones sre successive shells, complete or incomplete,
mtmmmummmpnrmm
of the pegmatite body.  Where ideslly develcoped,; they
are concsatris about an innermost zone oOr core. Some
congentric units, however, sre not zo0es dut belong
in the categories above’.

Zotes have beun further classified into borxder zone, wall zone, iater-
nxiiate zones, and core secording to their position within a singzle
pecmatite &,

These terms vill be used in this thesis wherever they are applicable.
Exnmples of fracture fillings, replacement bodies, and zones are illustrated
in figures 6 and 7.

Grain-size classification.--Pogmatites have such variadle graia size
snd 80 meany large crystals thet it has been found desiradle to astadlish z
special grain aize classification for use in these rocks. The word 'pew~
ti%ie” is not sufficiently specifie for use la descriding texsures. The
size ¢lassification that wiil be used here 13 the zame as suggested by
mwm.nymmmzmmﬁwm {or aplitic)
eategory has besn sdded.

Vory fine-grained (or aplitis) Less than 0.1 inch (0.25 cm.)

Fing-grained 0.1 to 1 fach (0.25 to 2.5 em.)
Fedium-grained 1 to 4 inches (2.5 %o 10.2 em.)
Coarse~grained b to 12 tnches (10.2 to 30.5 em.)
Very coarse-grained More then 12 iachas (30.5 em.)

y m and m, 1%9, op. ci‘t., P 29-59.
y‘ Idem, - 28 16.



Types of Pegmtites

The pepmtites of the southern Hlsek Hills csn be ccavenieatly classi-
fied in three categoriss: (1) zoned pegmtites, (2) homogenecus pegmatites,
and (3) layered egmtites. All gredations between these cetegories can
be recoguized. Heverthelsss, this classification aids ia understanding the
Menmm,mubmm,m,mwucmm
types of pegmatite. |

Wtimtely & fourth eategory, perbaps eallad “leucceratic soda granite”,
o8y bde necessary for rocks that contain only & small quantity of coarse-
graloed material. These rocks cecur ehiefly on the socutheast flank of the
Harney dome. They have yet to be adequately mapped and deseribed, aod until
they are, they are best regardad as an extrems phass of what will bere de
¢alled layersd pesgmatite.

Zoned pegmatites.--The zoned pegmatites are the caes for which the three
varisties of pegmtite units--scnes, replocement dodies, sad fracture fillings--
wore originelly defined, Zones are the dominant units, as in figures 6 and
7 and in mny sape snd sections published by Page and others &/, Fracture-
£1111ng units are best illustrated ia the Big Chief pegmtite (fiz. 6); in
most other pegmatites fracture-filling units are smaller aid less sbundant
than in the Big Chiaf pegmatits. The best exampls of a replacement unit in
the southera Black Bills is in the Bugo pegmatite (fig. 7), which will be
discussed in zore detail on later pages. A similar replacement unit has also
been mapped in the Peerless pegmetite 2/, Elsevhere in the southern Black

1/ Op. ott.

2/ Sheridan, D. M., Stephens, H. G., Staats, ¥. H., axd Norton, J. J.,

Geology and beryl deposits of the Peerless pegmatite, Pennington
County, 8. D.: U. 3. Geal. Survey Prof. Paper 2UTA, in preas.

&



Hills the culy replacemeat units consist of irregular aggregates of quarts
snd muscovite that in part cut asross the sonal strueture; even the largeat
of these contain only a fev hundred tons of rock, and sdequats evidence for
a replasement origin is difficult to find.

Hining has been mostly ia the zoned pegmatites, and nearly all previous
studies have been on pegmtites aof this type. Hevertheless, the homogenecus
and layered pegmatites are fur nore numsrous.

genecus pegmatites is their lack of any conspiougus soning, layering, or
other internal strusture, alibough the grain size ordinarily inoresses ifaward
from the contact and very thin, fine-greined bordar and wall zonss zay be
recognizable. Nost of these pegaatites consist almost entirely of plazioclsae~
quarts-perthite pegantite in which the perthite cecurs as coarse orystals in
a fine- to medium-graiced groundmess that is chiefly quarts asd plagloclase.
A few of these pegmstites are made up of quarts-plagioclase-muscovite pessa-
tite. Fragture-filling units containing quartz, perthite, plagtioeclase, and
museoviie are 5o less camnon than in layered and zomed pegmetites; and segre-
Jations of coarse-zrained pegmatite or even poorly defined layering can Ye
found in places. Severtholsss, all of these structures are relatively in
siznificant in homogensous pesmstites.

layered pesmatites.--The distinetive feature of layered pegmatites is
the presencs of layers differin: in composition, texture, or both. Ordinarily
these lasyers are spproximetsly parallel to the contaet. The most commom
variety of layering is formed by coarser-grained lenses and layers, sonsist-
ing chiefly of perthite, quarts, sad plagioelase, surrounded by finer-grained
rock ia vhich plagioclase axd quarts are the dominent minerals. Qusatitae
tively, the projortic of these tvo types of rock rages grestly from one



4o

" intrusive to anotber and from one place to another in a single intrusive;
the aversge is about one-third ¢f the coarser-grained material to two~thirds
of tha finer-grained pegmatite. 4

In the coarser layers, crystals of perthite or graphic granits 4 inches
to 5 feet long are in a groundmass of quarts and aldbite-oligoclase in which
mgraﬁaimisommmwbeemnl/amzmm. In places, there are
very coarse-~ or coarse-grained leaticular to pod-like segregations of quartz-
perthite pegmatite or even quarts pegmatite.

Contacts of coarse layers are ordinarily gradational. Meany are so
vaguely defined that only by standing at a distance can one see that the
perthite-rich parts of the rock ars in layers or in parallel elongate aggre-
getes, On the other hand, a few contacts are so sharp as to suggest tiat
the cocarse layers are actually frecture-fillingz units eoncordant with the
layered structure, and that is vhat they may well be. In the outer parts of
aany of these, tourmaline and perthite crystals are oriented normal to the
contact with the sdjacent finer-grained layer; the same orientation is common
at the edge of fracture~filling units and at the cuter contacts of many pegnatites.

The finer-grained layers consist chiefly of quertz and aslbite-olizoclase,
but may have 5 percent or more microcline, muscovite, Or tourmeline. The
average grain size is ordinarily between 1/b and 1-1/2 inches. Some of the
layers, however, have an sverage srain size of less than 1/4 inch, commonly
even aplitie.

Hany of the fine-grained layers are divided into 3till smaller layers
diffaring from each other in the content of quartz, plagiloclase. muscovite,
tourmaline, or gernet. The aversge thickness of such layers is sbout 0.1
ineh. Some of these thin layers contain as much as 90 percent quertz, plagio-
clase, or muscovite; others have as much as 50 percent tourmaline or gammet.



.mw.mmmmmm"mm*mmm-
matite districts &/, | A

Many coarse~greined layers have offshoots that cut across adjesent fing-
grained rock. This evidencs for age relations cannot, hovever, be used to
show that ell of the coarse-gralsed rock is necessarily younger then all of
tbs fins-grained rock. Fine-grained laysrs near the centey of a pegmatite
moy wall be yoager than goerse-grained layers near the outer edge of the
suny pegmstite.

- Layered pegmatites also contain cross-cutting fracture-filling units
s much a8 5 fest thick coniisting of perthite-quarts-plagioclase, quarti-
pexthite, or quarts pagnatits. Maay of these freeture~filling units have
wall zones rich in museovite and plagicclase. These are, in effect, zoned
pegmitites within layered pegmatites.

Size of Pecuatites

The pegmatites of the scuthern Rlsek Hills renge grestly in size and
bhave o wide varisty of structural forms. The sasllest pegmstites are leanticu-~
iar agiregates, as littls as 2 inches in length, that are comeordsnt with
the achistosity of the wall roek. These very seell pegwmtites, however, are
 geusrally very nessr meh lavger latrusives, to which they may be tributary.
Pegmatites that wre far encugh from any other intrusives to be considered

1/ Seballer, W. T., 1325, The genesis of lithium pezmatites: Am. Jour. Sei.,
5& 8., V. 10, P 2?3!

Jehns, R. H., and Wright, L. A., 1951, Gen- and lithium-bearing pezuatites
of the Pals distriet, San Diego Coumty, Californis: Calif. Div. Mines

Special Rept. T-A, p. 22.
3teats, M. H., snd Trites; A. F., 1955, Geology of the Quartz Creek peg~
matite district. Guonison County, Coloradn: U. 3. Geol. Survey

Prof. Plpr %5} - 23"&-



essentislly independent are rarely less than X feet long or 2 feet thick.:
Pegmtites as small as this may be layered, bhomogensous, or zoned.

The largest pegmatites are layered. Probably the largest is the peg-
matite that forms Harney Peek; 1twbcuwmlhnndmtu£thickaad
cover ssveral square miles. Many other layered pegmatites are thousands of
foet long and more then 100 feet thick. Most of these are neer Harmey Peak,
mwmcmummmumimmmmmmmmaumpm
of tbe Kaystons district (fig. 3).

At least 90 percent of the homogeneous and zoned pegmatites are betweean
30 and LOO feet long and less than 50 feet thick. The three larsest zoned
pegmatites for vhich the dimensions beneath the surface are well known are
the Bugo and Peerlsss in the Keystone district and the Helen Beryl in the
Custer district. BKach of these contains at lesst 500,000 tons of rock, sad
the largest may have contained nearly 2,000,000 tons before erosion. JFew
other zoned pegmatites are as large as these, and it is clear that any zoned
pegmatite containing 1,000,000 tons of roek is unusual.

The largest homogeneous pegmatite is 2bout the same size as the largzest
zoned pegmatite. The Diamond Mica North pegmatite in the NE 1/h see. 17
in the Keystone district (£13. 3) bas been found by drilling to contain
approximately 500,000 tons of rock %0 & depth of 150 feet. The peguatite
is tear-drop shaped and pinches in depth. The tonnage beneath the drill



holes prodably is not grest encugh to make the total quantity of roek more
- then 1,000,000 tons. Ho homoganeous pegmatite elsevhers in the southern
Hlack Hilla 18 knowa to be larger than this.

Thus, it may be coneluded that in the southern Nlack Hills the largest
layered pegmatites are far larger thea any of the howogenecus or zoned

Shape sad Struetursl Belations to Adjscent Rocks

Pegmatites of the southern Blsek Hills cceur as aills and dikes, and
i{n many irregular forms. In a gross sense, most of the intrusives have o
Sabular to lentisular form, but in weny places they are ainuous, branchiasy,
or arcuate. The smaller Latrusives are commonly thickly lenticular, tear-
drop sheped, or pipe-like. Typisal forma are shown by Page and others &/
and the Xeystone seologic map (f1g. 3). Geologic meps of the Custer aad
Keystone distriat sbov that spproximstely 70 percent of the homogenecus and
layered pegmatites sre esseatially coacordant, 35 percent of minabls goned
pegmatites are concordant, and 90 percent of the 33 major sdines shown on -
figure 1 are iu coneordant pegmotites.

¥ost of the zoned pegmatites are thickly leaticular to tesr-drop shaped.
The upper end of a pegmatite is commonly blunt, and the lower part is thinly
tapering. One of the prominent charseteristics of these pegmetites ia their
zreat thilckaess in relation to other dimensions. The plase defined by the
intermediate and long oxes of nsarly all soned pegmetites is approximately
Farallel to the schistosity of the country rock. locally, however, combtacts
are eross-cutting. The plunge, or longest axis of esch pegmatits, iz 208t
commonly parallel to the plunge of nearby isoelinsl folds.

y Op eit., fig. 1.



Soma of the pegmatites that intrude competent rucks, especially ame
phitelite, bave dranching forms. An example 1s the Bull Con in the
SE 1/b sec. 9, ia the Xaystone dlstriet (fig. 3).

Irregular sultipls {ntrusives ave uncommon smong the zoned pegzatites.
The Ediscn, SBE 1/4 see. 9, is the only good exemple illustrated on the Key-
stose map (fig. 3). Page and others I/ describe this pegmatite =28 consist-
ing of st least six separste intrusives. Foundaries between the separate
iatrusives can be recognized by the presence of schist septa and by well
sones of adjscent intrusives in econtast with esah other.

Miltiple intrusives ars common among the larze layered pegmetites of
the HBarney ro:lon. Wy@mm&"muph 8ill structure”, and
was the firat to deseride it clearly as a structure that ia separate, though
sizilay in genernl appesrsnce, to what 18 hers called the layering of these
pegmatites. The complex outlines of these miltiple istrusives are 1llus-
trated in secs. 20 and 21 iz the southern pert of the Keystone district
(tig. 3). In sec. 21, for example, the map showe meny parsllel dikes coming
together to form a single mass conaisting almost entirely of pegmatite. Dis-
contiauous thin schist septa surrounded entirely by pegmatite can de Tousd,
wamma:nma,ummm“mmz.wzm.a(ﬂ&.3),
toey are not large esouzh to be mapped. These achist septa have the sene
attitude as the surrcunding country rock; none have been found that were
elesrly inclusions 43 s liquid and have attitudes bearing no aspparent relation
to the attitudes of structural festures in the wall rock.

y Q’- “t;, P .
y 99- 3‘"3 19@3, Do W3‘



Myltiple intrusive structures are common throughout the Haruey dous.
hMmmmmmmmmmiﬂmim,m
mmmm,mwwmymnmmhmmm
mwnmuwrmmmm These multiple intrusives are very
:mmummnbdbym-/mmmmmmmm
the Sierra Heveda betholith. They indicate, as Hoble concludes, that large
muulimmywbymmm:ahmin injection of many
soaller bodies.

Diatribution

The pattern of the distribution of pegmatites iz the southern Black
Hills is shown in figure 1. This map was compiled from geologic meps of the
Custer and Keystone districts and from aerial photographs. The area arcund
Harney Pesk containing 50 percent or more pegmstite and granite is in large
Mmmut&mm“mummmwmmmgj.
The rocks of this area may conveniently be called the "main intrusive”,
remembering, of course, that it actually consiats of many small intrusives.

Surrounding this central area there are approximately 15,000 pegmatites.
Isupleths on figure 1 show the distribution of these pegmatites in terms of
the mumber of pegmatites pey square mile; the mmber of intrusives ias also
approximately proportional to the size of the intrusives, and thus the
isopleths show in a gensral way the quantity of pecmatite at any place oa
the map.

1/ Hoble, J. A., 1952, Evaluation of criteria for ths forcible iatrusion
of magme: Jour. Geology, v. &0, p. 34-57.

2/ Op. eit.
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The shundance of pagustites decresses sharply aorth of Harney Peak.
To the south, however, pegmtites are videly distriduted. The grestest
covcentreticn of pegmstites is along & line that goes south-southwest from
Horoey Peak. It may de that the main intrusive plunges south-scuthwvest--
that is, that it was intruded upward from & podnt to the scuth-southwest of
Hurney Peak. nmnu,tﬁmmmwmmxmm
at the surface along a south-southwesterly treading line becomes appsrent;
these psgmatites would be in the roof sbove the deeply burled, plungiag
oein intrusive.

mm«mmrmkmnwﬂmmmwxm'
supports this interprwtaticon of plunge. The sillimexnite isogyed 1s neer the
a0rth border of the Harney dome, and metamcrynism drops off sharply to the
north. mwwmwummthomenintmun
sugzests thet 1t is dippdng steeply. South of the main intrusive, however,
a broed avea contsins sillimnite (f£1g. 1). Thus, in this region the
Wctmmzmnmmmeamny,mmw&
the main intrusive would have a correspondingly swotle iaslinatiom.
| Iayared pegmstite is characteristis of the areas on figure 1 containe
ing more than 50 pereent pegmatite. Amoang the sstimsted 15,000 pegmatites
outaide of these aress, however, howmogenacus pegmatites predominate, thoush
the layered variety ia comson. Approxinmately 150, or 1 percent, of the
total number of pegmstites are sonsd pegmatites. Thirty-three of these are
largs minabls deposits; each of which has been or could certainly be the
souree of industrial minerals having a total value of more than $100,000 st
1955 prices. The locations of these pegmatites are shown in figure 1 under
four cstegories, scecrding to their priscipal minerul products: (1) potash
faldspar mines, (2) sheet mica mines, (3) deryl-serap siea mises, and



(4) lithium mines. These larzs zoned peguatites. and many smeller ooes as
well, sre chiefly in the cutsr parta of the pezmatite-bearing region. Thus,
in & general way, it may de said that there iz a2 regionsl sonstion in the
distritution of the pegmatites: layered pegmutites tend t0 be in the center,
folloved by homogsneous poagmatites. end then by soned pegomtites in the
outer parts of the region.

Generalizations of this mowt sppeer widely in the pegmatite literature /.
The concept, as oxmiiaarily expressed, is thet a large granitic iatrusive ia
mmnmwmwmwwwmmm.
In such & simple forwm, thia ¢oncept can be supported only in s generalized
woy by any published map known to the suthor, Just as it is supported ounly
in & generalized way by ficure l. cmmmm?-/mw

"eovoregional zoning, if 1t indeed exists, is far from clesrcut.

There must be mueh overlapping of zcmes, for in many districts

several types of pegustites ocour side by side.”

“The concept of zonal distridution is appeeling ia its
simplicity,; bBut 1% may be that factors other than digtance

are of squal or greater importance in econtrolling the dis-

toidbution of types of pegmatites.”

The complications may be caused in part by chemical snd structural
fagtors that iaflusnoe the srystallizatioa history of any singles pegmatite.
Thess will be discussed in latar psges, vheres the seclozy of the Keystone
pegmatites vill de considered in sufficient detall to explasin, in some
degyee st least, viiy leyered, hosogeneous, and vericus kionds of soned
pemstites can ocour together.

The complisations may also be caused in pert by elements of the

regional) geclogy that ean be clarified by considarstion of figure 1.

1/ Beinrieh, B. W., 1953, Zouing in pegmatite distrists: Am. Mineralogist.
Y. ﬁ, P M&

y %@ Gi%., 1959, P 8.



Zoned pegmatites oecur chisfly between the iscpleths for O and 100
pegmatites per square mile. Mony of the soned pegmstites are ia & bels that
extends from Keystone wvest to Hill Clty, then zoes scutb-southwest, and
finally passes benesth Falecsolc roeks soutinmest of Custer. Zoned pogmatites
also oecur in & bdalt esst of the long aree of abuadant psgmatites that trends
south from Custer. This belt has s gensrslly northerly tresd, but aear
Custer 1% tums to the northeast along the south flsnk of the Harney dome.,
The mep suggests that zoned pecmatites should be found along the southesst
dide of the Hamey dome and also neasr the pegmtite-rich area in the south-
eagtern part of the Precasbrisn rocks. These avees; bowever, are iz Custer
3tate Park vhere mining and prospecting have aot been permitted for many years
mmmamw«wmmmwmm.'

If the isopleths of figure 1 sre plotured as contours deseribing ma
izaginery surfece. then it can De seen that this swrfuce contains many domes.
’ In affect, these domms are either cupolas in the top of the main intrusive
or they sye satellitis iatrusives.

The distribution of most of these domes 13 unexplainable in terms of
anything known about the pre-intrusion geclogy of the metamorpbie rocks. The
only izportant emseption is a thrust fault mapped by Redden aloog the esst
alde of the elongste doms south of Custer. This thrust fsult eoincides so
closaly with the east side of this dome that it must be related %o the dis-
tridution of pegmutites. ZEither the intrusive process wes in part ecatrolled
by the fault or the roek units west of the fuult vere more readily penetrated
by pegmatite fluids than those to the east.

Zoned pegmatites ars noat sbundast on the lover parts of the flsnks of
these domes, both around the main Harney dome and the meny smaller ones in
outlying areas. The O, 50, and 100 isoploths indicste that in many places



the lmaginary surface formed by the iscpleths has a low angls of slope snd
a gently undulating shape. In these places zouned pegmetites are found over
broed areas. Southesst of Xaystouns, for example, there are meny soned peg-
. matites 1a  brosd depresaion in the lsopleth “surface”. Simtlar, dut

lsrger, aress are southesst and southwest of Custer. The area southwest of
Custer 1s in a large syneline. Part of the reascn for distridution of peg-
wmmwmmmhmmmmuumm
vere dispersed cutward as they passed through the limbe of this synoline.

On the other hand, whese the iscpleths are closely spaced and the
“surfase” is very stesp, zoned pegmetites are concentreted in a correspond-
ingly narrow belt. This is true scuth-southeast of Custer and also south-
wvest of Keystone. The isopleths are very closely apeced on the north flank
ammm,mxzmuw,mammueumu,m
vory fow soned pegmatites vill be exposed. Agtually culy two zoned peg-
matitas large enough for mining have dbeen found in this area.

Fizure 1 also suggests a pattern in the distridbuticn of the various
economis waristiss of soned pecmatites, which for this purpose have bdeen
classified sgsording to their predominant minersl products, either potssh
feldspar, lithius xinerals, sheet mica, or serap mica sad beryl. Potash
feldapay, serap mics~deryl, and lithium mines are mostly detween the © and
S0 isopleths. All but one of the aine lithium mines showa on figure 1 are
sdjacent to stee) zredients in the isopleths. This may mesn that 1lithiume
riek fluids sre more commonly ejected from the sides of the source magma
than fyom the top.

On the other hand, all of the shest mica mines large enough to ahow
on figure 1 are scutlvest of the Harney area, and thus are presumsbly in
the roof of the sain intrusive. M«Mmhmmm



than 150 pegmatites per squore mile. These relations suggest that pegmatite
fluids that form zoned pegmtites containing shest miea are more likely %o

be sjected from the top of a source magma than from the sides, Water would =
- be likely to congentrats ia the top of the magme, aod sheet mica pegmatites
‘probadly ave senerally richer ia Gl than other zoned pegmatites. Furthex-
more.- the adundsnes otmum oear Custer sugyests a high temperature
snvircoment, wiich would favor slow cooling and the developwent of the

largs well-formed muscovite crystals thab are ehoractariastic of sheet niea
‘pogmatites, BDut are rare iz the sreas comtaiaing lithium pegmatites.

It is interesting to note that similar relstions have been observed
near Sheldy and Kings Mountalan, N. Car., ia the only other area in the United
States that contains both sheet mics and lithium pegnatites. The pegxatites
in that region are near the Cherryville gquarts mouseaite betholith, which
ammmwmm;mhapmmmmy. The apodumene
pegmatites of the Kings Mountain district are on the footwall side of thias
batholith, and the sheet-mica pegmatites nesr Shelby are on the hanging-
wall side of the datholith,

METAMORPHIC ROCKS OF THE KEYSTONE DISTRICT

The Keystone distriet conaists of intrisately folded metamorphic rocks
cut by many foults and intnxied by ortho-smphibdolite and pegmatite. In
mwammmummmmswmw,mmu
stone district has been divided into the seven struotural dlocks deslznated
by Bomen mumarels in figure 2; thres of these blocks have been subdivided
into smaller dlocks designsted by lastters. The borders of all of these

1/ Grifeitts, W. R., parsonsl commmication, 1956.



blocks are faulta. FProbably the largest of these faults is a great srans-
eurreat fsult along the boundary between dlocks ¥ and VI {(fizs. 2, 3, and
b}, dut many of the cthers are large encugh to cause diffieculty in correlating
stratigraphic uaits {from ane part of the diatrict to aacther.

The Keystons district coatalins msay tight folds, and in discussing
stretigraphis and structursl relations it will be coavenlent to use tie
terms left¢-hand folds™ and “right-hand folds”, oorresponding to the "siaistral’
and "dextral” folds of Wite aad Jehus . This verminology is based on the
common practice of using the ahapes of drag folds to determine the relative
mﬁm&mm. I2 an cbeerver looks weross sueh a fold i1 a
direction mormel to the sxial plsne cud notes that the beds at & dlatauce
moved to the laft with respect to the bads o which he is standing. tae Jold
is left-hand. Conversely, if the zovemmat waa to tha right, the fold is
Tight-hand, This termisology is useful caly ia plan; the corresponding
termizology that will be used lu section i3 “gast-over-west’ and “westeover
ecat”. Figure & has exsaples of left-hand folls uear the Ceater of sac. 5.
asd right-hand folds in the SW 1/4 see. 3. This terminology is similar to
mtmmwmg,fartmmtrm“.

3tretigraphic Jequence

The most satiafactory laformation that can be used to eatablish a
strotizraphie sequance in the Keystone district 1s to be found in dlock VI Al
Figurs & shows that the structursl pettern of this block is dominated by

1/ White, ¥. S., and Jahos. R. H., 1950, 3trueture of central and ecst-
cextral Vermont: Jour. Geology, v. 58, p. 197.

2/ Arﬂer;:n, E. N., 1942, The dynsmics of faulting: Edinburgh, Oliver cnd
yd, p. 55.
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Ail boundaries between blocks are foults

FIGURE 2.-STRUCTURAL BLOCKS, KEYSTONE DISTRICT
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left-band {scqlisal folds ca the west limb of a mejor syncline. The axial
planes strike in & sortherly direction; they are out off on the south by
the major transcurrent fault that separates blocks V sad VI (f1gs. 2, 3,
sad &}.
| The alder rocks of black VI A lie gsoerelly 40 the scuth and acuth-
vest 1a the cores of anticlines, sud tue younger rocks are to tha norta sad
northeast. The age relatious hieve besen estsblished by truncsted croes-
badding aeay the contact betuees the unit consisting of quartz-mica schidst
aud querts-mica-staurolite schist (unit & of tebls 2) aad the walt consisting
of mica~gsrnat sohist, peeudoconglomeyate, aud other rocks (unit 3 of
tuble 2). The best exsmples are on the ridge 1o the BB L/h 58 1/4 ses. 5
(£1a. 3). |

Along most of the scuthwestern boundary of blogk VI A the oldest ruck
unit exposed consists of saphibole schist. quartsite, sad a fow beds of
mica~graphite schiss (unit 2 of tabls 2). An older unit coasisting of
quartz-mica sehists, quartz-mica staurolite schist. and quarts-aica-sndalusite
schist 18 exposed in two places. Cae is in the northwest part of bloek VI A
ia secs. 25, 30, and 31. The other is ia block VI C, whare it and ihe am-
pbibole schist-bearing uait are the oaly rocks exposed. A thin discontiaucus
guartzite between these tuwo units is best exposed in sec. 31; it is shown
separately on the map (£ig. 3), but 1t is essentislly a part of the amphibols
schist.bearing uait (unit 3 of table 2). A similar quartsite on the other
side of the amphidoie schisti-besring unit is well exposed in two aress:
oear the Edisca mine (ses. 9) and nortbhwest of Keystone in see. 32.

The next major stratigraphie subdivisica (unit 3 of table 2) coasiats
of mice~-garnet schist, pseudoconglomerate, guartzite, gquartz-mica sechist,
and amphidale schist. This unit is exposed in a belt through block VI A
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that extends frem the north edze of the mapped area in ses. 19 southeast
to Xaystone and then south-¢outheaat to ses. 22. In detailed mepping ia
sea. 9, soutbeast of Xeystoas, it vas found that seven subdivisicas of this
uait ¢aa be recogalzed. The iscelinally folded traces of two horizons
shown psssing throush the center of see. 9 in fizure 4 are based on this
wapping; the subdivisions have not, howvever, beea plotted on figure 3.

The seven subdivision, in order from youngest to oldesi, or from east 4o

west, are:
Eatimated averace thickness

Mice~garnet schist, guarts-mica schist,
pesaudocoazliomerate, tnd quartzite . 300
fmphidole schist nad quartzite 59
Quartz-nieca schist and psewdoconglomerste 100
Anpbibole sehist asd quartzite | 50
Quartz-mica schist and pseudoconglomerste 100
Asphidols sehist snd quartzite 50
Quarts-mica schist _100

Total 750

mmmemmna(mtkdma)emuakm.
mica echiat and quartz-mica-staurolite schist exposed throush most of the
eastern pert of this block (fizs. 2 amd 3).

Units 2, 3, and b of table 2 are alao sxposed in bloek VI B, especiolly
ia sec. 10 (fig. 3). The strusturs) pattera (£ig. 4) indicates that they
are on the esst lizdb of a major synclina.

Units 3 and i are the predouinant rocks of block ¥ (table 2 snd £i3. 3).
Though the siruveturnl geology of this block is complex, ss later discussion
will show, the distritution of rock types sives evidense of vhat the
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stratigraghic sequence 3y be. The two oldest units recognized in loek VI
(units L zod 2 of table 2) are uct exposed ia bicek V. On ths other hand,
mmmmmmaﬁum,mmnmm
and quertzits (uadt § of tadle 2) are exposed in two plages: (1) near tis
intersectica of secs. 3, 9, 16 and 17; and (2) near tho intersecsion of
gees. 15, 16, 21 and 22.

The first of these extends for 0.4 ails east-uortheast of the Hugo mins.
This nay be the core of a synoling that is faulted on ths sast side (21gs.
3 and 4).

Uni% §, vhere exposed to the scuth in sec. 21 and adjacent areas, is
succeeadad on the southesat by quartz-mica schist and quarts-uica-staurclite
- schist desigated unit 6 i3 table 2. Units 4, 5, and § may correlate with
tag three units ia blosk II (figs. 2 and 3). I2 so, the lateral displace-
mz%%mmtfwlﬁkmblwkaﬁw&?hahw&%ﬁ&
miles. The camtral unit in block II ecasists chiefly of mica-graphite
schist, but also contains smpbibole schist and aderonline seilat. In both
blocks IT and V, the rocks to the south of uait 5 contuin more mica and
stourclite than do thoss to the north. ”

The relationship betweea the roeks in block ¥ sad the rocks to the
northvest presents troublescms stratisraphic problems. The southeastarn
pert of block IV (fize. 2 sad 3) contains biotite-gornat schist that can te
sorrelsted lithologieally with the Oreville formsiion. It hes alreedy been
ahown that geologic relations elsevhere in the HElack Bills suzgest that the
Oreville formation is younger than the sequence of rocks descrided in ithe
immediste vicinity of Keystouns (table 1).

The quartsoss schists that extend throughout block I and most of
block IV are so similar to each other lithologically that ihey probably are



stratigraphically equivalent. More mspping is aseded, however, in areas
to the north and south to damonstrete the zeologic relations between these
tvo Slogks. The deds of Block I have ocstarly strikes and high sagle dips;
the deds in dlock IY have northerly strikes and low aips. Some of the
schist 1a Block I is lithologleslly similar t0 guartz-mica achist in
Nock ¥, indicsting thst 18 mey be transitionsl between units 6 and 7.

The sugzestion thst thess quartzose sechists sre older thea the bictite-
garnet schist 18 supported by the ocnly sood cxmmple of truncated oross-
betding found in hloek IV (plate 1). The quartzose schists in block IV lie
above the biotite-garnst schilat (section AA, £13. 3). The truncated cross-
beddin; of plate 1 indicntes that the guartz schist is upalde down nsar the
ceater of see. 36. This is far from tho coatact with biotite~garnst sehiss,
howvever. and there pay be many small unrecoguized folds in the arez in
between, Thus, the evidencs from trunczted eross-bedding ia by oo means
conslusive.

Roek III contains micaceous schists similar to schists that have bean
found in the H{1l City area on the opposite aido of the Orevills formmbion
from the quartzose schists (table 1). Thus, these schists ere prodably
younger thsn the biotite-zornet sohiat of dlock IV. ZIhe rocks of blocek III
eongtitute unit 9 of tzble 2. These rocks have boen intensely folded and
faulted and they vere suddivided into seven units (see %adle 2 and fig. 3)
for ths yurpose of working out the structure and stratiraphy. Ultimetely
all of thess units prodably will be classified as memders of a single
formation. Imperfect examples of truncated eross-badding suggest that the
oxder of superpositica is probedly also the ags order of these units, but
conelusive evidence has not been obtsined.






Deseription of Roek Tvpes

The most abundant metasedimentary rocks of the Keystons district are
quarts~ aod mica-rich schists. These ocour in all of the waits shown ia
table 2, though they are relatively uncoemon in wits 2, 5, aod 8. Quarts.
ites ogcour in units 2, 3, 5, 7, and 9. Amphibole schiat is the predominant
rock of unit 2, and also occurs in unit 3. rmuuaem:-
acteristic rock of unit 3. Thin-bedded blotite-garnet schist is the chief
roek of unit 7. Grephitie schists are charseteristic of umit 5.

The only metamcrphosed izneous rock recognized ia the district coan-
sists of amphibolite. The larzwst body of ertho-saphibolite is in sees. 29,
x,maa; Wm&umwﬁomﬁﬁhsﬂmm‘

The rock descriptions thet follow will be zrouped according to rock
types rether than arrsaged ia stratigrephic sequence. The stratigrephy
i still not well enough known to Jjustify formel stratigraphic nemes and
deseriptions.

The rock descriptions are based chiasfly on megascopis examination.
Enough petrogrsphie study hss bteen done to De certain that the major miversls
heve been correctly identifisd. Sowe minerals, espesislly feldsper ney be
nOre common than the roek deseriptions indiests. The microscopie work has
been done by P. ¥, Orville and J. A. Reddex, as well as the present author.
Hore complete and detailed petrogrephic work to insresse understending of
netemorphismm in this ayes will be done at 3 later time.

Quarts- and Mica-rieh Schists

The quartz- and miga-rich schists consist shiefly of quartg-mica and
quarts-sica-staurclite schist. Other varieties include quarts schist, mics
schist, mica-garet schist, and quarts-mica-andslusite schist. The composition



renges from rocks that grede into quartaite to rosks that have 20 percent
quarts, 40 percent muacovite, 25 percent biotits, and 15 percent other
mingrels. Most of these schiats, bowever, are ia the range: quarts - 4O
to 65 percent; muscovite - 10 to 25 percent; biotite - 10 to 30 parcent;
feldspay -~ S5 to 20 percent; and staurclite « 0 to 5 percent. Oiher mine
ersls include endslusite (0-5 percent), sillimanits (O-1 perceut), gsmet
(0 to 10 percent), chlorite, tourmaline, grephite, sphene, zircon, sad
iroa oxides. The quartz and mices form a very fine- to nedium-grained
groudmsss containing porphyroblasts of staurolits, garmmet, andalusite, or
sillizanite. Schistosity 1a caused chiefly by the planar orientation of
mgmmummmmmmmmuw;msuam
rock thaa in the very quartiose schists.

Bedding is commonly maasive, dut in many places thin lamiase, 1 to
3 om. thick, ¢an be recognized by differences in the shundance of dark
adnerals, especially tiotite and graphite. These thin laminae may be crosse
bedding (pl. 1) or true bedding. Three of the subdivisions of unis 9
(teble 2) in bloek III (£iz. 2) consist of iuterbedded guerta-mica schiss
mmmuwu. The zicecaous deds have sn averasges thick-
ness of 1 foot, and the guartzose bads have aa averags thickness of 1.5 faet.

Garnst is the nost widely distriduted porphyroblastic minersl of these
rocks. Virtually everyvhere eubedral crystals of red-brown sarnet can be
found. The size 1s 208t commonly betweenr 1 and 3 zm.

Staurclite i{s more sbundant then garnet, but not so ubiquitous. It
occurs as porphyroblestic subedra, either singls crystals or twins, that
mumahxfzwmg,mmmmumyam.
The larzer stauralite crystala are in the more quartzoss rocks. Much of the
stauralite contains few inclusions of quarts, mica, and otber minerels.



Ia the southern pert of the area, especially near pegmatites,
staurclite hss besn peudomorphically replaced by miscovite, quarts, chlorite,
and Biotite. Where the peeulomorpiiam is complete, chlorite is concantrated
in the interior, muscorvite is richest in a 3cne outside the chlorite-rich
core, and Biotite forme a dark drowm to blask rim st the cuter edye of the

Andalusite is most common in the upper part of uait 1 (tzble 2), where
it oceurs ia lenticular aggvesates as much o8 & inches across gontaining
shundent inclusions of uarts and mica., The sehistosity curves arocund these
inclusions. Andalusits crystals o8 much a8 1 foot long have been fousd in
unis 3 (table 2) 1,000 faet acutheast of the Dob Ingersoll mine {sec. 6).

Sillimenite occurs ocaly in sggresstes 1 to 2 . acyoss in the soutbern
part of the aren. Thase aggregates also contais quarts and muscovits.

Lizme-gilicate nodules having the ahepes of triaxial ellipsoids are
sparsaly distributed thooughout much of these schists. They are 208t common
in quartz-rich’ beds, espeetally in inits 4 end 7 (table 2). These nodules
have bean deseribed by Rumner and Hemilton 3/, who show that they ere meta-
morphosed concretions. Rumner and Hamtltcs ¥ and Redden ¥ nave found thet
they ocour through a wide stratigrephic range. In the Keystone distriet,
such sodules may be concentrated at & relatively few stratizraphic horizons.
They am not sbundant enough to detersine how meny bhorizons there are, and
they bave aot proved useful in mepping.

3/ Runoer, J. J., aad Demilton, R. G., 193h, Metamorplwsed calcarsous cone
eretions and their zenetie and struetural sizaificence: Am. Jour.
&3“; 5“ 80T, Vo @3 P 51»"6&0

g Idex, pe 53.

3/ Beddem, J. A., 1555, Geology of the Fourmile pegmatite avea, Custer County,
3, D.: U. 3. Gesl. Swrvey open file report iRy
L ‘



The meximm leagth of the lang sxis of the allipscids is 2 feet, the
intermediste axis 1 foot, and the short axis 6 inches. Ths ratio of the
mdmmmmmummhswsawau,
mmwmm.mmmwmw. The long eaxis
is most commonly parallel to the plunge of nearby {soclinal folds, and thus
is in b. Cthers may be in a or in directions with less readily apparent
affinities. Presumbly thess conoreticas originally were more nearly equi-
Wmmmm,mm'wmmm
and plastic deformation duriag folding.

The minerals of these nodules show an imperfect szoming. The outer
part ondinarily contains biotite, quartz, saud sctinoliite. The predominant
sinerals in an intermediste scue are actinolite, epldote, quarts, and garmet.
The core consists chiefly of guroet, diopside, quarts, esleita, calcie
plagioclase, and clinogoisite.

The quarts- and mice~rich schists are the oost abundant rocks of units
1,3, 5,6, 7, and 9 (tadle 2). The litdologic similarities among these
rocks are far more evideat than the differences. Hevertheless, some differ-
enges can be recognised.

Unit 1 is generally more schistose and coutains more andalusite than
other unita. 3edding is very difficult to recoznize.

Ia unit 3 quarts- and mica.rich schists are associated with pseudo-
conglomarste, quartiite. sad aamphidole schist., Ia tha upper part of this unit
garnet 18 an abundaat minersl. It oecurs ss clear suhedral crystals having
an averege diameter of 2 ma. The groundmass is wery fine-grained and hes a
dark color causad by diotite snd accessory graphite. Thin beds, 1 t0 3 mm.
thick, ean be recognized by differences in the sbundance of biotits and

graphits.



mskmmnwmmfmmw
o mica- and staurolite-rich schists. The most abundant minerals are guarts
(40 to TO yervent), musecvite (10 to 25 percent), biotite (5 to 25 percest),
feldsper (3 to 20 peresas), garnet (0 to 3 percent), and staurolite (0 to 5
percent). The quarts content tends to increcse from older o younger parts
of the unit, and the content of mica, staurciite. sad saimet correapondingly
decreasea. In the guartz-rich rocks achistosity is poorly developed. Line
mummmm'thhmmMuiu.

In many places the quarts-mics schist of wnit b goutains rounded qusrts
agzregates 1 %o 3 m. in dfameter. The quarts in these aggregates is Sranc-
blastic and fine-grained. The aggregstes have a vhite color that contrasts
with the normal zray querts of the Zyoundmass. They are most common near
the eontast with unit 3, especislly in the SE 1/k ses. §, SE 1/ ses. 7.
¥ 1/% sec. 8, SW 1/h ses. 31, near the center of see. 32, and in the W 1,2
sea. 15. These aggregates form as much s8 25 percent of beds thet are as
mich as 2 inches thick. They probably are detrital fragmests derived from
older roek units.

Unit 6 is very similar o unit b. It contains somevhat more mieca and
staurolite snd fev, if sny lipe-silicate nodules. Beds containing rounded
QUATLS aggregstes have not been found.

Uait 7 consists chiefly of quartscse schista and quartzits. Beds that
are sufficisntly aluminous %0 contain staurcolite are rare. The most sdundant
minerals are quarts (40 to 80 percent), feldspar (10 to 30 percent). muscovite
(5 to 20 pervent), and biotite (5 to 25 percent). Beds of the wore quartsose
rocks have an aversge thickness of 3 feet and & maxima thickness of 15 feet.
Beds of the more micaceous rocks are emdisarily 3 to 12 inehes thick. Lime-
silicate nodules are common in the quartzose variocties of this rock unit.



Uait 9 bas deen separated into seven subdivisions (table 2). The most
striking charasteristic of sll of these units is the presence of fine-
gralied agazvegates of bilotite, miscovite. and quarta that are 2 %0 6 mm.
long and 1 to 3 ma. wide. The largest of thess are soned; biotite is con-
mmwntthmrd@nattthgm&mmmwusn
concentrzted in the core. The sziregates tend to be more sbundant and laryer
ia the uwper units of the sequence.

Ths lowest of these seven subdivisions s s relatively uniform rock
consisting of Quartz-aics-stawrolite schiast. This is suceeeded Dy s sud-
division consisting of alternatiag beds of quurtsose and miaaceous rocks.
Next is quarts-mica sebist with only rere staurclite. Tt is followed by a
thia unit of alternating quartsose and micageous rocks and then by more
quarts-mica-staurelite schist. The next unii cousists of still more alternat-
ing quartsose and miea-rich beds, but these are wors micugeous than previously
deserided interbedded units. 7The uppermost of these seven subdivisions con-
sists of schist very rieh in mias (50 to 70 perent) and having an extrs-
oxdisarily vell-developed sehistoaity.

Juirtzites

The Keystone distriet contains two types of quurtzite: (1) glassy
quartzite asnd (2) gremular quartsite.

Glassy quartizite occura chiefly aa thin discontinuous beds on either
side of unit 2 (4able 2). The largest outcrops are in secs. 31 and 32, =nd
aeay the intersection of sees. 9 10, 15, and 16, Thias dark layers scomtain-
ing graphite, biotite. and tourmaline give the rock a streaked appesrance.
Other accessory minerals inglude chlorite and garnet. Abundant tight folds
give this unit a false sppearance of great thickness in meny plaoges om the



mp. In the XB 1/b ses. 16 (£ig. 3) this quartaite bas Deea folded oo
itself s0 meny times that it has an apparent thickaess of 500 feet. but
the sotual thickness is less than 50 feet. | .

Fine-grained, zlasay quartsite slso ocgurs in zssoeiation with zmphibols
schist in units 2 and 3. Thtqmiuhinpod-mmlmwrmm
thas have an sverage thickness of 1/& inch and length of 3 inghea. The
most comnon ageessory minerals sre zraphite. garmet. and iron oxides. ,

Granular quartsite cecurs in umits 3. 5. 7, and 9. The quartaites of
uuita?mﬁQmmrtxmmﬁﬂinarmmmdemﬁm
ia these units. In units 3 and 5. however, most of the guartziis consists
Mﬁwgmimmmm(sowlmm)aadm«uryw~
covite Yioctite. tourmsliinge garnet and rare light-eolored smphibole. The
best exposure of this roek ia s bded 1 200 feet long and as much as 10 feet
thick near the ceater of the ¥ 1/2 SW 1/4 sec. §. A somewhat different
mmdwuumgutmammwmwu.s.mgmﬁ
16 and 164, 1n the B 1/h see. 31 and 3B 1/4 see. 30. These quartzite beds
have guarts grains with a maximum aize of 2 ma. snd coantain as much a3s 135
pereant mica and 5 percent micrueline.

Pagudoconglomerste

Pseudoconzlomerate is common in the centrsl part of und: 3 (table 2).
Zxcellent exposures extend over broed csreas in the SW 1/h sec. 19. the center
of ses. 6. the center of ses. 5. and & belt extending 1 mile scuthesat from
Keystons.

This roek cousists of rounded fru;wents of quurtzite (30 pereent) in
a matrix of very fine- to fine-grained qusrts-miea schist (70 perseat).

The mtriz contains quarts (4O percest), muscovite (30 percent), diotite
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(25 pereent), gamet (O to 10 percent), chiorite, stourclite. graphite,
iron oxides, and tourmsline. The garnet erystals are free of inclusions and
have sn aversge dismeter of 2 mm.

The quartsite fragments or “pebbles” are ordinerily in the form of
trisxtal ellipsoids. The ratio of the thres axes of most fragments is in
the range 5 to 10: 1.5 to 2:1. The intermediste axis 1s rurely grester
than 10 inches, but at leest 5 quartzite ellipsoids heve intermedizte aies
that are between 10 and 15 feet. The quartzits eantains grenoblastic gquartz
(99 %o 100 percent) having en sversge grain size of 0.2 m. Accessory
ninerals include muscovite, biotite, towmsline, snd sarnet., The edoes of
many of the fragsents are very vegusly dofined. There are all gradations
between shsrply bounded fragments and lemticular sggregates that ia their
ocuter parts have neerly the same compcsition as the matrix,

The only other variety of “pebble” conaists of micsceous schist that
zust have been derived frum a sedimeantary rock rich in elay. IJo convizeing
exaaples of vein quarts pedbles have been found . despite thoroush seemrch.

The peculisr composition of this roek ipdicatas thet it is not a true
conglomerate. It is slso unlikely that it is an iatraformeticnal conilomer-
ate. The peddbles of intraformational econglomerstes are shale and the matrix
uundy;thowuwinmmwu.

r.s.awywmmwmmmmmatemym
northesstern Misaissippli. His description indicates thet this roek, if
astawrphosed, would resenble the pseudoconglomerste of the Xeystons districs.

1/ Pettijoba, F. J., 1943, Sedimentary rocka: Hew York, Harper and Brotiers.
P M‘

2/ Persomal communicatioa, 1956.
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Sediments of this sort sre so very unecamon, however, that it seeus in.
sdvisedls to csll an them in explaining the origin of the pssudcecuglomerate
of Eeystone.

St11l another possidility is a tectonis conglomerate. ‘!htp.hmd.
mm&mumwmmwmm. ﬁmy
poists out thet the plunge of extremely elongate stretched petbles iz a
true conglomerate should de a linesticn {u a, inasmuch ss thet 18 the
direation of grestest teotonic trassport. Fragments like these that sre
mmmmmgmmmmwmmwm
iag of competent deds and subsequent rolling and rounding of the frugments.
This would be an axtreme form of doudinuge strusture. The "pebbles” in this
rock are not lined up in sueh a way that the orizinal beds csn be Lrsced,
nor can fractures associated with the formation af the boudins ordinarily
be recoguized. A fov spocisens found nesr the Bob Iagerscll mine sugsest
that the rounded fraguents may have developed in four successive astages, esch
gxadiag into the nemt: (1) quartxite beds or lenses; (2) fractured quartsite;
(3) fragmants with rounded corners ond straight sides; and (b) rounded frag-
ments. Thesa, however, are rars and unconvineing. If the rock formed in
MW,Mmmu:uwmmmmm
strugture can be readily desmonstrated.

It may de concluded that pssudoconglomerate is the best name for
this roek, and that it probably formed by deformation of intarbedded
quartzite and micaceouws sehist.

p ¥ Olm;éx:;t, 1946, Lineation: Geol. Sos. Americs, Mem. 13, p. 17, %0,



Amphibole Sehist

Amphibole schist is the predominant roak of unit 2; 1% occurs at
three levels i unit 3; and 1t has deen found in unit 5. Typieal exposuves
mmmmmw«mmm?alﬂm.s,mmm
of the 2 1/2 see. 3, and W 1/2 see. 32. A}lmmpl.mhnﬂlyim«
gtained; no fresh exposures of this uait have been seen. The mmphibole
schist contains many pod-like to lenticular meases of fine-grained quartse
ite hewving su aversge length af 3 inches and thickness of 1/% ineh. The
average retio of amphibols schist to quartaite is adout T:3, but the range
in the ratio 1a very zreat; esch of these rock types forme from 10 to 90
percant of outerops that are as much as 10 foet widae.

The amphibole schist contains amphibole (GO pervest). quarts (25 percent),
iron oxides (5 pereent), gernet (3 percent), and small quantities of graphite,
chlorite, biotite, plagicelose, pyrite. arsenopyrite, sphene, touwrmaline,
elinozoisite, hedenderzite, and zircoun. The grain size is fine to very fins.

Awphidbols cecwrs a8 redizl agzresates of colorless to green nsedles.
The most abundsnt auphibole 1s cummingtonite. but tremolite-sctisclite 1s
plentiful, and bornblende has bheen recognized. Curmingtonite is distin-
mmwmtmmwzuugmrmwrmnm
hosnblands by its lighter color. Hornblende has a higher index sod a deeper
green color than tremolite-actinolite. The cumingtonite may contain enoush
iron to ba more properly callsd grunerits, bat conslusive evidence for this
has not been obtalined. The iron- and sluminum-bearing amphidboles, actinolite
and hormblends, may ineresse at the expense of cumningtonite and tramolite
in the hizh-grede rocks in the southern part of the district. Evena if thias
is so, hovever, the distridbution of the waricus amphidolss is locally



irregular snd prodbably ia part refleets variations in the composition of
the originel sediment. Hormblasade bhas bdeen found at the tips of radiating
Wummawmmmau.s.mmmm..w,
WMMMWWMMua.

In minerslized sreas. ss at the Bismark nine nesr the ceaier of sec. 5
thia rock contains sueh miasrals as tale. serpentine chiorite. dolomite.
snd perhaps olsy minerels. The moat common setallic minerals are pyrite
sod arsanopyrite. These presumebly are abundsat in the gold ore bodises.
but inssmach as noue of the mines have been open ia recent; yesrs, little fa-
fnmtimeathumcmldhm,

The amphibols schiat and assoelated quartzites are very similar to
mtmmmwummarmrwnmﬁmbysmym
northemm Michigan. James desoribes rocks ia the staureolite snd sillimanite
sones that consist predominantly of grunerite and quarts, and shows that they
are metamorphosed equivalents of hias cardbonate and non~¢clastic silicsta focies
of iron formstion. Similarly, Noble and Harder 2 show that the Hosestake
formaticn is similsr to Lake Superior iron formations. The Homestake forma-
muuummummfnmmby:my.

1/ Jemes, B. L., 1955, Zones of regional metamorphisa in the Precambrian
of northern m‘gﬂn‘ Geol. Bo¢. Americs &ﬂl., ¥ &, P 15731»13673.

2/ Xoble, J. A., snd;aamr, J. 0., 1948, Stratigrephy and metamorphism in
a part of the sorthern Black Hi{lls and the Jomestsaks mine, leed,
8. D.: Geol. Soc. America Bull., v. 59, p. 7.

3/ Iiem, p. 967.

Jemes, 1955, op. o6i%., p. 175,



It may be consluded that the apphibole sehist and associated quartzite
are metamorphosed iron formation. The quartsite is thus equivaisat to the
Mmsuwmwmmmwmwmy.

Biotite-garnet Schist

Blotite-garnet schist of unit 3 18 exposed along the railroad east of
the center of sec. 1, and also alang Iron Creek near the weat edge of sec. 4.
This sehist {s thinly bedded and hes a well-developed schistosity. The ehlef
minerels are biotite (45 pexcent), quarts (40 percent), garnet (10 percent),
grephite (2 to 5 percent), towrmaline, muscovite, and microcline (1), Most
of the garmet is less than 1 mm. in dizmeter. Microcline (?) occurs as
porphyroblasts 0.5 to 1 ma. long. Other minersls sre very fine~ to fine-

graiaed.

Miez-graphite dehist and Mlerocl.ne Jehlst

Mlos~graphite schist is the predominsat roek of unit 5. The best ex-
posures of mica-graphite schist are along the highway in the 5W 1/4 sec. 31.
Table 2 shows that the rocks in this exposure mey correlats with rocks in
blook ¥V B near the intersection of secs. 3, 9, 16, and 17 and near the inter
section of sees. 15. 16, 21, and 22 (fizs. 2 and 3).

The mica-graphits sechist consists of muscovite (15 to 35 percent),
blotite (10 to 4O percent), grephite (3 to 10 peresnt), quartz (20 to 50
percent), and chlorite (5 to 10 percent). The rock is very fine-grained.
Much of the muscovits is sarieitic.

1/ James, H. L., 195k. Sedimentary feoles of iron-formstion: BEeon. Geology,
Ve 59, P mm;
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Unit 5 also has mierscline schist that includes & wariety of rocks
containing s much as 40 parcent atorocline togetber with muscovite, biotite,
quarts, chlorite, cormlierite (?), oligoclase, and spheme. Other rocks cone
taln plagioclase, carbouste ainerals, and zircon, as well as mizersls already
listed. Such facies, howvever, are rare, and have received virtually no
study. AlL of these rocks sre very flue- to fins-grained.

Oribho-smphibolite

Asphibolite bodiss with structure and mineralogy that suggest intrusive
arigin occupy & large part of bloek VI A, but are small and rare in other
parts of the mapped area.

The lerze body ia and near secs. 29, 30, and 22 i3 most certainly a
metemorphosed intrusive. Coatacts are cross-guiting in many places, espo-
" aially in the 38 1/b see. 30. Isolsted quartzits in which pre-intrusive
folds are preserved form an especially striking map patiern in ses. 32.

The rock in most of this intrusive 1s cosrse-grained. Tine-grained snd
very fine-srainad amphidbolite are most common near contacts. Needles of
rornblende (55 percent) are surrounded by finer grained oligoclase-sndesine
{40 percent). Conclusive evidence of the presarvation of original pyroxens
hss not been observed.

The smphibolite of the large iatrusive is virtually structureless. o
linaation or schistosity has been recognized. ZHarely there is a tendency
for segregation of minerals into bands that may be an inciplent anelasic
strusture.

The smaller smphibolite bodies are very similar i{o the large intrusive.
Tha chief difference i3 thet many of these bodies are parallal to bedding
and have an imperfect compositional layering that may be either bedding or



goeissic structure. The mineralogy, however, is so similsr to the aineral-
ogy of the large amphibolite mess that thess rocks probably are chiefly
of 1gneous origin. Soms, howsver, may be metsmorphosed extrusive rocks.
Small parts of the area mapped se amphibolite may have bhees netamorphosed
calsarsous shale.

The minerals inelude heruhlende (50 to 75 percent). oligoelase-andesine
(20 to 45 percent), quarts (O to 15 percent), chlorite {0 to 5 percent),
biotite, magnetite (0 t5 10 percent), ilmenits, sphene, sircon, tourmaline,
pyTite, snd arsenopyrite. Jmall quantities of sltered meterfel in the
smphibolite also coatain caicite, zoisite, and serpentine.

Structural Geology of the Metamorphic Rocks

The structural geology of the Keystome district is complex. Previcus
mnmtmmmmmwmammmrummy* The
mmwmmg/mmwmwm,mualmmzum
magy unexplained features: thick stratigzraphic units lens out without
reagon; stratigrsphic correlations are made that require great nexplained
lithologic changes; end conversely, rocks that are lithologieslly identical
vith eech other are placed ia different stratigraphic units without apparent
secesaity. For these reasons, Hamilton also hed to treat the structure only

1/ Paige, Sidney, 1525, Strusture of Algonkian rocks, ian Darton, ¥. H.,
sod Palge, Sidaney, Central Black Jills, 3. D.: U. 3. Jeol. Survey
Geol. Atlas, folio 219, p. 17.

Balk, Bobert, 1931, Inelusions and folistion of the Barney Pesk grasite,
Black dills, 3. D.: Jour. W Ve 5. p- T3H~T48.
ity o sey Lo

Hsmilton, R. G.,

RBunner, J. J., 1943, Structure and origin of Hlack Hills Precsmbrian
sranite domesa: Jour. Geology, Ve 51, ps 231457

2/ Op. eit.



in a very gsneral way. The prinsipal difficulty is that faults have nover
befors bean recognized in this district, end they ave a significsnt element
of the strugture. Nurthermore, previous work has 2ot deen sufficiently de-
tailed to show that there is more than one set of folds. The Keystone dis-
trict contains at least three sets of folds, and the complaxity thus introduced
18 an important csuse of confusiocn in the zsologlc maps of this ares. |

The oldest folds are issolinel folds; these were later tightly erosse-
folded; #till later these intensely deformed rocks were wurped into broad
flexures, evidently by intrusion of pegmatites.

Many hizh angle fmults cut the district. These faults are younger than
the isoclinal end cross folds, but older than the pegmatites. The larjeet
of the faults is the transcurrent fault zoinz in a northwesterly direction
seross the district. Other faults are approximately parallel to this Jsult.
3till other faults strike north, northesst, and sast.

Folds

The patterns of the varigus types of folds in the Keystone district are
ahown by form lines on the map of structural treads (fig. ). Bach thin
solid line on this mup shows the trace of a single boriszon. ost of these
are at the contacts of units shown on the geologic map. A few are dis-
placed alightly from the aearest contact, but are drswn parellel to that
coantect, The two form lines passing through the center of sec. 9 are drswn
on eagphibole schist beds that are not shown separately on the geologic mep
(24g. 3). A faw of the form lines have been restored across foults, where
they are shown as a dotted line, to indicate how the structure 1s interpreted.

Isoclinal folds.--In the ares acrthesst of the main fault, isoclinal
folds are best shown by the form lines in secs. 9 aad 32 (fig. 4). PFrom



sec. 9 to the north border of the map the isoclinal folds have a lefi-hend
movemeunt pattern. Anticlines ¢lose to the north and synclines to the scuth.
The younger beds lie generally to the northeast. All but a few dips sre
between verticsl and 309, either to the east or the west. Joearly all
plunges are butween 70% and 85° south; thus the isoclinal folds ave ine
verted, snd snticlises close downward and synelines upwerd.

These folds are on the west lizd of a major syncline. The axis of
this synelise 13 shown going sorthwest through secs. 9 sad & (£1g. &) in a
position that, though epproximstely correet, is desed om imperfect exzmples
aftrmxmmmng. On the east liwh of this fold the form line
passing through the canter of section 10 has a right-hand movemsnt pattasm.

This relatively simple pattern dominated by isoelinal folds ia come
plisated by later folds south of see¢. 3. A largs cross fold is near the
southsast corner of se¢. 9. Tha iscclioal folds maintain their left-hand
pattern a8 they go around the nose of this eross fold (fig. 4). The eross
£01d itself has a right-hand pattarn.

Farther south the dip of the bedding and of the axial planes of iso~
clinel falds decomes zentls on the flanks of the late dome-sheped structure
in the W 1/2 ses. 15 (£13. 8). Plunges of isoclinal folds are to the northe
vest an the north flank of this dome. Farther scuth, ss the dips change
from northwest to southwest in zoing over the top of the dome, the isoclinal
folda also pass over the dome and reappear to the south with a rigat-hand
movement pettern (fi:. 4). 3Similarly, the plunge changes from northwesterly
on the north flenk of the dome to southerly on the southwest flank.

The predominant folds of bloek VI O, in the B 1/2 sec. 15 and adjscent
avess (fig. 2, 3, and &), consist of an isoelinal syneline with smeller



isoelinal folds on esch limb. Further mepping to the south is needed to show
how this syncline is related to the structure to the west in dloek VI A.

The pattern cf the isocelinal folds is block V is more difficult to work
out becsuse small stratigrephic subdivisions caa be mepped in only a faw
perts of this block. The interpretation shown in fizure 4 is that this
block consists of isoclinel folds that have hesa ssverely cross-folded. Aa
Wm,m&m:mﬁmmwt3mnsm,wm&
soross secs. 6 and 7, then north into sea. 5, and finally southeest into secs.
3 and 9. The axis of cross-folding that goes through the SW 1/b sec. 5 is
the main axis arcund which iscelisal folds are cross-folded in secs. 3, 9,
16. and 17. Anticlines close to the east and aynclines to the west.

Flunges of isoelinal folids go around the soses of the large cross folds
of fisure 4 in a way that shovs there are two separate types of folda, aud
that the isoclinal folds ere not drag folds on the lizhs of the larger folds.
Pigure b shows plunges of 40° and 48° 3B. 4n the SW 1/4 see. 31 and the
central part of sec. 6. Flunges are northeastarly on the east side of the
eross fold that pesses through see. 7; figure 4 ahows plunges of 207, 339,
40°, sad 55° HE. in sec. 17. The plungs is sbout 55° NE. nsar the crest
of the cross fold in the W 1/h sec. 16 and NE 1/h see. 17. On the esast
aide of the axis of thias same ercss 214, a plungs of 30° 3B. 13 shown in
the ¥ 1/2 see. 8.

This structural iaterpretation is part of the dasis for the styati-
sraphic sequence of units 4, 5, and 6 in teble 2. Unit 3, wvhich is known
from truncated cross-bedding in dlock VI to be older than unit b, forms the
core of the isoclinal anticline in seas. 5, 6, 7, and 3. It follows from
this that the exposures of mica schist, mice-graphite schist, and quartzite
(unit 5) near the intersection of secs. 8, 9, 16, and 17 (fig. 3) are
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youngsy than unit . Ia figure 5, this unit is shown ns the cores of an
iscelinal syscline. Similsr rocks, slse here included in unit 5, reappesr
farther south (f1g. 3) in the XE /b sec. 21, cu the west side of the mein
fault. Hocks that are lithologically very similar hsve been mepped east
of the fault in sec. 25, thus indicating a horizontel displacement of 5-1/2
miles. Both east and west of the fault, the grephitic schist (unit 5) hos
soall folds with & left-hand moveaent pattarn, end consequently is oa the
oorth 1isd of a syncline that closes to the west. This relaticaship confirms
the lithologte evidence that the quartz-mics schist (untt 6) souths of the
graphitie schist (unit 5) is different from and younger than the quarts-mics
to the novth. |

Ia the northwest part of the mapped ares, isoclinel folds are best
demonstrated in sec. 35 and adjacent arems of block IIX (figs. 2, 3, and &),
whare the plunge is gentle to the socuth. Nlock IIX A has a seriss of faulted
anticlines snd synclines. ZXlock IIX B has ong large syneline that plunges
gensrally to the south. In the northscst part of sec. 35, however, the axis
18 cross-folded, and the plunge 18 to the north for a short distance (fig. 4).
The limbe of this syncline have many small folds.

Isoclinal folds heve also been recognized in bdlocks I snd IV (£1z. 2),
but they cannot be shown on £ig. b because of the lsck of tracesdle horizons.
xnmzvmmrm:mmmmmummu,m
between 09 and 15° north or south. Iahlockltbcdiysmatup,m
plunges are 559 -« 652 west.

Cross folds..-Cross-folding is a major element of the struetural ine
terpretation in figure b. These folds have similarities to eross folda thst



 defors 1soclinal folds at Lesd ¥ and in the Galens-Roubaix sres of the
northern Hlsex Hlls 2/,

The form line godng through the intervection of sees. 9, 10, 15, and
16 (£1g. b) indicates that the iscclinal folds are deformed by a larger
eross fold. Tha isoclinal folds in this area have a consistent left-hend
pattern. The form lines and strike and dip symbols on fijure 4 indlcate
that iz sec. 9 the sxial planes of these £0lds strike slightly west of north
and have an average dip detween 35° W. and vertical. Ia the northwest pors
of sec. 15, however, the axial planea have turmed %0 an east-northesst striie
snd a dip of about &% X. In sec. 16 they twum back to a northerly striis
and a neerly wvertical dip. These sttitudes of the z2x!ial planes of the iso-
¢linal folds describe a ¢ross fold in vhich the axtal plane strikes north-
weast ond the plunge 1s sbout (09 to the aorth-northwest. This cross fold
has a right-band movement pattern, in contrast to the left-hand movement
pattarn of the fscelinal folds.

- Sfmilar right-hand cross-folding explains ths structurnl pattera in
the north centrsl pert of sec. 31, A form line on fi-ure U, followiag the
contact betwesn the oldast two ek units, trends aorth-northwest throush
sec. 3. To the south in sea. 31, however, it turns west and goes iato 2
fault.

The. deseription of isogclinal folds 1a block V has sugsested thot the
portivesterly trending fold extanding frum sec. 21 to sec. 5 and a corres-
ponding fold to the west a2re cross folds. This interpretation i3 unsvoldoble

1/ Sobls, J. A., Harder, J. 0., and Slaughter, A. L., 1943, Structure of =
part of the northern Black Hills and the Homestake :ine, les=d, 3. D.:
Gecl. So¢. Americs Bull., v. @, D %’mc

2/ Berg, J. R., 1946, Precasdrian geology of the Galena-Roubalx district,
Hack Hills, 3, D,: S. D. Geol. Survey, Rapt. Iav. 52, p. ¥3.



1£ the rocks of unit 3 (table 2 ia dlocks V and VI are all considered to

be the smme stratigraphic wiit. Hocks charssteristie of units 1 and 2 epd
the alder part of wnit 3 appear ouly in dlaosk VI. Their adsence iz bloek V
is explained in figure 4 by msking unit 3 the core of a cross-folded suticline.

AW:WWWWM&MW&MW
of unit 3 in block ¥ are not in the sams stratigrephis unit as the 1itho~
logleally similar rocks in dlock VI. If this is so, then the fold axis
it goes northwest from sec. 21 %0 seo. 6 (fig. &) may be the axis of &
wummmmmmnmmmm. The
crestent-shaped area of rocks delonging to uanit I Just west of Kaystone
(f13. 3) would be different from end youngsr then the northerly trending belt
of simllar rocks that lie farther vest. The £act iast this ¢rescent-shaped
unit lenses out at 1ts two ends would heve to be explained either by deforme-
tion er as an originsl sedimentary festure.

The axis of the large ayncline of block III B, in the east part of
sec. 35, bas a pattem thet iadicstes cross-folding. In the north pert of
this block the axis zoes alightly esst of north. To the south, it turms %
a vorthwesterly direction, snd the axas of nearby minor fulds adopt the ssme
trend. As the sxis comtinues to the soutbeast, it turns agaia to & trend
that is slightly esst of north, This pattern indicates a croes fold that
has & left~hand sovement pattern.

Late flexures.--The roeks bave also bLeen deformed by broad flexures

that are sssociated with larze messes of peguatite.

Flgure b shows that the bedding has been significantly warped in the
area af adundant pegmatites in the 3 1/2 seo. 17 and in ad)acent arses to
the cast snd south. Aam isoclinal fold axis drawm parallel to the sirike
of bedding in sec. 17 is bent so as to change its trend from south to



 southeast. The dip of bedding becomes mch more zentle than it is to the
east and north. Thus the maks form part of a dome. apparently in response
to iatrusive forces of pegmatite.

To the east there is another sres of sbundant pegmatites in the north
part of sec. 22. These pegastites, end perbsps larger intrusives st dapth,
may have caused the dowal structure ia secs. 15 and 22. Strike and dip
symbols on figure b ehow that the top of this dome is near the center of the
S 1/2 se¢. 15. The form line on the west flaunk of this dome shows that the
isoclianal folds have a left-hand pattera in secs. 15 and 16, and that after
ths folds go over the top of the doms they necessarily change to the righte
hand folds shown in sec. 22. v
" The eross fold that has been dascrided nesr the imtersection of secs.
9, 10, 13, sad 156 should also pass over the top of this dome, and should re-
sppear in sec. 22 south of the mapped area. The main fault passes through
this ares, however, snd evidence for the reappearance of ithe cross fold will
not necsssarily e found. Even in the absence of this evidence, it still
seems liksly that the eross fold and the dome are two separate structures
formed st differeat times. No apparent geomatry can explain how the cross
fold and the dome can form from the same set of forces.

Ths strikes and dips on figure 4 sugzest that the sast flank of the
doms extends across the foult in sec. 15, and that the doming wvas later
than the fault. This possibility cannot be proved or disproved without
nore data.

Faults

The Keystons district is divided into two parts by the {ranscurrest
feault thet zoes northwesterly across the distriet. This fault aceounts for



the lagk of any spparent structural relstion between the northerly treading,
steeply plunging iscclinal folds {n bloek VI A sod the folds of bloek V
(2128, 2 snd 4). BSoutbecss of Ksystone this fault forms the boundary betweea
quarts-nics snd quarts-mics~staurclite schist to the west and the verious
rook wiits %o the east. The relation between the trace of this faul$ amd
ropography indicates s steep dip. |

In the BW 1/h sec. 5 this fault splits into two faults that continue
on either side of block II to the northwest boundary of the mapped srea. It
has alresdy been shown that the mieacecus ead graphitic schists of bloek II
¢an probably be corrsliated with the schists in the scutheast cornexr of
block ¥. If a0, the horiaomtal displacement neeasured along the west side of
block IT and the east sids of Bloek ¥V is 5-1/2 miles. The dlsplacement be-
tween block IT snd the Tooks to the esst camot be datermined. It is clear,
hovever, that the graphitie sebist in Bloek IX is in discordant eontaet with
rocks to the east that are lithologleally very different, and that the fault
mst be large (figs. 3 and 4).

The distribution of rock wits in the reglon extending for 1-1/2 miles
aorthwest of Keystone indicates that there sre seversl smaller faults both
paraliel %o and normal to the main faults (f1z. 3). Most of the Keystone
Z0ld mines sre in this area, and it ia probsble that these fractures in pard
costrolled the minerelization.

Other faults of blocks V snd V1 trend northwest to aorth-northesst.
These faults ere based on discordant centacts bLetween rocks of unlike lithe
ology. Ia the XB 1/k 3B 1/b see. 9 (fig. 3}, tbe aoxtherly trending fault
divides highly sarnetiferous schists on the vest and very quartsose schists
on the east. The rocks on sither side striks dirwetly toward the fault.
The fault plane, though not actuslly exposed, csa de located within 20 feet



for a distance of 600 fest. It is impossible that anything but a fault esn
account for the observed relatioans.

Very similsy relstions xre cbservebls along parts of esch fault ia
secs. 10 and 15. The northwestarly trending fault near the 2dison mine dis-
places ssphiidolite in the WW 1/4 3B 1/b sec. 9 (£iz. 3). The northwesterly
trending faults in block ¥ B are based om similar., though less satisfactory,
evidence; they are imperfectly kacwan hecsude they sre chisfly in quartzose
sl micaceous schists that contain no dads sufficiently distiactive to be
traced,

The faults of block III in ses. 35 and adjacemt areas are msppeble only
by virtus of the feasidbility of subdividing it 9 into seven smaller units.
Thia procedure was possible because of the grest sbundance of outerops
throughout this part of the mepped ares. Fmults sye sstually exposed in
five outcrops: three of these are in the SV 1/h MW 1/h ses. 35; ona is in
the BW 1/b S¥ 1/b sec. 35; and one 1s in the AB 1/b BY¥ 1/h sec. 2 (fii. 3).
The dips in these five places range from 63° W. to 35° 3.

The faults forming the east snd north houndaries of hlock III are where
the subdivisions of unit 9 abut against the quartzoss sehlsts and quartsite
of Plocks I and IV. The fault at the sast side of bigek IIX has & low dip,
aad thus is presumed t0 be a thyust fsult. The fault aloag the north bound-
ary of hleck III evidently axtends east to form the boundary between blocks I
and IV. Rlock I has steep dips, wvesterly strikes, snd moderste to steep
plunges; in contrast, bloek IV has gentle dips, northerly strikes, and low
plunges.

A fow of tls pegmxiites ere cut by very amall feults not asbown ou the
geologlie map.



Senistosity

The dominant schistosity throughout the Xeystone distrist is generslly
aesrly perallel to bedding. This sehistosity is formed by the tabular
orientation of mica, and is much more reedily apparent in micacecus beds
then in highly quartzose beds.

Ia sany places the divergence between bedding sad sehistosity, though
seall, 18 large enough to be messured and sbown on the geologie mep (£1g. 3).
The schistosity may be ia pert an axial plane schistosity in the isoslinal
folds. Barely, in the ncses of small isocliusl folds, larss angles of diver-
geane have been obeerved. On the other hand, attespts to use the angular
relationship between bedding snd schistosity to interpret the structure of

It somns likely the schiatosity was modified by movemsnuts along beddiag
planes during later folding snd during metemorphism. Thus, it is not surpris-
iag that the divergencs between schistcsity end heddiag does nat besr a
consisteat relation to the folds.

A second schistosity has beea develsped in the quartzcse beds in
block III. Ia this schistosity micas are oriented such that the dip is south
to west at sngles of 15° to 35° (fig. 3). Thexe is uo apperent relation be-
tween this schistosity asd folds.

Ags Sequence of Structursl Features

Tsoclinal folds and cross folds have been found in many parts of the
Rack Hills. mmmmwwmmumemem
no readily sppareant relation to the pegmatitic intrusives. The faults, highe
srade netomorphism, and late flexures are kuows cnly in the pegmetite-besring
aress of the southern Mlsck Xills, and tius are probably relsted to the



intrusive setivity. The pegmatites themselves, however, are undeformed;
any teatonic events associated with the intrusion of pegsatites were either
Just before or during intrusion.

Isoclinal folding is the oldest recognizable structural event. The
isoelinal folds were deformed by the cross folds formed during the aecond
stage in the structural history of the region. The isoclinal folds were
also disrupted by intrusion of the ortho-smphidolite, especially in the
8B 1/h sec. 30 (fig. 3). The relation between the -amphibolites and cross-
folding, hovever, is act clear.

The iscelinal folds, cross folds, and amphibolite are cut by faults.
Paulting was in largs part prior to the peak of metsmorphisa, dut it may
have been partly contemporanecus with metsmorphisa. Where faults are ex-
posed, the fractures are so thoroughly healed that they cannot be seen
readily even in cutervp. None of the observed porpliyroblasts of staurclite
and garmet adjacent to fault planes are deformed, sud thus they must have
erystallized after the last fault movement. A possible fault breceis has
besn seen oaly where the scuthwest dranch of the main fault crosses U. 3.
Highwey 16 1.3 miles northwest of EKeystone. The fragments have shadowy out-
lines end are difficult to recognize. They could well belong to & meta-
morphosed conglomerate were it not that they are in a fault and have the
saxw composition as the adjacent schist.

Elsevhere in the southern Black H{lls faults have been found that mey
bhave had some movement during metamorphism. An exsmple 18 a fault about
8 miles north of Custer. Here the regional schistosity 1s spproximately
norsal to the fault plaos. For a distance of 100 feet cutwerd from the
fault, howvever, a Second schistosity parallel to the fault plane completely
mesks the regional schistoaity.,



The very small faults that cut pegmatites are the oaly faults that
are definitely later than the setamorphisam.

If the astsmorpdism was later than faulting, the micss and other mine
erals that cause the schistosity of the Keystone rocks must have crystallized
in their present form sfter the faulting. The faults are undeformed by the
isoclinal folds sad oross faolds. It i{s prodadle, of course, that the rocks
had & schistosity bdefore the faulting; laver grade metamorphic rocks ia the
eentral and northera Nlack Hills have a schistoaity. The opportunity for
dating provided by the faults, however, sugzests that the schistosity as
it 13 now seex in the Keystous district 1s a product of the growth of zicas
along the earlier schistosity, aloaz bedding M; and in other directicas.
This accounts for the fuet that 1a the Keystone district, the angular re-
istions between dedding and schistosity have not been useful in interpreting
the structure of isoclinsl folds.

The flsxurss associated with pegmatites are the latest stoge of folding.
These may have deformed the faults, ut no conclusive evidasace, one way or
the other, has beexn found. DBoth the flexures and high-:rads metamorphism
are charscteristic of pegmatite-dearing aress, and thus wers probably
essentially contemporansous with eseh cther.

Hetaporphism

The Keystone district is in the region between the sillimanite-rich
rocks of the Harney Pesk sres and the chloritic snd micacecus roeks of the
central part of the Elack Hills Precambrian core. Sillimsnite occurs only
ia the south and scuthwest parts of the Keystone distries (fiz. 3), and even
ia this area it is sn uncomnon minersl. Garnet and stmurolite, however, are
abundant in all rocks of appropriate composition throughout the dlstrict.



Garnet occurs in idicblastic crystals that ordinarily have a dlcmeter
of 1 to 2 mu.; crystals larger than 5 mm. Aas rare. Inclusions in garnet
ara scarce. Wumhﬁmmwmﬁmmuw
the district. It is idioblastie and porphyroblestic in hedit. Incluaions
off virtually all other minerals of these rocks heve been recognized in
staurolite., Sillimeaite occurs with quarta and muscovite in amall agzre.sntes
ia aluminous schista. Rarely are these aggrozatas =more than 2 =a. in dismeter.

Cummingtonite, tremolite-setinolite, and bormblende ae the predoninsat
zinerals of metamorphosed iron formetion. Cumuiagtonita and tremoclite ney
decresss in abundanes, sud ectinolite and horblende msy incresse toverd
thy south, hut ot esoush petrogrephiec work has been done to substandiate
this coneclusively. It i3 certala, hovever, thot therve are ouly alnor chones
ia tbs amphibole with inersaesing metamorzhism,. Any chonzes are gradual aand
irregular, and doubtless in jpers reflect composition of the original scdizents.

1a areas contaiaiag meay pecpmatites, stourollits and sillimsnite have
tagen replaced by quarts ond micsceous minersia. The dest meterial found Zor
study comsists of altered staurclite ia several drill cores Irom Lhac Jgerloss
mine, sear the center of the I 1/2 see. 3. Idiodblastic staurolite wita
relatively few inclusions i3 coomon ia much of ke ares near the Peerlazss
uine, especially to the nortimest along U. 3. Hisheemy 18A zoing nopth £roa
:«;e;m%. Diamond drill ecores at the Peerless miae, however, contzdn sony
well-formed siz-sided pseudomorphs musis“tiagg chiofly of mugeoviie quartse,
chlorite, and biotite. Some of the pseudomorpis contaia remnants of
staurelite, but in others no staurclite hss been Tound. 2Pscudomorphs that
are oaly partially replaced contain muscovite, gquertz, chlorite, and diotlize
in = haphagardly distributed fashion. The best developed pseudcmorzh ox-
amined was 1.5 em. by 2.5 cm. ia erovss-aection and bad a suhedral six-sided
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form (pl.2). The minerals of this peeudcmorph are muscovits (50 percent),
quartzs (20 percent), chlorite (20 percent), and biotite (10 percent). ALl
of these minerals except quarts have a conspicucus zcaal distribution.
muummatmmumpmmma@uo.au.m.
Muscovite is concentrsted in an intermediate zone that has sa aversgs width
of 5 mm: BHearly all of the chlorite is in the core of the pseudomorph.

As Yoder indicates Y » metamorphism of arzilleceous sediments oxdinarily
requires the removal of water from the rock. The breakdown of ataurclite
to mica and chlorite, however, requires the sddition of water from a nev
source, presumably by the escape of watar into the country roek during
cmtulimm&mmmum?/. Potassium may also hsve beea obtained
from pegmatite or from some other ocutside source, but this is not necessarily
30. Doubtless the Fe:Mz ratio in the diotite of the groundmess increased
as iron vas obtained by deatruction of ataurclite, and at the ssme time
potassium would be relsased to enter minerals in the pseudoworphs. Thus
extensive ssmpling and analytical work are necessary to show whether or
not potassium was added to this rock.

The introduction of this water and the emplacement of the pegmatites
must have followed the peak of metsmorphism to the staurclite and sillinanite
Zrades. 3mm1y,m3/mtmmtmanmamtmeatmur

1/ Yoder, H. 3., 1955, Role of water in metamorphism, in Poldervaart, Arie,
and others, The crust of the earth: Geol. Soc. America, Special
Paper 62, p. 508-509.

_2_/ Iden, p. 518‘5&0

Yoder, H. S., 1952, The MgO-Al.0 =510~ system and the related meta-
porphic fecies: Am. Jour. geiema, volume, p. 619.

3/ Bedden, J. A., Written commmication.






sillisanite orystals are deformed by folda that controlled the emplacement
of pepmatites; the pegmatites, therefore, were intruded after the peak of
notaporphian.

PEGHATITZS

Approximately 650 pespatites have deea mapped 1a the Xeystone districs.
Of these, 40 are zoned. The remainder are sbout eveanly divided between
Lomogenecus and layered pegmatites. The very lsrie pegmatites extending
over brosd areas in secs. 7, 16, 17. 20, sad 21 are layered, and the queatity
of rock in these larse latrusives greatly surpssges the quantity of rock in
all the other pegmatitas of the district.

All but about 30 of the pemstites are essentially concordant with -
the country rock. Plgure 5 is a sterecgraphie projection of 160 strike asd
dip reasdings along eontacts of these 30 pegmatites. The dominant attitude
is a aortheasterly strike and a aearly versical dip. Tegmatites havins this
attitude are most asbundent in secs. 7, 3, and 17. They have an average thicke
ness of sbout 10 feet. but thelr lengths are commonly very jresat; three of
them axre more thaa 0.5 nile long. These pegmatites ars normsl to the zain
northwesterly trendingz fault, and parsllel to small faults that 20 cutward
from the northwestsrly treanding faults. It seems likely, therefore, that
these pesmatites vere conirolled by fractures formmed duriag faulting.

#oat of thes zoned pegmatiies sre mzore or lass imperfectly consordant
vith the sehistoaity of the country rock sad plunge pavallel to iacclinal
fold sxes. Of the zoned pegmatitas listed in tables 3 and &, only the Poer-
less, cae segment of the Moate Carlo,. and the Eing lode pegmetites are con-
spicucusly discordant. Homogeoeous and layered pe:matites tend to be somevhst
jonger and thinner then soned pegmatites. Many of them are tabular {ntrusives,
either concordant or discordant with the schist.



89

Figure 5.--Orientation of 160 poles to discordant contacts
of 80 pegmatites. Contours at 5-3-1 percent.
Dots are poles to 32 discordant gquartz veins.
Plotted on lower hemisphere of Schmidt net.



Iayered pegmatites predominate along the southern snd southwestern
borders of the mepped ares (£ig. 3). All of the very largs pegastites on
the 3ap are layered pegmtitea. Homogenecus pegmstites have heen recognized
from the south edge of the mapped area as far north as Xsystone. Zoned
pegmatites are concentrsted in a belt 1 to 2 miles wide that goes fiom the
mmammmwmmmm;n (£ig. 3), and
thes west tovard Hill City (fig. 1).

Age dstermioations of sanples from the Eod Ingsrsoll Ho. 1 and Pesrless
pegmatites have been made during recent years at the lLemout Gecloglical Dserv-
atory sad the Carnegle Geophysical Laboratory. The results shown below have
been recelculated using the latest determinations of the physical constants &/,

Apparent sge (millions of years)

Pegmiite  Mlseral 206/y2B mM7/235 0T/ /M6 w28 g m/ar

Bob Uraninite (C) 1580 1600 1630 1440
Ingersoll Ursainite (L) 1415 1615 1620 1370
¥o. 1 Museovite (C) 1530 17h0
Lepidolite (C) 1360 166%
Mieroeline (C) 1080 1625
Peerless
(wall zone)(L) 1615
mm( te
untt) (L) 30
L%tbu ndcs
Unit) (L) 1270

C « Carnegie Geophysical Ladorstory
L - lLamont Geological (bservatory

The ags may be taken as 1,630 millicn yesars with a probedble uncertainty
orgaonlnanmy. This age is indiested Ly concordance of the

1/ Xalp, J. L., Written communication, 1957.
y Idem.



mwhﬂnmummmimhuormnnmm
covite and also vith the rubidium-strontium datss. The experimantal error
:w:@wmmugzymmmmwwm
~strontium 1% 1s ¢ 3 to 5 perceat, though the rubidium-strontium age of
miscovite may heve & slightly grester error (perhaps ¢ 100 million years).
mmmmm-mpmmwemwmmoarawmm-
erals that are in amall or poorly ormdered crystals. The time of pegmtite
formation in the Blaek Hills 1s one of the best ezicblished points of the
Mogictmumy. Msasurements are in progress at the Lamont Ubserva-
tory to show ubather or not 1,630 millicn yesrs is also the age of meta-
morphisa. |

layered Pegmatites

The chief layered pegmatites are the very large intrusives ia the
SW 1/4 seec. 7 2nd ia the southern part of the mapped area in secs. 16, 17,
20, 21, and 22. Many of the smaller pegmatites, however, are alzo layered.
m-zormmrmmun.mmo:mmmmam;m
of the suall ones are dilkes.

The distinguishing charsateristic of this roeck is a layering, ordinarily
vagusly defined, consisting most commonly of altemating coarse~gralned
perthite-quartz-plagioelase pegmatite and finer-grained plagloelsse-quarta
pegmatite. The layering generally is parellel to the pegmatits contacta.
The average thicknsaa of layers 1s about 1 foot, but the meximm thickness
is at lesat 10 feet.

1/ Kulp, J. L., Written commmication, 1957.
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The overall composition of layered pegmatites ordinarily is in the
range: Wlmi(ﬂhiummmem)«mwﬁs percent; quartz -

25 to 40 parcent; perthite - 15 to 25 percent; and muscovite - 2 to 10
percent.

Coarse-grained perthite-quarts-plagiocclase pesmatite is rarely found
in content with the wall of a pecmatite; aloost invariabdbly thers is aa
iantarvening layer of finer-grained pegmatite. in exception i3 ia a road
cut in the 33 1/3 SW 1/4 SW 1/b see. 17, where a fracture-filling extends
outverd across fine-grsined pegmmtite to the schist contact and then follows
the schist coatast for seversl fest before dying out. Hear many contacts
the fine-grained plagicclage-quarts peguntita becones coerser .in texture
aad more guartzose within 1 ineh or less from the contuct.

The finer-srained layers coasist of very fise-srained to medium-szained
plagioclese-quarts or plagloclase-quarti-migcovite pe:matite. Shere the
rock 13 very fing~grained and has =n aplitic texture, it coasista dominantly
a2 plagioclase (55 to 80 percent), tut also contalus quarts (15 to 30 perceat),
auscovite (1 to 10 percent), microcline (0 to 15 perceat), tourmaline (0 to
5 percent), reddish drown zarnet (O to 2 percent). and very small quantities
of other mizerals. Voere the grain size iz fine to medium, the rock cone
tuins less plazioclase (25 to S0 percent), more quartz (25 to %0 percent).
and rars garmet (0 %o 1 percent); the other minerals are not siznifiesntly
different. Host of the plagioclicse is aldite and the rest is oliscelase.
Maay of the fine-greinad layers coatala "line rock”, which 48 ia all respects
the same as described on previcus pazes in the seneral deseription of Blaek
Hills pegoatites. One of the best examples of line-rock is shown on plste 3.
Ordinarily “line-rock” is parallel to the pecmatite contact, but locally it
may be at a stroag anzle to the contact.






The chief coustituenta of the coarser layers are pertdite, plazioclase
(aldite end perhaps olicclass), and guarts. The most cosmon fom is
perthite-quarts-plagioclsse pegmatite ccosisting of coerse to very coarse
perthite or zraphic granits crystals in a medimm.grained groundsass of
quarta and plagioclase. The composition ordinarily is in the range: perthite -
25 to 30 percent; gquartz - 25 to 40 percent; plagioclase - 20 to 30 rercent;
mscovite « 1 to 5 percent; and tourmaline - O to 2 percent. ILess cosmoaly.
coirse-;rained layers consist only of quarte or of cuarts and perthite ia
lentieular to pod-llike aggregates.

The coarse-grainsd layers are syidently cesre;ations that formed
shorstly after the crystallization of the adjacent ﬁm-;grginea loyers. Thoy
haye zradational coatacts, ;m 80 far as can bYe determined they are eastiraly
surrounded by fiser-cralned pegmumtite. Layerias ia parallel to the peg-
mnptits contact and omdinarily is no% assoclated with fractures. Coarge
layers sre fairly evenly distributed throughout layeved jegpetites; they do
act have the irregular distribution that would be expected Lf thay faormed
by iatrusion after the finer-gsrained pegmatite had erystallized. Cu tbe
othar hand, there i3 evidence that they crystallized later than the udjacent
{ner-craloed layers; they ovdinarily embay and vein finer-irained layers.
‘mmumzmcmmmmwmmwmsmmmmm
orisnted perpendiculary to the coatast. Contradictory relations can be fouad
iadieating that there may have been some overlop in 3ime between the crystelli-
zation of ¢conrse- and fine-srained layers that are ia contact with esgh other.
In zeaersl, bowever, coarse-zrained laoyers are younger than adjacent finc.
graised layers.

#ithia cosrse-gruined layers the perthite crystals are cozmonly corroded
by ibe sroundmass of quarts and plszioeclase. This guarts and plagicclase



is very sindlar, and in meny places grades into, the fiunsr-graised quarts
and plagloclase of the adjscent layers. Thus thers is consideradle overlap
in the time of crystallization of these minerals. Purthermore these rels-
tions have asly loeal parsgenstic significance; they ¢o not msen that a
coarse layer in one part of a pegmtite is necessarily younger than the fine
lsyers that sre some distance away. PFine-grained loyers in the outer jart
of 3 pesmatite, where crystallization ordinarily would degsin, may well be
oclder then coarse-grained layers anear the center of the pesmatite.

Zraoture-f1iling units in layered pegmaiitss of the Keystona district
consist of perthite-qusrtzeplazioclase, quarts-perthite. or guarss pegmatita.
Ordinarily they are enriched ia muscovite st thelr cuter ad ea. Juscovile-
rich pegmatite of this Sort at the Hesnard mine, S8 1/h sec. 17, coataius
about 1 percent beryl. A few fymcture-filliiag units are parsllal to the
lgyeriag strueture. and vhere thess counsist of perthite-quartz-plaslocisse
regmatite thoy may be virtuslly indistinguiabeble {rom coarse-szained layers.
The large pesmatite southwest of the Big Chief mine, in the H8 1/4 sec. 22,
hes ualts of this sort that are considered to be frecture~filllags rather
than layers because of the extreme sharpness of thelr contaeta. One qusrtzcse
fracture-~-£1lling in this pegmatite coatains spodumene. Slsewhere in layered
yecmatites lithium minerals have not teen recognized.

The best cxamples of laysred pegmatites within the mspped area are the
very lorge pesmatites in sec. 20 and adjacent areas to the esat and north.
In addition to the normal layerin;, some of these pegmatites have a layeriag
caused by multiple iatrusion. Ia the ceatral part of the ¥ 1/2 sec. 20, the
geolozic map (£13. 3) shows rany places whers small pegzatites coalesce to
fom larzer ones. The outar parts of these small peomtites are fioer-zrained
than the inner parts. and vbere seversl of these pegmatites coalesce. an
alternating sequence of fine- and coarse-grained layers is formed.



Ia the lonz narrow dikes of secs. 7, 8, and 17, layering is less well
defined than in the larger latrusives to the south sad west. The layeriug
of these dikes is distinguishsble chiefly by the elonyation of aggregates
consiasting of perthite erystals ia a sroundzass of quarta and plagioclase
that are more coarse-grained than the quarts and plagioclase of the fine-
srained layers. Layering is better developed alons the contacts than ia
the center of thase pegnstlites.

Zomogenecus Pegmatites

domogenaous pegmatites conaist of the some material virtually threuzhout
tie iatrusive. Thia bordsr and wall zones ¢sa be recosmized ian soma jeg-
matites regarded here as homogeneous, bult they are at wost an inconsyicuous
elezent of the strueture. ZFracture~fillin: units consistiag of quartz or
of quarts and perthite oecur in meny bomogeneous pegmatites, dut other
tyyes of segregstions enriched ia quorts and perthite are rare.

Hoat of the homoyensous peguatites are smsll tadbular to lenticular
iatrusives, usually concordant with the enclosing schist. A fow are larce
and thickly lenticular. The largest 1s the Diamond Mica north ze.nmtite 1n
the X 1/h sea. 17. This pegsmtite bas & tear-drop shape, and is very
sinilar in cutward form to the anearby Ztia pesmatite.

HZomozeneous pegmatites ordinarily consist of quartz (25 to 40 jerceat),
slagioclase (20 to 35 percent), perthite (15 4o 40 percent), muscovite
(% to 15 percent), and tourmaline (1 to 3 percent). Host of the piaszioclase
is aldvite, but some is olijoclese, All the minersls except perthite are
fine- to medium-zrained. PFerthite crystals are coarse- to very coarse-
Zralaed; the largest are as much as 15 feet across. The large crystals of
perthite are iatersrown with quarts to form :rephic sranite. ZPerthite



crystals are embayed and corruded by interzrowm groukiness xisersls consiet-
ing larcely of quarts and plagloclzse. As ia the layered pecmetites, these
WMm'WtMW: they indicate that
quarts sad plagioclase in contact with a perthite erystal are younyger then
taat perthite crystal, not that they are youoyer than sll the perthite in
the pesmtits. |

Joze of the bomozenecus intrusives consist of guertz-plaglioclose~
muscoviie pegmatite. Few, if any, of these pe;matitos sre more then 10
T2t thick and 150 feet long.

The aversgs compositisn of the Diamend ica north pe:matite (U L4
se¢. 1T7) has been estimated from dismond drill core and surfsce exposures
to M quartzs - 3 percent; albite - 27 percent; perthite - 27 percent;
muscovite « 15 percent; and tourmalinze - 1l pareent. This is close to the
avars e composition of all homogeneous permeiites except thst the suscovite
content 13 somevhat hich, and the quarts and plagioclase &y e low.

The very small border and wall zones of homganeous pesmetites consist
of fine- to medium-grained albite-oligoelase (25 to 50 percent), quarta
{25 to 45 percent), muscovita (10 to 25 percent), and tourmmline (1 ta §
percent).



Zoned Pegmatites

Many of the soned pegmatites of the Keystone district have bees mepped
at scales of 1:240 and 1:480. The data to be presented here will consist
chiefly of material that is significant with rezard to genesis and to the
relations of the zoned pegmatites among themselves and with other tﬁpet of
pegmatites. '

Dats for the 19 most important soned pegnctites in the mepped area are
 presented in tablss 3 and b. An sdditional 21 zousd pegaatites are kaowa
within the limits of the geologic msp.

Zoned pegmatites range i{n size from bodies a few inchas long to very
larze pegmatites like the Eugo, Peerless, and lonte Carlo, eacia of which
contains more than half a million tons of rock. Even the larzest of these,
hovever, are far sxaller than the largsst layered pegmatites.

Most of the z0ned pegmatites are lenticular (table 3); the thick
part of the lens, however, 1s ordinarily neerer the top than the center
of the pegmatite. Some are teardropeshoped to pipelike. Two discordant
pegmatites, the Peerless and the King lode, are crescent-shaped. The
Edison 1is a multiple fntrusive consisting of several tabular to leaticular
pegmatites, vhich, taken together, give the eantire body an irregular form.

All but three of the pegmatites ia table 3 have generally coacordant
relations, though locslly all of them have cross-cutting relations (o tae



Table 3.
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Important zoned pegmatites of the Keystone district

Nane Location Shape
#* Big Chief NE ; sec. 22 Lenticular
# Bob Ingersoll No. 1 ) ( Teardrop
# Bob Ingersoll Noe 2 % SE 5 SW % sec, 31, $ Thickly lenticular
Bob Ingersoll No. 3 3 and NE ; MW  sec. 6 E Lenticular
Bob Ingersoll No. L ; é Lenticular
# Dan Patch NE ; NE § sece 7 Teardrop
Dan Patch No. 2 NW % NE 4 sece 7 Lenticular
Diamond Mica, south SE ; NE 4 sec. 17 Thickly lenticular
pegmatite |
# Dyke Lode NE ; sec. 21 " Teardrop
# Edison SE ; sec. 9 Multiple intrusive consisting
of several tabular to
lenticular pegmatites.
# Etta NW ; NW 5 sec. 16 Teardrop
Eureka SW , SE 7 sec. 15 Pipelike
Hardestey SE 5 NE . sec. 36 Thickly lenticular
# Hugo NE 3 sec. 17 Multiple intrusive consisting
of two thickly lenticular
pegmatites,
King Lode SW 4 SW 3 sec. 15 Crescent-shaped, concave upward,
Monte Carlo NE % NE % sec. 17 Multiple intrusive, eonsisting
of a thinly lenticular
pegmatite and a thickly
ler.ticular pegmatite,
# Peerless SE 4 NE 3 sec. 8 Thickly crescent~shaped,
concave downward,
Sitting Bull SW , oec. 5 Thickly lenticular
# White cap NW , NE 4 sec. 16 Lenticular

# Pegmatites of major economic importance.



country rock. The plunge is parallel to the plunze of isoelinal folds.
Insgmuch as the igoclinal £0ids bave beea deformed by later folds and faults.
tha attitudes of concordsat zoued pegmatites differ reatly throushout the
district.

The discordant pemmtites m the Peerless, Yonte Carlo, and Xiay Lxda.
The Peerless pesmntita in section hes the form of a ¢rescent that 13 coneave

dowowvard; the attitudes of the two limbs t coatrol by froctures Limb

strize 3. 3° W, and aip 45° B8 and SW. The Youte Carlo pegmatite 1s a
muitiple intrusive in vhich the larzest of the two componeat bodies is
thialy leasicular and discordont. The King lode 13 latrusive into moaslve
ampiibolite.

Sequence of Zones

Table 4 showa the sequance of mineral assepblo.es in zoaed pesmatlsas
of the Xeystoue district in the form originally used by Cameros and otisss &
amwmmwmy. The Xeystane recmatites coataia all of tie niz-
g2yal assemblazes in the seneral sequence reco aized ila other pegmsmiite
districts of the United Statesa. Ia particular, assemblages 5 tarsusk 1 of
table 5 are uwmsually well represented. Flgures € and 7 shov the internel
structure of two zoned segmatites: (1) the Bi: Chief, which consists alrsst
endirely of perthite-quartz-aldite and quartz pe:matite, aad (2} the fu.o,
which contalns many wmita. "

The outermpet unit of aearly all of these pe:rmtites consists of 2ioce-
to mediumezrainaed quartz, plagioclase, and muscovite. 'm content of muscovine

1/ Cesmeron, B. ¥., Jahas, R. H., MeNair, A. H., and Page, L. R.. 1943, Iateraal
structure of granitic pessatites: Zcon. Geolosy Noa. 2, p. 53=70.

_%{f Page and others, 9D, eis., D 15"160



decreases grestly inwaxd from the contast, but perthite decomes aa abundant
aineral. All but two of ths pegmatites of tsble 4 contain perthite-rich
sones of sssemblage 3 or b, ia vhich the perthite is very coarse-groined aad
the other minerals are sediume $0 cosrse-grained. The perthits-rich uaits
decur 38 hoods in the upper part of the pegmatite. At ths Huso a zone cone
3isting of assemdlage 3 bhes besn subdivided into thres smaller units, each
@Mismwm&%haﬁsmdﬁm?. The outer snd upper
zorts of this unit coansiat of perthite-quartze-albite pegmatite contalning
mxre thaa 50 percent perthits. The perthits is very coarse-grained; one
erystal was 35 feet long aud 19 feet by 10 feet ia oross-gection, snd much
lw,ﬁrmsmshﬂebmmy. Dowaward and inward this i3 succeseded
by guartze-aldlite-perthite pegsmatite contalning 5 to 50 percent paerthite.
Fioally, 1a the lower parta of ithe pesmeiite, this unit consiats of mexiiume
mwmmaamumgamsmmszm.

These pertalte-rich units are ordinarily followed by very coarse-jvalacd
wnits increasingly rieh in quartz. Other common miserals in ascemblazes
5-3 are plagioclase, spodumene, amblyzonite, sud pertaite. The flual unit
muinert,.thepasaummmhhuaqum:em.

Three of the pe matites in table 4, however, have cores with a rela-
tively low content of quartz and 8 hish content of minerals with alkslies,
watay, and fluorirce. The Zob Ingersoll do. 1 pesmatite hes & core consisting
of quartz-cleavelandite-lepldolite pegmatite (assemblaze 3). The Hugo aad
Peeriess pegmatites each have a core rich ia a ;3ay "lithia mica” (assemblaze 11),
aad & zone adjacent to the core that consists of guartz and non-perthitic
nicrocline (assexblage 10).

i/ Schwerts, G. M., personal coomuniestion, 1543.



"lithis mica® i3 e field name used for s fine-grained gray mica in
assesblage 1l that 13 very similar to lepidolite except that it is grey in
color and has & much lower lithiwa coutent., Optical data and partial
chexmical asnalyses suzgest that it is s lithium.rich muscovite, but more dats
are needed.

Beplacensat Festures

The Hugo and Fe-~rless peguatites also sontain replacement units that
mmm:memamummMum. The in-
troduced minerals are dominantly fins-grained lithia mics and cleavelandite,
indicating that the pasumatolytic or hydrothermel fluids that caused the
replacemsnt bodics coﬁtaimd alkalies, water, end probably fluorine.
Figure 7 shows that two replacement units were mapped at the Fugo: (1)
sleavelandite-microcling-1ithis mica pegmatite, which replaces imner zones,
and (2) cleavelandite-quartz-lithia mica pegmstite, vhioh replaces outer
Zoues. The differesnces Detwen these two units may have been czused by
differences iz ke composition of rock that vas repleced and by chanzes in
the coaposition of the fluld as it advanced through the rock.

The replocement units eontain isolated remnants of unreplaced varts
of the zones, one of vhich is showm in the left-hand part of figwre 7. In
mny ploses minerals and textures of the nre-existing sones ares sufficiently
wall preserved so that zonal contagts can be traged through the replacement
body. Thus, in the Hugo pegmetite, the quartz-clesvelandite-microcline-

amblyconite sons characteristically has blade-shaped agzrvezates of minerals.
These blades can 2130 be recognized in the replecement unit, thouch lithia



nice and cleavelandite have been added o the blades and to tha surrounding
rock. In reploced perts of the quartz-microcline-spodudene zone the outlizes
of spodumens crystals can de recognized even vhere the rock consists almost
entirely of cleavelandiits. lithis mica, and small rubbly msases of microelisa.
The replacement units aiso contain many exsmples of ewbayisny, veinins,
znd pseudororphic replacement of some minerals by oﬁzaémemls. These
taxtures . however, alaooceurinm. They ean be used to determine 2.8
relations among the minerals, but they are not direct evidence for the massive
replocement of an entire rock that chorecterizes the replacement waits. Davide
303, Grout, and Schwerts & have dlscussed a eimilar problem resarding Ilsealse
ia a gabbroic dike in Virginia. Petrographic evideaes iadieatass that zars
2f the ilmenite formed after minerals with which it is asscelated. Javidscn
and ils ccauthors polat cut, bowever, that this does zot justify liber=l use
of the words “replacement” and "secondary”’. They consider that "replacement’
should not include “late mscmatic or deuteric changes” caused by “resctions
with sagne.” They also believe that "secondary” should be restricted to
minerels that are "later than magmatic minerals”. and slould aot be based
saly "om the observation that a mineral is later then some other minernl’ 2.
Toxtures indicating coxTosion are more commen in inner zones than outer
zones. Thess textures are least common in assemblaces 1 and 2. Perthits of
agsemblages 3 and b is charscteristically embayed aad veined by quarts snd
albite of the sroundmess. Ia the Fujo pegmatite the gquartz-cleavelandite-
nicrocling-amblygomite zone (assemblaze 5) contalns zeay pseudomorphs after

1/ Davidson, D. M., Grout, F. P., and Schwarts, G. H., 1346, Notes on the
1lmenite deposit at Piney River, Virzinia: ZSeon. Geology, v. 41,
pe TH-743, especially p. Tho-T43.

g/ mm; P 7“7"7&3.
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spodumene that can de recognized as such by their bladed shape and by
cleavelandite sheaths that ordinsrily surround spodumene crystals ia thias

and otheyr pegmatites. Assexdlages 9 and 11 ¢harseteristically bave. a great
variety of corrosion texturea. At the Hugo, for example, aggrezates of
cleavelandite fom many veinlets that eut scross all other minerals. Lithia
mica, lowever, though in pert garlier thon cleavelandite. alag occurs ia many
vein~like masses that cut clesvelandite, and thus the aze relations are
overlapping.

A criterion for replecement that has been uséed by many authors, though
not used here, is the presence of minerals that occur in radiating messes,
"rosettes”, or "bursts’, Cleevelandite is tie principal ainersl that forxs
ia tals fashion. less & was the first %o use shis critericn when be applied
it to the radlating disposition of spodumena orystols saad stated that such
mineral forms are evidence for replacement becauvgse they must have been sup-
ported to develop ia this fashion. He cites pyrite balla in sediments a3
an aualopous exaasple. Ianwzfmmmﬁmﬂmmhu discuasion
of Zeystons pegmatites. '

memmwmm that spodunens rosettes mey have bheen
suprorted by "the erystal-bearing iliquid or dy the crysial mesh.” At an
earlier time. however, Jahns 27 considered that "bursts” snd "rosettes”’ are
geserally formed by replocement processes.” idis view seemed to be that

1/ OGesa, ?. L., 1525. The natursl history of the pesmatites: 3n:. and Ma.
Jour. -~ Press, v. 120, p. 295.

2/ landes, X. K., 1323, Sequengce of mineralization ia the Faystone, 5. O.
pesmatites: im. Mioewalogist, v. 13, p. 543-549.

3/ Janas, R.gﬁ., 1953, The genesis of pegmatites: Am. Mismeralogist, v. 3B,
P 5 .

4/ Jahne, R. H., 134G, Mica deposits of the Petaca dlstriet, Ric Arrida County.
Sev mﬂégg' ¥ex. Dur. Hloes and Mineral Resources, Bull, 29,
b1 69 and 3



Amwmiamwwm,wmumm_
less commonly. and perhaps never, a8 a prizary misersl.

In the Xaystone pegmetites, minerals with radiating structure arm
srizary zoval miserals. Zadiating cleavelandite oceurs in many laner zones,
tut the eleavelandite in bodies definitely of replacexent orisia does not a2a
a rulo show the “rosstte” or rediating structure. It is pessible that the
saiy inference one can draw from cleavelandite erystallized in a radiating
faghion 1s that this is the satural form for these masaes o take if allowed
to doevelop vithout interference. Spodumens in the Zita pegmatite and else-
wbere forma an ilaterlockiag astwork of orysiols; the radlsting charsctor-
iztlic daseribed by Heas 13 at junctions in this zatwork. loerals of the
sroundmass ¢ndbay and vela the spodusene, and thus are at least {a pact
younger than the spodumene. h&mmssugmy;mmmm
tbat the only support radiatin; masses ever hod or aecded, was {rom other
crystals of the partially solidified pesmatits.

The large size of some crystals has aliso been ¢iled a3 an exsmple of
unsupported atructurss tkat require a replocement origin 2/ « Iarce erymtals
occur ia nearly all zones of every zoned pematite. and 1f they formed hy
replacement. 1t is difficull to undarstend how the different miseral specics
farming large crystals weve distridbuted amoag the zones in such a fashion o3
t0 form a consistent zonal sequence. Furthermore. the largest crystals ars
usually potassium feldsyar, used by msny writers as the primary host of
clsovelandite snd lithium minerals. It is more lilkely that the lar;e crysials,

‘I_.jl JM» 19535 Op« eit., P 59“0
g M’ 1925; Q&a citag ?‘ all

Coanolly, J. P.. end O'Harra, C. C., 1329, The sdnevel wealth of ihe
Rlzek Hills: 8, D. Sehool mm‘g 2ull. lé; Do mm-



1ixe the rosettas, obtained their support chlefly f£yoa other orystols
during primary crystalligation of the pegatiteo.

Migeral Variatioos

N

The minerals of zonod pegmtites show cousisteat chan cs from thm wall '

zone to the core. Table 5 shows that in the Hugo and Peerless permtbiltes
tha Aa content of plagioclase sad the Zed content of beryl deersese oo
the vall sone lawerd. 2lagioclase {a the lusp pegmatiis i3 ‘333-3, " ia oa
border zond, Any 4 ia the vail zon@, Amy ;, iz intermadiate sones, aaw

”mh-é ia the core. Ths fine-urained latroduced cleovelandite ia the o o

replacerment units containa as little as 2 percent Aas. on2 specimen sollzolou

{rem the coutact detween the wall zone and the cleavelamiitee-cuaria-llinl:
ming replecegent body and olicoclase from the wall cone zdjooect to tag oy
sodle albite of e replocament wnit.

Huscovite decrooses in the content of godn. and thus of porncouite
£rom the vall zone invard., Opectrochemicsl analyges of Su o micas wers noca
by Charles 3. Harvey, Uoiv, of Henisen dnglaeezrin: Jesearch Pro set He i

supported by tha U, 3. Aymy 3d.o0ad Corps, and directad by 3. ¥W. Jelaricih.
Sae specimen from the wall zooe coatalaed 1.6 jercent :Iags, four spoclinena
frem the first two intermedists zones contaiuaed 1.4 to 1.5 jercent da.on cul
one gspetizen from the core contalned 0.37 percent ziagi). Srontenmat and
dolland L/ found simfilar changes in nica from She Peerless weomatite.

1/ Grootemast, T. B., end Eollaaod, ¥. D., 15355, Sodium and potassium coobuni
of muacovites from the Peerless pejmotite, Ilzek Hi 21113, . s
(abstract): Geol. Soe. America Hall., v. 6. p. lpu}-
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Keith sad Tuttla & found that the vartations in the temperature of
the hizh-low inversion of quartz also shows a regular sequence of chonges.
The inversica tempersture in the Bugo, New York, aud Salen Beryl pegmatites
of the Dleck H1ls gecerslly decresses from the wall zone throuzh interzedisie
zones . and then incresses o8 the core 1s apyroached.

Comparison of Zoned Porrmatites with > and Pespmetives

Table 5 ahowa that one of the moat evident charscteristics of zoned
recratites is that many of thom contain units belonging to mineral cssem-
blages 4 through 12; in contrasst, the lsyered =ad bomosenscus pegmatites.
consist chiefly of rock types t2at delong to assexhlagss 1 through 3. lost
of tbe so-called rare minerals of precmatites are in szsesblages 4 thaough 11;
the most important exceptions sre aheet mica in sssemblaze 1 and beryl in
asseoblages 1 and 3.

Actually . however, the differences ia uineral compesition between zoned
Wﬁummmﬁmumm&w. Quentitatively,
outer wmnits belonging to assemblages 1 through 3 form a much greater gart
of zoned pegmatites thsn lmaner units belonging to sssemblages 5 throuch 12.
The only exceptions sbown on tadble b are the 3tta pesmatits, asnd perbaps
the ddison pesmatite. iz which asseublages 7 tizwoush 12 form more than helf
of the total quentity of permatite. Gensrally guerts and plaglocless are
tie domineat misersls, and pertiite sod muscoviia are the only other sbucdant
sizerals, just as ia the layered and homogeneous pe:motites. The zoned pe -
metites may contaln scoevbet more perthite sad muscovite thas other pegmatites,
but if so, the difference is not great, Such mizernis a8 beryl. amblriouite.

1/ Xeith, H. L., aad Tuttle, O. F., 1952, Sizaificance of veriatioa ia the
high~low inversion of quartz: Am. Jour. 3ei., Bowen volume, p. 23%-237.



lepidoiite, and columbiume-tentalum mineranls loem only a very smell zart of
any zoned pegmatite. The greatest difference between zoned pegmatites and
other types of pegmatites is that the minerals ara coacentrated in certain
zones, and thus there are uniis that are very rich in pertbite (28 muek 23
30 percent), muscovite {(as mch as 30 percent), spodumene {as wueh as 30
sercent), lepidolite (as ouch a8 25 pereeat), beryl (9s much as 3 poreens),
aad other minersils.

The border and wll zZoues of the Peerloss pe.zutite have a posaidbly
significant resemblance to layered pesmatites. Fi_ure J sbows a seguence
of 15 layers sumbersd from 1 at the contoct inwayd to 15. They are baisd
chisfly on seven disrond driil holes. buk 1a zart oa a study by L. 8. 2a 0
al J. A, Redden of one surface sxposure of the wall zona. Tha layers ore
digeontinuous, aad in any ome ploce oaly & few of the layers siown ia
£isure O can de recognized.

A sequence of 15 lsyers as been built ap by correlstlion from cue piseD
to another. Though soms of the corrslations mny be debatable. the eneral
relations ghown in fioure 3 must be essentially correst. Irom layers o
to 3, the guarts coatent shows a zeneral decresse and Lhe albile eontous
an inercase; the sustovita content reaches a peck ia layer 3 aad then de-
srendes in sbundance. Layer O has the only bresk ia thils soquence: Ghe
albite content ia less and the quartz and muscovite coatenis are realox
than in adjacent loyeys. The contacts of this layer cut tis laysrs on
aitier side, and thus indicate that this may ve a frecture-fillia.; unlit shot
crystallized later than the surrounding rock. The eﬁw;osiﬁon SUZoests LThod
this frocture-£illing unit corresponds vith the cleavelandite-quartz-Tuseovsie
pagmatite of the first intermedliate zona. layer J is a perthite-rich sers-
sation ordinarily surrounded dy albite-quarta-suscoviie pegmatise oFf 1a,9rs
3 and 10.



An sbrupt change takes place between layers 10 and 11. The quartz asd
m:scovite content increase and the albite content decreases. The sequence
from layer 11 to 14 i3 & telsscoped series thst 13 very simdlar to the se-
quence from layer 3 o 10. The guartz-elbite pegmetite of layer 15 auszests
the start of still anocther series that extendsa lato the Lmer zones of the
recmetite. _ '

Comparisoa with %abla 4 shows that the sequence of layers has a striking
ainilexrity to the norual sequence of mineral asasesblazes in zoned paeguatiies.
If the probable fracture«filling uait forming layer & 18 diare:zarded, layers
1 through J are in the seme sequence as the subdivisions of assemblage 1.
The perthite-bearin: layers 9 and 13 correspond to sesemblaze 3. and ave
equivalent o Iintermediate zones and cores of many Zlack Hills pegmntites.

Stmilarly, iz layeved peysatites there is svicooce previcusly eited
thet layers consisting of assemblage 3 are geser=liy youngsr than adjecent
laysre consisting of assemblage 1. The contacts besween layers bave the seume
chanzes ia perthite and plagicclase content shoun at the contacts of layers
9 and 13 in the Peerless je;matite. domogeneous pematites also have this
seguence; the outar perts of homogeneous pegmatites have narrow bordar and
wall zones of assemblage 1, and the remainder of the pesmatite ordinarily
consiate of assexblace 3.

Chemical Composition of Pegmetite

Table 6 shovs the »stimated chamicsl composition of (1) aversge
layersd pegmatite, (2) a typical homogeneous pegmatite, the Diomond Hics
north pegmatite, and (3) the Hugo and Peerless zoned pegmetites, including
the composition of unites within these two pegmatites. In ealculsting the
overall composition of tho Hugo and Poerless pegmatites, the taaasge of



Table 7. Mineral cbm;osi tions used in computing chemical composition of pegmatita.

Cozposition (in percent)

Mineral $10, Al1,0 Fe 0., Mg0 Ca0 Ba.0 0O 11,0 EBO PO Be0 Other
: 23 )'503 2 Kz 2 2 2’5 constituents

Quarte 100.0 — -— —_ -— -— -_— - -_— - - —_—
Flagloclage 67.1 20.3 -— —_ 1.0 11.2 0.4 - -— — -— -—

(An_)

2 .

Perthite and 6L.4 19.8 - —_— 0.4 2.7 112.7 - -— - -— -
microcline
Muscovite 45,2 36.5 1.5 0.5 0.2 1.0 9.0 = 5.0 = -_— 1.1
Lithia mica 47.0 35.0 0.5 -— - 0.7 1:0.5 0.4 h4o0o  — —_ 1.9
Beryl 66.8  18.9 — - -~ 0.2 = 01 -— — 128 1.2
Tourmaline 37.0 32.0 14,0 2.0 -— 2.0 -— -— 3.0 — -— 10.0
Iron-1ithium- -— -— 35.0 -— -— -— - 9.0 -— h5.0 -— 11.0
mAnganese

phosphates
Mblygonite and 3"".0 - - - 3.0 — 9.5 : 5‘0 h?os - 100
Apatite -— -— -— -— 51.0 == — - 2.0 k2.0 -— 5.0

Y
Slightly different figures used for plagioclase in which the An content 1s known to de other
‘hﬂﬂ uso

2E
f-uo 5 pa



esch ualt ves determined by making successive ;sologis sections. ibst of
these chemical dats were calculated from modes, usiag chemical compositions
for the varicus minerals shown ia table 7.

The composition of the Diamond Mea north pecmatite was also calculated
from 10 chamical analyses of drill core. The chemical analyses ahow more
gagommxzamaomm. The chisf csuse of this difference
ia thet blocky albite wes mistaken for microcline ia the mode. Hurthermore,
zugcovite was probadly overestinated ia the mode. It 18 unlikely that errors
of this magnituie vers mede in the modes of the sther pesmatites.

The zost evident conclusion from teble & is that the overall composi~
tions of the Sugo, Peerless, Diamond Hica north, and asverage layered pegmatite
are very similar. The table sujgests that homoseneous pegsatiie, roprusented
by&wﬁhg&m&iﬁmmﬁimdmuﬁm,wmtmmxaém
averags leyored pecpabtite, bui this moy be explained by the fact that the
Jismcud Mica pepmatite has more muscovite than most other homogeneous
pegmatites.

Ths leyered roek ia tie torder and wall zZones of the Peerlass pemiite
(table 6) is very similar in composition to homogeneous and layered pe:metite;
the ;restest difference ia thet it hms less K0, but tue Pesrless pegmatite
mammwmmﬂlymllwut;otxae.

The two soned pegratites in table 6 have somevhat more 510, and less
&'3.293 than layered and honogeaeous regmatites. Jimilsy caleulations for otiher
2oned pegmatites misht show, bowever, that these differences are ot siz-
aificant. Hany soned pesmatites in the Black 21113 consist almoat entirely
of minersl assemblsges 1 through 3, and table 6 shows that these mineral
assczblages in the Huzo end Peerless pegmatites nave ajgregate Si0 and Aly0,
contents thst are about the same as layered and homo;eneous pegmatites.



mm@mtimmm:huhzom”mpshu@mm:&
aud homogeaecus pegmatites. 7The Peerless pegmatite contains extrsordinarily
1i%tle K0, but it has cbout as mwch Nay0 as layered and homogensous pegmatites.
xaa of zoned pegmatites 13 ordizarily concentrated in perthite- or mica-rich
zonas that form only & relatively small part of the eatire pegmatite.

Such elements a3 11, Be, Ch, Ta, and Sn form such a small part of zuy
of these psgmatites that they 4o aot show in table 6. In spite of thla, the
Peerless regmatits has a derylerich unlt that has been the source of zore
than 500 toas of beryl, or chout 1 perceat of the total world productioa
ortor to 1352 &/, The toanage of beryl reserves in this pegmatite is several
times the total tonnnge of production to date. The Hugo also has been a
major source of beryl and has reserves comparable to the Pmerleas reserves.
In addition, the Iuz> hos been a major soures of anmblygonite and was at one
time mined for tantalite. The units eontaininz these minerals fora such a
small part of the pogmatite that although they contaln several hundred t03s
of Lis0 and a few tons of tantalitse, the total quantity of these matarials
i3 very small in relation to the sizs of tha pepmatite.

The principal changes indicated by the chemical composition of ihe
varicus subdivisions of tbe Hugo and Peerless pegmatites (table €) are sa
Mmmm&ogmdaaecmuinma%mmmmcenterofemh
segmatite. The very suall quantity of pegnstite formiag sssemblage 11,
Bowsver, is low ia 510, and rich in Alp0s, Hao0, and K 0.

The layered rock in the Peerless border and wall zones 13 higher in
&aamlmrmm@BtmmmJacutimmﬁimm. Ha0 i3 rather
evenly distridbuted through these two pegmatites, though each of them does

1/ Staff of U. S. Pur. Mines and Geol. Survey, 1553, Ieryliium: National
Security Rescurces Board, Materials Survey, P. IV-9.



contain units that have very Little a0. K0 s concentrated ouly iu the
fow unita rich in muscovite or potassiua faldspar,

The enrichmest of faner units in 510y sugzests s relation betwoea
pepmtites and certain quarts veins in the Heystone diatrict. Goms of the
auartz veins dave thin border sad wall zones contaiaing plagloclase, muscovite,
aud rare microcline erystala. These say de essentially zoned pegmatites con~
sistiaz almost eatirely of a quarts core, end thus they are =uch richer in
310, than sny of the pegmetites in table 6. '

Genesis

Ia past discussicus of the seneslis of Rlock Hills pecmetites, 20
attempt has been made O coovdinate evidence from layered. homopensous . and
zoned peguatites. Iavestd mtors of the layered posastiies or ";ranite’
save asresd that these are intrusive rocks of mogmatic origis &. As for
ihe homogeneous peguatites. it scems to have been enerally agsumed thes
m too are of intrusive mamatic origin, though it ia difficult o zake
any definite statement to this affect in the sbsence of any speciflic dis-
cusaion of these pe:motites . or even of Iecoynltion o thelr existente sa
a separate catesory.

%a the other hand, ianvestisators of what are hare oslled zoued pe.matives
save brought forth a sreat variety of conclusions regaxding _;,smais. Prior

1/ Paige, Siduey, 1925, Precemdrisa rocks, in Darton, H. H., and Palys.
Sidoey. Central Black Iilla, 3. D.: U. 3. Jcol. Jurvey Geol. Atlas,
20110 213, P. 4=5.

Ialk, Robert, 1931, Inclusions and foliation of the Zerney Peak greanite,
mm m’ sa D«': 3&’3%11"« W, Ve w, y' 7%’7%.

fumer, J. J., 1343, Structure and origin of ack H1lls Precambrian
domes: Jour. Geology, ¥. 51, p. 43L-457.
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$0 1925 thess pegmatites wers generally considered to be of intrusive
negmatic origin; indeed, early writers seemed to think the subject scarcely
varranted discussion ¥/, In the years sioce 1925, those who have studied
Keystons pegmatites have arrived at conclusions regarding genesis that can
be divided into three categories:
(1) - Crystallization of au essentially magmatic
fluid in a restricted system. This fluid may
'sin rise to hydrothermal or pneumstolytic
solutions that cause a relatively minor amount
of nphcannt of previously crystallized pezmatite y o
(2) COrystallization in two or more stages, of which
- the first vas magmatic and the others hydro-
thermal. Replacement is considered to be of
major quantitative importence. The Mrotheml
fluids were from a acurce, Or sources, cutside
thmuu'ywumammﬁuy.
(3) Metasomatic replscement of metamorphic rocks &/ .
The Keystone pegmatites that have been the principal sources of data
for genstic theories are the Etta, Bugo, Peeriess, Bob Ingerscll Nos. 1 and 2,

1/ Paige, op. eit., p. =5,

2/ Page and others, op. ¢it., p. 17-24.
Sheridan and others, op. cit.

3/ Hess, op. eit.

4/ iLandes, K. K., 1928, Sequence of mineralization in the Keystoue, S. D.,
pegmatites: Am. Mineralogist, v. 13, p. 519530, 537-558.

5/ Higazy, R. A., 1949, Petrogenesis of perthite pegmstites in the Black
Hills, 3. D.: Jour. Geology, v. 57, p. 555-581.
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Zdison, and Jdyke lode. mm'lmymmmlspesmﬁmain~
the southera part of the Xeystone district. Host of the pegmatites studied
bty Hisazy are zoned, but some are layered and some probably homogeneous,
thouzh his iadex zmap is not entirely adequate for determiniag exuct locaticus.
Fegmtites elsevhers in the vorld have ordinarily been interpreted ia one
of thase three ways. Most of the litersture 18 on zonad pezmatites; the mono-
gra;hbycaumnammhersgwamuscaxgelyahinaﬁmtmemmaw
pesmatites except soned pegpmatites. The relatiocas between zoned and unzouned
regmatites ia aay single region have rarely, if ever, veen fully deserided,
20r indeed, hes the difference between the two always been fully recozalzed.

Hogmatie Iatrusion

The chief avidence for intrusion of a largs quantity of magmatic
caterial in the southera Rlack Hills lies ia the structural relatiocns tetween
the pegmatite and country rock, both the jrosa relatioas recognizable over Lroad
areas and the amallar scale relations recogznizable ia a single pegmatite.
The close areal assoeiation amonz the pe;matites, the high zrade mstamorphic
rocks, and the latest deformation of the couatry rock suggests that all of
toese were associated genetically.

“any suthors & have shown that the schists are domed L3 the southern

Slack #1lls, and have attitudes quite different from the attitudes to the

1/ Op. e1t., p. 555-556.
2/ Op. eit,., 1549,
3/ Paige, op. 8it., 3. 4=5.
Zalk, op. eit.
Ruaner, 1543, op. cit.



north. The present work ahows that these structural changes vers caused ina
part by faulting and in part by folding that tock place after the isocclinal
folding charssteristic of all Hlack Hills Precambrian rocks. Iocally, near
larze pegmatites or groups of pesmatites, the country rock has been deformed,
as in sees. 16, 17, 20, and 21 of the Xeystone distriet (fiz. ).
Fany features of individual pegmatites that have been studied in detail
augzest an essentially mazmatic origin:
(1) Contacts are ordinarily sbarp. Altered wall rock consisting of
a sranulitic aggregats of plagioclase. muscovite, and quartz
with lesser quantities of tourmsline, biotite, and other minerals
cccurs chiefly whers the contact i3 cross-cutting and fluids from
the pepmatite could most resdlly escape iato the sehist. Altered
rock of this kind is less than 2 inches thick alonz more than 30
percent of exposed pecmatite contasets. The maximum thickness ia
only a few feet, in contrast 40 the much greater taickoeas of
many pegmatites. At the Sugo pegmatite (fig. 7), for example,
this rock has been found at several places, but a thickness of
more than 1 foot is uncommon. This alteration 1s best explained
as caused by material contributed by the pegmatitic fluid to the
schist, not &8 a gradational contact between metasomatic pez-
_ matite and unsltered schist.
{2) vithin zoned pezmatites, structural relations of fracture-
£111ing and replacement units (fizgs. 6 and 7) indicate thas
outer zones formed before inner zones, sugzesting crystallica-
tion of a fluid inwvard from the contact. Solidified outer
zones were fractured, and rest Z‘uquid ves iajected to form
fmb#noﬁniag units that are siamilar in composition to



ioner sones (fig. 6). Replacement units extend outward from
cantral units, as if formed by hydrothermel or paeumatolytic
fluids that escsped from the rest liquid at & late stage of
erystallization (£ig. 7). Thus these replacement units came
from the interior of the pegamatite. not from sa exterior source.

(3) Plagloclase of inner zones is more sodic than plagioclese of
outer 3caes, and the ocuter part of plagiceclase grains ia more
sodie then the inner part. Ia the Hu;o pegmatite, replace-
mttmiumaiaammmrmméora(ﬁa,ﬂ&uﬁry
sodic albite that contrests with less sodic albite and oligo-
clase of the replaced zones. Thus, the plagioclage developes
in the normal sequeace, from less sodic to zore sodie, that
has been recognized in nany igneous rocks. myum
ammemgammwpwmgfwmmtm
are too soall to be aignificant, but this view hardly seems
Justified. | |

(4} Tapered crystals are oriented mormal to pegmatite contacts;
the small end i nearest tbe contast, and the bread end 1a
tovard the center of the pegmatite. Amon; the many examples
are beryl in thes Peerless and Fob Ingarsoll pesmatites and
muscovite st the contacts of many pegmatites ia the NW 1/h
sec. 22. This aug-ests that the erystals grew inward from
& seed near the contact of the pegmatite, and the tepered

1/ Rozberz, Hens, 1356, Pegmatites in west Greenland: Geol. Soc. America
Mlv,, Ve 67, P @3'

2/ Comeron, Z. 5., and others, 1954, Pegmatite investizaticns, 1542-45,
Hew Sngland: U. S. Geol. Survey Prof. Paper 255, p. 3l.



farn developed as new raterial was added to the sides and
to the ianer ead of previcualy orystallised material.
meMumMnmwammmucmm
of thia sort with phantoms ahowing the cutline of the
erystal at various stages of its development.

(5) Hear discordaat contacts of meny pegmstites, the
schigtosity of the ccuntry rock iz exagtly parallel o
the pegmatite contact. The Peerless pegmstite is dis-
cordsat to the regional schistosity, dut within a few
inches of the pewmatite the only schistosity recognizable
is parallel to the contact. A similar schistosity obe-
gerved ia underground workings at the Victory pegmatite,
‘aear Custer, follows the contact arocund the end of the
pegmatite vithout once ahowing any discordance. The
outer part of these pegmatites 1s oot asimificantly
deformed, and thus the induced schistoslty must have
formed before erystalllzation of the pegsmtite. It seems
explainable caly a9 recrystallization of the schist under
pressure during injection of the pegmatitic fluld.

(6) In a few places 2/ beds of the wall rock are dragzed up-
m&uzﬁnqgi‘avmbuofpamucm,m
suggesting forevible intrusion. Unfortunately, expoaures
novhers are adequate to show vhether & single bed several
feet from a pegmatits hus been forced ocutward far encugh

1/ Jahms, R. H., 1955, The study of pegmatitas: Zcon. Ceology, Fiftieth
Anniversary Yolume, £ig. 16.

?j M and others, op. ¢it., o 13.



%0 account for the expansioa required to make room for the
pegmatite. Though no such tracesble horizon has been found,
mwmammmmkwmmmmAm
of sees. 17 and 20 is stroog evidence for foreible iatrusion
(f1gs. 3 and 3). 1If the pegmatites formed by metascmatism
of the countyy rock, however, 1tud1£ricvlttqapla¥;am
phantom contacts of rocks of contrasting compoaition--for
exsaple, amphibole-rich and mica-rich rocks at the Zdison
mine--gcannot be traced through aay of the pesmatites.

(7} Howhere have schist fragments in pegmatite beea found to have
as "{sland-mainlend” relation to the wall rock that would
suzgest that the pegmatite formed by metasomatism of schist.
The only schist fragments within the pegmatites have an
arrangament; that ifundicates they are schiat sereensa along cone
tacts between adjacent pegmatitas ia o multiple iatrusive.
This conclusion is further substaatiated where zomed peg-
matites form mulitipla intrusives; in thege, schist screens
separate the wall zone of one pegmatite {rom the wall zome
of the next pegmatite.

Hack H111ls pegmatites lack iaclusions of foreiga rocks and diverseiy
orieated inclusions of nearby recis that can be used as evidence that the
pezmatite was derived from 2 magmatie fluid. Pegmatites that tha writer bas
seen elsevhere ia the United States are similar in this respect. It secxs
porbable, howvever, that the country rock--mostly quartz and mica schistS--
was deformed only by plastic means ia the immediste vicinity of pegmatites
during iatrusion, aad thus oaly very rarely could inclusions Yreak loose
and siak iato the fluid. It also scems likely that the iaclusions would ;o



into solution, and that ordinartily undissolved material would not be found.
The Eureka pegmatite and other pegmatites in the SE 1/4 sec. 15 bave dis-
seminated graphite that may have been obtained in this fashion; if so, the
graphite probably came from a source at depth because there is very little
grephite in the rocks near these pegmatites.

The Harding mine, near Dixon, ¥. Mex., vhich R. H. Jahns showid'ihe
author in 1549, has raandomly oriented spodumene fragments that probadbly fell
to tha floor of the pegmatite chamber after crystallization of the outer
zones but during crystallization of the spodumene-bearing zone. In the upper
partofthespodwe-beafingzcne, the spodunene forms a network having the
same appearance as in other pegmatites. Only the spodumene at the bottom
of the unit has the sppearance of a heap of fragments.

In the Dlack Hills room was made for the intrusive fluid dy deformation
of the country rock. The deformation could proceed slowly as the meny sep-
arate pegmatites were injected. The larzest bhodies ars multiple intrusives
that grew by aceretion from successive injecticns of pegmatitic fluid. Thus
the process by which the large quantity of pegmatite sccumulated in the
mmmxmummmwmpmusmnmwmmy
both for the rhyolite dikes of the northern Black Hills and also for the
Sierra Hevada batholith, where mrkby}!ayog-/shcau that there are meny
separate intrusions.

Evidence from metamorphisam and distribution of pecmatites (fig. 1) has

previously been cited to show that the intrusives as a group plunge at a

1/ Soble, J. A., 1952, Evaluation of eriteria for the forcidble intrusion of
megpa:  Jour. Geology, v. 60, p. 3-57.

2/ ¥Mayo, B. B., 1941, Deformation ia the intervel ¥t. Lyell-Mt. Whitney,
Celifornia: Geol. Soc. America Bull., v. 52, p. 1001-1084.



soderate angle to the southwest. Thus, 1% oay be iaferred that the route
of travel of the fluids was upward from the southuest.

Evidence that Mack Hills pegmetites are ia any part megmatic hns been
disputed only by Higasy &, who argued for orfgin by petasomatism of sehist.
BEi:azy's work consisted chlefly of making chemical analyses and petrographic
studles of 16 specimens of perthite, 1 of microcline, ) of cleavelandits,

1 of *albitite” (provebly aplite), and 2 of schist.

2l azy made the assumption that the composition of perthite from a
pezmtite is equivalent 4o the composition of the pegmatita {tself. He cites
the Glendsale pegmatite, 3 miles southeast of Xeystoaa, a8 an example of &
mﬁut&t”mﬂo{mﬂmmwy. Actually, the Glendale pege
matite has more of both quarts and plagioclase than perthite. There vay
e pegmtites in the Dlack Eills in which perthisae is the most abundant mine
eral, but none are koown that do sot contaln alnost as much quartz and
piagioclase a8 perthita.

digazy ahows that the composition of his perthite specimens falls on
the orthoclase side of the cotectic line im the albite-encrthite-orthoclase
system. lHe assuzes that the perthite i3 equivalent to the rock as & whola,
and ibat no other minerals were crystallizing at the sane time. He statas
that if megxatic pegmatites are residual solutions derived from a magaa have
ing aa orizinal compositicn ca the other side of thia line, then it would be
impossible to produce a rock having the composition of perthite. Higazy coue
cludes that magmatic erystallizatica is impossidble, and metascmatism is ihe
ocaly alternative. If, however, all of the plazioclase as well as the perthite

1/ Op. eit.
_2/ m, P 55?0



of the pegmatites bad been taken into aecount, the composition would fall
yory close to the cotectic ling, and the bassis for Higazy's argument disappears.

&wymwﬂrawwmt”whmrpsﬂmutmma
antitic pockets or forms a 2one in & pegmstite bedy. its chwiul conposi-
tion should closely approximste the mother-liguor from which it crystallized.®
Ag Jahns g/ points out, Hizszy discm “the very real possidilities of
fructional crystallizaticn, resurgent boiling, and liquid immiseidility.”

&wymmmmmmaﬁmmubzum
microeline in perthite. Ee shows that the albite is later tban the mieroeline,
but thia proves only the age relation betweea these two minerals; it does
mtpm,um@zyymtothm, that both of these minerals neces-
sarily formed by metascmatism of achist,

Some of the Mack Hillg schists contaln porphyroblasts of parthite that
:I&.ME/ considers to be intermesdiate between unaltered schist and his
perthite pegmatites. mméjfowwwwmkﬁmwmmy
3638#1;101:3. This sort of material occurs in only very mmall gquantities
ia relation to the gzreat guantity of pezmatite in the Hlack Hills, thoush
undey Higazy's theory it should be abundant. It scems more appropriata 2o
ageribe the orizin of this roek to potsssiumebearing flulds escaping from
the nearby pecnatites.

i/ Op. eis., 3. 566.

2/ Jahns, 1355, op. eit., p. 1093.
Y . cit., p. 562-565.

4/ Idem, p. 575-530.

5/ Op. eit., p. 530,

é/ Idem, ». 557.



Ia & later article, Higasy indicated thst his study of "potasherich
pegmtites” and the "chemical compositicns and tectural features of the
investigated rocks” &/ showed that these pegmatites fall outside the thormel
troush in the NaAlSiO, - XALS10y - Si0, residus system of Jowen and
sepatrer &/, Actually, however, the composition of Hlack Hills pegmatites
is in or near this thermal trough, and any implication to the contrary
-baged solely on yperthite analyses is unwarranted.

mwymmammmmzmmto:mwm
specimens. He showed that the content of various trace elements in pertalte,
virich be again assuped 18 equivalent to "pegmtite’, differs from the trece
element content of certain megmatic and hydrothermel rocks, and by this
srocess of eliminaticn concluded that the pepmatites are mstasomatic. He
disresarded the likelilhcod that certain elements enter tae feldapar latiice
wora readily than others.

3.azy slao ignored the offects of thysical conditlons ona the coa-
centretion of minoy elements. Iugster has made the interesting discovery
that the cealum comteat of sanadine erystallized from 3 fluld of fized O3/i
ratio varies greatly according to the tsmperature of crystallization. “At
about 700° C. the cesium content of feldsper is equal %o thet of the
fiuld phase in equilibrium wvith it. At 800°% C. the faldapar growing from

1/ dlzmssy, R. A., 1950, Significance of the orthoclasze-albite-anorthite,
and the FaAlSi0y - 3&131%- Si0y equilibrium dlagrams in igaecus
petrology: Am. Minerslogist, v. 35, p. 1046,

2/ Zowen, 3. L., 1937, Recent high~-temperature research on silicates and
its siznificance in igoeous geclogy: Am. Jour. Sei., 5th ser.,
Ve 33; P 3.1“130

3/ ddgasy, R. A., 1353; Observations on the aistribution of trace elaments
in the perthite pegmatites of ths Elack Hills, S, J.: dAm, doe
92‘519318‘3, Ve ﬁ; P 172+190.



£1uid phase of the same composition vill be richer in cesium than the
£1uid phase by a fastor of 1.2:1; whersas at 500° C. it will de poorer by
afantaratl:h.“y Higasy disregarded any such pessibility as this.

Ammmmwmmcmuuwmg
in a paper on pegmatites of west Greenland, for which Remberg proposes “'a
setamorphic-metasomatic theory in which diffusional transfer is essential.’s
Hicaay's Black Hills wvork was done in part uznder Profesacr Ronmbery at the
Unimﬁﬁat&imgaQJ‘m,W'ammmamwﬂ
from the Hlack Xills that he apparently regards sa indicating a metascmatic
orizin for these pesmatites.

Ramberg showa that the gecmetric relations between wall 1vek and some
eross~cutiing pegmatites indicale that the wall rock was not diaplaced. Is
also shovs that the conposition of many pegmatites 1s 1nfluenced by the come
pesition of th: weli mck.' These peomatites have ;radatiocnal contacts, and
the wall rock near many of them i8 altered. All of Raxderz's exasmples,
however, are very uarrow regmatites; the meximum thickness among the really
coavineing exsaples in his many illustrations is culy adout 1 foot. It
is not slearly shown wvhether or aot any of these say be connecied vwith
larzer pegmatites.

i/ Sugster, H. P., 1955, The cesium-potassium equilibrium 1a the systen
sanidine-water, in Adelsom, P, #., Annual regort of the Director
of the Geophysical Laboratory: Carnegle Institution of Washingion
Year Zook do. Sk, for the year 1354-1355, p. 112,

2/ Rember;, Bans, 1556, Degmatites ia wast Greealani: Gool. 3oc. America
wo, A 0 6?, Be 1‘35‘2130

31/ M; P m-
4/ Hignzy, 1949, op. cit., p. 550.
z} Gp‘ eit’.s plv 3; fie;. 50
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In the BElack Hills there is evidence both for alteration of wall rock
and for contamination of pegmatites by material from the wall roek. The
altered wall rock, bhowever, 1s quantitatively insignificant in relation to
the size of the sdjscent pegmatite. There is no evidence for the large al-
teraticn halo that may be expected if such larze pegmatites as those in the
'scutbern and southwestern parts of the Keystone district formed by metasomatisa.

Similarly, the avallable evidence for contamination of the pegmatites
indicates the eddition of only a very small amount of material. The high
tourmaline content of the outer few inches af many pegmatites may indicate
eddition of iron to the pegmatite fluid. PFlagioclase in ths outer 1 inch
of many pezmatites hes a eigznificantly higher An content than the yest of
the plagloclase in the pegmatite, and thus sugzests that c¢aleium was obtained
from the wall rock. Iillimanite and andalusite occurring as large crystals
and azgregates in the outer parts of scme pegmatites, especially near Custer,
aay indicate contemination of the fluid by aluminous wamil rock materlalas.

At Xings Mountain, N, C., T. L. Kesler bas demonstrated to the writer that
regmtites cutting quartz-mica schist have a concentration of muscovite ia
their outer few inches that 1s not to be found in pegmtites cutting am-
chibolite. The only undoubted contaminant that extends into the inner parts
of any pegmatite imown to the writer is the thinly disseminated sraphite in
pegmatites in the SE 1/k seec. 15 (£ig. 3). If large quantities of material
had been inherited from the wall rock, the composition of pegmatites should
change 1ia sccordance with the composition of the ecountry rock, and no such
relation is apparent. Furthermore, some zoned pegmatites probably would have
aunomalous divergences from the aormal zonal sequence, and no such divergences
have been observed.



Jevertheless, the vary cuter parts of ieystone pegmtites and thia
offshoots from these pegmatites mey occupy spece formerly taken by country
rock that entered the pegmatite liquid. Ho evidence has been found that eny
of the thin offancots of tdese pegmatites heve non-dilational gecmatric
relations with the country rock, but it will not be swrprising if such
ovidence is found. The guestion 18 not whether pert of the pegmatitic material
was obtained from wall roeck, but vhetber all of 1t was 30 obtained.

Raxberz alsc arguee coavineingly that pegmalite-iike quartz-faldsper
£1111ngs between boudias and vrapped arvuwnd wtde inclusicns in gneiss vere
contemporanecus with metamorphism. Purthermore, it seenms likely, as Jambery
my,mtmsmwwmvymwmmmmmm,mm
then from an injected fluld. It is not elearly showa, howaver, that this
material is petrogzrsphically the same a&s the more unormal pesatites, nor does
it appear from Ramberg's 1llustrations 2 that this material resembles Dlack
dills pegmatite.

Ramberg's other mejor arpunments are essantial. y oessiive~~that the
memmtites could not have erystallized from a fluld, ~«d that metascxmtisa
iz the only altermative. e states that quorts cores are not to Ye cxpected,
the compositica of plagiociase does not change sufficlently, the tempsrature
of crystallization i3 too low, and in other ueys (some act applicable to the
Black Jills) argues tist crystallization from o ma;ma or megua-like fluid
is improbable. Most of these srouments sre S0 the offect that fiald dats
are uot entirely ian accoad with lsboratory resulta on silicate melts. Ia the

y %Q cit., De 195-197‘
g/Idm, ple 65 fiz8. 1 and 2.



discussion of the tempersture, composition, and crystallization of RMaek Hilis
pegmatites on later pages, these arpuments will not appesr sericus. Rombery's
diffusicn process cannot be subjectad to the sabe kind of exmmiaation because
of the lack of adequate experimental data.

Thus Rasberg's most convineing argument that can be applied to the Zlack
Hills 1is evidence that the outer parts of pegmatites, ineluding small off-
ghoota from the pesmmtites, were formed without diaplacement of the couatry
rock. This is offset, hovever, by the adsence of any but the 209t indireet
evidence that the inner parts of large permatites formed by metascmatism.

Wg'aw;uwmammwwmummmmz
Ails would require that the diffusion of material through the rociks have aan
wmmmmmmtmm. In 2ay arca contalaing as meny
pegmatites a8 the southwest part of the Kaystone district, the movement of
scros materiala into and others sway £fIom & site of "vepmatization” would e
aceompanied by correspending wovements for hundreds of other pesmatites.
it seems probehle thet there would be such notshls chanses in the country rocx
that the quarts-mica and guartg-mica-astaurolite sekzist ia secs. 15 and 17
wuld be quite diffaerent from the schist only a zile to the sorth, where
pecrntites are much less sbundant. Ho sreat diffurences, hovever, are apparsat.

Zonod pegmatites that form multiple intrusives, as at the Zdlsoan nine
1a the 38 1/b sec. 9 ¥, ralse addttional daifficulties for the Bazbers
Laeory. The Zdison conaists of several pegmetlites heviag well zones of susyes.
albite, and muscovite, and cores of quarts, albite, axd spodumene., Jroy the
Rambery theory each of those ahould have formed by zioration of certala
meterials inwerd and others outward. Ia many places at the Idison, however,

1/ Paga and others, op. ¢it., p. 1Ch-114.



thepemum‘mtagether, ao‘thatrthemlzmofumis in coatnet wista
the wall zone of the next, and & succession of several lndependentiy zoaed
pecmatites forms a singls multiple intrusive. The gradients controliing
diffusion transfer at the Zdison would bave o have a very complex scometry.

Tempersture of Crystallization

&vidence for the temperature of erystallization of 3outh Jakota pei-
matitea has deen obtained both by fluid inelusion work and by studies of
the composition of muscovite and sphalerite.

v

Table 8 shows the temperstures obtained by fluld inclusion studics of
Xeystone pegmatites by P. L; Yeis Yy . The temperatures raace from 2327 O.
to 5159 €. Temperatures from differeant incluslons even in the same eryrstol
ney have & very great range: one beryl crystal from the Peerless rmnad
from 257° C. to 4052 O. These renges are 30 sreat that the fijurss ean te
used only in a gemersl way. It seeas probable, bowever, that the avera:
temperature, uncorrected for pressure, 1s between 3207 C. and 400° C. Ine
oaly data 2/ for correcting these temperstures for pressure caused by lopii
of hurial are besed on the »roperties of pure water, and a0 correctioa iu
shown above the critical temperature of water. Yeis, however, hed lijguids
/

at least as high as 515° C., and thus Remnedy's sraph < cannot be dirsctlr
Y4
applied. Though ¥Weis' liquid ineclusions ere probably agueous =/ » they zust

1/ Weis, P. L., 1953, Fluld inclusions in minerals from zomed pegmtiies of
the Rlack Hills, 3. D,: Am. Mineralogiast, v. 3B, p. o71-637.

2/ Xeanedy, G. C., 1950, "Pneumatolysis” and the liquid inclusion of
geologic thermometry: Beon. Jeology, v. 45, p. 540-543.

3/ léem, fig. b.
4/ ¥eis, op. eit., p. OTT-673 and 639-690.
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contain materials in solution theat incresse the eritical temperature and
mwmwrmmy‘ minﬂmeeefthnﬁmm
can caly be suessed, dut it sewms likely that the correction for terperatures
of 320° €. to 400° C. at 2 to b lles depth 18 at lesst 50° to 100, and
thus the original tempersture would be at lesat 3J70° 8. to 500° €. Further-
2009, it is probable that vapor pressure, supesreritical phenomens, lm
of material in théss inclusicns, and other factors discussed by Veis 2/
introduce still more errors. Thus the zmost thet esa be said is tial the
£luid inclusions sugsest a tempersture in the order of 400% ¢. to 500° C.

Mymmgmmmwmmmmam-
lized st lower temparstures thas outar zones, but ad e pointa out, the zreat
range in temperatures evea from single crystals is sueh that his evidence is
very wak. Furthermore, the spperent temperatuze iscresses inward at the
Peerless pegmtite (table 3). The only other pe:zatite la which Weis shousht
e had claar evidence for the terperature trend i3 the Highland lode ncar
Custer, wvbhere the temperstures sre approximately the came in two intermediate
zones and much Jower in a ualt that wes called 2 plagisclase-quartz core of
tha zespatite ¥, detually, however, this pesmatite contains no plazioclzae-
quarta core; the only unlt of plagloclase and quarta from which Wels could
asve collected specimens is the vall zone., The strusture of this pecmatite
is such that the wall zonesis exposed in plsces near the center of the

1/ Keanedy, op. eit., p. 543.
2/ Op. eit, p. 636-692.

3/ %p. ott., p. 695.

4/ Idem, p. 679-680.



W«My,MItmthumm. Thus,
at the Mghland lods, like the Peerless, ke aprarent, uncorrected texparae-
tures ineresse inward. It zay be, however, that the alkall content of ihe
fluid trapped in inclusions during eryatallisation is greater in ianer then
ia outer zones. The pressure corvection would he less in the alikall.rich
saterial &/, and although the uncorrected tempersture may be higher, the
original temperature may be lower than for aliali-poor material in outer 20028.

Another approach to the temperature problem bas been taken by Grootemaat
wwy; They determined the sodium and potassium ecntent of suscovite
from varicous zones of the Peerless pecmatite, and found that the paragosite
content of the muscovite reages fiom 13 mel percent in the wall zone to 5
=0l perceat in the core,. All of the muscoviie i3 asccompanied by aldite. aad
it {8 sesumad thet "the sodiun content of the muscovite 418 the zaximm ;od-
simnmmmmpmmarmmmm.“-j Thus they can use
mmmwmmmmmmmm—pmmmwsmyww&m
the temperature of crystallization rangsd from 500° C. 1ia the wall zome %0
350 €. in the core. If the mscovite were aot seturated with sodium,

1/ Poge and others, op. eit., pl. 23.
g M, op. ¢it., 3. 5&3-

3/ Grootemeat, T. D., and Eolland, E. D., 1355, Sodium amd potassium contant '
of muscovites from the Peerless jegmatite, Fock Hills, 3. D.
(abstreet): GCeol. Soe. America Bull., v. £6, 3. 1569.

_a‘_&_/Idau.

5/ ﬁugater 2. ?., and Yoder, H. S., Jr., 1955, The join muscovite-rarz.oaite,
in Abelson, P‘&,Amunuportarmmmtoroftmseomyszem
Laboratory: Wmummwwwmm!mmw S,
for the year 1954-1355, p.124-126.
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temperatures would be higher; Eugster Y considers that other possidle
ascurces of error are small.

Kullersd ¥/ previcusly used the Fed content of spbalerits 1a s similar
fashion as a zeological thermometer. Later ke applied this method to
sphalerite from the Jaa Pateh pegmatite and obtained a temperature of
250° C. This, however, i3 a minimum temperature, not an exact temperature,
because the sphalerite was not accompanied by any iroa sulphids ainsral, and
mupmmmtummnmay.

{igher temperatures are suggested by the presence of sillimenite
associated with primary minerals in pegnatites in which there ia no texe
tural or structural evidence that the sillimenite itself is anythlag but
rizary. Ordinarily the silliszenite occurs oanly in the outer parts of
pecgmatites, especially ia 2 small area northeast of Custer. A few small
pesmatites on the south flank of the Hammey Peak dome heave sillimanite
throuzh their entire thickness; these same pegsmatites vholly lack muscovite.
This way be taken a8 avidence that the pegmatites crystallized in jpart at
wmmwmm&a"c.y W&,asamzlsaya,mst
of the quarts of pegmatites probebly orystallized below the 573 . inver-
sion temperature. This, together with ths seareity of sillimanite in
resmatites, sugsests that high temperatures are unugsual. It has been shown

1/ Zugster, H. P., personal commumication, 1555.

2/ Zullerud, Gunnar, 1953, The Fe-Zn3 system as a geclogical thermoneter:
Borek. Mo Qm.; Ve 2; Po 61"11‘70

3/ Xullerud, Guunar, personal communication, 1355.

4/ Yoder, 5. 3., 1952, The Maa «310, -320 system and the related meta-
morphic faocles: Am. Jour, gcicngo, Zowen volume, p. 600, 601, and

L 4

5/ Op. eit., 1955, p. 1077,



by Roy, an,aadeabamytbatapodm, vhich ocours only in inner zones
of Mack Hills pegmetites, "must have formed below 500° C. (or slightly
aigher at zreater pressures).”

These data provide a reasonably consistent body of evidence that cuter
sones ordinarily crystallized st temperatures betwesn 450° C. aud 550° C.,
and thet faner units crystallized at temperatures as low as 350° C. A2l but
a small part of the roek in layered and homogenecus pegmatites is mineral-
ogleslly similar t0 outer acunes of zoned pesmatites, and it may de tentatively
assuned that they erystallized ;tmmmmm.

Crystallization ia the dry slbite-orthoclase-quarts system i1a at very
mhhighertempemtumtmmg‘/. It has been showm, bowever, that the
addition of water sreatly lowers the taaperature af crystallization in the
 aystems H,0-H30-3105 ¥, HeAL3L0g-EALSS 08,0 ¥, snd 310,80 . Tua the
temperature data zay be usad as ovidence that the peumatite fluid wes rich
inwWMMerbm,mwumwmm,uMem
amg, that the temperatures are too low for erystallization from 3 nagms

or magma~-like fluid.

1/ Roy, Rustum, Roy, D. ¥., and Oeborn, &. P., 1350, Compositional and
stability relatiocashins among the lithium aluminosilicates:
eunryatite, spodumene, aund petalite: Jour. Am. Ceramie Soc., v. 33,
Pe 159,

?j Zowen, op. eit., ﬁ&c Ts

3/ Mutsle, 0. P., and Priedmen, I. I., 1543, Liquid fmmiseibility in dhe
’y‘m 820"3%0‘51021 Jour. Aum. Chem. &nc, A ?Q, P 919"9%‘

4/ Bovea, N. L., and Tuttle, O. F., 1950, The system aaAlsx
2,0: Jour. Seology, v. 53, p. 489-511, especm.lr 509-52.1 rig. 3.

5/ Tuttle, 0. F., and Bngland, J. L., 1955, Pmlim.nm vepcrh on the systent
8102 - Hec Geol. Soc. America Dull., v. OO, p. l43-152.

‘@5 {;Po ait., ps TN 269¢



Carposition of the Pezmatite Fluid

Table 6 shows that the overall composition of Hack Hills pegmatites
is approximately: 3102-723078mt,n203--12m17mm,%8~
y.seasp.mt,%a-zwsmt,wmmmum:ms
percent. Despits the dominance of 510, Al,0,, K0, 2ad Na 3, the minsralogy
of the pegmatites su:gests that the original fluid contalned unusual quenti-
ties of boron (tourmaline), lithium (spodumene, amblyponite, and lepidolite),
beryllium (beryl), fluorine (lepidolite), phosphorus (apatite and triphylite-
lithiophilite), tantalum and colwmbium (tantalite-columbite), and tia
(cassiterite).

Any differences Letween the composition of the rock and the composition
of the original liquid should be accounted for by materials that heve deen
added to the wall rocks. Ounly s small quantity of feldspar and muscovite
188 been added to the wall rocks, and consequeatly the loss of alkalles from
ths pegmetite was probebly not great. Tourmmling 13 common in the schist,
thus indicating transfer of boroa.

Wster, however, may have been loat in significant quantities. Prior to
the ilatrusion of the pesmetites, the regionel metsmorphism had proceedsd to
the stage in which staurolite and aillimenite were formed, snd thus vas well
Wmmmm&wmwmowrm. In areas
containing many peguatites, however, staurolite sud sillimenite have been
altered to hydrous minerals, thus indicating that the pegmetites contributed
vater to the country rock., The abundence of mica produced by this alterae
tion suggests that potassium vas also added to the country roek, though the
evidence is inconclusive.
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ifany authors have supposed that the jpegmtite fluld was enriched ia
hyporfusidle constituents. Bowen y states that the principal effects of
thase constituents would be “to lower the temperatures of crystallizatioa, to
{increass the fluidity, to facilitate the separation and interaction of jbases.
and to m0dify the course of erystallization only in moderate degree excent
‘1:1 very late stages.” The lov temperatures, lar;e crystals, aseparation into
3oue8 and layers, and the existence of replacement uniis oing ous from tae
cores of pegmatites all sugseat a hizh content of hyperfusidles. The mine-
eralogy of the pesmatites and of altered material in the country rock swoest

S

that the predominant Lyperfusiblss wers water. boron. and fluorine. Gormason &

ot

has shown that silicate megmes of granitic cooposiiion can carry 28 muca =%
10 percent water by weizht. IZowen and Tuttle 3f sugest a possible saximum
of 12 pereent weter ia the low-melting aldite-orthoclase miztures. The mol
parcent wvater ian silicate systems i3, of course, much sreater thag Lhe wei it
percent.

A high dezree of fluldliity in ths pegmatite llquid 18 sugsested by an
unusual peymatitic roek with meny remuants of schist thet is sxposed dise-
contiancusly in the outer part of the 3tta yesmatize. Unfortunaiely the
prineizal exposures of this material are in an inacecesalble plece on the aorise
gast vall of the glory hola. Probably the moxispm thickness ia about 22 Zeot.
The many large blocks that have been observed on tde floor of the 3lory nol:
consist of mediww-zrained pegmatite with many irrejular remoants of schist

1/ Bowen, K. L., 19528, The evolution of ignecus rocks: Priacetoa, I. J.
Princeton Univ. Press, p. 2.

2/ Gorsnson, R. W., 1931, The solubility of water in ;ranite wagmas: Jja.
Jour. %10; 5th ger,, v. %, P 1&81-502-

3/ Sowean, N. L., and Tuttle, 0. 2., 1950, The system BeAld1 04 - EALSL

i} ~
1,0: Jour. Geology, ¥v. 53, p. 510 and fig. 5. '
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thmmelmdlimh. The pecmatitic matarial consista of
quarts, perthite, plagloelase, and muscovite. It 13 mineralogically very
similar to material in the upper perts of many sonad pegmmtites, and it
protably c.mtmized directly fyom the pegmatite fluld, not from an eseaplag
hydrothermal solution. The pegmatite liquild must, bowover, have been ex-
tremely fluld to permeata the schist in this fashion.

Felation between layered, Homozeneous, and Zoned Pegmatites

The lsyered, homouzeneocus, and zoned pepmatites bavs sush a close arsal
assoeiation and are so similar in aineralogy, texture, and chenmical coumposi-
ticn that there can be n0 ressonabls question that they were derived from the
Same source.

Ia all varieties of pecmstite, whether leyered, homogeneous, or zonad,
the cldest units conalist of quarta, nlagioclase, and muscovite of minerai
assemblages 1 aod 2 (table 5). They are succeeded by perthita, quartz, and
plagloclase of agsemdlage J--eiihesr as coarse-grained layers ia layered
regmatites, a8 the madn body of bomogeneous pecnatites, or as an intermadliate
sons or core of a zoned pegmatits. Querts-perthite and quarts frecture~
£11iinz units and segregations are the only cocomon units of layered and
homogenecus pegmatites that correspond to assembloges 4 to 12 in zoned pesmse
tites. The greatest differcmce between layered, homoseneous, and zoned pes-
matites 1a in their iaternal structure and tha distribution of minerals within
the iatrusives. _

The coarse~grained discontinuous layers or lenses ia the layered jesmatites
sugsest trapping of rest ligquid by rapidly erystallizing slbite-quertz pegmotite.
The thin tabular shepe of many layeved pezmatites, especially those that ars
discordaat to schistosity, would faver-loss of heat to the wall rocks, and



coasequent rupid erystallization. In the Peorlsss pecmatite layers j ouc

13 {f4g. 3}, containing albite, quarts, perthite. and mscovite, are sur-

mounded by albite-quartz-muscovite pagmatite. Tha aldite-quoartz-muscoviiez
regmatite on either side of layer 9 is sugary ia ornla-eize, and thus uey

havae erystallized rapidly.

Rhytimical or repetitive crystallization mey in sart explain the
laysred structwre. The repetition of layers in ihe ausy layersd ype;oatitos
of secs, 17 snd 20 sugpests the likelihood of this process. lors conviacing
gvidence, however, is to ba found in the lajyered unii of the Pesrlesas :o¢ -
matite. }}iaeuuicn of fizure 8 on previous pages has showa thut the aorusl
sequesce of aineral assemblages is repeated at l2est oaoce. The couse mny
Lave beea temporary fzilure of conveetion in the liguid to meiatain eoulli-
brium, perhaps because erystallization was unusually rapld as a results o2
loss of beat to the wall rociks. The Peerless i3 the only major zczed 2 Ta-
tite of the Haystone :iistrict that haa consrisvously loyered border and wall
zones. It is alsg the only major zoned pegmstite that igs discordaat witn
couatyry rock schigt, and thus it micht lose 1i3 beet more readlly towm ooy
of tm\othars.

Sepetition of layers may 3130 have teen caused by chan es in agul-
lidrium, which ezn be atiributed to losas of materisl %o wall rocks or Lo tae
injection of new material from Yelow during crystallizetica. Mzny of Lo
layered pegmatites are miltiple iatrusives. and the younger parss »f flouae
intrusives may have been iajected before the clder jarts had eampletely
arystallized. Oome zoned pe matites are also multiple intrusives; taz st~
ture of these, however, indicates that aolidifled well zone surrouading

-

previously injected meterial was impermesble to material injected later =,

1/ Pege snd others, op. ¢it., plates 14 and 15,
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Thus repid logs of hest and repeated injection of new material duriag
the erystallisation of layered pecmatites msy in large part explain the dif-
ferences batween these aod tha zoned pegmatites. Many recent writers & nave
azveod that zomad pegmatites formad ian an essentially closed system. Ons of
the most important factors may be that hest 13 retained ia this system and
a siowly decliaing temperature gradient ia established. It {3 noteworthy
that zoned pegmatitaes tand to be concordant with the sneloedng schist sad
to bave thick cross-sections (tadle 3); bots of these conditicns would favor
ratention of heat,

IJomogeneous pesmatites are in many ways zradational in charscter between
lajersd and zoned pegmtites. They are 80 similar to zoned pegmatites, how-
ever, that ia spite of the lizelibood that open system crystallisation and
rapid heat loss may explzin why layered pegmatites differ from homogenscus
and soned pesmatites, they do not explaia tha differences between homvismeocus
and zoned pegmatites.

Though the ccatent of 510,, Ala0,, Xagnd, and K40 is cssentlally the same
mmmmuamuw,mmmwsao,s,mrwmm
greatar ia the fluid that formed toned pegmmtites then in the fluids thst
formed other varieties of necmatites. Certainly the high content of muscoviie
and tourmaline in the boxder and wall szones of zany zoned pesmatites su:rests
a higher comtent of water and boron than do the lower quentities of muscovite
and towrmalins in the border phases of laysred axi homogeneous pegmatites.
Also the zoned pecmatites asre the ones that have the largest crystals, sug-
gesting a higler coutent of hyperfusibles to facilitate coarse crystallization.

1/ Jebas, R. H,, 1955, The study of pegsatites: EZcon. Ceclogy, Fiftieth
Anaiversary Yolums, p. 1086.



Heny of the zoned pegmatites have mingrals bearing "rare elementa” that
are ulcomman OF unyecozaised in the homogeneocus and layered pegmetites~-for
sxampls, Be in beryl and LI ia spodumsne, amblygonits, lepidolite. and
trizaylite-litaiophilita. Somo of these coastitusats mey have influenced
the erystallizatlion process.

mwmmmmmwwmuwmmm
yesmatites in the form of fracture-filling uaits. Theose crystallized alter
the surrounding pegmatite, and thedr mineral composition corresponds chiefly
to assemblages 3, %, aud 12, vhich ordinarily form intermediate zones and
cores of zoned pegmatites. The outer part of ths fracture-filling uniis
commonly contains muscoviie-rich aggrecates that bave less physical resemblance
to assemblage 1 then they do to muscovite-rich agzresates that are character-
igtie of intermediate zones of zoned pegmatites. These fracture-filling uniss
may indicate that at a late stage 1a orystallization of layered and homogenesus
resmatites vater and other byperfusible conastituents become sufficiently cone
centrated to favor the formation of pegmiite with zonal structure, dut of
rock types that ordinarily saye in inner zones of zoned pegmotites. The prode
ghility that water i3 contentrated in the rest liquid during crystallization of
suter units, which consist chiefly of assemblages l-3 ia all types of Rlack
dills jeomatites, 18 shown by the mica~rich cores and replacement uaits ia
the Peerless and Jugo pegmatites.

Crystallization of Zoned Deymatites

Zoned pegmatites of the Xeystone district contaia not only units having
the minerslogic assemblazes characteriatic of layered and homogeneous, but
also all the other minerelogic assesblages of pegpatites (table 4). The
neans by vhich this extreme segregstion takea place have long heen discussed
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1n jeologle literature. In the Xeyatome district, Seas & and later
zandes 2/ suggested that in the development of thuese pegmatites the £irst
stage wvas crystallizstion of s relatively simple quartz-feldapar rock, and
this rock wes subsequently replaced by hydrothermal solutions. Lataer Pa.e
aaihiawllea@miypmwm&mtmatmw\mﬁmbyﬁa-
tailad mapping. They suzgested that zones fora by fractiouation, but in a
fow pegmatites they recognlized replscement bodies that ercsa-cut the zonal
structure and thus were formed at s late stass of erystallization.

Jpcent iavestlisators have come to sensral sgreement $hst prinary crystoli-
lization of zoned pegmatites proceeded from the coantact iawvard _1_%;" The meat
asarly direet evidenre in the Zeystous district 13 from the relation betwzen
fracture-f11ling units ond zonses. At the Bt Chief nesmatite, for exsimls,
o quarts core hoa offahoota that form quartz frocture~fillings cutiiaz
outer zonas (f1:. 6}, thus indieating that quarta permatite wos the last rook
to erystallize at the Biz Chief.

At the Hardestey Aomesteed mine, Page mod dmaley & mepped a quartz
fmm—mlithWmtmwmAmurwmﬂmmfw%
foet into tbe eountry rock, dut also can be distinguished as a fracture-filliag
ia the outer 10 feet of the quartz core before it marges with the core and
hecomss indistinguishabls as a fracture-£1illiaz. These relations mska it

1/ 3ess, P. L., 1925, The natural history of the pesmatites: 3Iag. and ¥ia.
Jour. - Press, v. 120, p. 280-203.

2/ lendes, XK. K., 1923, Sequence of minernlization in the Eeystone, S. D.,
peguatites: Am. Mineralogist, v. 13, p. 519-53, 537-558.

3/ Page and others, op. eit.
.}!/ Jahns, 1355, op. eit., P 1586,
5/ Page and others, op. ¢it.. p. 127-120 snd £is. 15.



asppareat that the quarts frecture-filling formed vhile the eentral pars of
the quarts core was still erystalliziag; it intruded the ocuter part of the
quarts eore, the outer sones, and country roek. \

In the New York pegmatite, scuthwest of Custer, a fracture-filling vais
contains two zones thet are minermlogically identical with the two Lmermost -
20008 of the pegmatite &/, Tuls fracture-f£1llin; must have been iajected just
tefore tha imnexmost soues of the pegmatite crystallized.

wmmmmmuumwmmm, heryl, muscoviie,
and other misersls indieste erystallization from the contact laward. It ias
been shown (table 5) that plagioclase Lecomes ineressingly alditic la lamer
zones, snd thus it follows that inner zomnes sre younuer than outer zones, I
beryl tha 360 content decresses ia inmer zones. The zarsgonite eouteans 22
suscovite decresses 1a izner zones, and this bas beea stown & to imliccte
decreasiag temperature. If the luner zones crystallized at lower temperniures
then outer zones, they must slso be younger then suter zones.

12 erystallization vas from the contact iawerd, it follows logically
that after the borday and wall zones crystallized aud sealed the pegmatite
chembey, erystallizatioa thereafter must Asve been in sa essentlally closed
systea. hmtumymm"mmwsm“mm-w,

1/ Soxtom, J. J., 1953, Bew York mica mine, ia Page asd others, op. eit.,
P 167& .

2/ Grootemast and Holland, op. cit.

Bugster, . P., and Toder, H. S., Jr., 1555, The join muscovite~-paroooalie,
in idbelson, P. H., Aomual report of the Director of the Georhysieal
Laboratory: Caregle Institution of Washington Year Book Jo. 54, for
the year 1954-1355, p. 124-126.

3/ Por exsmple, Jahns, 1355, op. cit., p. 1087.



and appropriately so, deczuse of the likelihcod that hydrothermal or pneuma-
tolytic fluids escaped from the pegmatite into the country rock. Under this
concept of crystallization in a restricted system, the minerals of the zones
formed chiefly by fructional crystallization from the pegmatite liquid. The
torder zone was the first and the core was ordinarily the last unit to form.
A fov pesmatites, 1ike the Bugo (fig. 7), contain replacement units that were
the last, or at lsast nearly the laat, parts of the pegzatite to form.

The crystallization of gsoned pegmatites wes accompanied by the develop~:
ment of meny replacemsat festures. These can be divided into two categories:
{1) replacement textures among the primary minerals of zones, snd {2) replace-
ment bodies that were formed after zones.

Replacement textures indicate c¢orrosion of osane nineral by another during
she formation of zones, even whers 1o replacement uait, in the utricﬁ sense,
has been superimposed on the zonal structure. These textures are pest zbune
dant in ioner zones of pegmatites. The perthite of assemblage 3 is exzbayed,
veised, and irregularly replaced by quartz and plagicelase of the sroundmasgs;
30 coamon is this relation that it haa bYeen described throughout the litera-
ture on pegmatites. The large erystals of subhedral to euhedral spodunene
at the Etta are ia part embayed and veined by quarts and feldapar of the
groundrass. The Huro negpmatite has a zone containing aggregates that are
evidently pseudcsorphs after spodumens; they bave the bladed shape of spodu-~
meva and are surrounded by a sheath of cleavelandite, just like unaltered
spodumeng that occurs in the next zone iawvard. They cousist, however, eatirely
of minerals that eare also found in the groundmsss, chiefly quartz, albite,
perthite, and axmblygonite, but also beryl, muscovita, and apatite.

Replacement textures are most common in the lithia mica-rieh cores of
the Euco and Peerless pegmatites and the lepidolite<rich core of the Zob

143



Ingerscil No. 1 pegmetite. In these units, agziregates of cleavelandite form
veinlets that cut aoross snd embay all other minerals of the zone. The
clesvelandite, howvever, is alse in part replaced by the micas.

These textural relations do not, however, indicete that a single zone
mrmdmtwogmscpumpoumofemum‘ 3tudies to deter-~
mine parsganesis, as at the Hugo pegutite, indicats exteasive overlep fa
the erystallization of minerals in each zone. GQuarts, for exasple, may
sommonly embay plagloclaae, ye’. also be embayad by plagloclase. Similarly,
in s single zone, muscovite may be corroded by plagloclase, transgress plagio-
clase, and form subzraphie intergrowths with plaglioclase. Firm evidence for
two or more distinet stages of crystallization cannot be e:_tablished, even
Wmmmmmmrom‘mwammmwmum
crystallization of a zone and others may have been chiefly late.

It can be arzued that during crystallization in a restricted system, it
13 expectable that the ligquid and solid phases would de essentially in equilid-
rium with esch other, and textures indicating replacement of one minersl by
another should not be as abundant as they are in zoned pegmatitas. On the
other hand, if a second fluid not in equilibrium with the erystallized mee
terial were injected, then the replacement festures are to de expected. This
argument is probably a basie reason for the mony proposals that zoned pegma~
tites formed in two or more stages, though it does not seem to bave teen
stated in this fashion in the literature.

Honetheless, 30 long as there is no clear evidence that the minerals of
zones formed in two or more stages, a detter explanation for the replecement
textures of zones should be sought. It may be that as the rest liquid



erystaliizes it also zives off a hydrothermal or paeuzatolytic phase consiste
-ing of water and dissolved materials. Tadle 5 shows that the Hugd and Peers
less jegmatites contala oaly 9.9 aad 0.6 percent wvmter, and although these
figqures include only the water in mica, towrmaline, asblyzonite, and spatile,
it secms unlikely that they can be greatly fia error. #am:y’gimﬁgm
raaging from 0.43 to 2.6 percent for ihree pegmatitss ia New Mexico and
Califoraia. If the origdaal water content ware grester than this, then as
the relstively dry cuter zZones crystallized, the rest liguld would become
enriched in wvater until it resched the point at which a vatery fluid vas
siven mhm deserided by Joves 2. Tuis may
well be the origia of the watery fluids that escape from pesmatites and ctuse
pasudemorciic alterstion of stauroliits and sillimenitas ia the wall rocks.
The eseeps of such s flulld during the formation of zones may iafluence
the course of crystallizetion In two ways. Oa the on2 hand, the internel
prasgsure of the crystalliszing system may change 30 that the rest ligquid
censes t0 de ia equilibrium with the solid material, and replacement festures
are then developed. On the other hand, the sscaping fiuld msy corrode
crystallized material snd deposit new minerals having replacement relations
with older minerals. Jehos & favors the second of these mechenisms. e
su;;eets thet the condensation of vapors ziven off by resurzent doiling of
the rest ligquid is the direct ¢suse of erystallization of miserals that re-
place other uminerals iz zones. Thia is an axtrems view; many zones eoasist

1/ Jemns, R. B., 1353, The ;enesis of pegmatites: .am. Hineralogist, v. 35,
PO m; ‘&&hll 66

2/ Towen, ¥. L., 1933, The brosder story of magmatic aifferentiaticn, briafiy
told, in Ore deposits of the VWestern States: Am. Inst. Min. and ¥et.
Eﬁé:; dav !Qrk; De 113124,

3/ Janns, 1355, op. eit., p. 1097; and 1956, Resurgent boiling and the forma~
tion of magmstic rogeatites (adbstract): 3Jecl. 3oc. Americe, Progrem
for the 1956 meeting of the Cordilleran Seetion, p. 20.
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predominently of the "replacement minerals,” and thus would have formed
chiefly from the vspor phase rather than from the rest liquid. Ia assemblaze
3 throughout the Black Hills the qusntity of perthite is subordinate to the
quantity of quarts snd albite that replace perthite. The zone st the Huso
coatsiaing pseudomorphs after spodumens consists entirely of minerals that
replace the spodumene; none of the spodumene itself resains in this szome. It
Secms significant that these replacement features are confined to aingle zones,
They are not in true cross-cutiing replacement bodies, as would be expected
if the dominsnt mechanism vers deposition of minerals fyom the vapor phase.
Though the vapor phase mey have helped upset chemical equilibrium, end may
also bmve helped corrode previouasly formed crystals, the absence of struce
tural evidence that true eross-cutiting replacement dbodies formed during
erystallization of cuter zoues indicates that the vepor deposited relatively
little mineral matter. Thus it 13 likely the zones axe formed chiefly by
crystallization from the rest ligquid, and any effeets of resuryeat bolllng
are less important.

The roplacemsnt bodles thet go out from the cores and cut acroes outer
zones of the Bugo and Peerless pegmatites hawve the structure that should be
expected if resurgent boiling forms a fiuid from which a large qusantity of
nineral matter is deposited. The sbundance of mica and faldspar in the re-
placenmnt bodies iadicates that the fluld was rich in A2, X, Na, P, and
d50. The conteat of dissolved meterials must bave been quits different {rom
that of any fluid formed by resurgent bolling during the erystallization of
outer zones, wvhen no replacement hodies were formed.

Thia difference may be too great to be explained as a progressive chonca
12 the composition of the fluid produced by resurzent boiling. Anocther ex-~
planation 1is that the fluid forming the replacemant bodies serarated fron



the rest liquid as aan lmmizseidle phase. Tuttle und Friedmsn ¥ have Jenone
strated liquid fmmiseidbility in the system 320 - Ha,0 - 3105. The oaly
additional major constituents of the replacement bodiss are Al and XK.
Separation into two immiseible flulds would be helpful in explainia; iy
the composition of the'innemst unita, or final producta of crystallizatica.
in Heystones rpegmotites ladicate that there are two jsaeral trends of erystal-
lization: oue is toward units rieh in alkalles, A1, 1,0, ond ¥, and tue
other is toward a final product rich ia 3102. The first of these 13 illus-

trated by alkalleerich cores and replacement bodiazs, as in the Hugo, Jecylous.

and Jobd Ingersoll lo. 1 pesmatites; in these same ve matites, hovever., tie
immer intermediate zZones ere rich in 3102. <a the other haad, asmons Lbha L5
pagmatites in table 4, D heve quartz cores and © others have gores thai coa-
518t of quartzoge varieties of assemblages 4, 5. and 3: some of thess have
muscovite-rich aggregates of soasidble replocement orizia outside the mueritzoos
taner zones /. These relations can be readily explaized by Separatica of wi:
rest llquid into two immisecible phages 1n the final stoazes of orystallizelisa.
Uader this concept, the gilica-rich phase damizates ia mosh zoned Jomoslisas:
i3 such pegmatites the alkalierich phase cccurs ocaly as irresularly Jlissri-
duted mica-rich aggre;ates. In a few pegmatites, however, the alkali-rics
shage contained enocuzh natarial to form cores and replacement hodizs.

Guarts cores have met theorcticel objections 23 the fianl oroduct of

cegmatite erystallizstion, even thouzh it bhas Teen comwonly considersd th-s

1/ Tuttle, O, F., and Priedzan, 1. I., 1943, liquid immiseidility 1a <ko
aysten 320»%.20-3‘.‘.02: Jour. Am. Chem. 30¢., v. 70, Pe 533.9-;3“2”2)-

2/ Page and others, op. e¢it., p. 15.



Wznmmahummumummmy,muum
surprising that the final product of peguatites shiould also be quarts.
maysmmmpmwww,wmm,
seying that "the core of moast pegmatites, which should be tha last past to
consolidate on the liquidus theory and hexes abould have & complex cutectis
campoaition, is almost invariably mooomineralie quarts.”

Though Mquid lamiseiblility may be the key to soiving this problam, as
MWW,meMmemﬁmummm.
Wmm,mm«mumwmmmmrm,m
the liquid phase would be enriched ia silica. Though this view has much tO
commend 1t, it introduces still another problem: +te alkali-rich vapor nhase
would form the core of the Jugo, Péerless, aand Iob Ianzersoll Ho. 1 pegmatites,
rather than escaping entirely into ilie cuter parts of these intrusives. Until
m&ommrg&aﬁmbecncbmimmmgmm“otmzxrm
chanical systems, it ia bast Lo lsave open two possible mechanisms, resur;sat
boiling aad liquid izmiselibility, as the cause of the formation of quartz
cores aud the segregation of the imner parts of jegmatites lato silica-rich
and alkali-rich mnterials.

1/ Zmmons, Y. H., 1933, Qo the mechaniswm of the depositicn of certsin
metallifercus lode systems associsted with greanftic batholiths, in
Ore deposits of the Western States: 4Awn.Inst. #n. and Met. Bas.,
Rew !Qrk; P W“B"‘ﬁ-

2/ Remberz, Zans, 1952, The orizin of metamorphic and motasomatic rocks:
Chicngo, Uaiv, Chicagp Press, p. b,

3/ . eit., 1955, pe LGk,



QUARTZ VEINS

The Xeystone district has quarts weins ranzing from aimute veinlets
less than 0.1 inch thick to large tabular masses as much as 10 feet thick
and 600 feet longz. Most of thoss that are larze enough to show ou the map
(fis. 3) consist entirely of quartz and have no evident relation to the pe;-
matites. Some, however, contain feldspar and muscovite near their contsets;
these my be considered silicas-rich pegmatites consisting alaost eutirely
of a quartx core. _

Quarts is &lso a prominent mineral of the gold-bearing veins near
Xeystone, especially at the Holy Terror mine 3/, Tatailed deseriptions of
these velas have never been published. The mines ars nowv closed, and expo~
sures of the veins are ot accesaible for atudy.

MINERAL DEPOSITS

The minersl products of the Keystone district are chiefly from pesmetite
mining. Gold mines heve bheen active in the past, and doudtless will be active
ia the future. The Julllon 701d mine has also been cperated for arseno-
Pyrite as a source of arsenic.

wma-mymm“nynanmnmm@mm.
Zeczuse the mines are insccessidle, no sdditional data from uaderground woOri-
{azs were obtained durin: the presant iavestization. Hearly all of the zmines

1/ Connolly, J. P., and O'Harrs, C. C., 1929, The minersl wealth of the
Aleck Hills: 3. D. Jebhool m, Bull. 16; De 123-129.

Allsmen, P. T., 1540, Reconnaissance of gold-miaing districts in the Black
mm, 8. Dot V. 8. Bur, Maes Bull. w, Pe 91“1&0

gfeﬁt cito, P nh-129.
3 %p. cit.



and proapects are in amphibole schist. The prinsipal mines are the Holy
:m,m,m,ammmmmnwwunm,
and the Bismark, 1 mile northwest of Keystons. This arse is intensely faulted,
and probably mineralization was controlled in part by faults. Muture explores~
tion for gold in this district should bde chiefly in amphibols schiat in faulted
aress.

The Xeystone distriet has long deen & major pegmatite mining district.
It is ooteworthy partly for the diversity of minerals thst {t bhas produced

in significant quantities--potash feldspar, screp mica, spodumene, amblyzonite,

lepidolite, beryl, and tanmtalite-columbite. It is noteworthy also because a
small area of only adout 5 square miles contains 10 unusually large minable
pegmatites, as well as many smaller ones. Furthermore, the pesmatites are

extraordinarily well segregated into zones, freasture-filling units, and re-
placement bodies. The econcmic geology of the pegmatites is descrided in

detail 1n other reports /. Certain characteristics of broad significance,
however, will be discussed in the following pages.

Industrial minerals have been mined chiefly from zoned pegmatites. The
a0st important reason is that oanly szoned pegmatites contain units rich enocugh
in one or more industrial minerals to be profitably mined. A scarcely less
important reasca is that large crystals free of inclusions, and thus sultable
for hand eobbing, are rarely found in the homogensous and layered pegmatites.
Though part of the mining in the Keystone distriet has been in layered and
homogenecus pegmatites, it is not known to have been profitabls.

The distribution of the principal deposits of industrial minerals in the
major peguatite mines is showa in table 9. The most important industrial

1/ Especially Page and otbers, op. eit.; and Sheridan and others, op. cit.
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ainersl of the Xeystone district has deen potash feldspar. Hearly all of
the potash feldapar comes from hood-shaped intermmediata zoues ia the wyper
parts of pegmatites. The largest and most productive of these unita belong
€0 mineral assexblage 3; a wnit of this minerzl asseablage at the Jugo mise
heg been the source of more potash feldspar than any other mine in the Xey-
stone district. iineral assamblage 4 has also beea importeat. Quarts-
microcline pegeatite of mineral assemblage 10 at the Huge mine was the first
potash feldspar deposit mined in the Mack Hills, and was being mined sgain
in 1956; ordinasrily, however, uaits of this mineral assemblage are too smell
to verront mining.

Spodumene has been chtainad mostly from intermediate zones and coves
eousisting of minersl asserblaces 7 and 3. Assexdlace 5 also containg
Spodumene, but it has nore comsonly been a scurce of amblyzonite. Lepidolite
deposits are very rere, ot only in the Black H1la but slso elsewhere &/.
The only deposit that has been intensively mizned 13 the core of the Zob
Iazorsoll No. 1 pegmatite, which consists of assemblage 9. .

The most productive beryl depositias are in outer zones of assemblage 1
and inner zones of agsemblage 5. These assemblages, together with assemblags U,
are probably the largest sources of baryl throughout the world 2. Servl has
also been produced in the Xaystone distriet from sssemblace 6, and a8 a by~
yroduct of feldspar mining in assezblages 3 and 4.

Jerap miea and the small smount of sheet mice produced in the Keystone
diatrict have heen mostly from assemblaze 1, eapecially at the Husp and
Peerless mines.

1/ Sorton, J. J., aod 3chlegel, D. M., 1955, lithium resources of Horth
lfmerica: U. 3, Geol. Survey Bull. 1027-G, p. 339.

2/ Jorton, J. J., 1953, Berylitum rescurces of the world, ia Staff of U. 3.
Bur. Mines and Ceol. Survey, 1953, Zeryllium: Hational Security
Resources Board, Materials Survey, p. I1I-6.
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Homogeneous and layered pegmatites contein all of these minerals ia
vaorious degrees of cbumndance. The only minable concentrations of codbable
meterial in thesa pe:atites, however, ave in small frecture-f11ling units
and secregations that can gupport only 2 one- or two-msn mining operation.
Tha rest of the rock in these pegmatites caunot ba alned until adlling methoda
are put mmb}mmmmmwmnmotmm&ns.

For this reason, fulure exploration in the Bleck Hills should ve chiefly
for zoned pegmetiies. Inammich as zoned pegmatites are known to oceur in
belts near the outer edge of pegmatite-bearing areas (£ig. 1), exploration
ahould he mostly in these belis.

In the mepped area (£1z. 3), nearly sl of ihe known zoned pegmatites
are ia a belt 1 to 2 miles wide that extends from the southeast corzer of
the zap to the Hardestey lemestead mine in sec. 36. It is virtually certaln
that no larye expogures of minsbls zoned nematite,. comparshls to the Huos,
Pgerless, and Etta permatitas, remain ¢to be found in this area. It is still
posaidble, however, that there are places In this arga vhere only the very
top of & large zoned regmetite reaches the surince, asd only tha border and
wall zones are exposed. Unexposed inner zones have been found by dicmond
drilling st the Monte Carlo pagmatite (sec. 17) and Ferguson pesmatite (east
of the mapped ares). At ths Ferguson the deposit thus found wea larse enough
to Justify mining &/,

Zxploraticm for completely buried zoned peymetites presents a zore dif-
ficuls problem. A detailed study of trace element distributicn ia wall rocks

1/ Sorton, J. J., snd Sheridsn, D. M., 1955, Exploretion for concesled deposits
in the Monte Carlo and feruson pegmtites, Pemningtoa County, S. D.
(abstract): Am. Inst. Hin. and Met. Ens., Progrsm for the Hlaeck Hills
regionel meeting, Oot, 2-5, 1955, p. 17-18.



Lor several hundred faet ocutvard from exposed jegmatites may provide guldes
for exploration. It is also possibla that geophysical metheds can be adspted
%o the diseovery of buried pegmatites that have the thickly lenticular shape
80 charasteriatic of zoned pegmatites. Any such body found in an area cone
taimagmylargezamwmﬁm,asw'm Bugo, 3tta, and Peerlass
miaes, would be well worth the expense of drilling.

AL present, bowever, the only method for findiag burisd pegmatites would
be by wvildeat driiliag. The geologic map shows that sn area of less than
3 square mile scuth of Heystone contains the four larsest snd most productive
pesatitas of the Keystone district--the Peerlesa, Itia, Hugo, and Edlsons-e
and also many smaller zmedrag&tim. The eclogy of the couniry rock

3

SIe8%0 RO reastn vhy souned pesmatites should be any more common at the
present surface than at a depth of a faw huundred feet. It scems likely that
widely speced diamond drill bolss in this area misht result ila the discovery
of a large zoned pegmatite.

15h .
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