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GEOLOGY OF 781 PSSCAMBRIAg 90013 W TBB XJHPfMI EBGMMPOT BXOTSICI * 

3QQ£SSV BLACK SZXX3, SOOTH BA83CA

J*o»s Jcmrtiyss Sorts* 

ABSTBACT

Kiystoas psgpfttlts district is on tas iKMrtlNwiHr flank of tas 

art* around Barasy Peak la tte soutbara part of th« Pr*aaal>rl&a

of ttlni Alfieit HllZtf> Sdtftil Pfflftfftffif Tbtt ^MfriT atjL aypii3i: ypodbifltMl fayyy 

potash f^Ld«p*p, opodu9*ae t aaBbiysoalt« P l»pltiolit«, b«iyl, icrap aica, and 

acOd. Odd salalag «** la^ortaat from I3ga to 1903- ffegpttit* mialug 

la 1398, and IMS fesca a Major activity sines about 1929- Appir>xii»t«ly i 

a^iare miles ha-v* fcssit nappsd ^soloaicaUy at a seals of 1:10,000 la sad 

ass* tfcs pe0EB»tits«bsaaria^ SPSS, of tits B5«y«toas dlstriot.

S» Ksyitons district contains sa sst&sstsd thlcknssa of U.OCO fe«t 

of nitt'.TiiBtHffiftfii^yy focJcs* TtMim ars sostly ^pKU?fe3^ss snd

otter rocks inclnds iag?fa.i'bols sehist» luwrtzlts, sad aica-grapMts 

Qrtito " rtm^lilTK)! ItiS lotrodss tbs sstassdliMOtaj^f x'oslcs*

All astaaorpfale rooks of tbs southsm Hasli Hills insvssss la gysd* 

tonssd tils srsA of abundant pssnatitle iatrusi7«s ossjr Haitwy Ptek* Tbs 

«outiisrn sad souttarestera part of tas Keystoas district is la tbs silliat&a*

ths Bstamorpfcic rocks w«rs dcTonwd first by iscttliasl folds, tasa by 

lottos* cross folds, sad finally by ^satls flsacuyss sssosistsd vlth

. Tas plungts of Isoclinal folds ars ^snsrally nora tasa 70° la 

tbs north sad z»rths*st parts of tas district but ars ordinarily festvssa



A large transeurrent fault strikes northwest aero** the district,

high angle faults have been recognised both id the vicinity of the 

aaia fault aad also la the norttwest part of the district. The abundance of 

faults la the Keystone district, at the edge of the pesBatite-bearlns are* 

of the southern Blaak Hills, suggests that faulting was caused by forces 

associated vith intrusive activity. faults -«t*t the isoclinal aad cross 

folds, but they preceded the c 11 nay of tile progressive metaaorphisffl teat 

affeetad the rocks surrounding Saras? Peak.

Pegsttites of the Keystone district and other parts of the southern 

Black Hills axe here classified as layered, homogeneous, and zoned pegssetites.

Layered pegnatites consist of relatively fine-grained plagioclase, quartE,
>

and muscovita vith layers sad lenses of coarser-grained pe^aatite asde up of 

pertaite, quarts, and pla^ioclase. HoEJOgeneoos pegnatites are composed 

virtually entirely of ^segregated plagioclase, guarti, perthite, and ssiseo* 

vite* 2oaed paipatites are tJbe least eonaoa variety> though they have been 

widely described in the literature*

An iscpleth map soowiag the abundance of pe^Batites throughout the 

southern Black Hills indicates that the pegmatites an* concentrated around 

the Haraey Peak doae and raany satelHtic deans* Layered pegnmtites are most 

abundant vithin these dones, and hoaoseneous pesnatites are aost abundant on 

the flanks* Zoned pegpstites are la & belt at the outer edge of the pegmatite- 

bearing area. The Keystone district, on the northeast side of the Barney 

Peak dome, contains all three types of pegaatites. The belt of zoned peg* 

 etites goes northnest through the Keystone district, where it is 1 to 2 

miles vide*

Structural, nlneralogic, and petrographic evidence suggest that these 

pegmatites fonsed fron A magma-like liquid. The internal structure indicates



that zoned pagaatitaa foxvad ia an aaaantially ftloMd syatam, but layered 

pegnatitaa may fcaira cryatalLUad ia a aora opaa ayaten* All rarletiea of 

pag»atite hanm approxiaataly tha aaoa coataot of 310^^ *±$y Sta^O, aad 

KgO. Tba fluid froai irttLcii tba zooaad pa^natitea fomed nay, bcwaver, hava 

 aea garlchad ia HgO, B, 3f, aad auea "rara" coaatituaata as 14 aad Ba* 

HydrotbawaLl or pneomatolytle fluid* givaa off during eryataXliiafcioa of 

aonad pageatitea foraad raplacaneat bodica that exoa*-cut tb« waal atructure, 

S&aarly all pagmtit* aiaiag ia th« fiaystoa* diatrict haa t«aa ia zooad 

Uaita in ̂ taa pagjaatitaa coatain minabl« coocautrationa of

potaaii feldapar, IltMvaa Bdnarala, acrap mica, b^ryl, aad saall quaatitiaa 

of othar iadurtrial



The Keystoae pessatite aiaiag district Is ia the south eeatral part of 

Peaaiagtoa County, in the southern Black 1111*, South Dakota* the district 

is oa the northeast aid* of the aountnlnous area around Haroey Beak ia the 

southern part of the Precaabriaa core of tilt Black 3111 a* All of the peg* 

matite mines arm in & aorthwesterly trending belt X to 2 ailes vide that i* 

southv»»t of Xftyitoas. 3«Tei»l «aall gold mlj»», vbcre tte first miatag ia 

tills district was doa«, ar« clu»ter«d arouad tin rlllag* of

total ar«a a»pp«d geologic ally (fl^* 3) is about 18 tquara miles.

ar«a includes all or lar&s parts of 22 scctioos ia four towosMps, T* 

sad 2 3., 3» 5 and 6 1* v*T»rev*r localities srs doserlbsd ia the text flB

th« section auaabsr vlll b« givea vitJaout tb* tovnahip aod 

So seetloa auraber oeeurs laors tbaa OQQS vitiiia t&e mapped area 

(fig* 2).

lisa Ksystoas district is la a maturely dissseted region that eonslsts 

Jlaost sotirsly of forested slopes. IfeUey bottoms are aarrovj tbe widest 

is about 500 feet vhere Battle Creek passes tbrou^b Keystone.

The blgbest altitude Is 5,356 feet at the top of a peak ia tfee SB l/k 

see* 26? k stiles aortfcwest of Keystone* Ibe lovest is about %,150 feet 

Iroa Creek leaves the area ia see* 14.

The largest stream is Battle Creek, vhick flows 3. 75° 3« across tbe 

area (fig. 3). It is joined by Crizmly Bear Creek at Keystone. Tbe aoutiiern 

part of ti*s district is drained by Iroa Creek* Iron Creek eaters Settle Creek 

southeast of the sapped area, sad Battle Creek ultimately eaters the Cheyenne 

River*

The forests csasist predonlnantly of Poadarosa plae. Scrub oak grovs oa 

aeay slopes* As^i and felrea &re coamoa aloag valley floors.



The total perBsasat population of the Keystoae district is about 

persons, nearly all in Keystone itself. The chief industries are mining, 

luaflberias, sad tourist trade* Miaiag is mostly for pegpiatite minerals, but 

gold mining sad tin prospecting hare been iaportsat la the past* The luaber* 

lag iadu«try depend* «ntir«l^ on Pondaroaa piae. Tl» aajor tourist attrao- 

tloa in the area i« ti» Mt. Bu«fawor« national Htaorial, 2 isilos v»8t-»outiwe»t 

of Key»t<m«, i*b r» U» boads of Washington, J*ffsr*oa, Uaoola, and Theodora 

ItKW b««n sculptured on tbs

Visitors to Koystoas coas by autoaobile on 9. S. Highways 16 and 16A. 

A spur lina of tbe Chicago, Burlijagton, sad Quincy Railroad carries

Sapid City, 25 »il«s by hl^vay to tba nortiwaat of Keystone, is the 

«coaojaio c«nt«r of wtstara Soutn Dakota. Tt» population is about 35,QQQ. 

Bapid City is s«rr«d by tbs Chicago sad Sorthwestera Hailvay, th« Chicago, 

, sad 3t. Paul Railroad, sad Western Air Uaes.

History

earliest reoorded entry of unit* men into tiw central part of tfes 

Black Hills va* an a«peditioa led by Lt. Col. Oeorge A. Ouster la 1^7^. 

Gold lifts discorered aear the sit* of ti» present city of Custer (fi^« 1) 

by 3oratio H« Boss, one of the nsobers of tiie Caster expedition, &nd a ruaa 

to te« Black Hills begaa shortly thereafter. TBS first major settlement, 

establishtd In 1375 ? vas sunasd Coster. Gold «as discovered la Stodvood 

Guleh late la 1#75> *°& &* «*«*  sround lead sad Desdtjood in the northern 

Slack Bills beoanw tbs center of greatest interest.



T5w history of Bining in tlw southern Black EiOla baa beta described 

la away publications. Conaolly and O'Harra i/ wrote tlw principal general 

reference. Page and others 3r sunaarised th* history of psgaatlt* mining 

la tlw Black Kills throo&h 19%5» Ifevton and Jenney  * presented an account 

of the original gold discovery and tha firat prospecting and mining* 

Allsman y SHBBsrissd tlw hiatory of goOd mining throu^jout tlw Bteeic Hllla> 

Sterratt ̂  described tlw aaxly aic* mining, ospaeially for tlw yaars 

1906.1911.

Gold pgoapactiag in tlw JEaystoa* ara& doubtlass began ia tlw lata> 

1870* a, but tlw firat ai^oifieaat Mining va» at tlw Sayston* aina, wnicfa. vas 

not discovarad until 1891. Gold mining continued until 1903, bat littla 

vork aas been dooa aincw tn«n* The B»lltf«i gold mine nas operated for a 

short tins in the aarly 1920'», but tiw cnief produet was anenlc. The cosa- 

bixwd Keystone and Holy Terror nines mars verksd for a waile prior to World 

War H* Tb» only vork sines World War II vas at the Juniper miae.

I/ Connolly, J« P., and O'Barra, C. C., 1929, The aioaral wealth of the 
BlacJt Bills: 3. D. Sciiool Hinss, Bull. 16.

g/ ?a^s, L, 5*, and others, 1953, Pegpattts iarss^pBtio&s
Black Hills, 3. 0*2 0* 3* Geol. Survey Prof* Taper 2k7 f 
especially p.

%/ levton, Henry, sad Jenney, V* P., 1330* Geology sad resouross of tha 
Black Hills of Qaiaota: U. S* Geog. sad Gaol* Survey of the Bocky 
Mtn* Region »

k/ A13.SBum > P. T., 19^0 > Keconnais««nee of gold-raining districts ia the 
Black Hill« r 3* 0*; 0. 3* Bar* KifWS Bull*

Sterrett, 0. B., 1923, Mlcm deposits of the Oaitod States: U. 3. Gaol. 
Surrey Bull. 7feO t p



orlglaal diacoverjr of lode Ua ia ti» Biaete Hills TO* aade ia 1B33 

at tfeft Stta pegsatit* i/ ia tiid W lA **** l6 (**$* 3)* f*asi 13^ to 139**

there VMI * sree4j tiffi uf osjpiio tilUjii IKKBB in *%t^li tftw m^nx* HKurqpfriy us* tl3ft 

Harney Peak Sin iliaiag^ MUHng^ and Bfeauf aeturisg Cbcgpaay, Thl« coapany 

»p«at OOTO tiian 43,000,000 la the loutiiem Black Hllla, yet produced lets than 

5 toad of mtalllc tin » . 1Sb* Stta p«gn»tlte vac ooo of tfce cMef depo«ita, 

but otber p«gaatite« In ttaj fisTStooa district dou"btlese were pro«pect«d for 

tia* Since 13^4 tliere ia«i been virtually 39 exploration, for tin aear Kcystoae-

Tb« first major pegpatlt* mlala^ in the EUefe Bills va« for stieet mica 

between l3?9 aad 1384* Most of the mialog tnm ia the area around Coster* 

and production froa the Key»tooa district vaji ajea^er,

Spodunene ms first aiaed froa the 2tta pe^mtite In 13^3; tM3 date Is 

ordinarily taken as t&« feegiaalag of litMua adnln^ la the United State** 

The IStta ndne has been operated on & siaall «oale duria^ j»arly erary year 

since it nas first opeaed.

.^jly^oaite, especially from tfce Hugo alae, vs* the chief lithitm aiaeral 

produced between 1903 sad 1916. The Hugo mine was also a source of t&atalite*

The first potaaH felspar mined in the Black Hills vas obtalaed ia 1923 

froo til* Hu^o pe^taatite by t&e Seyatone Teldapar aad Cheaieol Company. The 

saise coopacy begaa mining the Beerless pe^jaatite for scrap mica and potaali 

feldspar in 192k. 'Phis company's Peerless operation lias continued to tiie 

present day; the zaost Important products have been scrap mica, beryl, and 

potaah feldspar*

I/ 3e«dden, 9* ?,, 1906^ tttneralogical Sfotes, 3o» HI; CcOo. 3d. 
v. 3, p. 169.

2/ Seas, f» L., 1903 r fia» tungatea, and tantalum deposit* of South Dakota, 
in Coatrtbutions to Sooacnlc Geology, 19082 U* 3, Geol. Surrey 
Bull, ^0, p



a

The Huso pegmatite va* l*a«ed to the Consolidated Heldsger Corporation 

in 1929« la subae^aeat year* tills ccnpaay, aov a departawnt of the later- 

oatioaal MJTWuiU and ChMdeal Corporatioa, b«eas» tlMi lar»wt pegnatit* 

ads* operator la the Black HU*+ It built * feldspar grinding plant at 

Koystooe that «s* operated from 1929 until it ws* destroyed by fir* la 

ruarjr 1957* ©» largwrt aonfoii of potaaii feldspar tow boom tb» Hu^o, 

Pateh, and Stmaxd peg»tlt*a alaad by tte Coa«olidat«td Faldapar Corporation, 

tba ffiU Chief ptgHM&t* otoad by tha Coa»olldal*d muiipar Corporatloa azad 

by QtlaaT op«ratort, tte Bob Iog«r«oll miiM <^)«ratad by tbe KLack Hilla Kty« 

itoat Corporation, th» Vhlta Cap pagnatlt* adoad by tbo Idthlum Corporation 

of ^Eierlca and ottoera, and tb« Etta ada» oparated by tlM Ma/aood Chemical 

Many awOlar depoait* bavw al»o been

World Mar H aarkad tfea start of a 7997 aetif® period of pegmatite 

mining la the aoutfcera EUck Kill*. 'Rifl principal product* botween 19^2 and 

1955 wro potaab feldspar ̂ lithium mlnerala^ beryl, sheet alea, azsd acrap 

aiea* Sheet Talca tram of g*ea$«#t Isqportaace la ti» Cuater district, ea- 

pec tally betwtea 19^2 and 19^5; «carceiy aay tbeet mica ba« beea mined la 

the Keystone district,

"Efae prliicipel change in ti» pegnatite mialz^ industry at Keystone 

aince 19^0 has been tUe great inereaae la Ht&Ltaa sod beryl sluing, oerap 

mica bas ctmtlnued to be produced especially from the Peerless mine. Potaaix 

feldspar was mined from saaay pegawtiteg- The largit deposits at the Hugo, 

White Cap, and Bail Patch ainee hare been Tlrtually exhausted.

The Edison artne, Ilia the Stta, becaae a aaijor source of spodtaawae. 

The Lithium Corporation of Aserlea built a slaJe-float atUl at the Sdisoa aad 

vl^oroualy adaed the deposit from 19*td to 1950, i*ea all the spoduaene that 

could be obtained by Ti»chan1ie<1 open pit aethods bad beea aiaed* *3!he Block



Hill* Ktystona Corporvtioa allied lepidolite fro* tiw Bob lagsrsoll Ho. 1 

pegamtite,  spatially fcstaswi 193® sad 19^5- 3pod\aBeae Its* been aioed at 

to* Bob Ingersoll Ho. 2 pegmatite, sad also at to* Byka Lode sad 3ugo alas**

Toe largsst souses* sf beryl a«v» beea the Bab lagsrsoll sad P««rlesa 

Men of naica as« producad *ox« tooa $00 tons* Otbsr sourc«e

tlm &tt®o f Syks, fisa Pat«Ji, White Cap, Big Chiof , «zsi asay

Production fi^urss for ta« Ksystoae district hav« asirar b««a reported 

separately from tilt r*st of ta« Hack Bills, atewrtbeless production data 

sad estimates from aaoy sources, especially Pa^ge sad others » , iiare been 

used to conqpile the figtires sbova belov.

Estimated pxoduotioa of pe^^matite adoerals throu^ 1955. Keystoas district

Toaa

?0tasa fftldapar 300.000 
Scrap soica 13,000 
Besyl 1,700 
Spoduasae 60,000 
Upidolite 3,000

6,000

Tbe total velue of thss« minerals probably BSS %e«m betvten 6 sad 7 

aillioa dollars. la additioa, tbe sold produatioa probably iias been betiwem 

1.5 sad 2 Bill ton dollars, awetly from tne Holy Terror-K*y»toae group of 

elaia* ^   Throtifjh 1955 this district ass probably produced about one- fifth 

of ths world's litaitai sad 2 percent of tbe world's "beryl*

I/ fftgt, X». »., sad others, 1953> *ft&M*tit* iarcsti^tions 19^-19^5, Black 
Hills, 3. D.: U. S* Oeol. Survey Prof* Paper 21*7.

2/ Allsaan, P. T., 19^*0, Becoonsissance of gold«tttaiag districts ia tae 
Black Hill*, 3* D.: 0. 3* Star. Mines Bull, 427, P- 92-93-



Geologic Investigation*

The earliest geologic iimeati^imtioa of tfee Precwbriaa cor* of tbe 

Slack Hill* was la 1B?5 *3f Itvtcnt oad Jeaneyi/, fbttiUr report contain* tfce 

first description of A zoaed ft^ncttte la tb« Black Hills »  

IfcirtBg tin* succeeding year* a largo tody of geologic literature hsa 

ft*<Mtnibl,ec> on the Black Bills. Oaiy tb* ptriaclpal artlclea 

taaorphic roeJta and p^8fltit«« vill *b« aeatlcased

Vaa HIM rUited th« Black ?H11» la 1889 and vrot« a report that 

efcisf ly OQ ti» p«trosra^hle ciiaract«riatlc« and aetaaorpliiam of Praeaa&rina 

rock**

I. H* Dartoa and Sidney False- -^ b«tv« a 1900 and 191$ a»d» a geologic 

map of four 3t>*sdUzat« <gafidnagl»« that iaclude tl» satire central Black Hill*, 

ThccLr report t« still tl» principal r«f ©reoce on tfc* i^oaaral geology of tbt 

Black Hill». Tha geolo^Qr of the aetaaorphie roeks la ti» southern Black 

Hill* w» sapped vltb le*« preciaioa thaa in th» ooitb«ra Black Hills, aad 

structure im« vorfced out only la & generalised ^oMoa. 3ev»rtbel**a , 

di*trlbution of t&s aetcwirpiiic aad i^aeou* rock types va* «hoifii with 

«oa»idermble accuracy. Paige 5/ deicrlbed the pegssatltia character of the

Sevtoa, Henry, and Jenay, W* P, , 1330, Goology aad re«oure«« of tb» KUck 
of Dakota; 0* 3* Qeog, and Ccol. Survey of tbe Jtocky

Idea, p. ?1.

Hi»e, C. &*, 1390 ̂  tlkt Precaaibriaa rooks of the Black Hilla: Oeol. 
Soo* Aiaerica &OX» f T. 1, p* 203-J&4.

Barton » If* H,, aad Paige, Sidaey, 1^5 » Caatral Black Sill*, 3. D.; 
U. 3* Geol. Survey Oeol, Atlaa, folio

Paige, Sidney, 19^5 > Precaaabriaa rock«: ia D&rtoa, 9* H. , and Pal^e,
Central Black 2illa,, S« D.: 0. 3, Geol. Survey Geol. Atlaa^ folio ai9> 
p. 4*



graolte around Haraey Besk, and us* t&e first to eapaaaise tbe 

layering of tills rook* He stated that the granitic rocks asm into their 

present posltioa by disteatioa of tfca older rooks wader great pressure »,

and tills conclusion has beea generally accepted by later sorters*

J» J» Bazmt? and Ms associates wrote a sorts* of reports from 1921 to 

19M» oa the Precanfcriaa geology of Tmrioxis parts of tlsft Black Hills. Part of 

tills writ v*9 soutbesst of I«ad ia tbe j»rtfc*m Blaek Mils 2/. Runaer-1* 

aod slso Balk -/ wtso uss witli Boaasr In tie field, vrote brief description* 

of tbe rocks around Barney Peak. Basdlton ** wrote aa \jttpubli*fiad doctorate 

tbe«i» on the geology of the laetaaorphic rocks la the Key«toae district, but 

Ms asp S&OMS& atrati^repiiic aod atruaturol ^latioaji in only a

I/ Pai^e, op* cit«, p

Bunaer ; *T. J., 1921, Stidemes of aa unconformity vitiila
of the Blsck 3111s of Sotitfc Bekota (aijatract): Geol. 2oe, Aaeriea 
Bull., v. 32, 9* 57*33; aad 193^ ? PreeaBi»riaa geology of the 
district, Black Hills, 3» 5»; Aa. Jour. 3ci., 5th ser«, v,

, J« &»* 19^» Precaabriaa secOogy of tfce Goleaa-itoubalx didtrict, 
Black Ell!*, 3. 8«t 3. 0. Geol. Surrey, Bept. Irw. 52*

Bunaer, J. Jf* , 1926* Intrusloa oeciumlcs of tbe Haraey Beak batbolltie 
graaito (abstract): Geol. 3oc. Aaaerlaa ^Ol., T* 3^» p« 1B6| asad 

. Structure and orlgta of Hack Hills Preoaofcrtait grmxxlte dooes; 
Geology, v. 51 ̂  p*

Balk, aoteirt, 1931^ lEtcluaions and foliation of t^s Hamey Beak 
Black Hills, 3* D,; Jour. Geolo^, T* 39 > P

Heolltai, B. G., 1935; Precaaabriaa geology of the Keyatoae district 
Black Hills, 3o«t31 Dakota! IfaiT. of Iowa Ph« D. thesis.



J. A* Soble aod bi* co,H*s&»* la tha

detailed studios of tt» jK&ogjr of the Lead eroa in tb*

HUla ^, Harder » mapped aloilar rocks in tb« Boefcfoitl district, 1$ adlsa

soutk of lead*

Hl^azy ^ nadartosfc a re^loaal study of tfe* pa^saattta* la tfce Keystona 

district. Ha did aot; tawror, aaka a»p» of any klad to ahov tba relations 

pc^asitite and countr/ roek; aad Ms vork an peg^&titdS vaus limited 

entirely to a si^eralo^c etudy of portiilte*

of ejatiteft in the

area. Pe^JE^-titos of the Kaytstono district vora described "by Bess ia one of 

tors* papers puhlUIaad by goolegistft of thd ^feit^d 3t»t«« ia 1^25 saropoaiag 

pe^jsatitea ver* f oraed lar^lor ^;" replacanient. ^ * In toie sazse ^g&r a

I/ ^o"fcle> J. A*; 1^.> Hi^-potaah Olkfl3 in the Horoaata^e ndna, I^ad, S* D.: 
Geol* Soe* J^aeaslca ^iH, , Y. 55, p. ^T-9^i s^d 1950, Or« salaieral^ 
is^tiozi la ths 3b2S3take gold mine, Lead, 3. D»; Geol. 3oc. /oaertca 
Dull., Y. 6l, p.

3obla t J. A., aod Hardtnr, J. 0., 19^ > Stratigraphy aad ^etacaorphism in
a part of the sortl^ra Blae^ lills a&l th« Hor^st&ke mine , 
3. 3*$ Oeol, 3oc« ^Berries Bull., v* 59. p* 9^1-975'

, J* A^ Harder, J, 0. > and Slaughter, A, L, / 19^9 > Structure of a 
part of tii« norttora BJacIi Hills and the Hoinsstafce sdue, Leiad, S* D,J 
Gaol* 3oc. Aiaerica Boil*, v* 60, p. 321-352.

2] ESU&QT, J. 0,, 193%; Geology of a Prec^arfariaa area at BoehfOrd and its 
ralatioa to t£$ rs^ionai atrxictur« of t&e northern Bleck Hillg; 
S, D. School Mii^ss 3. M. thesis.

j a* A,, 19^9, Petro^ea3»e«i* of ^arUiite pegssatitaa in tb« HLacit 
Hill*, 3* B»: Jouar

He«s ? F. L. , 1925, The aatiiral history of t&e po^^atites; Sn^. and Mii 
Jour* ~ ?re«a ; T* 120 > p. ^9-293*

; K. K. , 1925. The parasensie of the grsnite pegmatite* of central 
Main*: &u Mtaarodo^ist , v* 10 ; p,

Scixaller, W, T., 1^25, Tbe ,j8uesia of Uthiiei papiatltam Aa* Jour* 3ci,, 
v» 10 ̂  p* 269-279*



deseriptioa of the Stta pegaattte «** published by Scln«rt» . 33wrtiy 

thereafter Lsadea » published sa article oa the petrology and tt&neralagy 

of the Bob lagersoll, Peerlee*> 2tta, and lugo pegwtitee. Maay lea* «lg^ 

nlfieaat articles published between 1&& sod l^Mi described various aspects 

of the geology of Keyatoae pcgirtlt*** 

la tM yaar« »lact I$fe2 ao«t of

district tea be«a by tb* 0* 3* Q«olosical 3onr«y

and tuttl«  * of

taJ»ratory, Cavoogl* Iwrtitutloa at ^ashiatstcai, measured U» la-

version temperature of ^gft^yfei frost various tjfpes of pespsfttites «y^ fros 

v&rious ustlte of msflffldl pegpBslillieS:» P* £» Utolft * » . 'foirkiAg ^ipfl^r the auspices 

of the Qaiversity of ^isconsia* wHle fluid iftQlusloyt studies of speclacaa- fiixsi 

g^ifrt. pe^Batitee^ 3till siore recently Ovoot^oftttt» ^MI^ ffoiH^yyt *J of Prtacetoa 

Uaiversity determined the potassixaa aad sodium cooteat af swsplcs of 

frcaa all ions* of the Peerless pegaatite, end discussed the geaetis 

e&ace of their results. Sortgai participated in the field norfc of eeeh of 

these iareeti^atioae ia order to designate the structural poeitioa of the 

speeioeas vithia the yarious

I/' SehwarU, 0* M. 7 1925 > OeoOogy of the Stta spoduawns ndne: 2con* Geology, 
y. 20, p, 646-659-

2/ landee, K. K,, 1923, Sequence of niaeralizatiott la the Ktyetoae, 3* D.,
A«, Kineralosist, r. 13, p. 5^5^>^ 537-553*

J/ Keith, M. L., sol Tut tie, 0* F. , 1952, 3i£poificaoce of Ymriatioa ia
high-low inversion of %uaart«: A»* Jour* Sei., Bcwsa volwae, p. 233*233*

£/ Weis, 9* t*, 1953, Fluid iaolusioae ia aiaerals from soned pe6»atltea of 
the Black 2ills, 3. D.i Aa\. maer*lo£ist, T. 39, p* 671*497*

^/ Oroote«ifit> 7. B., and Holland, 1, JD., 1955, 3odiua and potassiua contest 
of asuscorrites froa the Peerless pegatttite, BOacJt Kills, 3* 8* 
( abstract}? Oeol* See* Aawrica Bull,, v. 66, p* 1569*



A program of detail*! structural study of pagaatitaa la tba

Black Hillii wa» carried out la 1942-19^5 utm L* H* Page and otfcar geologist* 

of ti» 17* 3. Geological 3«arv«/, ircelirilna tha praaeut autbor, mppad pagpatlta 

odaa* and proapocta at aealea of 1:600 aai larga* « * Additional detailed 

atudiaa **ra consisted la l&tar

la 19^5 the SaaloglcaX 3urv«y began rapping tba sscaral geology of tba 

priotipai ptgmatita alaiag eUUtricta at aeal** of 1:10,000 and 1:12,000. % 

1955 approociaBitely 110 aquora ailea underlain by Precssfcriaa rock* &od feaaa 

aappad in tbe Cuater, Hill City, and Seystona district** Ultimately tha en- 

tir« ara& around 3ara«y Peak irtll ba mapped at aaala* of 1:10,000 to 1:2^,000.

Tha verfe tixrou^out tha aoutberu Black HiUa n«a ai^anrlaad by Bortoo 

la 19^9 and 1950^ and a;saia fron 19>^ to 1957* J- A* Baddaa ma tba proj«ct 

a«qp«rvlaor durla^ lc»ftoaf a abasoaca la 1951 aod 1^52* I»* H» Page «&a wiper-

rUor from 19^*3 throu^ 19^3 and &gain in 1953* 
/  
i« cMafly aa account of aona of tba nor« algntfi.g»nt rcault*

of field nork by ^ortoo in the Kayatoaa district. It la ba*ed Largely oa 

areal geologic mapping* la ftadltlon» aona of tha aore important data ac­ 

quired during detailed «tudy of Individual pe^ssctitea bava baaa uaad. itota^

sad pa^aatitaa alaavbara in tha acwtlsicrti ^lagic Hilla h^YH also

steadied by Sortoa and Ma aasociatea, and «re&a to tbe north bsve

:^i^ yyy*!^\i?^ftxjiai^nftfl1 f^Mffft* ^fflt ~ *]*D& lisf09rnifttlo)ft tiftia tfy&t^*Bffd n?^it baasL
. ,,&o/ir

aa part of tbe background of

I/ JPa^a, L* H., and oth«ra f 1953* Bagptatlta ittwatisationa 19^*19^5* Black 
Hills, 3. D.: U. S. Gaol* 3urv«y Prof* Paper



Tha gaologle nap of tba K*yatoae district (fig. 3) cotere 18 square 

Silas at a aeal* of 1:10,000* Moat of the field nork mat done ia the auaners 

of 19^7 through 19*9 aad 1953 through 1955* **toa awed about 10 square 

adlae without assistance. Ba ma aaaiatad by J. A* Bodden* P. &. Qrtille, 

P* &* Kai«* aad JT* B« Hanlay in Tnagpiag % square isilca la aeea* 9* 10, 15 to 

17, and 39 to 22; by E« 2* langen, IU 5. Hoedlfer, aad R* 3* Burn* ia

1 aquara adla ia aaea* 5* 7/ 3, and 9; and by R» G, Wayland aad ?* M* Orvllla 

ia fflajrpiag 2 »quara adlea ia aaea. 1, S, 35 / aad 36* t* H. Pa^e mapped 1-1/3 

aojoax* mHea ia aaea* 29 to 32* Cartaia uaaolvad atrati^raphlo and structural 

ppc^l«B» requlro tfcat additional work be done ia parta of tba mapped area, and 

toua too @aolog:le aa$ (fig* 3) baa not been entirely completed,

Tbe 0« 3* Buraau of Iflaaa aad tiie 0« 3* Geological 3urv«y obtained diamond 

drill recorda from 7 pegmtitea in th« Keyatone distriot aad 12 pcgsatitaa eisQ- 

w&asa ia toa eoutiaera Black Hllla between 19^3 aad 1953* faa drilling waa dona 

by private contractors. Norton did tae greater part of taa ^jeologic vork during 

drilling at 5 of theaa pe^aatitea, and participated ia the ^aoloslo vork at 3 

otaars* fart of tba data obtained from drilling at tba Big Cfcief , Diamond Mica, 

aad Fearlaaa pegnatitea have been incorporated ia tale taaaia* Specific data 

obtained by drilling otter pegmatite* will not be presented bare, except inso­ 

far ae these data aeve been oaad vita a large body of other information that 

aide ia interpreting the geology of soned pegpatitea*

L. H» Page has been toe meat valuable source of advice during the work 

ia the Keystone district and elae*iere ia the Blue* flilla, J. A* Reddaa, 

vno not only did pert of the Keystone work but also napped the Ouster peg* 

mtlte districtt has been a coatiflual source of ideas on area! geologic



profelaa*. the voife of P* M* $r*ill*« J. B. Hftolay, ft* 2* Roadifar, 

B* a* Hfcylaad, P. L. Wti*, B* 2* laagaa, end 8* 8* Bunts i* gratefully

Tfaa datailed nator* of B* H» 3b*ridaa*a log* of diamond drill cora froa 

th» atorla** poga&to in tte Bfeystoo* di«triet andv powi^lt thft 

tioa of th» M<pMoco of lay«r« in tte mil soo» of thia

8* H, a^fwr, «  aft wwociato oa tbt Slack HiUa pxx>4«et ia 1^3 and 

na« aislffaad to aap tbt Caltttttty Paak ar«a im tha Caatwr district, 

obtaiaad data that tar* halptd ia uaderataadiag tbo geology of layorad

olaoidMKW ia tlio aoittbaiti TMflffli Billft*

9» S* Buramu of Mtaaa oogioMMfs i&o «up«anrUo& 4tiw»rei drilling proj«ct» 

1* 0* Hayon« 0* S* Mullaa, Glea tJUUpar, figgaoat Clariw, and Stuart 

Torguaoa* tbair eo^pamtioa lam mada it poaaibla to datezmtaa tlio geology 

ia tbrao dlaaaaiooa of aownal oeoiuxdcally iaportaat pagjaatit Mi.

Prom July I, 19%?, to Juaa 30, 1950, tl» ElaclL Hilla ptgpatito project 

«aa a part of tbt Qaologtoal Swnray'a b«rylli«» prograa earriad out ia b«half 

of tba SMLaioa of BMT Materials of tb« U* 3* Atea&o Sowrgy Cenaiaaioft*

Tha asaiataaoa and agtsaoidiaary cooparatioo of adat operator* aad pro** 

paetora ttooo^bottt tais work ia grtatly a^araeiatad* 2&**« iaolado ti» Coa-

Corporatioo» Iteyatoaa F«ldaj»r aad Chwdcal

Chemical Coegpany, Ltthitsa Corpoxmtioa of Aaarica, SLaek Hilla Z^yatoaa 

Corporaticm, aad aaay otter** A. X* Johnson, a eonsuttlng mgiiMor at Sey-^ 

atoa*^ feas aluaya boaa vary halpful.

tai* rtport haa beeo rotiamd by Profaaaora C* H. Ba2ira, Jr», V* 3* Bueher, 

ArU Polderraart, aad Brian Muoa of Colunbia lhi¥9raity« Thair comwit* ara
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la

aad Moeogolo rook* dip ao*« *t*eply on tfe* «aat flank tfcaa cm tfce wwt flank 

the PrwaaUrlaa core li aapoaed lit aa oval area tfcat 1* 69 &tt** loas ia a 

I« 15° 9* dlzwtloa «ad ha» a wnrtmia width c£ 36 mil**, Tb* scMata 

out thl* araa «ra ht^ily deforoed* ffcay itm^ la aerUsaorpJiiaa fro® t

*nm gMuLpgy fflf tlMi fflfudlc ^ftlly atlMHaftf^tl^i njcka 10 uadbtrst^ood la 

la osaly a **ry f«ir aiwui. SlMirt»rq oaly aa&o&i data liaora b«ea acquired to 

tlw overall fflao3ogla rsiatloa* la * Tery issnaraliaad faaMoa, sad

tto« accqgtayy detailed data aam aot likaly to INI aascablfid for many years to 

come* Iwwel&ales*, la order to Olytaia infonaatloa tii&t as^r apply to a true - 

, atratigrapkic , and aetaaorptiic probXwag la th* aoutli«ra Blaclt nil la, 

of jaetasaorplila roeJai eljwwjjep* la the regloa Hfi9» be«a examined > asd 

ttwttlabl« gubllahari «ad xinpublimbfld ^ologlc map» bav» t^ea studied, Boring 

tl» tiB» that th» »8^»t<a» twrk iwa Iwca underlay, geologic mapplns haa also 

dooa by J. A* ifeddtaa auad otber» acar Cuat^r and by 3* 0. Wa/laat 

City* Coatlmwa «fftjrt» bare teoa aadt to «orr«lat« tiie geol^y of

Books of "tlvt Sortiiara

The B»»t tisorougaiy studied Pracaatoriaa area for vfcicfc tijera 13 a

awp la la tiw* rlclalty of Lead la tlje ^orthem Slaci Hllla*

rocics at Uad mm la iaoellnal foXd£i that plango 10° to

I/ abhla, J* A*, Harder, J. 0M aod Slaughter, A* L*. 19^*9 5 Structure of a 
part of the northern Bi^slt HLlln sad the Somtaiee alaa, Lead, a. D. 
Gaol. 3oc. Afiwriea Bull., y, 60, p.
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isoclinal folds are dftfozwd by eras* folds sad a f«rv aocall fault* «

sstptenc* eonsista of six foimtiaaa described a* follows "by

Soble and Harder » > in outer faraot oldest to yora^pat; l) Pooraaa fomatioa 

(possibly 2,000 fact or aor«) , 2} Itaftstaka formatioa (200 ta 300 feet), 

3) Hill son formation (3,000 to 5, OCX) feet), %) 3brtfawestara foitaafcioa (0 to 

possibly fc,QOO feet), 5) flag Book formation (possibly 5*000 feet), and 

6) Grizmiy fonaatioa (possibly 3,000 feet or ssore). The ^e ord«r is "baaed

partly oa aupcrpcmitioa «ad partly on a supposed unctmf onaity at tibe
^ of tlat flag Bock fonBBtioa, but tb« «rideae« ia inadequate ^ *

t&ictesMftft* glt«a for theae uaita are tt&aod "on the aasvuaptiioa

»lmpe« of t&t fold* in tiw rock* are a result of 3bear folding 

ratitar ti»a fl«xur« folding" <2/. Consemtantly tbo thieicieoa of each foraatioa 

ia oaeaaured oa tba ooa«» of fold* parallel to ttw axial plcus. TMa 

is «*Jectija»bla bocauae it fsila to tato into aeeotrat the possibility 

of material tato tae uose« of folds aad Tj^cacuae tiia sJaesr plaaa 

tha folds dertlojxd were aot necessarily perpecsdicuiar to "boddla^ 

aad Harder ssuat bav« had difficulty ia selecting places to rneo^iu^

Tbty giy» tbe taiajmos* of tbt Horaeatate forme-tiou as 200 to 300 

faet; yet in aany places on their oap th> Hoc^ste^a forcmtioa fornis a loog 

tiiin 2iose ia an isoeliaal foOd> and a talckness of asaay huadrtnia of faat could 

be a»aaured parallel to tHe axial plans. Sobia aod Hrjrler fail to jive;

I/ 3obla, J. A., and Harder. J. 0. , 19b3, 3trsti,jr^piiy aad isatassorphisia ia 
a part of the northern Black Hills and the Ecansstake miua, lead, 3. 
Geol. 3oc. Accrica Hill., T. 59, P

, «T* A., personal coD«unic*tioa, 

Sobls aad Harder, op» cit«, p.



thietotm of tbtwi talt* on tin liifc* of folds, acd it It difficult to 

 stimt* tfe* figure* b«csu*e tfcwy also fail to pro*24« geologic asetioii*. 

bwwd on their geologic aap ^ sug@t*fc that tb* t&tekoe** oa

tiw Hate* i* about oa*»fourtii tb* thleknoas stated la tfcetr tact. Furtber- 

sore, til* Hate* of ti» asi^or foMm contain lasay iauOX drag folds that sasy 

cau«« the tkto3o»g» a« aeasuped on tto» aap to ^ sev^raX tioea 39 m&h a» 

the actual tiiickoetf*. thuii tJae thiclm^OT of the Lead uectioos, givea by 

3obl« and Harder » as at l«a«t 17,000 faot, aiay be only 1,000 to 3/000 feet 

on the liate of fold** Otter vettars in tiw Slack Sills, inglxidisg tboi prssetit 

author » JUWB aaaaured thickne«ae« on the lijabs of folds ; aod thus the 

fox ti» Lead section au»t b« coovartod in tlxU w&y before titay. e^m be cam- 

pared vltb thicbwMfta ia other &reas* BegaxCU^a of boir tba calculationa 

ara aada^ tiw prwMmt tMeKneagea cannot be converted to tMckneasaa prior 

to defonsation, aiad ti«r fflwrt tiiat c*a be aak^d i» Uiat the DMt^od of

aoiae»ta]» for«*tioa is tbo raoet dlstiaetive wiit in the Lead 

ai3d it JUt alao ti» k«y to aolving afitny of tbe structural and 

problasw* la the biotittt soot of aotasiorpiii«i, tiio 3oc»*take fonaatioa

a carbonate-quart* aefcUt eont^lnlng aaoy pods and «aaB» of rec
3/ quarts that probubly vm» originally chert -^ « 'the carlxmat* id

k/ 
aita, JfeCO^, 5%CO-. 3obla aod Hartiar -'deacrib® tMft formation as

similar to tha iroa fortaatioat of tte Laka Superior

I/ Sobl* end Harder, op* ett*, plat* 1. 

a/ Idea, p. 

^/ Idem, p* 

/ Hem, p,



it qorrespoixls to the carbonate fatties described by Jaass ** * la tae gjueaet

SOBS Of netdtiSOrpfaiSBL Uflte/ fOfttK&iOa SOaSiStS Xl?^T*1ifffff1 T*m*^'t-1ty Of fttlilBrf flCtiflfnl tS

ssaist* la tais son* it is T«ry slirilsr to a unit ooosistiag predominantly 

of angpfcibole staist ia the Keystone ares, Just east of t 

tuta&iag fault *»  taat PWHMHI tarcm^h K^rtaMi (fl^. 3)* la the

^ tain mi% soafcftiatt podff ^a§ MHUHI of

wa» derived froa oiwurt. the rook« oo eitiwr »ide of thie ;ialt at

to tiEw jpootoi oa eittny ffl^Ni of

at lost, aai a teataUw eoml&Uea ba«d om lltbalogy u *u£geat*d ia 

table 1.

36ble and Harder f » de«crlptlon» of the Lead atratl^rajMa 'ouit» ^ive the

c^aractoriatlce of tiw»« roclw ia t2Mt biotite sont of jaetaaorpMiaa &ad then
2/ «ijov aoir tfce rocka vere ooaaged at M^Jier ^jredee of sirtaaorpalJBa^ * Ia t&e

biotite toe* the Poornaa ftorfljetioa, beneath tbe 3aawtak« formatioa, 1» a 

iSray pbyllite eoamlatla^ chiefly of quarts, ffluscoirlte, *ad anker ite. the

3ortla»eetera, Flag Bock, and Grlzsly fornsatioaji. la tlae biotite xoae taft 

1HUMH fbra»tioa ooaeiftte softly of payllite ead eeMet containing quartsi 

and atfcorlte, but cjuartaite is almndaat ia a»ay place** Tlie ^orth»e«tera 

formation eoa*i*ts of pliyllite *od ecniat ooataiaiag q>i«rt« ? aaieecnrlte, aad 

eogsaonly biotite* fa« aoet erldeat difference betveea the Sorthneetera 

formatiOTje is tbe ebeeace of qaartaite ia t2» 3ort£meatera.

I/ Jaaee, H* L., 1951, Iroa for«tttioa «ad atsoeiated rooks ia tfae Iroa Stiver 
district, Michigan i Geol. Soo* Aawrics Bull., T. 62, p- 251-266; and 
1955. Skmss of regtoaal astaaorpaism ia ^s frses^xisjt of nortbera 
Kieai^aa: Geol, 3oe. Aaerie* Bull*, v. 66, p,

Soble end Harder,
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is found adjacent to tb* KLag Bock f oroatioa, tfeo 

formation is eonsidsrad to feo ofcsoat Along a presumed uaconfoittity at tfeo 

baso of tho 9lAg Ibelu tte fUg Stack cooaiats largely of ssxicitia pfcyilito,

also contains grsphitia «sM*%* $uaxts&tOr and aidAix>pl«slt« »e&Ut.

Qrlsxly formation IMMI pfayllit* cou»i»tla« toaJmattly of <juftrt» «a&

WoUt« lotM is ia tint  outlaw«t«ra part of tlM load dl4trlct. 

Hetaawrphlam iaer*a«e« to tia» aorthoarb ttoro«ksh tl» ^unoot aooo aud lato tfc* 

 taurollto «on«. tlw roeica tliat vtwi originally arglll«wou» twcoa» 

and jrfcaurollt* aokUt». Tlwi »id«r^ple*ite rocioi t?«coB» cuanlij^toait 

T&* aaterlte-b^arlas toeloi aey oontala bornbleod* in tte 2xt^er samdtft of

aa, but the «fi<l«9ft« in a»ag«r^ Largely becai2»a tfae«« roclca raraiy

in tlMn hi^Jwr grad« p*rt» of tte district

1?b» Io«d ar«a also coiyUJnji aefloiy ^QMbolite mo***» tbat 3mv« been
2/ deaeribed V Bodgt ^ a» aetaaorpho««d latrusiv* roeiai, probably gebbroic.

Pi^eaaibriaa amrl^i of ti» M1M1« Part of tbt Black ^tll4

T&tt 3-ead area i» aeparatod from tte reat of t&t Bias* Hill* ?r«eaiabrlaa 

rocl» by JNOaoioio and lat«r ro«lt» ^ * IcwrtfcriU** , rocks to tbo south 

soatlMMUit ba»« b«ea corralatad vlth til* load sogtioa* At aoehford, 16 

south of Lead aad 15 miles aorth-oortlwwt of Hill City (fl^. 1 aianrs

I/ Sobls and Harder, ap. «it», tablo 1 oad p*

2/ DodQ», 9* A*, 19^2, ^phibolit»s of tbs Z«ot arwt, aorth*m Black Hills, 
3* 9*s GooOU 3oo« As»rios Bull,, r» 53* P "'

Partoa, 9. H* ? and I^ig», Sidney, 1925> Csatrml Black Hills, 3, 
II* 3. Cteol* Surrsy Geol. Atlas, folio 219, aoologio



location of Hill City), Hardar ** BMSpad xtxtlcs that fa* eomlatad witto part 

of tfeft Load ioettOB* Saat of Boofefonl and aoutbaaat of load, tenM? » and 

Bars ~ »wad *&** tfcoy oal2od ttoo Zood ayatam an tba yottagaat part of a 

aaquono* of rceJca t&at la aowural too* of tbouaaad* of fftaft tlilok. Sobla 

«a& Kardar ^ <ju««tloa tba validity of tfct« ooorrqltttioa, but tfcay too hava 

raoog&is0& zocUGi lit tfMy ajpa* that tiiay fMuM ooxraopotid to tho iLaad aoov 

tioa ^. la adiditlon, tlwgr Haw found a rocit unit of tMa-b«ddad etOorlta

abovo tbo Grtamly floaowtloa that tfcey call ti» ttelo 3am ronaati<» ^» 

th« gaologle palatlorui tlgavbara la t2Mi oooti'aX part of tha SUeJi Hill* 

ooro ai« laaom only froa tba aap by Qarton and P&igo 2/ and ftoa

StrUota tlircra^boixt 900% of thlo araa> am Qortlinaofftlnavity 

aad dlpa aaro «toap* Darton aad Palga ^/ ^ixwr four lars« antlclinaa sad t&r«« 

larg* ayticllaoa ia gecOoglc aoctloaa eactaadiag aexoaa tlMr vltlaat area of Pr»» 

e&abrlazi roefca. fbeoo g«ologl« »«tticaia, thous^ eorrtct la a brood aad 

ggaarallsad aooao^ do oot adeq\jat«ly portray tba atructiiral cosaplerlty of thea« 

roeia. do rocka ara laoeliaally MLdod ytocgeyqr tbo ataructura oaa bo

I/ 3ord«r r J. 0», 193^. Gaology of a Txooaaferlaa o*»a at BoehTt»3nl aad It* 
palatloa to tiio ragioaal atnastura of tJMi aortijam Black 
3. 9. School Mla»a 3. M. tbaaia.

Buaoar, J. J^ 193^/ froenoteiaa saology of tha Sam district, Blac* 
3, B«i Aa. Jour. Sol*, 5th *er,, v. 23, p. 353-373*

; J. R* , ISW, Prmcaaanrlaa goology of ti» Galmm-Houbalx 
Blade Hllla, 3* 0. : 3* D, Goal. Survvy, Bapt*

Op, clt., p.

SaftilOj J, A* f and Sawtlwr, J* 0. T poraooal eonBualcotloQ, 

6/ Sav3Jar> J. 0. , peraooal

8/ Idoa



reeogpixed, as ia the outcrops of the JfeVey Bum extending from 3 to 8 miles 

oorth of Hill City* Isv®* faults way slso exist* Tbe atructural gnOa of 

tbe seeks ia tfce Msley tea* for exauple, is aartbarly, 3*t just to the 

aortheast a lithologicftlly different group of rock* has a oortlwesterly 

trend; vitiier faults , *a tt«oaf<»«ity, or vtrar lutricet* foldia^ ar* re* 

to «eglaia ti» c^««rved relations.

Frwaatorian Jietwaoridiic Boekc of tbe Soutfaern Slack Bills

ro^tai of i^Mi southom ^a^jg gfj,^ ^JPS ia &AO/ 

tiie rocks to tits north tiiat tow alxwagy b«ea dotexll^d* Thtt^T &we addi- 

tioaal eoa®l«atitias , 2iow8T«r, £s*oeiat«d «it2i t&s pes»atitic and 

latrusivos arouad Harsasy ?eak (fl&« l)« 15i« isoelia&Uy folded rocks 

d«flsctod arotjad aad dcaad ov«r ths 3^r?3er latru»iy«a, aad mass?

aad

Tbe Bost ooaspimtoua eJjangs in tb» nataoorphia rocks fraa aorth to

is tbo gpsst iacrsaso ia grmds. tills iacre«s« is from tfc* calorita 

biotits coass ia t3ae <»atral part of tbs Prwoatorlaa core to the garne

itfvl yf- T i -f fy^f^i.frtff acffjiffs ia ths sout&tm p%yt of tfao SQjack Hills*

Tbe garnet iBOtjrad is about 12 ari.le« oorth of Hartley Paak. Toward tiuj nest 

it curves first to t&» aoutfcvest aod then to tlzo acortiiwaat before pessian 

benaath the Faleosoia rocks, f^s change to a norttewsterly tread carries 

this isograd arouad a wwll graaits "body 9 sdlos wst-souttonwt of Hill Citj. 

fbs rtoorolite and sillis*aite isogrods fora rou^Uly eoseeatrio ourves 

pess, respectively; 6 sad 3 ails* north of Saraey Peak; ti»

is stioua oa fig. 1* 1&* ai^sst grade rocks are «ilIiaanit*-Bttca



s^Qgppagstss *s sosJi IMI 1*1/2 luchss

of t&s Praeaabriaa rafts aouta of Sonsy Bask as* la tas aillinanits- SOB*. 

Ths arsA «ottt*inin« aillisanit* is 2$ mil** laag aad as aaafe as 16 

vi&»* 2as afcaps of tbs laograd ind.lsst.ss that if it could IMI «xt«ndad 

oaatb tlw ?al*o*oic eovtr, tiMi total ar«*. of ti»  JlllMttitt waawt proJ>ably 

would be at laaat tvic» as great as «bo«i on figure 1*

'Bm olo»* arof&l ««aoel«tioci "batvpm U» hi^U grads nataaor^sle rocita and 

Hamey BM* granitic and pspntitis rocJta lacroa Uttla doubt that tiw 

to garaat, atauroUts, aad allliwwits grodss «as

to ths intmaloes* It is possibuUi that tiw lowar ^r«ds rocka to

aorth, eotttaiaia^ ehlorita aat biotita, «ami tits product of an earlier 

and p«rbapa man vidsspnad awtaaorphiaai, but oeltbar tfea data, im tha wsaaty 

literatura aor obimrrKtioa of tbs rocJta tbmattl^ts iadieoto t&s wcUteoc* of 

any coiapalltng antdsass for two Idads or two parioda of metanorpiilaa*

* and miea-bwurin^ aoMata dsxtvad fma thiclK olastie aad argilla*

caooa roeka ar* bur far tlat aoat abttad*at mat«aorps£iio rooka ia tlw aotstfessa 

Hilla* fbsss raa^a in soBpoaitloa froai gioecsous acniata to la^nire 

<juart*ita«* Owr jaaay lur^a azaes tfcwaa rodtoi cannot bo wparatsd

into roadily distia^Jifcaals atratisrapaia unita ttot are aaall enou^a to 

aHov tbs gaologar on a aap in a ooagOsto faaaion* Tha (juartas^Kica acniata 

contain liasa-aillcata aodulea, vaich Kuaaer aad Hanilton ^ ahcv ar* aeta-

calcaraoua coooretioaa, but evaa the«a eauaot bo ua«d as
2/ Ibnnsr aad Hcadltoa ^ thous^t tltat tbs liE»*ailicata nodulea

I/ Buna*r, J* J», and Sasllton,, B* 0«, 193^ > Slttaaof|iiossd oalearaoua eoo> 
cratlooa and their gsastis aad atruetural algaificanoa: Am. Jour. 

f 5th ssr. t T. 26, p.

Has, p. 53*



tkeoufifr eeveral thgtaand feet of beda, aa& Beddea » found than 

distributed ttewgl* * tfrtctemraa of 2*0*000 feet of seiiiata in a aiogla largs 

eyneiiae ate* Cfcete*. Similarly, at Xeyatoae, liiae~eilicate noduiea are at

fcori*ao» In quart*~a±aa. achiata*

la a fev are&a, a» la MKMI* a «ad 3$ of t&a aortijwe«t part of tba 

district (fig* 3), tto» qroartat-fflic& acMJtta caa be «uMlrtdad into 

units* Intarbedded ualt» conylrfcla^ of alteroatJLns quartso^a aad micaceous 

bed* caa be separated fpoa aiore lauMQ^etteouji recka on citiaer aid®, units rid* 

in sdca dad otlMnr «l«ot«aia aiaeral*. aapeelally st^airollte, can be 

fzofli adjaccat unit* rich in <juart*. la 6 fev piacea, espscially 

of Cuater ^, aetaaaorpboaad ^rlt aaad coa^locaarate b«da ceui be roco^nised

Fortunately tbe aouttoern HUclc Hill* also eoataia several &iifoly dla« 

tlactire unita, onilnarily leaa tbaa TOO feet tMeit, that have been 

la rnaay jilacea. tbeat unite tore lltbologiea tiiat au^eet they vera 

all 1̂ ciwadcal aedlaeate ox flae-grained auda. Lai^ely on the baaia of 

ualta, aaoogft jwrograaa lum bcwm aode to au^^eat the tentative 

aetjuenee atcwa in table 1*

ffctt Iflwtr peart of tM« aetjueaoe ia baaed laz^ely oa the 

of tbe aortSwwterly treodljag fault «oae that peaaea tiotm^i Keystone (block 71 A 

of fi&« % also ee* flg«. 3 and %)* The seolosy of tfala area id.ll be dl4-

doalaated by taoollael folda (fl^. 4), in vblcii the older rocks are

J/ Boddea, J. A., 1955> Geol^y of tbe fouraile pegnatite &re&. Cuater 
, 3* »,i 9* S« Oeol* atrrey opea file report;
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to tfet aouthimet, la th* ear** of anticllnee, aad the younger rock* are 

to tha northeeet. The eouttawtateraBoat unit coaaiata of quart*- aad mica- 

beariag echlata ehova ia table* 1 and 2 a* the oldaet unit In the Kayatane 

dlatrict* Tfc* next unit coaaiata aaialy of anphibole *ehi»t vita pod* and 

aeaa* of <iuartalt«, but alao contftlna mlcA-grapblta a0Mat* Utholoslcall/ 

thla unit la aiallay to tJte HoaaatiiiM foznatloa at Ltad> aad ta* two ara 

corr«lat«d la tabl* i. Tb« aoat abundant adLaarala are cuDMln«tonit« aad 

quaru, a* la tlka Baaaatak* fonaatloa at laad* tba> hl^baat grad* parta 

of tba Bcnaataka foiaatloo am la tte gamal; zooa ^> aad taa I^yatona rocka 

ara la ta« atauxollta aad »illlaaalta »on«a. H. L- Janea =/ dc»crib«» sim­ 

ilar rocka froa nortbara HloMgaa aa eoaalatlog doaiaftntly of gruaorlta 

(iron*rich cuaningtoait*) aad quarts la tiaa garnat, staurollte, aad allll* 

aaalta loaaa* la aluwa that thaa« rocka are awtwaorpboaod iron formatloa 

of Ma eartoaata or non-daatlo alHeat* faelaa*

flia auee«adlag unit at Keyatooa (number 3 oa table l) la expo««d la 

block ? aa wall aa block 71 (flg»* 2 aad 3). Tbe odder part of tala unit 

quart«-adca aeMat aad quartaita aiailar to the BUlaoa formation, aad 

upper part aaa nlea-garaat achlat aad mataoorphoaed iron formatioa 

aimllar to rocka la tiM Hag Book formation -* «

Thla onit la fallowed at Kayatoaa by quarta-aiaa schist aad quartz- 

alca-«taurolit« achiit (number k of t«bl« 1) that extend over a wide area 

ia block* V aad VI* UthologlCftlly thla rock la very alxdXar to staurolita- 

bearing aehlata of tha Grltzly fbraatloa that R. G« Waylaod haa ahona the

I/ Sobla aad Harder, op* cit., p.

2/ Jaasa, 1955. 09* oit., p.

J/ loble aad Harder> op* cit., p. 9^7*9^ «ad 959-9^0-



author ass* ths railroad station in Bssdvood, at ths aortheast edge of 

the map puhliahed by loble aad Harder ̂  *

At Keystoas thers is at Isast oas unit contain! ag abundant graphitic 

schist with quarta-KLea and quarts-mi^sa^taurolite schist on each, aids 

(auSSbsrs k, 5, and 6 of tabl» l)« Similar graphitic seMst lass soft bt*a 

aappad elaaiAsm in tilt Haek HI 1.1s * 3obl« and Harder & aots that sons 

parts of ths Griasly foraaatioa ar* aactreasly graphitic.

^m SLTSA aouthsast of ̂ i^tKi* also csootaias rocks havi&& aisil&ritiss 

to tias Laad ssetioa* Ears ths oldsr roeks ars to ths sast aad ths /ooa^tr 

are to ths wast. Ths rocks ars truncated above uait 3 (table l) by a prob­ 

able fault*

fhs key to ths sequence from oaits 6 to 9 of table 1 is ths Orevill* 

formation. The type section vas described by fleddea ̂  at ths Orerille 

railroad aiding, 7 adles north of Cuater. Tiiia unit ooasists predoaiaitistly 

of thia-bedded biotite-/garnet and blotite achi»ta, but also coataias beds 

of qviartaite aad beds of sshist risk in jaicroeliae, graphits, or aaphibols* 

The biotite-gamet sehist of ths Keystone district (fig* 3) probably be­ 

longs to this foraetiott.

Ths Orerille fo&sstioa has also been rseogaissd in various parts of 

ths Hill City area. Sorth of Hill City ths aetaaorpnla grade decreases 

until ths garnet crystals are leas than. 1 am* across and ths groundatass 

consists of very fiae-graloed quarta, mica, and chlorite. Hobl* and Harder

H fy* clt.

2/ U«i, p. 952,

3/ Op. sit*



sal their colleagues haws napped similar rooks as A unit they call the 

Onels Sam formation, overlying the Orissly formation ass? floubaix, 6 miles 

southeast of Lead* Specimen* collected by a. a. tfayland from this unit are 

lithologically the aaae ss the Orerille formation.

The OrwrHle fozmtioa is ia contact with *sry fusrtsoss schists ia aaay 

place*. One such place is ia sec. 1 of the Keystone district (fig* 3)> nbsrs 

biotite-garoet sehist is ia contact with s uait eoasistiag of quarts sehist 

and quartxlte. The other tide of tas Orerilla formation is ia contact nith 

aore aicaeeous soaists ia both the Ouster and Hill City areas* Srldence for 

the age order from truncated eross~feeddiag sad a fcv iarperfect examplea of 

graded beddiag suggests that the quart*o«e schists ars older aod ths micac«ou« 

schists yonagor thaa the Orerllle. Furtheraore, the quartaome schists re- 

ssad^Ui units k sad 6 at Kaystoae, nhich aaay correspond to the Griaaly fors»tioa, 

sad thus vould be older thaa ths Uncle 3sm and Oraville formations, for these 

resseos the age order for units 6*9 of table 1 is ths best that caa ocv be

The upper three units of table 1 are the Bugtowa, Crov, aad Mayo forma­ 

tions described by Beddea ̂  ia the area vest of Ouster. The Bkigtova forma­ 

tion has been traced into the area vest of Sill City, but its relations to 

other quart*- sad mtes*»riea rocks there are not known.

In ths Ouster district these tares formations are exposed ia s syaeline 

that plunges kQP 3* 5° 2* Most of ths exposures are on ths east limb of 

this syncliae; all but s smell pert of ths west liab is covered by Paleozoic 

rocks. Ths structure of this syneline is brought out graphically on ieddea**

I/ Harder, J* Q., psrsooftl coBBBunication, 

Zj Of« cit.



as? ** by the tree* of the Crow foraatioa oa the Hobs of the syaoline. 

The Cn»r foznatioa, though only about 200 feet thick, contains it great variety 

of rocks: aaphibole schists of various kinds, iapure mmrble, eordicrite- 

biotite schist, mlcroeliae-biotlte sehist, auart*-ml«a*r«ldjp«r schist, and 

qomrtslt*. tb« oUwr two f&zrotioa* tto Hayo abovs and ths Bugtovn Imlov 

tto Crow*-«onsist aostiy of q«orta-»ica tcMsts. *n» Mayo fonaatioa also 

eoatains many b«ds rich in stawrolit* and ®sxtitt and A f»w b«dt derived from 

grit and eoaalaaerate. The estiJMEted thicJcaeee of this series of three units 

is M0,QQQ feet; neither tint top nor bottoa are exposed.

A oajor thrust fault passing through Ouster truacates the Bugtcnm, Crow, 

sad Mayo fonsations oa the east liab of this syaoiliae* fhese three fonaa^ 

tions httvo not beea deftaitely reeogaixed in any other pert of the Black 

Hills, sad thus their age with respect to units 1-9 la table 1 cannot be 

kaotoi precisely. Bs«onaais**ace to the aorta, however, suggests that some 

of the units 2-3 of table 1 Bay occur beneath the &$teva formation, sod thus 

the age order shova la table 1 is suggested*

Structural geology of tne Mtttanorsfrle Bocka

the rocks throughout the southern Black Hills are isocliaally folded* 

In addition, the Isoclinal folds were deforaed by later cross folds, similar 

to the cross folds at Lead ̂ . The strU&e of bedding is north to aorthvest 

aad dips are more than 50° in moat of the soothera Black Bills. The Keystone 

district, as discussion on later pages will shov, contains aany isoeliaal

I/ C^>. Cit.

2/ Sobie, J. A,, Harder, J. 0*, and Slou^iter, A* L», 19^9> Structure of a 
part of the northern Black Hills sad the Boasstekft nine, Lead, 3* 
Geol. Soe* Anrlca Ball*, y. 60, p« 321-352.



folds that hav* plunges ranging fro* nearly vertical, in the area northeast 

of the large aorttomsterly treading fault, to relatively lov angles In the 

vest and soutiwest (fig* fc).

The large synellae west of Caster has n»ny snail isoclinal fold* oa 

the liabs of the nain fold* fhe isoclinal fold pattern is shovn best on 

Sadden's asp » by the distribution of the Crow formation.

21ssvh*re in the Coster area and in the Bill City area isoclinal folds 

have been mapped in aany places* Plunges are generally between 30° and 70° 

to tbe south near Coster* Plunges of isoclinal folds are at lov angles t 

either north or south, in auch of th* iill City area*

Hie isoclinal folds are deflected around aany of the larger aasaes of 

pe^natite aad granite. In places domal structures have b«ea formed in vixicJi 

tbe isoclinal folds are recussbeat. The largest done is in the area surround­ 

ing Baraey Peak, wb«re the strikes of bedding and schiatoaity are approxi­ 

mately parallel to the border of the mala aaaa of granite and pe^Biatite, and 

the dips are outward at aoderate to lov angles* Both Balk =/ and Bu&aer -2/ 

recognized these relations, aa& ascribed the dosing to force of intrusion of 

the granitie roelcs* These relations are aest apporoot along the north edge 

of the Barney ctaee* Strikes are northerly and dips are steep only about 5 

miles north of the granite contact, as shown on the nap aad structure sections 

by Barton and P&i&e  » * As the area of granitic roties is approached, however, 

the average strike changes to westerly and the dip assmaes a lov angle*

i/ op. cit*
2/ Balk, Boberti 1931, Inclusions and foliation of the Barney Peak granite, 

Slack Hills, 3* D.: Jour. Oeology, r. &> p* 736-7^3, especially 
fig* 1 and p*

Btsaner, J« J. , 19^3^ Structure and origin of Hack Hills Preeaabriaa
Jour. Geology, T* 51, P» ^31-^57, especially fig. 1 mad p.

Op. cit.



la detail, this ehaase la the attitude of 1snffl1n*ny folded roes* 

I* auca nore complex than the aeceasftrily generalised aappiag by Balk and 

Bunaer could She** the cbaaga nay have bee* in large part dcsUag caused 

by forea of intrusion* but it was associated vith faulting, vhica nay also 

h*v* beea caused by force of tntrusioa. faults ha*» beam napped la the Key* 

atom district (figs. 3 and It) oa the aortheaat flaak of the Homey dona^ 

aad also la the areae BApped by ̂ * A* Beddem and H* 0» Waylaad oa the aorta* 

neat aad souttowwt flaato of the Haraey done* Hoverer likely it aay be that 

there are also faults to the aarth ia the c«atral part of the Black atlla 

FraesaEbriaa core, the fact renalas that they have not been reeo^daed* Thus 

it any be supposed that faults are more abundant la the area arouad the 

Haraey dome, sad that the process of faulting vaa a part of the aeohaalaat 

of soplae«a»ttt of tbe large iatrusivee. The aorthamt part of the Seystoae 

district (figs. 1, 3, sad %) tllustratas, ia detail, the structure of part 

of the north flank of the Barney doos* It la trae thftt the dips la aoeh of 

this stem are at a lev aagle aad the strikes are dlverae, la coatmst to the 

steep dips aad aorth to northwest strikes that are eooana els«f^ere In Black 

8ill» Preeaisbrlaa rocks. Oa the other hsad, this area ia intensely faulted* 

sad it seena likely that these sad siallar faults isust be aa laqportaat struc­ 

tural eleneat on the flanks of the Haraey dew*

Smaller donee «l*evtoere are eittier kaova to be associated vita iatru- 

siyes, or It nay be suspected that istexpoaed latruslves lie at depth* 

Sear the large pegmatite* la the 3* 1/2 see* 17 aad ia see* 20 of the Sty* 

stooe district, beddiag is varped sad partially donad (figs* 3 sad 4)« 

further east, ia sees* 15 aad 22, the scaists have a daoal structure that 

may reflect uaderiyiag latrusiTts larger thaa the pegmatites that reach the 

surface.



rOy, south of Castor* fredding is d*fle«t*d around larg* tatru-

sive* * A dOB» 3 ail** northwest of Ouster feas a folded thrust fault 

mapped fcy Beddeaj any associated iatrusive, if preseat, is unexposed.

ft* structure aa&r Sear Mcn&xtaia* 9 rail** west-soutbwest of Hill City, 

is dsaerlbad fey Bunatr ^ as a elmil/tr dons around aa totruaive*

of ths 3outhcra Blaci Bills

pegB»tit«s sod tlM se»eailsd graaits around Sarasy Peak ar© tiio 

most praotaeat gsologio feature of ti» »outi»rti Black Hills. The coacen- 

tratioa of tiitse rocis is (greatest oc«vr Haracy Peak (fig. 1}* The cone en- 

trutioa decreases »JbarpJLy to the nortfceaat tovanl Keyatona and to Uie 

tovaid Hill City* ¥b*s* iatrusives are afcxindaot, fcowever in asucii of 

 outh of Barney Peak, cxt«adia^ as far «s tile Paleosoie contact.

Stock atttce.*-Tl>e gmaitic roclw of ttui aouttora Black Hills &a*>e

into psgamtit* sad Haroey Beak graaita in tha published literature 

but ao attempt has t»e«a o&dc to defia* a diatiactloa betvaaa tiie two ^ * 

Several outbors b«v» stated that ttos soH»sllsd greoits i«s aaay of the

SAjr op» oit

2/ Aioaer, 19^3 / op* «it. . especially fig* 1 &ad p.

J/ Paige, Sidney. 1925, Precaaabriaa rocks, ia Barton, 9. H. , arvd Pai^e, 
Sidney, Central Black Hills, 3* D.J U. 3* Oeol. Survey Geol. 
Atlas, folio 219 > P* 3-5-

Busasr, 19^3 > op* cit*

Page, L. H., aai oU»rs s 1953* ^gaatite inycsti^atioos 19^2-19^5 Blaclt 
Hills, 3. D.: U. 3. Geol. Surrey Prof. Paper



characteristics of pegaatite » . Palga, for example, said -*, "Mteh or 

tb* granite is so iwy soars* ^raised that it say be called pegmatite.*

fbere art all gradations from intrusive* that consist virtually en- 

tirely of pegmatite to Intrusive* in wMofe triw, coarse-grained pe^atite 

la a Bluer constituent. Or, stated aaotber vay, tJunm are all gradatlooa 

from iiitruaiTft* tUat consiat predominantly of Icucocratie soda granite, 

or l^s comaoaly aplit«. to tfco** contaioljag alaost ao rock that can com- 

positlonnlly or t*xturally b« called «lth*r j>nmlt« or aplit*. Th» 

betwwo toes* T&ri«U«8 of rock art sradational; conasoaly the ^radatioa id 

oror a difttaace of »ev«ral feet, but ia otijer places it is over a diatasee 

of only a fraction of an iaeiu Contacts isay be planar or hi^bly irregular. 

la many places a contact could fe* drama, if one t*tr» so IncLlaed, "betwsea 

a ̂ sranite" groundaass and "pegjaatite'* eoasistiag of a aingle JUrge crystal 

of pertnite. Furtberaore, the srowndaass could be subdivided into "granite" 

aad ^aplite** vita gradatiooal aad liighly debatable boundaries. Many Block 

Hills pe^»tites that aare been widely described ia ^eolo&ic literature  

including UM fitta and Peerless, vfcicfa have never been called scything 

pe,iaBtite*-coataia unit* of "granite* or Haplite".

Thus, tliis problem of noaenelature can be resolved into the aiaipl 

question of *nether to use one rock naae or as many as three nans* for 

ia aay practical sense, is a ain^le rode. Eeaceforth in tola thesis the

of* cit.,

Schwarta, 8* M*, 1925. Geology of the 2tt& spoduaene mioe: 3aon, 
IP* 20, p

Ruaaer, 19^3 op*, cit*, p.

?a^e and others, op* cit., p, 6-7.

Pai^e op. cit», p* %.



a*** jttftpfctlt* will onltnftrlly INI «ssd* All of ttoss* *oat»* considered in 

outcrop ratbar than baad spseiaaa sl*r, bfttv tbs gwwfc nags la grata sis* 

tfe&t is Gjfesjnstssljftl&' of JDJHJIBS tilts * FlfiigiOTlftMf Is Mum abttad&at tana

Is t?us of swat* of t&s pa^puttitfts ths ^rtlyn* ass

s«wsa in 3out& Dakota, Colorado , 5«r Htxleo, SoTtto Cnroltnii > ?lrslaiA, and 

Qatarlo, ywt tJb» conwrgg la tmt of oor»a gceosits & * Touraailat oad

m tlM dotnlnant dark mlnaralt. Hotitt i* th« only dark otacrsJt In 

roolcs that la typical of ipraait«j blotit^ is not only umaoHmon, but 

It oectirt at aOl, it is onttaaxUy ia crystal* oor« ttoaa 1 iacii acro»» 

sad ia aoo» plaess aor« tJiaa 1 foot ssxoss* As a a»tt*r of a«n&atica it 

sseos doubtful if a«y oaott but ptggfttlts maam a roclt of this sort to aaost 

geologists* .

*P»ffssUt<r aa a struotiireO. tergo^Aa ftdditionftjl dtfficulty ia aossea* 

clatars is introduced by tlMi vid«spr»«d praetics of usiag wp»sa»tit»^ aot 

qoly as a roo& rwaw, ia &m petro^rapai« sssss>» but also ia reference to 

a body of roek, ia tbs structural sens** $&  usag« is ssssati«lly struc­ 

tural vhea autliors dwwriba "booogwswus'* and wh«t«rOi^t»ou»^ ps^aatites -2/, 

"sons* sad uasoasd ps^MKtitss1* ^ , "tte iatsrxxal structur* osf granitic

I/ 3toi»s, tf* L, , cad Yamws, 0. J,, 1955, Cilossary of sslsgtsd 
terast Colo. Sci. 3oe« Proc*, v. 16, p

Turasr » f * J. , sad Terboogwi, Jssa, 1951, Z^aoous aad a»t«Borpaic 
Mew tork, McGTttn^fflLll Book Co., lac*, p« 6$.

Johannsea, Albert, 1932, A daserlptiva p«tro^rapljy of t2» lgoeoi» rocks, 
T* 2, Tbs fosarts»bs«ri2ig rocks: Chicago, UaiT* Chiaago Press, p.

&i»stea, V. D., Jr., 19^5 » Beryl-taatalits pegsatit«s of aortassstsxtt 
Bramil: Geol. 3oc* Aaarica Bull., T* 5&, j>* 1025.

Cnatvroo, I* N*, Larrabes, S. M,, JfcJIair, A* H., Pags, J. J, , Sliaiaia, 7. 
aad Stavart, a« W., 19^5, Structural aad economic charactsristics of 
ftsv Englaad adea d«posits: Econ* Geology, y. 4O, p. J73-



y 9 *tb» Btta pspaatita" » or *!*gaatlt» 537" ^   tfeoa* rock 

bodia* occur a* &*& ** «U1«, lawtimalar oa*s*«, ta*r~drop soaped bodis*, 

pips«, or la aaay mam irrtgular fora*, tba only available aO-L-iaeluyilTe

taints *9S^gM&f&fr IWdy* QV "pS^pBB&lta MUM** «» » Tn*fTffiffTk HA tlMt

ema sbowr clwirly vbetfee* tito pttrographla or atructairaOL raise 1*

units >>*A i»ai^»ftatA t««lQOio has b««i o*Ubliab»i la

recent years for the ualts vithia "soaed pe^aatitee'* % or "heterogeneous 

pegaattte** ^ * Tb* daft ntt1 one art aa folloi», from Caneroa aad. others ^

Utbologlo and struotural waits fouzid itlttda 
jaatlt* bodls* differ la alasralo^y or t«xtur« r or both. Three 
basic types of \uilta art distlngulsbad aod art deflasd as follova:

fraetara fHUags ara units, aagawraJUy tabular, tiiat 
frocturts la prerlousljr eoo.ao.ltdata4 pagjaatlta*

2* Baplacaaeat bodies art uait* forswd priaarHor by 
raplacajtaaat of piS^ari atlng pegowtlta, with or with­ 
out ofcriou* struttturaX control*

I/ Caoeroa, S. 3», Jabna, B. H, , MeHalr, A* S*^ aad B^», L* B. , 19^9, la- 
taraal structure of apranitla pagsattitaa: Seoa* Geology Moo* 2*

2/ 3eJj»art*, op. alt., p. 651*

^ Staata, M, H», and Trites, A. F, , 1955^ Qeoio^r of tto Quarta Credit 
pesmatlta district, Ouaalaou Coidty, Colorado: 0* 3* 0«ol» 
Prof* Fapstr 2»5 > 9* 5**

Jahas, R* S* f 1955, Sbo study of pagjoatitasj Scoa* Geology, 
Aaaiwrsary Voluaaa^ p. 1030.

£/ Caaeroa aad oth«n§, 19^5* 09* cit,, p. 373-3T3-

6/ Jotostoa, 09* eit*, 9. 102^-1025 .

J/ Caarroa aad otbors, 19*#; 09* cit., p. 1^^



3* 2oaa» are sueeeseiYe «hell*, etasplate or
tbofc reflect to Vftrylaa degree* tbe shape or structure 
of tfce pegmatite tsody. «fcere ideally developed; they 
are concentric atoout aa iaatraoet loot or 00*** Son* 
ooaeoatrle imlt» ? bovrwr, aom aot 
la tito e«t*g0rU

Iwm farU»r cla««inod into border zone, wall aooe, 

*oaw> and car* accoitllas to tlMdr position vlthla a

vill to u**d in this the»l» itezwror tiiey are applicable, 

et of fractm* ftlliag»» r*plac«E«Qt

in flsurM 6 and 7*

Qrala«glgtf elaaaificatioa.*«?e^^aatlt^i bav^ ^aoh variable grslm 

and «Q asany large crystal* that it ha» beea found desirable to 3Stabli.3& a 

ap«ciAl grain aide claa4»irtcati<m for use la tiiase roclca. The word :1 

title" 1« not wrfflcieatly specific for u*e ia desaribing textures 

aise clarification, that vill be used i»re i« tin* ^IHI a* 

Caaeroa and others » except tisat the very nae^^mt3e4 (or

lies beea added,

Very fiae-grained (gar ajOitic) Le«» than 0.1 inch (0*25 es«) 

Fiae»srmla*d 0*1 to 1 iach (0.25 to 2*5 cm.) 

Hedi\»-srained 1 to 4 iaefce* (2.5 to 10. a cm-) 

Coar«e»sraiaed % to 12 iache« (10.2 to 30-5 cm.) 

Very ooaree-^rai^ed Hare thoa 12 iacha« (30.5 em.)

Ctaeroa end otiiere, 19^9> op- cit. f p. 

Idea, p» 16*



taa of Peaaatitea

pegBastltaa of ^sw eottttiera IQjMli ftfHf.Vi eaa ba c orriaDlfttfcly elaeai* 

Had la three categoriea: (1) soaad pegoatltes, (2) homaganaom pegpatitaa, 

aad (3) lajflsrad jagpstiitae* All gradatioaa ttatmaau t^iasa isatitcyMriee caa 

be* recognised* Sfeverthalaea, this classification aids la tmderstaadlag the

ral&tioaa, dlAtritmtloa, patrexLogy, and gaaaala of tha various

",

typta of pagpa&lt**

UlUaataly a fourth eatagofyj parbapa eallad "laueocratlc aeda gjmaita 

may 1w aaoaaaaagy for roei» that ooataia only a waaU ojaaatity of eoajpaa* 

srmiaad aataxlal* Tbaaa roeka oeeiur «Mafly oa tfct aoutbaut flank of tba 

Haraay doaa. Q»y hara yet to Da adaftiataly aappad aad daaeribad, aad uatH 

tbay ara# tfaay ava %aat rcgarflad aa aa ojiUaaa ptoaaa of «J»t «U1 bara ba 

eallad layorod pegsatita.

Zoaad paggaatltea »«**tha soaad pagamtitaa ava tha oaaa for vfaieh tte three 

varlatiaa of pag^wUta uaita  «»  , r«plaw»ant bodies, aad fracture filling*-- 

vera originally daflxwd* Zoaaa ara tha doaiaaat uolta, aa ia figure* 6 aad 

7 aad la aaay aapa and aaatioaa pnb.tiahad t^r Paga and other* I/* Fracture- 

fUHag unit* am beat illuatimted ia tba Big Chief peg»tite (fig. 6); la 

aoat other pe®wtlte« fracture-filling ualta ara analler *&* laaa abuaaaat 

thaa la the Big Chief pessmtita* The beet eTBitaple of a reploe«B»nt unit la 

the touthera Blacii BUla la In the 3u«o pegsatlte (fig. ?), unich vlll ba 

dlaeuaaed la a»re detail oa later pagaa* A similar replaoeaaat unit haa alao 

been napped ia the Peerlea* pe^atite 2/. Hlaei&ere la the southern Blacle

I/ pp. cit.

g/ Sherldan» 2>« «., Stephana, H* G- # 3taats« H* 8** aad Borton, J. J., 
Geology aad beryl dapoaita of the Peerless pegpatlte, Penniagt< 
County/ 3* D.I 0* 3* Gaol* Surrey Pitsf. ?^aar 2S7A, ia



the Hfffty replscs9Bea& uaita eo&sist of iiyyBgitlfir a^sgjejss'tee" of 

sad nuseoTite that la pert out across the aooal structure; erea the largest 

of theoo iHjBrtrm'ln only ft few %flfti¥l]ff>d ttMtf of pggltj ^titt sdjOesft&o SYldsiiQe for

* repiaseneot ori<$£a is difficult to flad*

Klalag &MI %««a nwrtly la t&ft toaod p»ga»tlta», and asarly all pzwlou*

*tudi«« htm %« & oa p9$BBetlt«9 of till* typo* terartfc*!***, tba hoaogea«wui 

and layered pe^aatltwi a«« far cacwnt ouattxtwa*

distlaguliltljig cJiarsct«rUtlo of Uw hooso-^^^ ^"^

im taolr lack of any eoaapicuoua gonlng, laycrlafi, or 

ottar iat«raal *trudtui«, altiiou^j tb* grala »lae ordLUarUy inortaaes iawtwrd 

from ttto conrUet and wry thla, flae-grala«d border and wall zooas my bo 

recognlzmbls. Moot of tbaao po^fttltoo ooaaiat almost eatlrely of

la vmoa tbt p«rtMte occurs as coarse crystal* la 

a fla*- to nsedlua-grainftd gronndrenss tbat la elilefly quarts sad p

A few of tbeso pegmatites sro made up of <iuarU-p0^iocla»e«iauscoTrtt« 

tite. Fracture-tllllas uaits containing quarts, perthite, plB^AocIaae. sad 

susconte are ao loss eonnoa toaa la layered sad *oaed pegmtites; aad 

^atioas of ooarse-graiaed pegsaitite or «vtm poorly deft nod layering esa ^>e 

found la jOaees. Sewrtbeless, all of these structures are relatively ia- 

significant la hoaogenflous pe^natites.

Layered |>saa8tAte«.^gao distinctive feature of layered pegnstites Is 

Ua presence of layers differlag la coi^osltlcHi, texture, or both.

tbese Isyers are approacla«tely psral.lel to ttio contact* The most eoanoa 

TBTiety of layering Is f&naed by cosrser«gjmlasd lenses sad layers, ooosist* 

lag chiefly of pertait*. (joartji , sad plij^otliwo^ surrounded by fiaer»graioed 

roc* la nfei&a plngjoclase sad quarts are the dondnent »ineyitls« Quaatita- 

tively, tao proportion of these two types of rock ranges &*tstly from ons
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intrusive to another and from one place to another in a single intrusive; 

the average is about one~third of the coarser-grained material to tvo-thirds 

of the finer^grained pegaatite.

la the coarser layers, crystals of pertfcite or graphic granite k ladies 

to 5 feet long are in a groundiaass of quart* and albita-oligpclaae in vhich 

tne grain size is ordinarily between. 1/2 and 2 inches* la places, there are 

very coarse* or coarse-grained lenticular to pod-like segregations of quarts* 

perthite pegmatite or even quarts pegmatite.

Contacts of coarse layers are ordinarily gradatioaal. Many are so 

vaguely defined that only by standing at a distance can one see that the 

perthite-rtch parts of the rode are in layers or in parallel elongate aggre- 

gates* Oa the other hand, a few contacts are so sharp as to suggest t£at 

the coarse layers are actually fracture-filling units concordant with the 

layered structure, and that is what they may well be. In the outer part* of 

many of these, tourmaline and perthite crystals are oriented normal to the 

contact vith the adjacent finer-grained layer? the same orientation is common 

at the edge of fracture-filling units and at the outer contacts of many pegmatites,

Hhe finer-grained layers consist chiefly of quarts and adfcite-oligoclase, 

hut may have 5 percent or aore raicrocline, muscovlte, or tourmaline. Tha 

average grain size is ordinarily between l/% and 1*1/2 inches* Sooe of the 

layers, however, have an average grain size of less than I/it Inch, commonly 

even splitic*

Many of the fine-grained layers are divided into still smaller layers 

differing from each other in the content of quartz, plagioclase, muscovite, 

tourmaline, or garnet. The average thickness of such layers is about 0*1 

inch* Some of these thin layers contain as rmtch as 90 percent quartz, plagio- 

clase, or muscovite; others have as much as 50 percent tourmaline or garnet*



Ia?er* of tM* kiad tear* ordtaarily beaa called "lint rock** id otter peg*

mfttite district* i/.

Many eoane afraiatft layer* bete affiboata that cut aeroea ad^aeesxt fioe-

graiaed rook. Thi* evidaaage for age tulationt) cannot, however, b* uaad to

a&cnr that ail of tftt <«K«<^£raiatd roek 1* aec«*wtrtly younger than all of 

Jlao-gralaod rook* 7iue-»grala«d iay»r» near tlio c«at«r of a 

noil b« youa^ar than eo«tr««*&r&i^ad laytra ticar tha outer «d^a of

pa^aatlta* alao eozxtaia «roaa*cuttifl^ fr»ctur»»filliag unit* 

zaucb aa 5 faat tMck eaa*t*tine of

or fuartx pa^Batito. J%ny of t&ea* fraeturo-fllllfl^ onlta Itavo 

atonaa rleii la mottorlto ami jOa&loci*yw. Tha«« art, la affect, aoaad 

vltMa layered

of

pa^iwtltaa of ttoa »outaayn Black Hllla raa^a grastly la «iae ani 

a *id* variety of «trj«ttural foxne. Tb« WKOOaat pegaattttaa are lenticu­ 

a^r»«*taa, aa littla oa a lacljoa im length f tfcat art oooeordant witU 

aeMatotitgr of tte wall rocfe. Those) T«ry «»11 pegawtitea, bamvis, art 

vary aaar auc2j largar intrualTaa, to vhic^ they any bo trtbut&ry. 

that art far enough froM any otlstr tatrnftive* to %  ooaaiderod

I/ 3chsOI«r, 9. 7., 1^5 > tilt s$atti« of UtMut pe^natlt«a: Aa. Jour. 
5th t*r» f v* 10, p. 273»

, H. H., and Wri<jbt, I*. A«, 1^51, GCBJK ana lithlun^earla^ pe^aatitaa 
of tht Pala district, San Diego County, California: Calif* Dir, 
Special Kept. 7*A, 9* 22.

3t**ts, M* H. ? and Trltea, A* F», 195 5 > Oaolo^y of the Quartx Creek 
aatlta district, Qtamiton County, Colorado* 17. 3. Gaol* Survey 
Prof. Paper 265, 9*



essentially independent are rarely less than 30 feet long or 2 feet thick. 

Pegmatite* as snail as this nay be layered, homogeneous, or eooed.

Toe largest pe&Htites are layered* Probably the largest is the peg* 

matlte that foros Barney Peak; it any be several hundred feet thick and 

cover several square miles. Many other layered pegmatites are thousands of 

feet long and more than 100 feet thick* Most of these are near Barney Peak, 

but the area containing; large iatrusives extends into the southwestern part 

of the Keystone district (fig. 3).

At least 90 percent of the homogeneous and zoned pegmatites are betveea 

30 and 2*00 feet long and less than 50 feet thick. The three largest zoned 

pegmatites for void* the dimensions beneath the surface are well known are 

the Hugo and Peerless in the Keystone district and the Helen Beryl in the 

Ouster district* Each of these contains at least 500,000 tons of rock, and 

the largest may hare contained nearly 2,000,000 tons before erosion. ?aw 

other zoned pegmatites are as large as these, and it is clear that any zoned 

pegaatite containing 1,000,000 tons of rock is unusual.

The largest homogeneous pegmatite is about the sane size as the largest 

&oned pegmatite. The Diamond Mica forth pegmatite ia the 9£ 1/fc see. 17 

in the Keystone district (fig* 3} has been found by drilling to contain 

approximately 500,000 tons of rock to a depth of 130 feet* The pegaatite 

ia tear-drop shaped and pinches ia depth* The tonnage beneath the drill



fcolea protwfcly la not great eaotigk to aefce the total <juaatity of roelt awre 

tfeaa 1^000,000 toa»* la bcraotfeaaoue pegmatite e-laaniamr In tb* eouttbera 

Slack Hilla la kao*a to %  largar tfeaa tfcia*

T&u*, it as/ be ooooludad tbat la tbe soutfcera KUok HI.Ha t&e 

laywred pagwatltaa are far largar thaa any of tba baaogcaaoua or xooad

3hap» aadt Structural Bala^lcgm to ^d,}acegt

of tlaa »outi»rn Black Hilla occur aa ailla And dlkea, and 

la oaay Irregular foasa* la a gzoaa sen«« ; moat of ti» intrusive* have a 

tabular to Icmtioular fora^ but la asay placea tbey ar« ainuouii,

or aorcuat«. Tba SBjaII«r IstrualYaa are cocszsonXy thickly lenticular, tear* 

drop simped, or pipa-Ui». typical foraia are sbown by Baga aad other« ^ 

aad tl» Keystone geolo^lo aap (fl^» 3)* G«ola^ic smpa of tt» Cuater aod 

Ke^rstone dlstrlet ato¥ tbat ayprojctamteV 70 perceat of ^ia iicsaotieneous an 

layered pe^assLtltas ar« «*s«atiaily eoooovdatit^ §5 percent of mlaabla zoaed

are concordfiat , aad 90 percent of tb« 33 sajor mtaea aliova on 

1 ara 1& coaeordaat

Itet of tba sooed paga»tlt«a ara thickly Xeatieular to taar*4rop 

The upper eod of a pa^a&tlta la oooamLy bl>tat» aad tbm lover part la thiiUy 

tapering , OEM of Uw ps?oatiUiaxit eiwaracteristica of thaaa pegimtltaa la t&elr 

tMckatsa In reiaUoa to other dimaafiioa*. Tbe plaae defined l>y t^o 

and Ions *sa* of ziearly all sosad pe^aaUtea la appro«iaat«ly 

pnntllel to tba aahietoeity of th« couatry rock. Locally, Iwwewr, co

are ero*«-auttiag. Tht plttHi«» or longeat axU of aaob j»ipaatit«, la aaoat 

parsllel to the plunge of nearby iaoe.l,l.nal folde.

O^alt.,



of the pegsfltites that Intrude competent roeJt*, especially 

phibolite, aava frrfflryhlng fora*. An eacaople 10 the Boll Coa in the 

21 2/fc sec, 9> in tfc« Jfeyatoae dlfitriot (fig. 3).

Irregular multiple intruai**s am uneaoswa aaong the saned pegasatite*. 

Tfce Sdtaoa, 3£ l/% «a«. 9, Is ti» ool/ good «30&«plft illustrated on ti» K«y- 

atoa» a»p (fl^» 3)* ?a^e sad otfcwr* I/ dtseribs tlKts ps^oatlts as eooaist- 

iag of at Isast six M^mrats intrusive*. Bouadarie« between tb* 

intruslirss can tw reco^nlaad b/ tbs proseacs of aehla t »ep-ta and by 

soots of sd4«e«Bt intruslYOS in contact vltb each otiaar.

Multiple Intrusive* ara eossaon aaang ths larse layered pegsetitss of 

t&s Sarae^- ro^on. Bmaaattr =^ cftllad this a "smltlpls sill atructure", and 

urns tba first to dsseadLlM it claarly as a structure that la separate, tbou,.;h 

in ^»oeral appeoraaco- to wfcat is l»re called ti» layuria^ of

. Tbe eonplex outlines of the»« amltipla intruaivaa ar@ illua- 

in ««c*. 23 sad 21 in the aout&wn pert of tijo Keymtona district

(fig* 3)* ^ **g* 2^* ^Mr s«a^tOt tlw sap aiwws aeany parallel dilcss 

r to form s slngls aass coaaistiag aljzost <5atiroly of p&igsatlt 

tain senlst sspt& siurroundad «atir«ly by pa^aatit* can be

but accept in a fsv places » ss in tbs pegmatite in the 2* V2 see* 21 

tney &r« not large eaou^li to be mpped, Tbese sealst aepta aav« the 

attitude as tlae «urrouadt3£ country rocS:; none hare %een found tnat vere 

clearXr inclusions la a liquid aod n&ve attitudes "bcarlas no apparent relation 

to t&e attitiidea of atrjctural features in t&e vail roe*.

I/ Op. eit., p« 111 

2/; Op* oit. r



Hultipla intrusive structures ar« cannon throughout tfce Barney done* 

la places the age relations are so crgaplft* aaong contiguous iatru»ive», one 

Intruding another, that only by Tsxy large scale planetftble napping will tbe 

structure ever fee worked out ia detail* These multiple IntrtaiiTB* are Tery 

to tfeos* dwcribad by Sobls ̂  ia the northern HLacJi Hills and ia

the Sierra Sevada. batholith. Tbay Indicate, as 3oble concludes,, that large 

Intruslwt n»y grov by accretion through succeasive Injection of many 

smaller bodies.

Distribution

The pattern of the distribution of pegmatites la the southern BlacJc 

Hills Is ahovn in n^sure 1. This asp was compiled from geologic iae.ps of the 

Ouster and Keystone districts and from aerial photographs. The area around 

Barney Peak containing 50 percent oar more pegmatite and granite is in large 

part the same as the area ahovn as granite on the map by Barton and Paige ^ . 

tha rocis of tills area may conraniently be called the "mala intrusive" , 

reasmbering^ of course, that it actually conaiata of many snail latruslires*

Surrounding this central area there are approximately 15,000 pegmatites. 

laopletbs oa figure 1 shov the distribution of these pegmatites in terms of 

the mauber of pegmatites per square mile; the number of intrusive* is also 

approximately proportional to tbe size of the intrusive*, and thus the 

isopleths shov ia a general nay the quantity of pegmatite at any place on 

the map.

\J Boble, J. A* ; 1952, Bvaluatioa of criteria for the forcible intrusion 
of sags*; Jour* Geology, v« 60, p.

a/ Op. cit.



the starts*** of pegwrtites deereases aharply aorth of Barney ffcalu 

To the south, however, pe^aatites are widely districted, the greatest 

tfooeeotration of pegaatites is along a lias that goes wuth-aouttoiest froa 

Hfirnoy Peak. It aay be that ths aaia intrusiTe plwigss «wrth-«outiiw«§st  

that is, that it uss intruded ujward from a poin* to the ao«th-«outiwest of 

Peak, If this is so, the reason for the coaceotracUoa of

at tfe* aurfaea aleo^ a aoutii-aoutitwatarly traoding line bccoiaaa apparent; 

pe^aatitaa vouM t» la tfe* roof aboy« ti» d««plor bttrtad,

of the oouotry rock associated with thtae tatruaivoa 

tbia latwrprttatlcaft ctf plunga. Tba alXUUaaaita iaogr&d la near the

jaorth t»i^«r of tha Haroay done, and mtaowrsfciaffl dzvpa off aharpiy to tlit 

ba aaiTO«w*a of tto ailltaatntt* sow oortJa of tba naLla tatrusiv« 

that it ia dlpjrfj^ ataaply* South of th« laaia Intruaiva, bowerrer,

a 'bxoad ar«a ^sataiaa atllisgmita (fig* l). 13su«, ia tfcia regloa th*

Ixivdav of tha *Hi l-li'iiitllMt S&OJMI j^robafaly ln'Mt a -^autia dip» '^l tha to^ of

tba aaia iatruaif* «ouM hawi a csorreapoodlaeiy

p*enatlt« is ohorofttarlaUo of tha areaa on fism* 1 oontain- 

mrm thaa 50 pawnwt pagvatit** Aooag tba «atlas*«d 19/OOD 

outside of tba«a arasa, aomvus honogeaaoua pegaatit«a predo«iaat« 

tho layerad yarioty la eoraaaoa. ^pjarwcliBately 150 , or 1 pcrceat, of ths 

total laasber of pe^a»tit«a a#* sonod pegnatit««. Thirty»thre« of thaa« 

larga minabla dapoaita, «aeh of vrttlch has beea or couid certainly b« the 

aource of laduatrial ninemXa havia^ a total mUta of aora than $100,000 at 

1955 i&i**** The locations of tfrtas pagaatites ays «bowa in figure 1 uoler 

four e«t«soriea, aceortiiig to tJieir principal ndLaeral prolucta: (l) potash 

feldspar Klass* (2) shset adea mines, (3) b«ryl*aerap «dsa Bdnea, sad



00 lithium mtat** theee large waned pe&estitea, aod oaay smaller dots aa 

nell, are oaiefly in tilt outer parts of tfca pttpatit*»beari3& regiaa. Tbaia, 

ia a geaeral nay, it nay bo said tJ»t tfcere la a regional aonatioa in tfce 

distrlbtttioa of tbe pagoatites: layered pegastite* tend to to ia t&t

foXJUytPtd Isy INtjfro^ifMigttii ptgaatitta* ^^Kl tlMd tb^f iF7*^Hi. ptgaatitaa 

outar parta of tilt rtgi&au

dtaMnOlsatiottt of tfcia «o«t apptor vldaly in tlM» p^aatit* literature 

Tlw eoae«pt, aa oxdiaarHjf «xpre»»«d^ ia tbat a larga ^raaitia iatruaive ia 

th« c«nt«r ia «uirouadad fey *oat* ecrataiain^ vsriou» t^rpes of pegaatitea* 

la iucli a aiapi* feom, tfidLa oceocept can b« supported only in a

%y any pvibll»t»d aap Jcnoim to t&t aajrtbor, Juart aa it ia supportad ooly 

a g^araXixtd way ^>y fi^um X* Canwroa aad otiiera ^ atata:

i^ i^ iadttd «ati«ta, ia far ftom
nuat IM» nueja overlapping of xooea, for ia a&ay district* 

««veral tyj»t of pegjsatitea occur aidbt ty

eodotpt of aooal difltributiUm ia appaoUa^ ia its 
but it aay Im t&at factors otter tfcaa dlatanca

are of equal or greater is^jortaaae in eoatraUias the die- 
of typea of

Tba eoapaicatioaa a»y be eauatd ia part by cfaggtical and structural 

faetora that influeaoe the eryetallixatioa feiatoty of any tfiaglt pt^iatit 

T&cee will be discusaed la later ps^jta, vbere tlM s^ology of tint Key«to«e 

pe^a^titea vill bo cooaldered ia sufficient detail to explain, id aooe 

degree at least, wby la.yered, boMO®w»ou«, aad varioiia kiods of 

csa occur toother*

The eoaqplioationa aay alao bo eauaed ia part by «0fla»nt» of 

regioaal gtology tl»t oaa bo clarified by eooaidar&tioa of figure 1

I/ aeiaricb, S. W,, 1953, Zoaiaa ia pe^atite districts: An* Mlaeralo^iat 
y. 35, >* 6S-3T*

2/ Op. elt^ 19119, P- S.



Zoned pe&Btites oemir chiefly Ts«twwa the iaopletbe ffer 0 aad 100 

pe&B&tite* per aquax* all** Itey of the son** pe&wettte* are la a belt that 

exteoda from Keystone met to Hill City/ thea &oe* aouia^eouttewet, and 

finally paaee* beaeath Pftleosolc roeka eouttafeat of Carter* Zoned 

also occur la & belt ee*t of t3*» long aro* of abaadaat p«gn»tit«« ttoat 

aouth from Cuu§t«r» This t)«lt )s&4 a ^en»rallor aortiitrly trtod, but atar 

It tnunos to tin aortlMcuit aXon^ t2& fout& flfiolc of

gOSt* t&ftt XDilUll JTtJ^t^tffll Ifl^flTtM b<t fOfttO

of tlMt Saracy dom a>3^l &lao IMMKP tte pv^nstlto^rldi aroB la tb* 

«a«t<2tra port of t&* Precaabriaa rcjcloi. fbooo ag*a* f bowrrer, are la Cuater 

3tat« Park itfm« olala^ aad proapoetlag henw aot %««a permitted for BHmy ywarm

If tbe laopXfttbft of tt^ui« 1 are pictured aa contoura deacri^iog an

«urf^ce. then It can be teen ttoat this aurffsee coataloa aaoy dowe«.

3k effeirt , thuae dcaata are eltbttr mspola* la tbe top of tbe mala 

or they ar» <iQteI.Ut1o latrvialvea*

Tbe dlatrlbutloa of aoat of tbeae (town 1» uneyplalaftble la tenaa of 

aaythlag loaowa about tbe pre-latrualoa geology of the m&taj»rpfclc poeka. 

only l^portaat e»eptloa la a ttevu** fault oapped by Beddea along the east 

aide of tba eloagate done aoutli of Cta*ter» tt&ls tJirust fault eoincldaa so 

cloe«Zy with the ea«t aide of thla done that it satet be related to the did- 

tn%utloa of pesmBtitea. Either the latrualve proeaaa waa la part eoatrolled 

by the fault or the soak ualta neat of the fault wre aore readily penetrated 

by pegaatite fluid* thaa thoae to the eaat.

Zoned pegnatltea are aoat abundaat oa the lower pert* of the f lanka of 

fhoi  d£0e*? both iMnigid t?m jpMLn Saraey dona and tbff neay tumlleT oae* la 

outlying area** flie 0, 50, and 100 iaoplatha ladloate that la maay plac«a



ourfnoo ftmmA by tho itfofflffith* law * Ifinf mg3hi of *lope aod 

a geotly ttaduTating «hape. Xa tfcft** place* soaed p*£B»tito* *re found are? 

broad aroa*. South**** of B*y*toat, for eacafflpOe, there *** way sened peg- 

aatlte* la a broad d*pre*alaa la the l*opleth ^mrf&oo** 3iailar, Imt 

lar^sor, arwa am «outl«B»t aad aowttwMt of Cottar* flit are* *OKfc2am*t of 

Cuitar is la a lar^o «yn»llj». Fart of tt» reaaoa for diatrlbutioa of peg- 

a»tlt«« ovor thla termed art* a»y bo that tb» aieaading p»g»Btit« «oiutl<a»

di^ortod outemal «0 th«y paMod ttesusH tlkt Umbo of till* 4yualli»»*

OEI tbo otlior taod* 1^010 ¥fa Ifto$lot3ui ax* clomly <pacod aad tlio 

" 1* very steep, zooed po^HEtlto* art eooeootrtttod la a conwapoad- 

bolt* Qila 1» truo «out2x**«outhtta«t of Cuater end also aoutfc-

of Key«tooo. fte I»op3^th» aro vsry «lo«ely «pneod oa tiw ayorth flook 

of tte Harooy dom, and It aay bo oipoetod, la a $totl*tloal ««o»o, that 

vwy tof ioood po^3B»tlt«» will bo ox^o«od« Actually oal^y tvo zoaad pog* 

aatitoo laarso «iou^i for alata^ bato boen found la tltta area.

flguro 1 also Oig^e*t* a pattern la tht diatrlbutloa of tiio rarloua

aocoidlag to tUdr prodoolnant alc^ral product*, «lth«r potaali 

UtHlua aluorala, ahtot aclca, or «crap aiea aal boryl, Potaah 

scrap aloa-beryl. «ad llthiwa «tooo aro aoatly botnooa tte 0 and

$0 i»opl*tlau All but on* of tb» alno lithium alas* fthcrea oa fl^oro 1 

to »te«p grodlotxto la tho iaoplotba. TM* may neaa that

rich fluid* are aoro oopm?n]y ojoetod fro« tho *14oa of tl» source ma^aa 

tbaa fw» tlio top*

te tho otter baai, all of tho aheet mica oiaoo largo enough to abcur 

oa fl$nz« 1 are ooiitbMoat of tho Haracy aroa> and tim« are pre*uaably In 

the roof of tho aala latrualw. Sorae of tho** are la area* containing aor*



thaa ISO pegeatitee per square vile. These relations suggest that pegmatite 

fluida that form zoned pe$a*tite* OTit.a1nln& afreet mica are saore likely to 

be ejected froa the top of a source saga* than from the aides* Water would

be I'tlffily to GOBdeEttrate \ft the tens of the sw*5B9a* -ftiyt sheet 1^1*1% pe/tmatitea 

TTO^fraibly axe ^exteTally rioher iai OS than 0ther JKWWH! pegjaatitee* I'Urtliez^

SBCQE^ft^ * %saMB% dfls^UPaVLflafifiMl CKai 134ftji^QafKwu«-lvtia^B^ 3tfNUB^ ff\aiflf ttttff^ &ti^*^ii6tdlwsa^ Sk MuL^ll

 » ifftji^H wuld favoj? alov oooUbs^ <wl tlie dtfvultypt&ffnt of

w«H-foa«»d BBu»oortt« cryrtals that are cfcaractprtatia of Bluest

ia ti» «x*a« cmte.lnia^ litixixia

It ia ittt*restio<£ to acrte that aiaailar relafeioaa hara

Sfcelby and Kiu^s ^ouataia, S* Car*, ia tl% oal/ othar ^y«a in the

that coataia* bcrUi mijset oiea and iitliioa pe^tnKtit«a. Ths 

that rc<iiaa ar« acar tht CUeriyvULle quart* atooaozat« frtttholith, vbich 

aortheaat aad ha« a axxicrate dip to the aort&west ^, The spodumeoa

of th« Kinga Msuatain district ai-o oa the footvall side of 

^ sad the «h*«t-mica pegaatitea aear 2hal"by are oa the

side of the batholith.

MSTAMOfiPHIC BOCKS 07 THS KET3TOTK DI3131ICT

the KBanrtoae district cooai*t* of iatriefttea^ folded swtaaorpiiic roeica 

aut by many fault* and intruded by ortho-a&sphibolite and pegaatite* la 

oxtiftr to simplify diaeuaaioa of the stmftture aad atrati^rapiiy, the Key* 

atesie di»tri<rt hae %eea divided into the eevea etrmtuaral. blocks deaigsated

into awOler blocka deai@iie.ted by letter*. The boriera or all of these

I/ Qrtffitta^ W. K,, peraoaal oceaaunicatioa, 1956,



block* «r» fault*. Probably Uae lar&**t «f tfcw* fault* i» a &r*at 

eonwa* fault Along tJ» boundary b«tw*ea blocka V and VI (fi^i** 2, 3 

4), bufc s»ay of t&ft ot&er* ox* larg« oaougfe to eau** difficulty la

*trati£raphis ualta froa ooft part of t&* dlatrict to &ti&t&er* 

K«yatoxitt district coiitalat n&ay ti^&t folda., sad in

structural mUtion* it vill b« caawnieot to us«

t«rna« lefr-iiaai rold*^ as& "rl^lit*iiaal rolda", oorre«poadia^ to the

dftactral" fo!4a o£ l&ita aod Jaiio* ^ » Thi* teraiaoloay i» based on 

practlca of uaia^ t&a alU9«« of drag f oJui» to ddtarmlne Ui 

of adjacent boda. If aa ob«ejv«r iooka aexona «tieli & raid la a

dtrwsttoa aorsaai to ti» mada.1 plaoa aod ootaa tliat the bods at a 

to tii* 10ft «tt& roapoct to tte b«d» oa

Is lefli-haacl. Ccxrrar»«d7> ^ tilt aov«5aiiit waa to  &» ri^iit, tiw fold

TMa tentrf.aftlogy 1« u»«ful oaiy la plani tJbft eorr 

i^' th&t will ^e used la aectiaa la 'eiLat^over-^wsAt.^ aad '

fcas <gy^ag]eft of I«ft-lifiai foMs near tb» ooater of «$c.

oad ri^t-haad fold* in t2» 3SI 1/4 3«c, 31* T&U terminology la aisdJa? to

for tr5i»curr«at faulta.

iao«t aatlof acttcr/ laToxaatioa t&at can be u»«d to eatabll*wi a

aaquaac* la tiia Keyatoo« district la to "be found in bloolt 71 A,

Pi^ura k thorn that tl» struetumL pattern of this block is dominate*! by

I/ Whit«, V« 3«, and /aijn», R. H., 1950, Structure of central and 
c«ntrml TenBoati Jour* Geology, r. 53, p

Z/ Saa&ax9G&, B, M. , 1^» fte dyaealc* of faultily; Edinburgh, Oliver 
3?* 55*
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Ail boundaries between blocks are faults

FIGURE 2.-STRUCTURAL BLOCKS, KEYSTONE DISTRICT



josUnflJL l&ld* oa tfe* vtct linfe of a angor ayaalia*. TJw axial 

fttxife* ia ft northerly direction tiwy ax* out off on tfc* aoutb by 

tb* aegor traajKSurrwEt fault U»t ««$<gttte« bloc** ? oad VI (fig*. 2 r 3,

oldar am&ft of bieek 71 A lit gftasmUy to tte »outii aodL 

in ti» core* of antlclljaa*, aod to* youa^ep roclw are to tlM aortii

y truucatad

tfea nait eof»igti«is of

aad i|Ufcrt>»aleQ^*tfturQllt» acitUt (ualt k of t&bla 2}' aad tb* unit 

of mica-^iijrn«t acfci*t, pae^lxacon^cflwratci, and otiier rocJfca (uait 3 of 

), Tha b««t <gftaI<M are oa t&* rid^a la tbe S3 lk SS

fflDftt of tit* «outii¥*«t*ra bouadary of block fl A tt» old,«»t 

unit «qpoM& confllAtii of Aa^MboIa «cM*t ^u&rtzit«, i*ad & fav bed* of 

acfalat (unit 2 of tab!* 2}* Aa oldar ualt eoa«i«tiag of

is oacpoced la two plsa«»* Qa« 1» in tiwt uojrtii5m»t part of block VI A 

la «B6»* 25, JO/ ami 31, Tb* oti»r i« in bloeit VX C, item it aad tl» 

sciil*t-b^arl^ ualt arc tbA ooiy rocks expotfcd. A tAia

uait* i« be«t «3QiO«ed ia 3«c. 31; it If 

oa th» sap (fig* 3) ̂  ^«t it i« sa&eatl&Hy & part of tiaa

(unit 3 of table 2). A si3lUY $ja**t&it« oa t2ie otiier 

of t$Mt jusQplilbolo scjiijit^l^^ofiag unit is tffrll oJ^poA^d in tno 

awsur tht Sdi«oa adlae (MO* 9) «a& acirttwwt of Keystoae ia ««e. 32*

Th« next aftjor »tratl«5raj!hi« »ubdlvl«ixia (unit 3 of tabl« 3) 

of ad«a*sftnj«t »cM»t, paetidocon^ offlffrata » quart*it», quwrti-mica

* «cM»ti, ^ii* unit i« ftzpo0«d IA & belt through block 71 A
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that ftx&Baft* frca tbe aorth «&£» of t2k» aapped. arw la we. 19 «0ati»a»t 

to Set/stoat sad tluu 6outb~aoutheaAt to tree* 22, la detailed mapping la 

««** 9> wattiea** of Keystoa*, it vaa found teat *«v«a *tdxlivl*laa» of

oaa be reeogal««d» Tfce irocltaally folded traeos of two horizon* 

ttas oeatsr of Me* 9 la figure k are tNMed oa thla

; the ftubdlrJUiosui iiave aot, boveYttrj b^ea plotted «a figure 3« 

TU« seven aubdivlaloa^ 1m ord*r from youngest to oldest, or froa eajit to

300

achlat

100

scMst aod (guartsite 50

100 

50

Total 750

The ?oimgt*t u&lt la ^locJt 71 A (unit k of table 2) coaaiata of 

sschlat aad qu&rta-ndca-ataurolite schist ex^osod tto^^li zaoat of the 

peart of this block (fi^«. 2 and 3).

2, 3A aasd 2* of table 2 ara alao exposed IB bloek VI B, 

la ace. 10 (fig* 3). The structure pattern (fl^. 4) indicatea tbat 

or* on tho eaat Uaa> of a major

3 and k ar« tha predOBOaaat rociui of block T {table a sad fi^. 3)-

of tiiia block Is coaa>lex aa later discussion

, tlfet dietri'butlott of rocfe type* 3tv«« erldeace of vbat



*tr&ti&ra$oia stfosso* my tse* 35am two oldest uaita jMrcogniasd ia vlaek V 

(uaoit* 1 god 2 df tofcl® a) are aot «x$ossd ia Mofc& ?» Oa t&s otber iwiad, 

aev and tfcus youa^sr rocJts eaoslstlag of sdsa scMat, Biaa-srajitoit* se&ist* 

£&d <ju&rtxlt« (uait 5 of table 2) ore saqposad ia two pl&csa: (l) 

latsrtoctioa of sees* 3, 9i 1& ^ad 1T> sad (2) attar tbo lat«r3«cUoa of 

aeca. 15, 16, 21 and 22*

Eaa first of ttea* axtead* for 0*4 aila ea*t-aarti»s*t of the 

fhi« aay b« tlwi cor« of a *?&&lia* that ia faulted oa tfce ««at aidd 

3 and U).

Uait 5, wii«r« tzpacad to tlMi soutli la w«s» 21 and adjacent arvad, is 

succeeded oa ti» «outi»aat by ^uarta-mica acMat and

ualt 6 ia tabla 2* Qaita 4, >, and 6 augr correlate 

Uirsa tmits ia bloci IX (ri^** 2 ea3d 3)* 2f ao> tiw lat«ral d 

aloag the trjuiscx^rrmit fault T^twsa blocfea II mid V i* ^out 5-1/2

c*atral uait ia block IX coaaista cliiafi^* of siica-j-rapiiite 

acniat, "but olao comtaiaa ^ay,hlbolq sciiUt aad adcroolla* scaiat, Ia 

feloQ&i IT sad V> tb® roclaa to ti» souti of uoit 5 coatain a»ne aica 

«tmirolit« tliaa do ti»s« to t&e aortii*

Tba r«lAtiooaaip twtw«a th» rocks ia ^loek V sad t2» rooks to th* 

oorthveat ^resoats troxiblosoaa atrati^rapaio profciUaas. Tbe soutijsastpra 

part of block 17 (fi^s« 2 aad 3) contains biotit«-gara«t seaist Uu*t csca ^e 

ccrrel&ted llthalo^ically vith tin* Orerille f ozs&tioa. It has already "been 

fcbovn that ^aologia rolAtions els«vl»r« ia tiw Slack gills suggest tfcat 

Orevill« fora»tioa is youagcr taaa tha aeq\»ac« of rodts d«scrib«d ia the 

s Ticiaity of Eaystoa* (taOjld l).

fits quartsos« schists that iactsmd taxotig^out tOock I and aost of 

blocit If are so similar to eaeh othsr litholagically tfeat they probably are



<tratlgr&pMc»7 ly equivalent. Hart «agp1ag la aeedad, however, la 

to tfce aorth ea& south to damafftrfi-te ill* seala^ relation* between ttoe*« 

t*o bloefcft* Tbe bed* of block 1 hare eatfeuO? ttalfceii e*d hi^h eagto dip«; 

tbe bed* in blocfc If hart northerly stri&c* aai lav dips* Sen* of tt» 

iix ^loolc X 1> i < tfly^? fl^'f All y 3iall&r to ^ftrtiiBHiig^ ftc&itft ia 

7f indicating that it aaay bar traaaitiaaial iMrtvQ&i unit* 6 and ?.

8ug@B9ti0& that tiiesfl <aiiartxoa« acliist* ana older them tfca biotita 

ckUt Itf aupport«d by t&a 00X7 ^ood gcmgplg of truncated cross- 

found in bloeis I? (piste l)« ^UB qp&srUo*« acM«t« la block I? 11* 

abov» the biatlte-^saraat scMat (sect ion AA, fi^. 3} * Tlie tr-iucated croua- 

of latg 1 iadlcat^ft tfiAt thg tu&xrtft scbldt 10

of see* 36* Thla id far froa tho coat^ct witJa 

hovevsr aad tiwwra eay b« aouy aimll uaroco^aiaed fold* in t&* area in 

. Thus, tfctt evldenoa from truacatad cros«-"beddi^i ia by no

to

found in tiw 3111 City area on t&* opposlt* aido of tlia OreviHe formation 

frcsn. tiw quArtzo»« 6Chl*t» (table l). Thu«, these *cMat* ar« probably 

/oua^er than tfe« feiotittt~g@x&£rt icitUt of block 17. Ike rocJta of bloc^; 

constitute wiit 9 of tabl« 2. Tbcae roeka torn beea iotoxuMly folded 

faulted and t&ey were subdlvid^i into ataven units (a«« tabla 2 and fig. 3) 

for i&« purpose of vorkia^j out the structxur« aod atrati,;raplay. Ultimately 

all of these uaitm probably vill be elaaalf lad as meeker* of A ainsle 

formastioa. laqwrfiwt eacaa^l*s of truncated erow-beddlOej «u<je«t tteit 

order of «uperpo«itioA i« probably also the o@« order of thaee unit* » but 

coDClu»iv» evidence lisa not beea obtoiaed.



<&^--*£3ti£2«: -~'-^~*e*-'r^f*>¥r*px>f -

t I T T I I I 111111 1

Plate 1* Truncated cro&s«be&il£g la quartz scklst, near center 

of see. 36, ?. 1 3., R. 5 2* 1.5 tiaea oatural else.



Btacrlpttco of Hoe* Typea

Tbi jao*t abundant attftMdloezrtary rode* of the Xtystoa* district

«ad aica-ricfc ««bl*t0. fht** occur in all of tb» unit* atom la 

table 2, tiwusfc they aart r*latlv«Jy uoeonnon la uaita 2, 5» *ad 3. Quart*- 

Ite* occur la tmits 2, 3> 5* 7/ and 9* Aaqpfcifcol* aehlat 1* tha predomlaaat 

rock of unit 2, and also occ\ir» la unit 3. PaetsiaeoaglacMrrtit* 1» a cJmr- 

aclxsrlatio roclt of xmit 3* Tbla-badded biotlte-s^araet acMst ia tho ciiief 

roci of unit 7* Grephitis attMsts axw chftrtwiterlstlo of unit 5*

tb« <wly a»tas»rg6G«*d I^MOUS roeJe recotsolaed In the district coa-

of ejapfcdbollt*. TSao larswrt body of oi-tba-«E5piii'bollte ia In acca. 29 

and 32* Many «8MkUUar oam He to tl» south sad southeast. 

Tb« rock dwcriptloaa that f ollov vlll be jroupod accordiag to roci; 

rather than ttrxwo^Bd la atratl^rapbic a«<i\ieac«» The

Id otlll not weOl «»u^ kaova to justify f arml strati^raphic ncaes and 

deacriptloaa.

roe* iMCrtytloa* aim fe***& chiftfiy en otgaaeoplo exaataatioa. 

potrogr&phle itudy hs« b««a done to t» certala that t&* 

teen correctly identified* 3on» fflln«raU, e»p«cl4tlly faldupar may 

^fflifiifflt tltfttt tlmt roffK ^ B ifl rlgt^fltift ^*y^1jff*itiK« Thf> nlcroacopltit 

be«a doo» fcy P. H* Oxrill* and «7* A, Bftdd«ai» aa wall aa th» pr«*«at author. 

^ar» ecnplet* and dct&UM petrographlc vox* to lasreaa* und«r»t«adi^ of 

raeteaaorphlaa la tkU area «U1 b« dam at a later

Quarts- and Mica-rlcfr Schlata

Tb« quartz- and alca-riclx ««M«t« coaalst cM«f ly of quartz-atca

achlst. Other rarletica iaclude quorta ooMst,

, odca-t^raet acltUt^ «ad qu&rt»HBsica*aadalu»it« acMat. The



rang** from rocks that grade into fwurtaite to rocks that fern* 20

quarts, kQ perceat tnuaeorite, 25 p^rctfit biotita, end 15 parcent other 

mlaer&ls. Hurt of tfceee scatats, bowrer, sx* la tte raage: quart* * 

to 65 perceatj auacovit* - 10 to 25 perseat; biotite - 10 to 30

feldspar - 5 to 20 pesetas; aad staurolite - 0 to 5 p««*ft1u Other ada» 

aral* InclTjda oa&ftlualt* {0-5 pezmafe), qlUtmftnita (0*1 p«rc*at), 

(0 to 10 p«rc«ftt)^ clxlorlta toumaJLtn*, srsjjfaita, *p&er», zircon, 

Iroa oaddyts* %b» quarts eod mlca» foim a vary fto«- to oedltjo-srtlzsad

of »t*apollt«, garaet, andalu»lt«, or

i oof

Is stasis, "bottgy 4w9JLop<Bd In tfeng £x?zv 33EifitQ<wwus pbsusoft of 

rock tbaa la the v«ry ixwwrUo^* «eM«t«.

Itedatns is conjBKWLiy maa*i7«, but la aany plnc«« thia laaioste, 1 to 

3 m» thick, «&a 1» recogaiaed by dlff«reac«i la tb» abutaiaacd of dark

1xlotlt<ft" ^-ntft ^rssiilto* Thflt^ tihln l^nrlntMip SHUT IMI

(pi* l) or true b«ddlag, Hhre« of tfca awbdiYlalon« of unit 

(taJ>l« 2} la block HI (fig* t) oooaist of loterb«ddod

or ®s8trfesl.t0* Tbo jil&ftoftoutt ^itf 2ianr9 mi

of 1 foot, and tfc* <juartaoa« bod» torn aa «v*r*jgar tfaickncs* of 1*5 fact, 

Gaxa*t 1« ti» aoat widely dlatribut«d porpiiyrobl^stia isla«ral dC theaw 

rocia. Tlrtuallj «vcrywtwsr» euhsdral crystaia of red-brova j^arcwt Cita be 

fouad. ISi* *ls« la aoat eoaaaon.Ty between 1 aad 3 am.

8taaro3.lt* Is mar* abuadaot tbesa ^artuit f but aot so ubiquitous. It 

occurs as poirpbyix&leatia «uJ»dra, either stable crystals or tviaa, that 

ar« ss Hwch as 1-V2 laches loag, tbou^b tft* 0nmrs@s length Is about 3/8 loch. 

Tb» larger stnurollta crystals are la the aore cjuarUose rocjts. Mudi of 

 taurolite contadas few inelitalons of quarts, aiea, soft other miaerala.



la th» *outb*ra part of tfe* area, «5peclaOI/ near p*&a&tit«**

fcs* tma gacudoaorphJCftJly replaced fcy mu»eoYlt*, <m«rt»> ciilorit*, 

aad biotit*. Iftftx* tfc* pttudosorpteUa 1* eaapl«t«, efclorlt* 1* eonwaxtratsd 

la tilt lat«iar, ntmvit* 1* rlcbwt la a *gae out»ia« th* salorita-ricfc 

aa& blotit« fiwsai ft dark Twwa to "blaek ria at tl» outer cd^ of the

la ao*t eoassoa la tbc uppw part of unit 1 (table 2) r wliere

It arou** la l«xtl«ular ftg^o^tttt an auch « % laches acjx»a»

of ^sarts aa& mica. Th« 0«iil»toalty ourvtc arouad

Ajidalu»lt« «ry«tal» 00 mucii aa 1 foot Ions &&r« boc^i fouad la

tialt 3 (tafal« 2} 1^000 feet aautl»aurt of tha Sob la^ersoll iaiaa (aec. 6).

Silllaealt* occurs ooiy la s^ro^atoft 1 to 2 us* ae%o0n tu tha soutiiern 

part of t&f area. th«fle ag£reg*te» alao ooatala flirts «od rausccvite.

aodulea bjxvlng tha aiwtpaa of trl axial e01ip»oid« or«

apan»«ly diatriJbut^i throu^^jout zauch of theso $eM»ts< They are ,ao»t 

la «|uttrta-rlclk b«itf, ««peclally la unit* 4 sad 7 (ts&L* 2)* Tkesa aodolea 

do«arlb«d by Sezeitr and Hamilton  =/ , %te «Hoir tliat they ar« aseta* 

eoacretiOG** Ruaacr and Hnailtoa ^ aad Badd«a ^ Hsv9 found that 

ttegr occur tkrou^Ji « tide str&tl^rmphie raa^e. la tbtt Kayatoaa dlatrtet, 

*ucJi aodulw aay lac concaatratad at & r^latlvoly fav otrati^jrapijic boriaons. 

They 029 not abuadaat eaoucjii to 4tt«nsl2»i bov a«cy horizoaa tJ»p« are f and 

aot praved u»«ful la

I/ Buaatr* J. J,, sod flaaAlton, 3, 0*. 19$* > lfet®»arpl»s«d calcareous
ttZ^KtybOBMl ftOft tufltlJP l3ffQtttlfll SUfcCl 1^tlfmt'yttP^ij» ^tij^^-nJt^flitlliM^t »«^l» wCKUT*
Sci., 5t& wr.» v. 20, p. 51-6^.

53-

f. A*! 1955, Ooology of tin Jburaile pe^^ssatite arwa, Cudter Coutrty, 
3* 8,: U. 3. Q«£U Survey opea flit reportti



?*prglrti of tba loon aasm of tlat allipaoids i* 3 foot* tho 

iaterwadiate a&l« 1 foot, and the abort axia 6 iachea* Tha ratio of tha 

lengtha of tha Tarleua axa* orrllaarUy falla ia the raaga 1*5 to 5:1 to 3*1* 

Th* long and iot«r»ediate aa*o as* parallel to eehiatoaity. The long cola 

ia ooat maanonly pftrallal to tba plunga of aaarby iioeJUaal foHa, aad tteaa 

la ia b . Otter* aay bo ia a or in diroetioao vita laaa readily

affiaitlaa. Pr«aur»bly tlaoao coacrvtioaa ori^ioally wara Bora aaarly equi-

d.1mftnaloaal tbaa ttoar aosr a*», and tteir preaaat aii^pea raflact roilingi
aad plaatic dafozsati(Bi durta^t folding.

Tba alaarala of t&aoo aoduLaa aJaov aa taper-fact aoaio^* tba out0r 

part ordinarily eootaiaa Motito> quarta, and ectinolit*. Tiia predooiafluat 

aiaarala ia aa iatoxaadiato 9oao are actiaolita, epidota, quartz, and 

Tha cora ̂ aoaiata ckiafly of garnet, diopaida, quart* , c&lcita, calcic

«5uartz- aad adca-rtcfc aciiiata ar« tlio aoat abuadant rodca of ualta 

1, 3, ^» ^ 7> and 9 (talO* 2). Tha litfcolo^ie alallArttlea aaoag tluMMi 

roeka ara far aoro eridaat tiwa too diffareacea. Har^artlialaaa, sooa differ* 

apgaa oaa oa raoogaisad*

Omit 1 ia gaoaraily aara aehlrtoaa aad eontaina won aadaluaita taaa 

other ualta. Bedding ia vary difficult to racogaiaa.

la unit 3 quarts* aad sdca-rich achlata aro aaaociatad vith paaudo- 

conglx3B»rata , quartaita aad aaphibola achiat, Za tha upper part of thia unit 

^amat la aa atasadaat alaaral. It oeciira a* clear euhedral cryatala having 

aa awn««o dianator of 2 OBU tbe grouodmaaa ia vary fiaa-gralned and haa a 

dark color cauaed by hlotite aad acceaaory graphite, thia beda, 1 to 3 aw* 

thick, eaa to rfteogniited by differencca ia tha abuncUusaa of blotita ma& 

sraphlta.
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k ftontain* May lit&olQgio varieties rao&iog fro* *s*y qaartso**, 

to olea* and ataurolite-rich sehiats. The apct abundant ulaomlit are quart* 

(J»0 to 70 percent), *nseo¥lt« (10 to 2$ percent), feio&t* (3 to 25 percent), 

feldapar (5 to 20 percent), garnet (0 to 3 percent) , and atauralite (0 to 5 

percent). Tbe ctusxt* soatewt toad* to inwpeaso from older to youagsr part* 

of tint uaitj &a& tlio content of mica, atasureHto «ad garoet correapoadla^ly 

In tbs ^ear^i^fieli rociw achl»to»it^ I» pooriy 4***id£Md. Uiae- 

aodttloo «  aort abuadiuit in usiit % tbaa la otter raits*

In naoy placea tb« quarta^mlCA «cM«t of imit % aootaia* roujadod quartx 

1 to 3 am. in dia»rt r* The q^arta la these ag&rogntatt ia

blaatlc afid fla»-smlQod. Tbe aggr^s»t«« har* a vtolte color tlxat eoatraata 

wit2i tiM nonaal ^ray quart* of the jgroTmdi».«a. Tl»y are aoct ccamoa aenr 

the eoatact wlta uott 3/ e<p<eia,13y la tfce 3S I/I* g«o» 6, 38 l/^ »«c- ?» 

m 1A MO, 6, 3V 1A we* 31, Hoar tiia c«at«r of aoe. 32* and la tfco » 1/2 

MO* 15* fhoao a^rtg»ta« form aa mteh aa 25 percent of T»da tJmt stre aa 

sueh aa 2 iactbe* thidc* Tbey prc^mbly ar« datritAl fra^wata derived froa 

oJ4er roclt uaita.

Uoit 6 la T«ry aimllar to unit it* It eontalaa aomavbat nore aiea and 

atauroltte and fw, if any liae-ailicate aodtiloo* Beda ooataioia^ rounded 

<|uarta a^jgregatea feavo not boon found.

Halt ? caaaiata chiefly of quartaoae achista and qujartzite. Bads that 

are aufficleatly aluiajnoua to coataia ataurolite are rare. The neat abundant 

miaerala are qv»rt» (^0 to 30 peruetrt) , felclopar (10 to 30 percent) , muacovlte 

(5 to 20 peroeat), and biotite (5 to 2$ p«^«at)- Beda of tho 3»ore ^tarUoso 

roeJ&t hfl^e aa average tltlcitaeaa of 3 fe*t and * masigitai thickneaa of 15 feet. 

Beda of the more eieaeeou* xoeka are ordinarily 3 to 12 iaehea thloJc*

aodulea are coo»»a ia the fuartsoa* yarletiea of this rock unit



Unit 9 bas beea separated tato seven au&Uvlsiaas (table 2}* Th« noat 

oharaateristic of sll of tbese xinita is the presenes) of flat*- 

aggregate* of biotits-, auseorite and quarts tlmt are 2 to 6 an. 

loag aad 1 to 3 an* wide. Tfce largest of these aye sotted; biotite is ooa* 

centratcd at tbe o«t«r edg» of the a$grft$*te* - oad qxt&rts &a& aaiacoTlte are 

cooceatratad la the core. Tb« a^re«at«e tend to be aore fibuodUmt wsd larger 

ia tlae vq?per uait* of t&B w<tu«JKe.

T2ie love«t of t&e*« aevea ««bdivi»ioiui i« & relatively uaif o» rock 

of <iujirt«-etlca-*taurolite acliiat. TM» i« roceeeded by

c««i»tiag of aJLtoraatiag beds of qmrtaoae aad adcaceoud rociia. 

Heart la quarts-aioa 9Cbi«t vith only rare at&urolite. It in followed by a 

thia uait of aXters&tlsg qu^rtsooe aad micaceous rocks . sad then by more

. The zieaet «nlt coaaiata of etui aore

and adoa-rich beds, but tiawe are more mica«eou» than 

interbedded ynita. The uppera»4t of ti»«e s«v«n aubdivlaioajii con- 

of »cM«t very nefc in aiea (50 to 70 percent) aad haTln^ aa wttra- 

well-developed

The Keystone district contains two type* of quartxite: (l) glassy 

»ii{| ^3} {£3TKQ£Ll3jr <j,tt&rtsJLte«

Glassy <$2&rt*it« occur* chiefly as thia discontinuous beds on either 

aide of uait 2 (table 2)* The largest outcrops .*re in sees* 31 *«& 33 

aear the interaectioa of sees. 9 10, 15 and 16. Thia daric layers 

ia^ graphite, biotlte sad touraaliae give the rock a atreakod appearance, 

Other accessory minerals Inftlisto chlorite sad ^jamet. Abundant ti^ht folds 

give this uait *> f alae sippeftraaee of ^reat thickaeaa in »any places oa the



a»?» la tha JE y* *»* 16 (ft** 3) this quartaita tea %a«a fd&tad oa 

it*aO* 90 May tiaaa tbat It fcaa an appai-rot thicfcnaaa of 500 £0*t* but 

tba aatual taicJmaaa i* lasa tfcan $0 fttet.

gpLaaa? (guartslta *lao oeeura id association with

sealat la ualta 2 dad 3» Tha quartmita la la pod~Hk* to leaticiLUr auiaaa 

tiiat bav* am arara^a thicknaaa of Ijk imh and l«a^tto of 3 taaha** Tba 

iaoat coBrasai accessory mtaami* «ra grapbita garnet nod iron ooddaa*

Granular q^wrtalta ofceursi la uaita 3 5« 7 ? aa& 9. tba quartxita* of 

ualta ? and f ara qmrt»oaa Y«triatiaa of tba aa&Urta pp«vlau«Iy daacrlbad 

la tbaaa uaita. Za uaita 3 aa& 5 liowwir. aoat of tha quartzita consiats 

of fiiaa-srsiiaed sraaobiaatia <iuart» (90 to 100 p«rcaat) sad accssaory iaua« 

corlta blotita touraBlloa ^amat and rara ll^t-eolorcd aa$bifeola« Tha 

t>aat expoaura of thla rock ia « bad 1 200 feat loon aad &a ouch aa 10 feat 

talc* aamr tha caatar of tfaa 3 1/2 ST l/^ see. 6. A soacvhat differeat 

variety of quartaita occurs juat north of tl» iataraaetioa of U. 3. H 

6A, la tha S8 V^ **** 31 aad 33 l/% a«a, p. Tba«a (j^irtz

quartm gr&laa with & aaxlsjum als« of 2 ara. and coataia as laucii 

paroaat odea* aad 5

ia COBSBOQ ia tha caotral part of unit 3 (table 2).

aacpoaux«a aactaod over broad «traaa la the 3W 1/4 ace- 19 t&a eeatar

of 199* 6, tba eaatar of aae. 5> ®aA a ^«lt aaetaodla^ 1 alia aout&a&at from 

Kcystona.

Taia roek conaiata of rouadad frm^oaata of Quartxita (30 parcent) la 

m matrix of vary fiaa- to fiaa-grmluad quart*-aica cealat (?0 parcaat). 

Bitrix eoatalaa qroart* (^0 parcaat) , vuaeovtta (30 percent) , Motita



(25 percent), garnet (0 to 10 percent), dalorite, staurolit*. graphite, 

irtaa oactde*, aod tournaiiae* The garnet crystals 9x9 free of inclusions 

tern «a avertg* disaster of 2 as*

$&* qtaartsite £rs@Mmta oar "pebbles* are ordinarily ia tbs fora of 

trlaxial ellipsoids* tbe ratio of the ti»r«« aam of aost fra@wait« i» i 

tilt r«ng« 3 to 10: 1.5 to 2:1. Th« internediata axis is rarely .jreater 

10 incii«i, but at l«A«t 5 <iuartait«  lllpgoid* have latennedJUta 

ar« bctwwtt 10 and 13 feet. tQw quartsita eoataia* ^raaoblaatic 

(90 to 100 p«r««nt) haTing an sfwr&gtt grsdja size of 0*2 ma* Accessory

loolude taunecrvit*, biotit«, tourmoairad > sad ,;amett Tiie &±^n of 

of tilt fra@Mmt« are very Tf^ual^ da fined* *£b0rQ ore all >prad^tion3 

sharply bouadsd fra~5a«at» and lenticular a^^regates tliat ia their 

outer parta bar* nearly tb« «aiw coc^oaitioa &» tiw aatrla*

^M oaly other YA7i«ty of "pebble" ecmalats &£ .TSicaceous schist that 

ssuat have been derived frcsa a aediaeirkary rock rich in clay. 36 comrL-icia

of veia quarts pebble« have beea found, despite tborougb search. 

The peculiar composition of thia rock ladicatea that it is not a 

It i» al«o \ialiiely that It i« on iortraforasfttional

ate. The pebblee of iatraforantiooal eoaa^looBratea are abale aad tbe natrls
I/ is  and ^ ; tbe oouverse is «o in thia peeudocoa^looerate.

7. 3* SfeSeil ^ bas obaerred balls of aaod ia a matrix of clay in 

oortbeeatera Misaissippi. His descrlptioa iudicatea that this rock, if

reseafcle tbe pseudoeon^lomerate of the K«ystoaa district.

I/ Pettijoha, ?. <! , 1S^*9^  ^od.lamitnry roci*: Hew Xor^, Harper aad 
p

2/ Peraoaal eongBuni cation, 195^*
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of taia aort «*» ao T«ry uoeoanea, bowmr, that it  »<»  ia» 

to call on them la explaining the ori£La of the paeiriofton^araerat 

of Seyatoae.

3U11 another poeaibtUty ia a teetoaia congloaerate* The pluage of 

the pe*uidUjpebhlee la pa.ra.Ilol to th* plung* of taoit.ll.nal folda. Clooa ^ 

poiijta out that the plufigo of extremely eloagat* atratched pebblea in & 

true co3a^lo»erat« afeouM be a liaeatloa ia *, inaamnfth aa that ia tto

of s^aa^aat' taotosiio transport* Tra^waxta 11?tff ^^mwr that arts

«lcmg«t« ia tbe to dlrwtion mg» aora lUtely to hay* formed by fractur- 

of eoapgteat t^da aaad gx&aequggt rolling and rouadias of the 

fhia would be aa axtrftae fozm of bondiaajf structure* 3b* ^pebblea 

rode are aot lioad 09 ia axteh a nay that the original beda can be traced , 

oar can tracturca aaaociated vith th» f ormtioa of the boudiaa ordinarily 

tw recogoized. A fienr apeciaena Itead near the Bob La^eraoll taioa sug^eift 

that the rouaded fra^saettta asay Hava developed ia four au^eaaiTO ata^ea^ 

gjradias iato the aext; (1) fuartsita beda or la&aea; (2) fraetured 

(3) fra^penta with rouaded eornera and ttrai^ht aidea; aad M rounded frag- 

aaats* Tiieae, howorer, are rare aad uneoarloeiag^ If the rock foraed ia 

thia vay, def ora»tlon has carried it far beyond tl» poiat where 

atruetstm can be readily deaonatrated.

Xt way be oooduded that p<wi4ftff^iTg?fffffftT>>!'tff ia tlw beat

thia roelt, a»d that it probably forsed by defonaatioa of intarbeddcd 

aad micaceovns- schist.

I/ Clooa, Sraat, 19^, Uaeatioa: G«ol. 3oo* Aaerica, Mea. 13, p. 1?, 
and *&»



* achift la t2t* pr*3omUifta£ rook of unit 2; it occur*

level* In unit 3i aa& It baa tarn found la ualt 5* Typlota «cpoaur«* 

are la tb« ylelalty of tlw Sdiaoa atae* 32 l/¥ **8+ f , ami throughout 

of tfeft i I/a 8*6* 31, aiJd If 1/3 «w* 32. All outcrops art heavily iron* 

ataiaadj no f re«h «Kpo*ur«* of t&i* ualt bffTB b<wa »««a. Tbe

oany pod-lliw to Imvtlcular wuisaa of flne-graiaed 

«r&g« l«Hi£t^ of 3 IOC^MW and t&g&tts* of lA ^^M 

ratio of «B(phi1>o3a Jwhtst to ^oartait«f in aJxsut 1:3> but th« 

ratio la vwy gr«at; «*c& of tlMMHi rtxsit typ«« foro« fro« 10 to 90 

of outcroj* ttet &w aa mzch, a« 10 fe«t vjt4d« 

aapfrlboXe «ciiist coataina aapiiibol^ (60 p«itmat} s quart* (25

oaddsa (5 perc«at), sAqraftt (5 percent )^ and «aall quaotltlwi of graph! t*»

, blotlta, jia^oclAae, pyrlt«. aarsenopirrite apbcn*; tourmaliaa, 

clii3020iaite.. i«deab«j^lte, sad Rireoa., Th« sraia alaa I* ttaa to v«ry find* 

occur* «  r*dlal a^n^ates of colarlasa to green

The aoat at^vittat aaphlbo2^ Is msanlagtoaitft; but treffi>Ut«*«ctljaollte is 

gad faorablen&a haa bc«u r«cotiniz«d. Curaalja^toalte 1* dl»tln- 

ftraa tr«nollte-6ctiaollt« by lt» iHi^ber iaiex oad fro« ccaanoo

by it* ll^rbsr <K>lor » Eorablcnde i*a» a M^ber iodtx aoi a deeper

color tlian trsjaollte-Actinolita. Th« cuaalQ^tonite say contain 

iroa to b« more proporly called .grunerit« ; but corsclu«iv« «vldeace for tfcia 

ija» not bcea obtairwd* Tt«> Iroa* and Elximimim»b«ari23a aa^hibolft*, actiaoli 

aad Sx>rsabl«adft, may tnera^sa at the «atp«i»« of (ruaauic^toaita and tracsollt* 

la thd hi<5ii-grsd« roeka la th« aout^sra p&rt of tbe 4i»trict. Evea if

di«tributioa of th« varioua



Irregular aa& probafely ia part raflatta mriatioaa ia taa coapoaitioa of 

tat original atdiatat* Sorafelaai* baa btta fcmad at tiat tip« of radiatiog

a) atadlts In a a$«6iata, froa north of II* $» Highway 16 ia atav 30,

tea bata found aa&r tlia Sdiaoa ptgnatit«*

la aiatralistdl araaa. aa at ti» Bi«ark min« soar ta« e«a-«r of »ec« 5 

tola roc* eorvtalaa suaa mla^nla &a taJLc s«rp«itia« chlorit« dolomit* 

4*ad perhapa clay odoarala. ^« aott econoa a«taUie Ktatntlt art pyrtta 

and awanopyrlta. fhtat iniaiiiimlily «t atouadaat la taa sold art bodit* . 

but i^ftmiiach aa aoat of tat v&attf a«vt bt«a opaa ia rte«st ywurs, llttlt 

forc»tioa oa thia «cort coald bt cfetaiatd*

t achiat aat aaaoelattd ^t&jrtaitta art Ttry aiaHar to

Iron formation ia thia acmt g&sd* of awtainorphiam daterlbtt by Jaats ia 

:&eai&an* Jsata daacri'bea rocka ia tat atauiolitt sad

aooaa tfeat eonalrt prwUsmloantly of grun«rltt aad fttsxta, aad abova tost ttwy

ar« attaaorptooatd «qui-raicuta of Ma oaxfeoaatt and atm^claatic »llicat« f aciaa
2/ of iroa fonaatioa* SlaiU^Iy. Sbbla aad Sax^tr ^ ahow that tbt Hoasoatakt

fonaatlon ia almi.Ur to Laka 3up«rior i*oa foxnatloat. the Bonjaatato foraa*
3/ Uoa fita ratlitr vtH ia tUt oartooatt f aciaa d««crib«d by Jaaea -^ .

I/ Jfia««^ H. t,, 1955* 2onaa of regtoiml ia«taa»rp»hiam ia tbt
of nortijern Mtchi^an; Gaol. 3oc. Aaarioa Boll*, T« 66, p.

2/ Itebla, J, A., aad iardtr, J. 0., 19^3 > 3tratigrtB^ay aM »etaaorphiaa ia 
a part of tht nortfeera Black Hilla and tat looaatalct mlae, 
3* 0. s Gtel« See* A»rica Bull., T* 59, p»

J/ Idtai, p. 967*

Jsaaaa, 1959, op. cit», p*
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It may to* coaolu&ed that t3a* aapfcibole sebist and associated qpartslt* 

9x9 aetiiaorghft«ed iroa formation. The qvuartsite Is tfcus equivalent to tlSMi 

chert that is eharaateristlo of these rocJts in t&e tain Superior regioa <» .

Biotlte-£arnet Schist

Btsstlte-garast te&lst of unit 3 is expoaad sloag ti» railrcxid eaat of 

the e«ot«r of son. 1, and also along Iroa Creek near th« wtat «dg* of *«e* X% 

« thin-ly b«ddjad azid ba« & «*n*4«waop«i schietoaity . TSw eiiief 

aam blotit« (J^5 p«rc«at), quarts (UO percent). garn«t (10 percent), 

(2 to 5 percent), touiualin*, atuacovita. and naicrocllne (0*

of til* gftvott is less tiiaa 1 mo. la diaa^ter. Micixx:line (?) occur* as 

pox^robXasts 0.^ to 1 aat* long. Other mlnarala are very ftao- to fine- 

graiosd.

aad

Jtlc&»sraphlt« sefeist is tbe pradoaliiaot TOCJC of unit 5. T&a test eat-

of adcft-arapijite «cixi«t are along tbe highway ia tba SfW 1/4 see, 31* 

table a stows tfes£ ths rocJcs in this eacposure may correlate vitb rociui la 

bloefc T B aoar tlis Intersactioa of sees. 3, 9, lo, and 17 and near tfce later* 

seetioa of aees. 15, 16 21, and 22 (ft^». 2 and 3)*

the mlca-grapbit* seMst eooslsts of «uscovlt« (15 to 35 percent) , 

biotite (10 to ^0 perceat), grepiiite (3 to 10 pert5?at) > quartz (20 to 50 

percent), aad cMortts (5 to 10 percent). The rock is very flaft*f£ral£ed* 

£*& of tits aaiscoYlte is

Jaa»s, H. L. 195^, SedinaatAzy faoiss of iroo^fosmtiont Scoa*
v* %9, p*
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Unit 5 alao feaa mlcracllaa aefeiat that inftludea a variety of roefca 

containing aa aue& aa fcO percent atcroelioe together with auaeovite* biotite, 

quart a, chlorite, conlierlt* (f), oll^oelaae, and apiwae. Other rocka coo* 

tala plagloelaa*; carbonate ainamls, aa& aiicoa, aa n«ll aa aiaarala already 

listad. ^ich faclea, hofwnwr, ara rax*, aad hava zaecdTad vlrtuixLl/ na 

of thaae xtx&a ara vary flaa- to

bodlaa vlth atnastura and atinaralogy that su^eat iatruaiva

occiipy a large part of block 91 A, but ara snail and rare id otter 

parts of tb* raoppad area*

larga body la aod aaar decs. 29, 30, ag& 32 id moat e«rtatoly a

iutrual-TB. Contact* ara cro»fr-cuttla^ in s»ay placea, impa* 

Q tally la the 28 l/^ aec - 30   Xaolatad quartsita la irtHeh pre-latru«iv« 

folds ara preserved form aa especially atriklog map pattern la sec. 32*

12» recfc la gnat of tMa iatruaiTa la eoara^H^mlxsad. ?lae-^rained and 

very fiae-fpraiaad aarphlbolita «ra moat eowaoa aear coatacta. Soodlaa of 

horablonda (55 percaat) ara »urroundad by fioer graioad

paroant)* CoaelualTa avidaaea of tJaa preservation of ori^laol pyrootaaa 

ima aot been ob»«rred.

TIw amplilbolita of tba larga iaxtroalva ia virtually struetureleaa. 3o 

liaaation or flcMatoslty baa bctea recognized. Saroly tbera la m tendency 

for segregation of miaeraJUi into bands that may be aa Incipient

The smaller asQiliibolita bodiea ara vary «iailar to tint large intrusive* 

Tha chief difference la tbe£ aaogr of tfeaaa bodiaa ara purallal to bedding 

aad i«zve aa is^ierf ect ccrapositioiual layertog that imy ba either baddiag or



etrueture. The aiaereaosy, ho*arfer, i* ao similar to tfce aiaeral* 

ogy of tbe large aagOii'bolite BROS tbat tbeae rook* probably art ciiiefly 

of l&aoouft oilgia* 3eaw, fcowvex, nay be aetaaorpboeed extrusive rock** 

3BuUJL partyi of tsJMi nymft ttftgptA MI ftaHjyftJt.^i>ll'tt> gm^y IMPP 

caicaroou* altaOa.

(50 to 75 p«rc«aii);

to ^5 pcrcwat), quarts (0 to 1$ p«rc«at), chlorlte (0 to $

aagiMtito (0 to 10 p«c«t), Uaaevit*, apiwat, slrcon, touraaliae, 

pyrlt», and ar»<H»pyrlt«* DmOl ^uaatitle« of altered s«t«rlaJl la the

al«o conrtaln caOcl-ta, xoisit*, and

Structural Geology of tb* J4fttaa&£$bia flocka

The structural zoology of the Keystone district 1* complex* Previous 

workers Have treated tis* structure only in ft generalized fashion -'. The 

2S&P mads by Heoiltoa ^ ehoirs details la many places, T?ut it also coataiaa 

aaay uneyplaiaed features; thick stratigraphic uiiits lens out witi»ut 

refisoa; atratigraphic correlations are made that require great

Utbologlc eiwmge»i tud corwrordely, roeke that are lithologlcall^ identical 

vlth eacii other are placed in different etratl^raphic unit* vltboait apparent 

?or tbeae reaoona^ Haailtoa alao lied to treat the structure only

I/ Paige, 3idjaey, 192?, Structure of Al^oaklaa rocita, in I>artoa, If* H.^
ood Paige, Sidoey > Central Black Hi lift , 3* 0*; U. 3. Oeol* Surrey 
OeoX* Atlas, folio 219, p. 17*

Belfc, Bobert, 1931* laelurtone and foliation of the Barney Peak sraaite ; 
Slack iiills, S* !>.: Jour, Geology, v.

Ikaalltou, H* 0.,

J» J. 7 19^3; Structure and origin of Block H11I> 
granite dxsaaa; Jour. Geology, v. >1, p.

* clt.



la a vtry gaooral my* ©» principal difficulty Is that fault* havo savor 

fc«foro boon raeognisad la this diatrict, aad thoy ar* a aiaaiflcant clement 

of tho atrueturo. Turtbaraoro, prartoua uexfc ha* aot boon aufficlently do* 

tailod to fhow that thov« la BOX* than ooo tot of fold** Sb« Kaystoa* dis­ 

trict contain* at leaat tferoo teta of Io24« 7 and tho eei&Loxlty thuo latroduc«d 

l» aa Ij^portairt oasso of coafualoa in tho goo&ogio ampa of thl* soroa*

Tbo oldeat fold« ax* laoollnal fOOUla; thooo wm later tightly oraeo- 

f oldad; atlll later thooo Intimooly deforatd rocj«» was* warped into broad 

flexuroa, yrtdaatly by iatruaioa of p^aatltoo*

Masy high aagla fmilt* out tho diatrict* Thaao faulta are youo&er thaa 

tho iaocliaal and croaa fold» > but oldor than tho pe^raatltea. Tbe largest 

of tho fault* la tho traaacurrent fault &»iag la a aorthtfoatorly dlreatioa 

a«rooa tho district. Other fault* are approatlastel/ parallel to this fault. 

Still other faults striteo aorth, zsortho&ot; sod oast*

pattoras of tho various typ«a of fold* la tho Keymtoao district ar« 

ahoim by fora liaaa on tho aap of structural tread* Cfl&* k) . Sacii thin 

solid lino on thia aasp shows tho traco of a aiagle horizon. Hoat of tJ»«« 

aro at th* eontaeta of ualta aho*a OB tho goolo^c aap* A fev aro dis­ 

placed «H^tOy fro» tho zieiareat coatact , but ar« drswn parallel to t&at 

oootact. Tho tvo fora liaea pasaln^ through tho eontor of too. 9 ̂ ro drawn 

on astphlbolo aehlat beda that aro sot ahowa aoparatoly on tho iseolo^ic map 

(fi^» 3)* A fav of tho form liaaa hero been roatorod acroaa fault*, i&oro 

thay aaro ahoim aa a dottod lljao, to ludioato hov tho atructura ia interprets! 

folda«**Iq tho araa aorthoaot of tha> aala fault, iaocliaal

folda aro boat ahova by tho foam liaaa la aoca, 9 aad 32 (fig. 4). From



sse* 9 to th» north boxd*r of the as* the laoeUfial folds have a left-hand 

pattern. Anticlines close to the aorth and synelines to the south

Shs* ^winger b*ds lie seaemlly to the aortbsast* ALL but A few dips s*» 

betveea vertical sad 30°, etthsr to ths east or the west. Sosrl^ all 

arm iMrtmsa 70° and 85° south; thus the IsoeUaul folds are la*

These folds are on tfc* nest llaa> of a aajor syocllae. The axis of 

tills syBeliao Is shown going aorthnest through sees* 9 sad 4 (flg« %) la 

position that, though epproactiaately correct, Is %«s*d oa liQpeefeet

of truncated exoss^feeddiog* Oa the esst lirato of tills fold tha fora Ha* 

through the center of ssetloa 10 has a rlght-hsad a»v«meat patte 

Thla relatlyely aliaple psttera dcssiaated by IsoeXlaal folds Is coi&» 

by later folds south of see* 9« A Lar^e exoss fold Is near the

southeast eoraer of seo* 9* Tho IsoelloaX folds aaintain their left-haad 

pattern as they ^o arouad tbe aose of this croa» fold (fig* 4}« Tha erosa 

fold Itself has a right-hand pattern*

Farther south the dip of the bedding and of the axial plants of iso- 

folds beeoass geotla on tha flanica of the late dott»»shaped structure

in the W 1/2 see. 15 (fig* %)« Plua^s of Isoclinal folds are to the oorth* 

vest oa the aorth flask of this doaa. Tarthcr aouth, as the dips

from oorthvwt to southwest la soiug over the top of th* doaw, the isoclinal 

folds also pass over the dome and reappear to the «outh vith a rl^t-hand 

aovqnent puttera (fi > 4). 3ioilarly, the pluo^e changes from aorthvestarly 

oa the aorth flank of the doas to southerly oa the souUmest flank*

The predonlnattt folds of block 71 C, la the 5 1/2 sso* 1$ sad adjacent 

areas (fig. 2, 3, and **), consist of an isoclinal syncline vlth smaller
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Isoclinal fold* on **efc linb. ibrtho* Jumping to tfeo south is needed to 

bcnr this syacliaa is r*lat«d to the »tructure to the vsst ia block VI A. 

pattern of the isocliasl folds la block T is awre difficult to

part* of this block* th* interpretation shewn ia figure ^ Is tiaat 

block eocuKUt* of laocliaal fold* that H«fO bons ««rar«l/ crtMw-folfied. Aa 

antic lln^> ufalcli ha« ataratlsraphlc uait $ in its etmii goes south

MCA. 6 and 7, tbea aortli iato soo* 5> ^ad finally *outbta»t into sees. 

3 aad 9. Tbt aacL* of ciraw-ffclding that @»M through th« SW 1/4 s«e» 5 1« 

the aoin aaeUi around which isoclinal fold* are cro»*-fcOded ia sees* 3, ^» 

16, aad 17* Anticlioe* doc« to tbo «aat and j^nclii^a to the west.

Piun@B« of iaoclinal f old» 30 around th« oo»«« of the lar^e croaa folds 

of figure if ia a ¥»y that shcva thor* aam two acpparat* types of folda, «uid 

that tt» JaoeUnal fold» &zw act drag fold* era th« Hfflb* of the larger foldA* 

?i^ur« k ttb&n pluas«« of ^ and W 3S. ia th« SW l/^ see* 51 acd the 

c«atral part of aoe* 6« KUiagiM ar» oorthaaatarly on th» «a»t »id« of the

oro«s fold that pa»a«fl through **e. 7; figure ^ abowa pluo^oB of 20°

, aod 55^ as* in we* 1?. 1%tt pluaga i« about $5° 105, sear the ere*t 

of tiH» cro«* fold ia tfeo Of IA ««e* ID and 32 lA »«** XT* Qa the east 

aid* of tte aada of this saoa crow foM> a plua^a of 30° 3S. is shown in

3 1/2 o«o* 8.

atructural laterpretation in part of tho beaia for th» strati - 

«equ«nc* of units k ? 5, aad 6 ia table 2. Uiiit 3/ vhich is &t0tm 

from truncatad croa»-b«idi^ in block 71 to b« older than unit k t forms t3*e 

cortt of tlit isoclinal anticline ia sees. 5> 6> T> sad $« It follow from 

this that th« «3qposures of atlca aehist, mica-^raphit* schist, and quart*it« 

(wait 5) naar th« iaterwectioa of s«cs. 8, 9, 16, asA 17 (f%* 3)



tfeaa unit k. la figure 4, thie unit ia ahowa aa the core of aa 

l  yacline. SfgrtlJir rocka, alao hex* laclijded la salt 5,

farther south (fig* 3) in tfce 32 2/fc aee* 21* oa the neat aide of the aaia 

fault. Sack* that art lithplfflsically very alailar h&w beea mapped eeat 

of tha fault la sec* 25 ? thue ladlcatiB^ & boriaoatal dlaplseaasmt of 5-V 

mll««. Both ocurt aod «ft*t of tho fault, tfeft ^rephitlo sclilat (unit 5) &&* 

small foMs vtth a laft-haod saoT»B«at pattoim^ aad oongc<r^ttrrtly i» on

liafc of a »yxaslii» that «lo«Hi to th» vast, m« rttlatloaahip 

litholagle «nridwac« that thft quarta-alca scljlfft (unit 6) south of tb« 

graphitic achiat (usiit 5} id diffoxvot fro« tuad yowasear than the 

to th» north.

la tlui aorthwwt part of th« napped art»«, laoeliaal fdlda ar» b«at 

ia 6«c. 35 «ad adjac«ot arena of block HZ (fig** 2? 3, and 

tha plungo ia geotlo to tho soath. Slocfe 1H A baa a aarlaa of 

aatisliaea aad «ynclla«a» Block HI B aaa one largo ayneliaa that plunge* 

^grMumlly to tte «o«l&« la th« aorthaaat part of we. 35, honfrv«r, tha soda 

1* &roaa*foMod, maA the plung» ia to tha north for a short distance (fig* ^ 

liaba of this »ynclina h«ff» raany mall fold**

folda hero alao tMna rteognlasod ia blocisa I oad I? (fig. 2),

but they cannot ba ahova oa fig* ^ bacauaa of th* Ifick of traceable horisooa. 

La block I? tha iaoeltaal fold* ar« reciadtwit and pluagt at lov aaglefl

0° and 15° oorth or south* Ia block 1 tba dips are steep, aad

are 55° - 65° «o*t*

Croaa f&lda.~C»oa<~fQlAiafl is a aajor eloawit of the «tnj«tural 

terpretetion ia figure k. Thaae fold* have aiallaritlea to eroea folda that



deftozm iKXTllnnl fold* at Lead and ia the Galena-Houbei* area of the 

northern mask 3111* 3/.

2&* for* line going tferoogft the intersection odf sees. 9, 10, 15 

16 (ttg. *) irrttofttes that the isoclinal folds ax* def&and fey a 

eros* fold. Shft isoclinal folds in this area tore a consistent lefr,-iaand 

patteBsu The float lines aad stri)t« and dip ayiaSxjla on tl<$ir<* k indicate 

tliat ia a«c. 9 th« aactal plaoes of tiie** folds strtlce alightl/ vest of 

and iatva aa arerm^* dip betwwn 85° V, and vertical, la the aarthvest 

Of s«c. 15 > howsrwr, th« wcial plaaas havt turned to aa aaat-aorttes-st 

and a dip of about £0° If, In aec. 16 t&*y turn bsck to * uartiieriy str 

a-ad a nearly T«rtical dipt T5aeu« attitudes of t&s odal planes of nlie iso­ 

clinal folds descrlba a cross fold ia vhich the axial plans atrikaa iiort,:i- 

west ead tb« plun^« is about 60° to tiie nortix-aortaveat. This cross fold 

Jaas a ri^it-tand taoveaent pattant^ ia contrast to UK* ldft*liaad 

pattern of tbt iaccltaal folds.

51 all ftr ri^ht-haial crcwis-foldiag explains tho atructur;il pattern 

t&* tsorth central part of sec. 31« A fora line on fi^ore ^. f 

coataet between tlM oldest tno rock units, trends ^rtii-aorthwsat 

see* 30* To tHe south ia sea* 31, Jwverttr, it tarns nest and goes iato a 

fault*

Tb« description of isoclinal folds ia bloci V baa suggested itet 

oartineeaterly treadiag fold extsendiog froo see* 21 to see* 5 and a 

ponaing fold to tfce west are cross folds* 'This iat«rpretatloa is

Soble, 1* A., Harder, J. 0*, and Slaughter 7 A. L., 1^9; Structure of a 
fart of the aortbem 31acJt Hills aod the Hbmegtake miae^ leid, 3. D* 
Oeol. 3oe. Aaarica Bull., v* 60, p. 326-3P,

Bsrg, ^* **> 19^6 > Precaubriaa geology of the Galena* BoubalJc district; 
Hills, 3, $,: 3* D. Geol. Surrey, Sept. Inr. 52, p. 43.



If ti» rock* of unit 3 (table 2 ia block* V and VI are all considered to 

be tern aaoe atrattgraphis unit* Stock* characteriatio of uaita X and 2 «&d 

tlMi eider pejft of unit 3 appear only i& byLotk ¥1* fflbelr iflniinna in bXo&k. V 

is explaiaed in figure 4 by aakiag unit 3 the core of a *xo**»f&2£*& a&tlclioe.

4 fiQatevhat ala^der atruettirml interpretations can be darriaed if tha 

of milt 3 la block ? are net in tit* MM* *txvfcigx«gto&ft unit a* tfe* Utbo-

rock* la mode TC* If thla U «o, t&tt the fold

tltat $ae* oorttewest froa «ecr* 21 to Me« 6 (fig* ^) aay be U»e axiB of « 

ayrwllae la ubich the roefce are progr««aiYely older to the aortiweitt* 

Qree^BKtH^M^ed area of roc&i belonging to itait 3 J^»t wtrt of Sayatoaae 

(fig. 3) WBB&& be diffepsot fsooi and yotta^er tliaa tit* northerly treadlag belt 

^f alsailar 9&eto* that lie i^rther veat. &ae fact t^t tbia 

unit l«a»es o«t at lt» two «od» vould 2ynr« to be 

tloa or a* an on^iael aedtmKit«nr feature.

the aria of tbe lorse ayncllae of block HI B, ia tlM «a»t pert of 

tee* 35 » te« a pattern t&at iadlcate* ezoa«*f9d4i£V3. la tbe nortii pert of 

thla bloci tbe soda gee* all&htly east of aorth- To tbe south, It turaa to 

a oorUineaterly directloa, and the axee of nearby atoor fol4» adopt tte aaa» 

tread* Aa the axie coatim*** to tbe aoutbeaat, it turna agaia to a trend 

t&a* la aUgbtly «a»t of aortiu tbia pattera lodicatoa a eroa* fold that 

haa a left-fcsod aiovaaaat pattern,

Late fle3curea***'Bie roeka bste alao been defoiwad by broad flexurea 

that are aaaotiated with large aaaaea of pegmatite.

Figure k ahcswa that the bedding haa beea 8l«gnifiottntly warped in the 

area of almndaat pegaotitea in tbe 3 1/2 eeo* 17 «ad ia adjaceot area* to 

the east and aouth. Aa IsocVlnftl fold axis drawa pftnillel to the atrike 

of beddias ift *«- 17 i* ^«»t ao aa to change ita tread froo aouth to
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southeast* The dip of bedding freeoaes Bucfc more .sentls tfcaa it 1* to tJ»
;»

to intrusive foxes* of pegnatlte*

To tbe east t&ere 1* another area of afcuodant pegmatite* la tbe north 

part of see. 22* !D»se pegmatites, end perhaps larger Intrusive* at depth, 

say Stave c«tLMd tiw doeal «trtartur« la see*. 15 and 22* 3trtfc* and dip 

ajri^oxa on figure 4 aha* that tk» top of tJiia dop» i« awr th* ceat«r of the 

3 1/2 *«6* X5» ^» &xa ^>* on tte we«t flank of t&U 4on» abowt tfcat tiifl 

laocUrui.1 fold* 2u»w ft l«ft-l»tt£l patt«ra in a«c»* 15 aa& 16, and tliat after 

tii* fold* so over tfea top of ti« dome tiiay aeceMtarily dmog* to ttw ri^irt- 

iuauad fold» abown ia  «$. 22*

dd croaa fold that fee* fc*«a doaeril^d near tiie lut^rsectloa of s^ca. 

9, 10, 15, sa& 16 »iaould al»o pass over tl» top of this don», and should re­ 

appear la »*a» 22 *out& of ths asapped area. Tba aaia fault paa««» t&rou^i 

tins areaj boiwver, lead «vld«oc« for t&* reappearaocQ of U» cross fold will 

aot asessssrUjr ** found. Bvea in ti» ab«*ae« of tfctU «vld«nca. it stUl 

Hatly tbAt tb« eross fold aad tlas doa» ar* two separattt atructurcs 

at different times. Bo apparent ^eonttry eaa ea^Uia liow t^e eross

 a» strilaes aa& dips oa figure 2t surest timt tfce east Hack of the 

doma extends «eross ti» fault la see* 15,* and that tiw doais^; «as later 

thaa the fault, fbls possSMlity cannot be proved or disproved vithout 

fflor* data*

Faulta

15ie Keystoae district is dirided into tvo parts by tiie traaso-urreat 

fault t&at goes sa>rtha«st«rly aeross the district* this fault account* for



tfce lack or any eggpumfc strustural vol&tioa between tl» northerly treadiog, 

*te«ply plunging Isoclinal foMs i& bloc* 71 A and the fold* of block f 

(figs* a aad ^}. Southeast of Keystone this teat fftems ths boundary betwoe 

quart*~aiaa and quartx-al0tt-»twiraUto echist to ti» *o*t aad tho various 

rook milts to the east, $ho relation between the tvse* of thla fault aod 

uopogrftphy indicate* & atoep dip*

la tlw SSI1/1* too* 5 this fault «pllt» lato tm» fault* that continue 

oa «tU»r »ldo of block II to t2lt aortiWMit boundary of tbo aappod arta. It 

luy» alrrody booa ahonn that th* atc«c«ocui and grapliitlc aeblste of bloek II 

can probably bo correlated vltii tlM acld«t» in ti» «ooti»a«t coraw of 

block V* If ao, t&* fcorlaontal dlaplaewwat awKtirad along t&o ve«t «ido of 

blocJt II and tbt oast «ido of block T is 5*1/2 mil*** TJ» diaplac«B«nt bo* 

tmon block II and t&« roelES to tfet «o*t camjot bo datoaadatd* It la cl«ar, 

Jwwrwr, that t&t grapiltlc aeM«t in block IX ia la discordant contact vitii 

rooks to t2it oast that $ae* litholo^lcally wry different, and that t&s faailt 

mat bo larg« (flga* 3 and 4).

13«i dlatrlbutioa of rock wit* ia tfa* ro^Loa aattendin^ fbr 1*1/2 aUos 

aoarthwwit of Keyatoaa indieatos that th«r« aro »«w«srcd maaller faults both 

parallel to and aomal to tht aaia faults (fl^» 3)* Host of tfe* Seyatos» 

said mines are ia this area, aod it is probable tha-t tfeeso fracture* la part 

OOtttrffTl *Ht tho nft ?**»***?! 1 jj*ytloii *

Other faults of block* T and fl timad aorthweat to 3Orth-EK>rtih«mat. 

Theso faults ax* basod OA diacordant contacts botnoon rocka of ualiko llth- 

ology* la tUs m lA SS V* **** 9 («-3- 3), t&* northerly trendln^i fault 

dirties highly gsawttferous achista oa tho vest aat Twry $aartsoso sehists 

oft the oast* tho rocka oa either aide etrijse di«etly tcnmrd the fzailt, 

the fault plane, thou^ aot actually expoa«d r can be located vithia 20 foot



for a distance of 600 fe«t. It i* iwso**tt>la that anrthia^ but a fault eta 

aecouat tor tb* oftMwvoft relations*

V«ry alallftr relation* axe obserrable along parts of eaoa fault la 

MOO* 10 ***! 15« Iffht fflffrtilj wit t ei'ly txvsidlas ffeolt oear t&e IfrtlflKffi Bias 

piae** «Btphllx>Ut« la ti» 3W V1* 3B V^ MQ« 9 (fig* 3)« ^ 

treading fsalt* in "block T B a« bajwd oa »l»llar . though loss s&ti«f actory 

«rrldeaco; tHey am liss>erf«tly feaoiwa b«ceai«« tfecy are chiefly

mlcaceou* »cM«t» th«t cootaia no feed* aaft lcl«atly dlatlactlve to

fault* of t>lock HI la sac, 3$ asad a&jiie«at areas ara aappelOo only 

Tsy vlrtuo of the f^aalblllty of tuMividins nait 9 Into s«v«a azaaller ualts* 

Thla procedure v&* poaalbla boeiKuao of tho sreet ab^rrinno« of outcrop 

tiirougiiout t&U port of ti» awpped ar«a. Fmilt* axti artuaOl^ expoaed la 

five outcrop*: tbseo of tteo* «m la tbe air l/\ 3W 1/4 ooe. 35; oao la la 

tbo SH l/k m l/k »«c. 35i aad on» 1» la tHo lift l/k m l/k aee* 2 {fl£, 3)* 

dipt la tboa* flto pXac«« rang* fron 63? W. to 35° 1* 

tbo fault* fbrnHog tha ««*& sod north bGwndarle* of block HI are wfecre 

subdiidlAlo^ui of uait 9 *^ttt Agstlsupt thg ^uartAGMMi ieitl*ta aad ^usrtxlto 

of tloeka I and XV* Tb* fault at th« *a»t gld* of blocX III ha« % low dip, 

and t2su« Is presumed to 1w « tJaruat fault, tlte fault aloag to« aorta bound­ 

ary of liloeiK XXI «vid*atly «3rt«od»  net to form t^o bouodary Wtimcn bloci* X 

and IV, Block X has *to«? dlp9« vostorly atrUsea, aad aotitareto to steep 

la contrast, %loe& HT ha« goaUo dtp«, aortherl/  trlluw, and lov

A few of t&o po^n^ltwi *** out lay T»ry anell fetult» aot abowx om tba



tbrougliottt %int BSftystooe district ia

parallel. to beddtag* 2bis aaMstoslty ia foraad by tbe tabular 

orientation af adoa, and ia araafc aor* rand fly appaxaat in sdcaeeoua bads 

titaa ia highly tjuartzose bads*

la anay places tfe* dlvsrsaaca batvaaa baddin^ and  cMatoaity, Ujou^ 

am&ll, is larsa oaou^Ii to be aaasturad and aboim on tbtf saologia isap (fig* 3)* 

acittstosity nay ba in psxt aft ^yf y? lAifuMt aoikistdait^ in

folds* S&T*Xy, ia tJxa oosas of aaaXl iaociloftl foOda^ lar^o aa^iaa of divesv 

iwva boaa obaainrad* On tlui otiiar i»nd, *$taB$&s to usa

batnaaii badUllng aad schlatoalty to tntarpr*t tb« structure of 

baan

It IHIIMI likaly tUe gchtatoaity vas aodif led by joov«wit« along 

during Later f&Ldisg aad duriag owtfiaoBorpMam, Tiiua^ it ia Dot 

tJjat tba Oivargjaaeo batwaaa aoMatcait/ and baddiag doas not bear a 

to ^m^ folds*

A aacroad actiiyfeofflty has be«a davalopad IA tlia ^uextzoaa bada ia

IZZ* Ia t&is safetstosity acUa* ara oriamtad suefe that tha dip is south 

to vast at aoglas of 15° to 35° (fig* 3)* tbaaw is 00 appa«at r*JLatioa be­ 

tween tliis aehiatoaity aod folds*

3agttaaea of StrtKitural

folds and canoaa folds liava been fouad in aaoy parts of tba

Hilla, thay w» tha atOy structures of tba Kayatoaa diitrict that 

so raadlly apparent relation to tba pegaatitie intmsivas* %ba faults^ 

grada asetaaorjjMma^ sad late fiaauraa ara toowa only ia tha

araas of t2ta «out3a«ra BlacJt Hills, and ttas ara probably related to tba



iatmstv* activity* tba pegmatites tbeaselves ; hoverer, ars undefarmed; 

any teutonic events associated wita the iatruaion of pegsatitee vere either 

Just before or duriag iatruaioa.

Xsoeliaal folding is the oldeat recognisable atm&tural event. The 

isoftliaal folds «m defonaed by the eroaa folds foraad during tlMi aecood 

«ta«a la tJaa structural litatory of tba ragloo. 3a» laoeliaal folds 

also diaruptad by iatruaton of tba ortiao-ai^hlbollte, aapaelaHy ia 

S3 l/% sao* 30 (fig* 3)* 3bt ralatloa batvssa tiia aapiiibolltaa aad croaa- 

foldlag, fcCHparar, is aot olaar.

Tba laocllnal folda, croaa folds, and asrphlbolit* ar* cut by f»ulta. 

Taultlag v<M ia larga part prior to tha p«a& of 2»tsaorphiaia, but it nay 

hava beaa partly coataaporaneoua with aetamorpiilsa. Whera faulta arc ax* 

poaad. tha fraeturas sro so taorou^pily baalad tHat they cannot bo sa«a 

raadily avea ia outcrop, loa* of tha obaanrad porphyroblaata of ataurolite 

aad garnat adjactmt to fault plaaaa are daforaeti, and thus they auat h&ve 

eryatmJlliad after th« last fault aovaaaot. A poaaibl* fault breccia jbas 

been ssaa oaly whara tha soutfewtst branch of tl» mala fault crosses II* 3, 

Highway 16 1»3 alias nortlwaat of Keystone. Tha fragments hare ahadovy out- 

liaaa aad are difficult to record la* They could vail belong to a aata* 

aorphosad ooaglonsrat« nara it not that they are ia a fault aad hare the 

sea* co^poaitioa as tha adjacent seaist.

Blsaviisra ^ tha aouthcra Black Hills faults have been fouad that aay 

hare had sons movenant duriag iaetasx>rp)Kis«* Aa eyample Is a fault about 

3 ailea north of Cuater. Bars tha regional seaistosity is approximately 

normal to tha fault plaaa. lor a distance of 100 fast outward from the 

fault* however, a second seaistosity parallel to tha fault plaaa coa^letely 

masks the regional sealstosity*



Tha rary *a»ll faults that cut pegpatitee are the caly faulta that 

are definitely later than tha aetaawrpMffla.

If the attaa&rphlsai was later than faulting, tha oleas and other aln~ 

erals that cause tha achistoslty of tha Keystone rode* must have crystallised 

la their present item aftar tbe faulting. Tha faults am undeforaed by the 

iaoeliaal folds aad cross fold** It Is probable, of course, that tha roeks 

had m achiatoaity before tha faulting; lover ^rsd« aa«taiiorpM« rocka 1m the 

central and northern Blade Hills have a scMatoaity. the opportunity for 

dating prorlded by the fmilta, bowrrer, auggasts that the aehlstaslty as 

It Is aov aeen la the Keystone district Is a pxoduet of tha growth of micaa 

along the earlier sekLstoslty, along bedding plane*, and la other directiona* 

this account* for the fact that in the Keystone district, the angular re* 

iation* between bedding and sehlatoelty have not been useful In interpreting 

the structure of Isoclinal folds*

The flexures associated with peasatltes are tha latest stage of folding* 

These Bay have deformed the fault*, but no conclusive erideace, one way or 

the other, has been found. Both the flexure* and hlgh^^rade aaetaawrphiam 

are ehareeterlstle of pegaatite-bearing arema, aad thus were probably 

eeaentially contemporaneou* with each other.

HttanorphlSB

the Keystone district la la the region between the allHaaaite*rleh 

rocks of tha Harney Fe«k Area and the cnloritic and micaceou* rocJca of the 

central part of the BlacJt nils Precaaft>rlan eore« Sllltmanite occurs only 

la the south and southwest parts of the Keystone district (fig. 3), and even 

In this area It Is an uncoomon mineral* aaraet and staurolite, hovover, are 

abundaat In all rock* of appropriate composition throughout tha district*



Garnet occurs la idlofclaatic crystal* that ordl.rtpuri.ly hare A disaster 

of 1 to 2 nsa*; crystals largar tbaa 5 a»* are rare- laclusloo* la sunset 

am scarce* 3-taurolite caa be found la aluminous $&&*e* of ail rocks of 

t2a» district * It i« idiobJUatic aad jori2yrobla«tio in fcabit,

of virtually all other sdstersla of these rocka tore been recognised ia 

Sillisaatt* occurs vltii taarta scad !^3coirlt« ia uranll

la aluEalooua ec&tsta. Karoly are tiiseo a^regat^s store tiiaa 2 sa. ia 

Cisznin^toalta , treiaolita»«ctiiiollta, aad combl^ido are Uta

of Jaetajaor^oa^d iroa formation. C^S3d^$toaita aad tressolite oay 

in abnndnnc^^ sad actinaUte aad borableride siay increase to^^rd 

y "but not eaou-sh p«tro^rapMc v?rk haa been doss to substantiate 

conclusively. It la certain, liowevorj t&&t t^re are

tiia aaapiiiboLU vltli lucreaaia;| aetaraorphism,

doubtl«j«* in pert reflect cos^itloa of the original

la areas coatalalag maay pe^9atitea } atirarollta sad

replaced by quarts oad aieaceoua nlnerala. T^e best material found 

coasi3ts of altered staurolite la several drill cores rr 

nisar tii« center of tiie S 1/2 see* 3* Idlobxastic staurolite 

relatively fev laclusicias ia 2OB3Esoa i£i aucii of ^*ie arcs near tlie Peerless 

? eepeeially to the aortSspeat aljcaig U. 3. Higfcsmsr 144 a^tei aortia frsza 

drill eores at the Peerless niias, iowsyer,

of

^ @nd 'oiotlte. 3o@e of the p&eudoasorpi^ coutain resmaata af 

, but in otbsrs no stsurolita has beea found. Pseudossorpha that

only partially replaced cental a sjuscavlta, quarts, chlorito, arid

in a liapbaaardly distributed fashion, ^e best developed pseudoiaDrph cx-

voa 1.5 em. by 2-5 cm* ia crofi^-eecticm snd had a euhedral



fora (pi. 2). The mineral* of this pse^iomorph are Muscovite (50 percent), 

quarts (20 percent), chlorita (SO percent), and biotite (10 percent)* All 

of these sdaerala except quarts have a conspicuous aoaal distribution* 

Biotite is chiefly at the rim of the pseutomorpb in a zone 0.3 am* vide* 

Muscovite ie concentrated in aa intermediate zooe that hae an average width 

of 5 an* Searly all of the ehlorite ia in the core of the pseudaoorph.

Ae Toder indicates =/, metaaorphiam of argillaceous sediments ordinarily 

requires the removal of water from the rock. The breakdown of ataurolite 

to mica and ehlorite, however, requires the addition of water from a nev 

source^ presumably by the escape of water into the country rock during 

crystallization of the pegmatites S/. Potassium may also have beea obtained 

from pegmatite or from some other outside source, but this is not necessarily 

so* Doubtless the ?e:% ratio in the biotite of the groundmaas increased 

as iron was obtained by destruction of ataurolite, and at the same time 

potassium would be released to enter minerals in the pseudomorphs. Thus 

extensive sampling and analytical work are necessary to shov whether or 

not potassium was added to this rock.

the introduction of this water and the emplacement of the pegmatites 

most have followed the peak of aetamoTphiam to the stauroiite and sillioanite 

grades* Similarly, Sodden ̂  has found that in aa area southeast of Ouster

I/ Yoder, H* 3., 1955 > fcle of water in aetaaxnrpbism, in Foldervaart, Arie, 
and others, the crust of the earth: Geol. Soo* America, Special 
Paper &> P" 503*509*

2/ Zdem* p* 5^J3*»580*

Toder, 8* 3*, 1952, the MsO-AlgO^-SiOg-HgO system and the related 
morphia facies: Am* Jour* Science, aowen volume, p* 619*

V Bedden, J. A., Written conaa
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Quartz-mica-chlorite schist at depth of 3U.8 feet 
in drill hole 5, and 35*5 feet from the pegmatite contact. 
The groundaass contains quartz (50 percent), biotite 
(25 percent), muscovite (20 percent), chlorite (3 percent), 
and titanite (trace)  Pseudomorphs of euhedral staurolite 
crystals forming 5 to 10 percent of the schist are composed 
of muscovite (50 percent), quartz (20 percent), chlorite 
(20 percent), and biotite (10 percent). In the pseudo- 
no rph shown in the thin section, biotite (B) forms the 
outer rim, muscovite (M) forms the next layer, and 
chlorite (C) is concentrated near the center of the 
pseudomorph.

PLA1E 2. PSEUTDMORPH OF A STAUHOLITE CRYSTAL
(photomicrograph 2-1/3 times natural size)



giUiamnite crystal* are def oroed by folda tfcat controlled the

of pegmatite** ti» pega&tlt«a, therefore* vex* intruded after tte peafe of

Approximately 650 pe^aatite* &sv* beea mapped la tiw Seystona district* 

Of these, &0 are soaed* The waaiader am about evenly divided feetvees* 

kosaoeeneou* and layered pegg&tlte** H&e very large pe^atitea extetsdiag 

ov«r broad area* la 0ee«* 7* l6> IT, 20^ aod 21 are layered, and tha 

of roci in these lar^tt latrualTea greatly aurpaas^s tiie quantity of rock 

all t^9 other pe^aatita* of ti» di«trlct.

Ail but about 30 of tb8 pagaatltea are esseiitlaUy coacordaat vltii 

t&t country rock. Fi^ur« 5 is a s-Ureo^rapMe projsetion of 160 strika 

dip readings aloag contacts of tb«9« 30 p»g&attt$a* Tiia dominant attituda 

id a aortheaaterly strike aod a nearly vertical dip* Pe.^aatite* b0?i^ this 

attitude are ao»t abuadaot in swca. 7> 3, and 1?* $&e? bttr» aa ave

of about 10 feet ; but their len^tha are cccmsaiy very great; tiree of

aro iaor« tliaa 0*5 ail* lon^. Theae p«^satitca ara noraaal to Uus mala 

treading fault, aad pftrallal to small faulta that ^o outvcrd

fra» the aortfcvestsrly trending fault** It seems likely, therefore, that 

thes« pe^aatite* were eoatroUed by fractures forswd duriag faulting.

Moat of t&e zoned pegBatites are aovt or lesa Imperfectly concordant 

vit& tlie scliistoaity of tiwj country rock aad plusLje parallel to i3ccliaal 

fold axe** Of tbe zoned pessatitea listed in table* 3 aad k f ooly tta 

les*/ one ftepwxt of tlie Moate Carlo, and Uw ling Xoda ^gaatite* are con­ 

spicuously discordant* 3cB»seaeou» and layered pe^aatitee tend to be sotaevfcst 

longer and tfciaaer tbfia aoaed pegeaatites* .%ny of tltesi are tabular iatruslves, 

eitbar coacordant or discordant witii tbe schist.



Figure 5.--Orientation of l60 poles to discordant contacts 
of 80 pegmatites. Contours at 5-5-1 percent. 
Dots are poles to 32 discordant quartz veins. 
Plotted on lower hemisphere of Schmidt net.



2*$**td ptgBfttita* prtdOBlaatt along tat tetxtatra and

of tat »a$god aita (tig* 3)* All of tat T«ry largo ptgwaUtea oo

tat sap apt laynrtd pafpatitat* BoB90ttttOttt jptjjjtatlttt hart frtfttti rtfrogniiaft 

frat tat couta td$i of tat aasptd ana at far aorta at Jfeyttoot* Zootd 

p*0Ratit*t am oonotntrtttd in a bait 1 to 2 &Ut* iridt that goea f torn tat 

touthtatt eoxatr of tat aqgptd avta to tat 3tf lA MM»« 31 (fig* 3)f and 

tatd uttt toward Hill City (fig* l).

Ajgt dtttxvdUaatioaa of tttjrttt from tat Boo 2a$tno21 So* 1 aad JNmrXtat 

$egtBtitat hwm ttttn ntdt during rtetnt jtart at tat Laooxtt GaoIogLcal Obatrr- 

atory aad tht Carotgi* Oto^tiytieal laboratoxy* fst r«»ult» abowa btlow bar* 

b««n raealcnlattd utiag tat latatt dtttzsdaatioot of tct pbyaical eo&ataata i' *

Apporant age (million* of ytart)

Hb/3r

Bob Uraninitt (C) 1^80 1600 1630 
Za®wrtoll Urmninita (L) 1615 1^15 1^30 1370 
8t* 1 Muwwlta (C) 1550 17*0 

Upidolitt (C) 1360 
(C) 1625 

ftotrlttt Moaeovitt
)(L) 1615 

Muscovite

unit) (L) 
Litbia mica

Uait) (L) 1270

C - Camtgit Q«ophy»ical laboratosy 
L * Loaoot Geological

tat agt aay bt takaa at 1,630 Billion ytavt vita a probablt unctrtaiaty 

of ± 20 Billion 9tai« »* Thia agt it IndltattA by eooeovdanet of tat

I/ Kalp, J« t., Writtaa eoaBuaieatioaa, 1957 < 

2/Xdm.



uraniuavleed ratios nita the potassium-ergoa date of coarse wall soot BUS* 

covlt* sad also vitfc the rubidiu»-«txt»Uua dates. The expert marital error 

for ttrsaiiaft»ls«& ages is + 2 percent sad for potassiuB-argoa sad rubidium- 

atroatiua it is ± 3 to 5 percent, though the rubidiuo-etrontiua a^e of 

ffiuacovlte may here a slightly greater error (perhaps ± 100 million years) * 

The lev potsssi\A»srg9tt ages are probably caused by the loss of A*® ia min­ 

erals that are ia sasll or poorly entered erystsls. The tiae of pegpatite 

fonnatioa ia the Black gills is one of the best established points of the 

geologic tin* seal* i/. Msasursas&ts are in progress at the Laaont Obsarva- 

tory to shoir whether or not 1,630 million years is also the age of oeta- 

sorphisai*

layered Bsgnstites

The ehief layered pe^satites are the very large Intrusive* ia the 

3W I/k see« T &ad ia the southern pert of the mapped area ia sees* 16, 1?, 

20, 21, sad 22* Many of the tanner pegsfttites, however, are also layered* 

Most of the larger iatruaires sad many of the smaller ones are sills; sons 

of the sasll oaes are dikea.

The distiagpishiag ohsraoteristie of this rock is & layering, ordinarily 

vaguely defined, constating most comarmly of alternating coarse-grained 

perthite-quartx-plasioclaae pe^atite sad fiaer»graiasd plagioelsse^aarta 

pegaatite. The layeriog geaerelly is parallel to the pegeatite eontaets* 

The overage thiekaess of layers is about X foot, but the nmxlrBua thickness 

is at least 10 feet*

\J Kulp, J. L., Written coaawaication, 1957-



Tbt overall coa^ositioa of layered pegmatites orciiaarily la in the 

range: j?Ia#loclasa (alblta ami oUgoelose) * 30 to 45 percent; quarts * 

25 to to percent; perthlte * 15 to 25 percent; wad auscovit» * a to 10

percent-

Coajrse-jpraiaed pertiiit«*quarta;-plagioclaae pegaatita- la rarely foiaad 

la eoateet with tba wall of a pegmatite; aicost imrariably tlaera is aa 

Istesromiag layer of finer-grained pegmatite* An eacceptioa la la a road 

cut la th* 2S i/^ W V*t ^ V 1* MO* IT, «&**» & rracture-flllln^ oxteoda 

outvsrd across fla^gralaod pcgaatltd to tiw acMat contact aad ttei follows 

the aehiat coataet for several £eet "beforo ^riiig out* 3ear ®&s& contacts 

t^s f ina-graiaed pla.;ioclas«-Quarta pesffzitita becooes co&raer la texture 

aod sore quartzoso viUiin 1 Incfc or lass from &h« coatuct.

Tl*o fln«r-^rained l^yerti consist of very f taQ-^ral38d to 

or

Is Tery fino ^rained and 2ms sa aplitic testurts^ It consists

of pla^Loclaoe (^5 to SO percent )> but also containa ^u^rts (15 to 30 percent), 

suseorlte (1 to 10 p«pcaat) f mlcrocllae (0 to 15 j^rceat), tour^allrio (0 to 

5 p«re«Bt} t raddlah ^xxs%cx garnet (0 to 3 percent), and very smll q^umtitl&s 

of ot&sr adj3«rala. «ber« tb» jraia aise Is fiiMi to asdluia, tisa roeis con- 

taiaa lees pla^ioclssa (25 to 60 percent) , n»ro quarU (25 to kO 

aad rar« garnet (0 to 1 percent); tha otlier adasrals are not 

Host of tba plagioclaae is alblt« arid tli« rest is

of tlio f laa-groiasd layer* coatala fl llaa rocit ' , vtilcli is ia all respects 

as described on previous pages la the general description of Blaci 

matit*** Oaa of the best exai^les of Il2i&-rock Is s^ovn on pl&te 3* 

Ordinarily "llo«-rockM Is pftrallgl to tto p«^a&tlto eoatset, but locally it 

at & stroag aa^l« to tUt eaatact.
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chief constituents of the coarser layers are perthite, plagioelase 

(albite and perhaps olijoclaae) , and quart** fh* aoet eossesan form la

giocla*e pegaatite consisting of coarse to very coarse

perthite or graphic granite crystals in a aediuo^graisad groundmaaa of 

^uarta aad plagiaelaae* 13w composition ordinarily is la ta« rouge: pertnite - 

25 to 30 percent; quarts - 25 to 40 percent; plagiociase - 20 to 30 percent; 

amaeovite * 1 to 5 pexeent; sad touraaiiae * 0 to 2 percent* !*os cosssoaly - 

coarse- ̂ ralued iayera coaalat only of quarta or of quarts and pertaite in 

ieatlcuXar to

coarse-ciraiaad lasers are aridaatly segregations tMt 

after t&e erystallUation of tlie adjacent tis3®~&ee&®&& layers,

^radational coatacta, aad so far aa can b« ckrterssined they are 

by floar-^rsULiied pe^mtite* Layering is parallel to

contact and ordJLaarily la mot associated uit& fracturaa. Coarse 

ara fairly evenly distributed tnrougnout layered pe^satiteo; t^y do 

act £ave ttoe irrecular dlstributioa that would ^e expected if t£ey forced 

by latrusioa after the finer»grained pegsatite hod, erystalli^ed* On t&@ 

otbsr li&ad> there is evidence that they cryetallisod later than Uie adjacsat 

fliier~;^raiaed layers; they ordinarily ei^bey Gad fein finer-drained layers .
t

tounaaliao crystals in the outer parta of cosxs«- ̂ raiiicd. layers &r® 

perpendicular to the contact* Contradictory relation* can Is* 

indicating that there ^a&y haws been scsa overlap in tlrso ^et^een t-ie 

aatioa of coarse* aad fine-grained, layers that are la contact Kith eacii ot^er. 

In a^^aral, iiovever, eoarae-srairwd layers are younger th&n adjacent fine* 

grained layers,

Hithin ee*T8«~gmine& layers the perthlte crystals are caszsonly corroded 

"by the grounaasss of quartz and pls^ioelase* This quarts and pla^ioelase



is very similar* and ta maay places grades iato, the fls«r*sraXa«d quartz 

and fflagioclase of t&* adjacent layers. "2iu» then* is eooaiderafcla 

in til* ttas of crystallisatiaa of tlsese minerals* Furt&enaore t&ese 

tioss feave osl^r XoeaX paragpaetie signiflennee; they 40 aot aaaan that a 

coarse layer in one part of a pe^aatlta ia necessarily yoiin^er tima tte 

Is^era that are aoae diatance away. Flue-graiaod lexers ia the outer part 

of a pe«^ifttito, irtiere cryatcOllz&tian ordlaorily wovOd begia^ say vail be 

oidar then ooarse^^raJUied layers oeor -the caster of t&a pe^astlte*

2*rscturo- fillip units la layered pegBBatltaa of tiie Seystoaa district 

of |wrtMte«K|M@rt2*pIa^ioela«e» qu£arta*i?ertiilte , or quarts

tiiey are enricbed la aaiscovlta at tiseir outer od^.ea. 

petp&tlte of tl&la sort at t&e Hesnard aiia^, 3& l/k sec* IT, 

about 1 perceat beryl* A fov fraetnre-filll46 u^ita are ^raXlal to 

structure » asd yiier« tfces« coaaiat of 

thoy sag^r b« virtually Indlstia^aaaabla i^rcsa

pe^aoMte «outijwe«t of tbe Hg Chief raljio, in the 3S l/^ see* 22 > 

ualta of thia «ort t&at are coaaidarod to be fraeture^flXLki^s ratiier 

lasers because of t&s eartressa aMrpneaa of tiaeir eoatacta. Oas 

a this pegaatite coataiaa spodtaaeoe* ^Uentaere la 

JUtMum sii^srala Isaire not l^eea recognised*

fbe best eixsmplea of layered pe^aatitea witM^ t&e aspped area are 

very lor^e peg^titea la $ee* 20 aod adjacent areas to the east aa& north. 

la addition to the aorand la^erla^^ sosss of these pe^a&tltea Isa 

caaiecd by multiple iatrusloa. la tlia central part of the f 1/2 see. 20, 

geologic imp (fl^« 3) siiova oany places wbere sm.l£ pe^amtltc* coalface to 

fora larger ooe». llbe outer parts of these asaaOl i^^aaatitea are

tea inner parts , aad vbore several of tb&se pc^oatitee coalesce 

sequence of fiss* and coarse-rsrainad lexers is forced*



Xa tbt long oarrov dike* of w«»* 7, 3, aad 17, layering is lea* veil 

defined than la the larger intrusive* to tin aoutii and vett. The 

of ti»*e dike* 1* distinguishable eJaiefly % tbe aloo^atioa of 

eoaoi*tl3& of p«rtMt« crystals la a -^rouadaaa* of quarts and pla^

tJmt are core Qoarse~*££*laed tfcaa tfea quart* and pls^^ioclaae of t&a 

jraiaied layers. Layering la b«tt«r developed aloms t^t coatacta thaa in 

the eeo&er of tiisae

peg^atltoft con3l»t of 13* sasa aiat^rial yirtuall,/

iatrualve. Thla Ixirdar and vail zone* can be r3CO:3ni2cd ia

re,:;artied bere as hcoo^-sneoua, but tiiey ore ati s^ost aa 

eiesent of the «trueturo, Frasture-flllin;^ unita coaslatia^ of qunrta or 

of ip&rts and pertiilt« occur ia jaaoy bcsaoc;ea«ouai pegaatlte» $ but otiier 

typoa of se^resatioaa anriciied la qucrta and pertMta ara rare.

Mb«t of the iaaaogen«oua pc^mtltta aro saaall tafetilar to Isatlcular 

latruslvaa, usually cosaeordarit with ti» «aolosin^ schist. A fev are 

asd thickly lenticular » The larseat Is tii» ^iazaond Mica aortii 

tJaa M l/k s«c. 17» this p&gBBtlto baa a tear-drop sliapa^ and ia very 

similar la outifard fosm to the a*arby Stta po^a&tite*

pogjaatltes ordlztsrll/ conaiat of quartz (25 to 

(20 to 35 percent), pcrthlto (15 to 40 percent), ouscovlta 

(^ to IS percent), and tourmaline (l to 3 ^rceat)» l^at of tt» pla,;loclase 

i» albite, tmt «oma 18 olijoclafte* AH Uie rnla»ra3,» ©accept perthite are 

fine- to s*diusK<£raiaed. Perthite cryatala are eoarae* to very coarse-

i ti» largest and oc laucii «  15 foot aerosa* the Xsrgo crystals of 

are lator^romi vltii quart* to farm .pre,phic granite. ?erUiit«



crystal* a** «abay«d aa& corrode by lat-ergroi© ^pmodises* artiwralt coa&Ut- 

of <juarts and. pla^oclaa*. A* ia t&* lateral pagntlfctt, these 

c rol&tios& flura si ggi.ff t^ntfe only locally s tfln>y t YK! 1 c%t

ood pla^ioclaaa in eootaet vltii a perthit* cryfitad are yous^er 

crystal, mot tJMit tb«y «um youa^«r ciiaa all tte partMt«

of ti» l30iBo^en«wu« iatrualvcs coaaiat of

pe^aatlt«, Faw, If aay, of t&mo pe^aotit«s are oora tiisn 10 

thick sod ISO feet long,

3&» averag* eoc^poeitlon of U» Qi^aemd Mica, aortli pe-^sUte 

1?) has !>e«a estioated from diaaoad drill cora aad surface e 

to b«; quarts - JO paKWXt; albita * 27 perr^^at; p«rt2Ut^ * 27

* 15 perceat; and touiaali^e   1 i^rcont. 2&is Is clos« to

of all hoFroe;encc»?fl p^raatltea «sc«pt that t£» 3iusccrrit«

content is aoesjviiat hijh, and Uia quarts mad plagioelasa 130^' &* loir,

Th« vary ainall border and wall soaeft of ixxBogtmaou* p«{riaatite» coaaiat 

of n,i«- to oadlosi-^nilaett albite-oli^pclaa* (2$ to 50 psrceat), quarts 

(25 to ^5 p«reezKt} ; asuacorita (10 to 25 i*reeat}, aad tounaallae (l to 5



Zoned Magnetites

Many of the zoned pegmatites of the Keystone district have been sapped 

at aosles of 1:2^0 and 1:M30» the data to be presented here vill consist 

chiefly of material that is significant vita regard to genesis and to the 

relations of the zoned pegmatites aaong ttenaelves and with other types of 

pegmatites*

Data for the 19 aost important soned pegoatites in the napped area, are
' * . *  
presented in tables 3 and k. An additional 21 soned pegaatitca are koovn

within the limits of the geologic map.

Zoned pe^GBstites range in aise from bodies a few inches loag to very 

large pegmatites like the Hu49D> Peerless, and l»bate Carlo, each o? vnlch 

contains more than half a million tons of rock. Even the largest of these, 

hovmvar, are far smaller than the lar^tst layered pegoaatitas*

Mo«t of the zoned pe^aatites are lenticular (table 3); the toiak 

part of the leaa, however, is ordinarily oearer the top than the center 

of the pe@aatite* 3oae are teardrop-shaped to pipeline* Two discordaat 

pegasatites^ the Peerless and the King Lode, are crescent*shaped* The 

Mison is a multiple intrusive consisting of several tabular to lenticular 

pegmatites, yfalcii, taken together, give the entire body an irregular form*

All but three of the pegmatites in table 3 &&re generally concordant 

relations, though locally all of them have cross-cutting relations to tii*



Table 3. Important zoned pegmatites of the Keystone district
-.38

Name Location Shape

* Big Chief

* Bob In^ersoll No. 1 )

* Bob Ingersoll No. 2 ) 

Bob Ingersoll No. 3 ) 

Bob Ingersoll No. 1; )

* Dan Patch

Dan Patch No. 2 

Diamond Mica, south 

pegmatite

* Dyke Lode

* Edison

* Etta 

Eureka 

Hardestey

* Hugo

King Lode 

Monte Carlo

* Peerless

Sitting Bull

* White cap

NE i sec. 22

SE 4 SW t esc. 31, 

and NE 4- NW 4- sec. 6

NE 4 NE 4- sec. 7

NW t NE -4- sec. 7

SE 4- NE 4 sec. 17

NE 4 sec. 21 

SE 4 sec. 9

NW 4 NW 4- sec. 16

SW 4 SE i- sec. 15

SE -i NE 4 sec. 36

NE -4 sec. 17

SW 4 SW £ sec. 15 

NE i NE i sec. 17

SE i WE i- sec. 8

SW 4 oec. 5

NW 4 NE 4 sec. 16

Lenticular 

( Teardrop

( !Mckly lenticular 

( Lenticular

Lenticular

Teardrop

Lenticular

Thickly lenticular

Teardrop

Multiple intrusive consisting

of several tabular to

lenticular pegmatites* 

Teardrop 

Pipelike

Thickly lenticular 

Multiple intrusive consisting

of two thickly lenticular

pegmatites.

Crescent-shaped, concave upward. 

Multiple intrusive, consisting

of a thinly lenticular

pegmatite and a thickly

lenticular pegratite. 

Thickly crescent-shaped,

concave downward* 

Thickly lenticular 

Lenticular

* Pegmatites of major economic importance.



eountx? rocfc. The pluaga i* pgamUel. to tfc» plwage of isoclinal folds.

as tbe iaoclioal folds bav« bcea def ora»d by later folds and faults .

tfcs atUtud** of concordant atoaad pe^aiatltcs differ greatly throu^-jhout tfea

district*

fbo discordant pc^a-Utea an ti» Beerlesa, Hoai® C&eOd, and 

'2he Peerless pegaatits In sectioa bes tt® fona of a cresceat t&at Is 

i tise attitudes of tbe tvo Umba suga^st control by fr^tursa 

33° W. an& dip 45° 3S and 3y. Sis Masitd Carlo p^aaUt« 15 a 

Intruaive la ^bicb t&» largest of tfae t«o sor/xjasat bodies 10

lenticular and diccor^Umt. 2ha Klog Loda is Latrusi'/e into

of

aiaova tba de^sme of aicersl aa^eabl^^ea In ^oned 

of t&8 ISsystoae district In tha fona orl(stiM3.1y used bj Cs&eroa asd otwi&rs 

aad ot2sora ^ * Tbe Ke>Trto«e pe^^aatitca coataia all of 

ia tlio .^aaral soqusaca reco.^iised ia ot^ar

of t&a OnitaA States* la ^xtlculwr,

are umisuall^ mil repreaeated* ?igurea 6 aad ? show tha 

structure of two soaihi pej^mtitea; (l) the Blj Chief > wtilca 

oatlrely of pertiiit«-<iuartx-oabit« acd quarts pegsatlta, aod (2) 

vMch coataiaa rsaay uaits.

Hha outormoat uait of acarly all of t^eso p@^mtites corulsts of 

to nsEdlma-sraiaod quartz, plagioclaso, sad rauacovlte. ISia content of

I/ Caiaeroa, 3* $., Ja&as, B. B», McUalr, A, B«, aad £&a$* I** ?««, -, 
strueturo of granitic pe^mtltes: iicoa. GooXo^r ^a« 2, p« ;

aad o tears, op* cit., p* 15-16*
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decreases greatly IBW&S& from t£* contact, but psrtaita fcseoass aa afeisadsat 

jsiaorai* All fcut two of tiw pegmatites of tsfel* k contain perthit^-rlcij 

soaea of assemblage 3 <*?*** ia uaica tto* pertaite Is v«ry eoarss~gralaed aad 

the otter adnsmls are aedium* to eoarsa~*iraia«d* Sits psrtaits«*riea units 

occur as itooda la the upper part of tisa pegsatlts* At ti» Ba£O a 2«>nc con- 

sldtlog of ass«Ql»ls^» 3 hes be«a subdivided into t&res aasaller untta 

of vfelca Is shown oa ti» rioirt-fcaad si4s of flours ?  Tbe outer asd 

ports of tills wilt eoaslst of perWiitc»quartz»albitQ pet^aatlto contaiaing 

siors t^aa 50 percent psrt22lte. The pertkttd Is very coars«-sraiaed; ona 

crystal vas 32 feet loag sad 10 feet by 10 feet la croas-eoctloii, sad siucia 

crystals have t^sea oslaed ^ . DowaworO. sad inward this Is

coatalaiag 5 to 50 percent

y, la th« lowar ports of t&a pea^atlto^ tills uait consists of 

^uarta-albite peipatits containing 0 to 5 percent portalta* 

pertMt«-rica units are ordinarily f ollo^od by very

ualts iacreasia^ly ricli la quart*. Otasr comooa gjaaanils la sssssfelages 

5*3 aro pXa^loclas«, apodiusena, ambly^ouite , sad pertalts* ¥ba fiaal unit 

ia alas of tiw po^mtit^a oa table k is a quart* eoro*

02ire« of tiw pejsaatltes la table 4, iwwsvcr, hav« coreo vitii a rela­ 

tively low cooteat of quarts sod a al^a content of aii^srals vita allies. 

watar^ aod fluorlae* Tza Bob la^srsoll 26. 1 pe^^satita has a core 

of

Peerlees pe^mtltos eocii liave & core rlea la a ^ray :r litiiiA aicaH

and a jsoas adjacent to tbo cor« tlaat consist* of quarts aad uon-pertiiitic

aicrocllae (ass«&3bla^» 10}«

I/ ocirwartat $« M., peraoaal cajzjunicatioa^
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"Uthla alca1* Is a field aana u*ed for a fine-gralned gray idea In 

aaaevfclaga 11 that la vary almllar to lepldoUta- eaaoept that it la gray la 

color aad haa a auoh lover lithium eoateat* Optical data and partial 

ohefrtCAl aaalyac* su^gaat tJart It la a HtMtaa»rlch aoaeovltft, but Biore data 

are needed*

The Hugo and $&rl«aa pegmatltea also eoataia replae«ntnt unit* that 

outnard from the core aad cot acroaa ti» sonal atrueture. The la- 

trodueod minerals SXQ docdaaatiy fln«-srctlncd lithla mica and cle«vclaadlt 

iadlcatlag t2iat tl» porjaorfcolytlc or hydrothernwl fluid* that eauaad tlw 

replaeasamt "bodice contained alJcalics, water ̂ and probably fluorine.

? ahovs that tw» replaceaent unlta more a»pped at tb* Su^o: (l)

roclia«-llthla aaica pegmatite, whloh replace* Izmer «ooea 

aad (2) oleacralaadite-quartx^lltlala adea pegpsitlte, vhlofc replace* outer 

aoaea. The dlffereocea betwten theae two taalt* may basre tjeen caused ty 

difference* la the <Mmposltion of roelt that naa replaced aad by ehao^ea la 

of the fluid as it advanced through the rock.

The replacement units contain Isolated rwmsaota of uareplaced parts 

of the 2034MJ, ooe of vhlch is shcara In the left-hand part of figure ?. la 

oaay place* iniaerala aad texturea of tha pre-«xl9tias son** art amfflclaatly 

wall preferred so that sonal contaeta can be traced through tha replacement 

body* Thu», la the Hugo pegmatite > the

asklygonite stout characteriBtically ha* bloie^ahaped aggresatea of ndaerala. 

Theae blade* oaa also ba recognised la the repleceawat unit, though lithia
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nvlca aa& claarelaadite have be«a added to ti» bladas and to tin*

rock. la replaced parts of the que4rU-microciine-8,podtuaea« send tb*

of sgodraeos crystals caa t» reco^aized «wm nhere the rock eoasists alssost

of cleavelaasLita , lithia aica , aod smU rubbl^ masses of 

lisa replacement unit* also coatala many eacaa^loa of en&ayta^, 

psoudcssorpiilc r«£>lac«aeiit of soeo mtnersOa 137 ot&ar minerals.

fcKjvover, alao occur la ionefl. T5iey can ^e uo«d to detsrailaa 

oaemg tb« uilaerals, but they are act "direct evidence for i&s

of an entire rode tlaat characterises tha relaiesss&at uait^i*
 s / 

, Grout, and Seiwarta ^ bara dlacu3«ed a simi3ar problsat r^gardin^ l

la a -a&broic dUko in VirGinia. ?«tro^rapaic erlde^ca iadlcataa tiiat -art; 

of t&d ilnsaite fonsed after raiaeralj vlth viaich it is aasociatod, 

a*ul ilia coauthors polat out, bovover that this does iiot justify liberal 

of t&o vorcU ''replacf^eat " and "secondary1' . They consider tiiat "

should aot include :1 lat0 ^a^Esatle or cleutcric eliia^s^ eaxisM by Tl react ions 

the/ also belieTru that "Bocondary" should b« reotricted to 

are "later tliaa aa^aattio isinerala ' r aod 3laould not b

;'oa tbe observation that a aiaoral is later thaa 3ooe other rainaral'" -S/ . 

Indicating; corrostou are more eooa^i la isxzuer zones t&ea outor

textures are least eoaaooa in assemblages 1 aiid 2. Pertiiit^ o£ 

3 and 4 is c&arscteristicall/ effiba>-ed and '/eiaed by quarts arxd

albite of tfta ^rouiidkass. la th« 2a^;o pe^saatito th0

zon« (aaaembla^o 5) contalaa

Davidsoa, 3). M., Grout., P. P., and Schworta, a* H,, 19*K>, Hates on 
ilcsenita deposit at Piaey fthrer* Vir^ioia: i^coa. Geolo^ 
p* 7^-7^, espaciany p.

p
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that can b* recognised as such by tboir Dialed s&ap* and by 

sfesmt&s that orftiMirily surround spcduHsoao crystals ta t&ia

oti»r ps-ffBfttltgs. Asscaa&lags* 9 sad 11 <&a4raeteristicaily law-.-' a 

variety of corrosion textur*** At tbt 2u&o» for «az8pla, aggregates. of 

elsacrelaa&it* fora aangr vaialets that eut across all othsr

, however, t2iou^|i in part sarJLLer tlaon clseRfelaadita , also occurs i 

aaaaea tiiat out cl^iTelandita , aad t&ua the ago rolaticsoa are

A criterioa for r«place»9at that &&* b«ea uaed by ssaay authors , 

ussd Jiere, is t^« pro««iKSo of aiioerala t2mt occur la radiating

, or ^burats'% Cl®e.Telaadlte is tiia prlocipal mioeral tfeat 

ia tids faaiiioa. ilesa ^ VQA tlM first to use thia crltcrioa utiea oe 

it to tJUe raliatia^ tii«positioa of apoduiwaa crystals aad stated tl^tt 

isaiaeral forms aro eyldence for replacesaeat because tii^y auat Itsve 

ported to develop id tixia faaMoa. He cites pyrite Ml la ia 

aa aaaio^u* «aosiBpIfl. Landed 2/' «orprcas«d tiaa sasoe vlev in Ms 

of

Jaima jj^^ roceatly stated that apoduoeaa rosettes acy have been 

3unport«d by Ati3tt crystal«beaxia^ liquid or "by tla« costal mesh, ' At an 

earliar tiae. howsv9r; Jahas -^ conaidcred tiiat Bursts'' aad

fonaed by ropl£ac«sient processes.'* 2is viav seezned to be

I/ Bess, ?. L. , 1925 ^te natural Mstory of tb$ pe^aatit^s: 
» » Press, ?* 0^^ p. 295*

2/ Laades. K. K. , 1^3, Sequenca of siincrallzatioa ia tl» Kaystone, 3* D.
: Jm. maeralosist, v, 13, p. 543- 5^9-

Jahas, H» H., 1953^ $^» genesis of pa^-oatites: ^a. Hiaoralogiat, v. 33,

k/ JahaS; B. a,, 1^, Mica deposit* of the Bstaea district , Hio Arrita County 
30v Ussieo; 9« I4ex. Bur« moss aad Hia«ral E®sourecs, Bull* 2^, 
p. 69 aad 233.
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maliatiag o&a&rolaadit* ia in maay raplae«attat Ixxilea, aod tUat it occurs* 

less oasaooly, aad pcrfcapa atver* a* a priasary alaor&U

la tiMi Begrstaae s*$»&tite*» aiaeral» vitk radiating otructure oro 

zoaai arLiarala* Sadistin^ claawlaadlte occtara ia naay laser 

tilt elaavelandite ia bodies definitely a£ replac@n»nt oriiiia does not sa 

a rul« s&ow tfca ^rosotte1 ' or rediatia^ atructxirs* It is isosBibie tiaat

draar froa cleavoaaaOi-t© cr^taillzed ia

id til^fr thi4i i& tlaft sfttural l"om ^oy ttlvs^ff SB^S^NI to taka if 

to dav«l«p vittiout iixtarfartsnce* SpadUaasaft ia t2ur Stta 

i^@i^ foraai an i^t^rlocitia^ astwork of cirys-ULls; t*^e radiatiog 

istio doscrl'bod by Heas id at junctions in tiiia r^tvoiii, ^laerals of 

sad veia tbs spoduffiene, and t*iua oro at least ia £

thaa t&e siwduaesie. Aa Jaiins has ou,^t«rfc3d ,; it s^ess probable 

that U« only support rsdiatia^ taassea ofv«p had or ;o<£cded, waa from other 

of t&* partially

larg» aixe of saoeio crystal* lias also tsecoa, cited as aa 

unsupported structure* tliat require a roplae«£ieat 3ri,,ia 

occur id nearly all zones of every aooed p<a,jaatite : ami if

it i* difficult to iiadarataad bow tlid diff^xtmt aiaeral spocieo

lar^o cryatola t«ro dlatributod usaeag tlie soacs i 

to fozm a eoosisteat 2CKial ae<|a«»«« furthessaore tba largest cryst^d^

fsldapar > used by aaziy writers ad tlis primary host of 

aad litM^^i alaerala* It is i^jre liliely tliat the lar;^ crystals.

Jaiiaa> 1953 « op* cit. p. $9% 

Heea t 1925. op. cit., p.

Coaaolly, J. P., aad 0*Uarra, C. C*^ 1929 > The mineral vaalth of 
Block Hillas 3* 0. School Mtaa«, ^ill. 16, p*
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t&o roaettas, obtained tfceir supjxsrt 

prtuauty crystaliixotioa of the

froa otfcsr

to tbe core, 

a content of

tlse mU. ss»u» iaward*

of sssaiEl pe jsatites atef osoatst&at e£s«rj03 frcn t£s* 

5 aliovs that ia tbe Hu^o aM Fg^rless

2oO ccateut, of beryl deerei^e f 

th® Il^^a @i^s,ti%a la -a

uaita 

contact

re^Xecesaeat 

alalts of t-ie

as Xlfctla aa 2 

t2i» nsH SKKI« aad 

Ifro^

OE

m

tise *all acme

la tbe caut@nt* of sg4a ? aad t^us aT

^pectrocbeaalcal aoalys^a oiT 

* of Mlc&l^sa *^i^ie?i^

Corps r and dist^tad by ^.

vaU ton« coatalaed 1*6 pere^it tJa^v; four 3;x^ci^,
^4 to 1*5

 S sisii^i?

supported "by

1^9 specimen froa

fro® t&a first tuo iat^^ssedlata sones

specimen from t£$ core contaiiiad 0«3T pereeat ;!a,_J, Orootsrsaat i-:

found similar la aisa from tia»

T* S», and Eollaad, H. 3*, 1955 ? Sodium aM potaaalua cc 
of suacovltcs froa t^« Bworle«» ^ei^satit^? BXsisfe Hills. 3. D. 
(abstract): Geol. Soe* &»rie& Ball*> v. 66, p. 1569*
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Haiti* sod Tuttla & f auad U«t t&» VRriatloaa ia t&a tecspttrature of 

tfe* hl^lov imreraioa of quartz also e&ova a re^Llar sequesc* of e&aagea» 

Tha inversion teaperatura in tie Su$o, Sew torfc, aad 2aloa Ssryl 

of -l^Mt IQjBglt ffiH1r$ ^KuiawULly decre&soa f$Q8i inlfrff maJJ. 3000 tlirough 

and tben lucraaa^d aa t2^» core la

of 2k?ned gaaatlte» ultli lSenseot

table % alKMffi that oae of tn© aoot cvldeat chor^Uriatica of soaed

ia that aauay of thesa contain uzkita b«loagi£ig to 

thrtyt^h 12; in contrast , the Is^ored sad bom.jjsaaoua 

M«dn7 of rock typea Ui&t boOUmg to asoezsbla^sa 1 t^rou.jii 3 

of tb0 ao-«allcd rar« miaoraia of pe^oatites or® In ass^mbla^ea k tltrougjti II; 

scat iaportaat cocceptiOTia ar« aheot ssica ia aasaEa&ls^i 1 oad. b«ryl in 

1 and 3*

.Actually < bowavor, tl29 dlfrert*nees ia

and otfcer pa^aatitea ia coraffloaiy oversei-aissized. Qucatitativeiy, 

outer uaits belong, .a^ to asflKss&Ia^es X tiirou^ 3 fora a mucii greater part 

of soaed pe^Eaatit^i thaa inner vmita beloa^ia^ to .^aaemfela^es % t&rou,~h 12* 

ool^ ecsceptloaa aijoim on table ^ are tfe* ^tta pe^ssatit«> acd p

p«Gsatlto, id ^tiicii asagB&la&ea ? tUsrouji 12 fom laore tiian half

total guiiatity of p^Btttite* Gcnarsll^ quc^srts aad plagioc.lag@ 

daouiaat min$ral0 f aad pert^ito sad muscovltc si^j ths oaly other

just aa ia t&a la^/ei^d and ixsso^Kieoua pe^p^titea* Tha son^&i 

matltea say coatoia acsseviiat raora partita sad suscovite tisea oti»r 

but if ao, the diffareaeo ia not gxeat* SusH mi^eraLs aa "beryl,

I/ Keiti, H. L., aad Tuttla, 0. ?,, 1952, Si^aifieama of
isvcraion of guartz: ^m. Jour. 3ci,, Botraa mLurae, p*
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lepidolit*, and coluzabiuza-taataitaa sluerai* foxm onl/ a vary assail part of 

aa^r soaed p$^Bfttlt*« Tho groatsst 4i£f$r*aee between zoaad pevjoa^it23 oad 

ot*»r type* of pe#oatit«a is that tfco minerals aro coaccatrzst^d In 

; aad t&ui t&er© are uaits that are vury rich is* parfcMta (aa 

percent), mseorlta (as micii mi P pereimt), sixxiumeae (aa ^ajcia as

, iepidollte (as ssucJa aa 25 per«»at) ? bor^X (as E^cii as 3 

aad otiier aiioerala.

boztier and mil ^oooft of ttia Feerloaa peipatltd iiov« a 

&gfflablsnca to layered perjmatitea. fl^ura 3 ^i3ovs a 

of 15 layttrs numbered from 1 at ti» contact ian&ard to 1^» Tiie/

oa aeveii ci Inroad drill k>I$s> but la ^art oa a atu^/ 137 L. E* ?-;, e 

J. A* Baaaea of one surfsco asix>eur« of t^e ^all iorus. T^J liters are

, aad in aay oise |Oaca oal/ a fev oT tli@ lasers siioyn U 

3 caa ^e reco^aed.

A 3e<iuence of 15 Is^fera Uss Isetn "btsilt ^sp V sarretatioa f^sm oao 

to another* 2bou-h aocaj of t*& ccorralatioaa sse^ be debatable, 

r^litloaa abowa la fi^uro 3 ssuat be ssssntially corslet. l*rt 

to 3, tlMi quarts coateat sJ&ons a geasral decrees ossd the oiblte 

aa l^crsaae; tfeo auscovitQ content reaclic* a peak la ia^r 3 ami tiicn de-

la ibuadanca* I&&&T 6 Ima t^e only brssk la tMs acqi^nce: 

coateat la leas sad t&a quarts aad nuscovlta coateata are 

In aSJacoart layers. The contacts of thi3 l^yer cut 

aids, aad tlius lnOicatd that this say be a i^sctu 

cr/st.aillsod later t&aa tbo surrounding rook. Tbe comix>sitloa 

uro^flHi^ uait correapoods with the eXoewel 

of ti» first interred!at« £009* X^yer 9 Is a pertM-t«*rich 

aiaarily «urn»ss3ded by sl^ll^-^uarta-sa^co-irite p^gantite cf 

3 asd 10*



An abrupt obaa&ft tafea* plae* txrtwwa layers 10 aa& 11* !£2* quarts 

naiscovlta eoatast i^creaa* aa& t&t &lbit« eoatsat doorcasea. $b 

from la?*? 11 to 1^ la a telaseop«d a«xle0 tbst is very similar to tto*

froa lasnsr 3 to 10. t&a quarta-albite pe^^»-tit« of la^sr 15 

start of atill aaot&ar aeries that catteada liito tha laser SODOS of tiie

Cozg?aritfoa wlUi tablo 4 allows that Use sequ$acs of lasers lias a

to tlss aorssal «3<$u«ae« of alacral aoao^bliigoft la aoaea 

If tis0 probable fracturc*filllag unit forming la^er 6 la disregarded >

are la t&t oeae ae<iiiQac« a» tba suMivisiooa oi1 aasaajbl^a i. 

^ lasers 9 ami 13 corre«£oad to aasaa%la@9 3 sad are 

to Iatero©diate soaaa aiai cores of ssoay '^iack Hllla pei^&tite^ 

Similarly, la la^rad p^esatitoa there is ovlus^os previously cited 

la^uni eooalati^ of aaatgnhl^gg 3 379 tjeaercll:/ younger tha^ adjcc^i 

layers cooaiatii^ of asfiesibla,.^ 1, Taa eoatacta &&^p@&a lasers tern tbe

la pertbita and pla^lv3daa« contest aiaova at tlm contact* of 

13 la tbe

; tha outer porta of bosoc^mooua pc^^aatltea have imrrov 'border

vail zoaea of a«a«afela@a 1, and tl» r^aaljoder of tbe pe^Eatltc ordiaarilj 

of aaacG9l)la^8 3*

diessical Compo«itioa of Pec^ttitc

Table 6 abova t&a iatlsat«d e^sstlcal coc^oaitioa of (1) av^ra^s

pa^atit« > (a) & typical hooc^eaaouo pe^atlte, tJ» Dlajaoad Mica, 

aorth pe^raatita, and {3} ti» BLA^ and Peerleaa soaed

tbe eae^ositioci of ualta wlthia ti»»e t«o pei^aatltea. la ealculatiag 

overall ccepoaltioa of tho Hu^o aacl Po*rl«sa pe^gaatit«3i, t&t tcaaa^sj of
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Table 7» Mineral conrj/ositions used In computing chemical composition of pegnatlte.

Composition (in percent)

Mineral

Quartz

Plagioclase 
(An ) ±7

Perthite and 
microcline

Muscovite

Lit hi a alca

Beryl

Tourmaline

X ron-1 1 thiua-
Banganese 
phosphates

Amblygonlta

Apatite

Si02

100.0

67.1

6U.U

U5.2

U7.o

66.8

37.0

 

 

 

AlgO, Tf"20y

   

20.3  

19.8  

36.5 1.5

35-0 0.5

18.9  

3?.o iH.o

  35.0

3^.0  

   

HgO CaO Na^O

     

  1.0 11.2

  O.U 2.7

0.5 0,2 1.0

- - 0.7

    0.2

2.0   2.0

     

    3.0

  51*0

KpO L1 00 HO PJ>_ 
* 2 2 25

       

O.U   -  

12.7   - '  

9.0   5.0  

10.5 O.U U.O  

  0.1    

    3.0  
  9.0   1*5.0

  9.5 ,5.0 ^7.5

    2.0 U2.0

BeO Other 
constituents

   

 

 

  1.1

- 1.9

12.8 1.2

  10.0

  11.0

  1.0

- 5.0

Slightly different figures used for plagioclase in which the An content is knovn to "be other 
than An.



uuecaasivo £S&£e3£* aactioas* I 

<tfttH> w&y& ^%jfftij(,qrt^| froai oodcftj ufrftsg cliesdUsaJ

for tbe various minerals ahova la table ?*

She composition of tha ^iaswad ^ica aortli pe-^aatit« uss also calculated

fto& 10

lea« SLd tiuxa do tfts aode«« Tlia cMef cause of t&ia*
that bloe&y albit« wsd jai»tai«a for microcliae in tiio aodo.

vaa pxt)l>82»Iy dv«rwtlfflAt«d la tte aode* It Is vtn.llkaly tliat errors 

of tMa ma^aitiidfl vers medd la th« cod«fl of the ottos* pesaaatitQd.

The soat «rideat conclusion from table 6 Is t&st the overall coaiposi- 

tiooa of t&e Hu^.p, Pe«rie«3, IHaamd i&ea aorth, aad £Etrera<",e layered pepsatlte 

aro rery similar, ^ha sabls ai^^eata. tUftt boiao^eaeoua p 

by Use aortii pe^ssUte oa the Diauond Mle& clala^ haa sooswiuit aora ILO 

Icyored pa^aatita, but tMs raoy be exptloirsed by t^« fact t&at 

Mica e^pstitQ hsuj aoi^e SKuscovite tliaa ao&t otber

layered rocfc ia tlas border and vail sooes of tlie Peerless 

(tabls 6} la very almllar la eossposltloa to taiD^eaeoua sad layertsd 

greatest diffareoee is timt it Jma lesa JC^O, but t^t ?e«rl««« p
4*

a yaiols Ms an -amasiually aicoll quaatlV of

The two soaed p«^patltes ia table 6 b^ve aocie^iiati core 310- aad leas

and hoaaoceaeous pegsatites. Similar calculations for 

abov. bovcver, that tiies« dlTferesc«s aro not sic>

Han/ acaied peg^ntites ia tiie Blade Bills consist alaajat eatirely

of lai-ieral assec^la^s 1 through 3 and table 6 sitowa tiiat tlae»« 

asses^blagss in tJae lia^o sad Peerless partitas bsvc angr«^it« 3i02 and 

eoatsats that are about tlte «atae as layered and bosio^eaeous
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The Hugo pegaatite contains less HagQ and ps-jfcap* lass KgO thaa layered 

and Hooogeaeaus pegp&tit&ft. fh/t Bserlsss ^«0aatite eoataias extraordinarily 

little KgO, but it has about as auefe IfegQ as laytred aad boaog

of soaad pcgsatitas is ordinarily eoaeeatrated in pertMte* or mica-ricia 

zones tfcat form only a relatively araall part of tfca eatir* pegaatite*

3uci eleaeats as Li, 8s> Cb, Ta, and 3a form sucii a snail part of 

of these pa^natites that tliay do aot show ia table 6, la spite of tids, 

Peerless pegmatite baa a beiyl~ridi unit tJiat has beea tits source* of sore 

than 500 tons of beryl, or about 1 percent of the total world production 

^rior to 1^52 £/« The toanage of tmryl reserves in till* pe^paatite is several 

tinea tint total toona^a of production to data. ?&& Hugo also ihas beea a 

^ajar source of ber/i aad has reaervea comparable to tlia ?eerl0aa raaenros. 

la addition, tlie 2u,;o bas b^si a asajor aourea of anfcl/^ooita ood vas at one 

time mined for taatalita. The units contaiai.^3 tiieae alaerals form aucli a 

asall part of the p&^mtita that altiiougii tlutgr contain seraral hundred taaa 

of U^O sad a few terns of taatalita, tiia total quaatit/ of thea« matarlala 

is very small in relation to tlje sixa of tiia pegmatite*

t^ie principal ehan^Mt lodicatad by tha chemical eo^ositioa of the 

various subdivisions of tbe Hugo sad PeerLsaa p^^satites (table 6} are aa 

in 3iQg aad a decrease in AlgO* iiward toward the center of each

Sb« very stssll quantity of p^Batit* fbimiag aaseobla^e U, 

, is lov ia 3i02 aad ricii in Al^O^^ Ho^O, aad K^O, 

layered rock in tfce ?e«rleas border and voll zones is hi^er la 

lowar in AlgQ* than tlie adjacent ioteroadiat* sons* Sa^O is rather 

evenly distributed through t2ms« two pe^aatites, tliou^a eacJi of ttas does

I/ Staff of U. S* Bar* Mixtes sad G«ol, Surrey, 1953* Bsrylliua; 
Security SesQureea Board, 14aterials 3urrey, F« 17-9 



traits that Jwtm very little 3bu9« SLO la concentrated oaly la
A <E

fte« unlta rlefc la aasesfite or potaastisa

enrichmat of lasar units ia SiOg suggest* a relation

aad c*rtata quarts voims in tiw Keystone district* 3os& of 

vodas &«wi tiiia bortlar and wall axiaes cosxtoiai^ p

rara microcUne crystals* 'I?hase aay b« e«seatially asoood pc^aatitea con-

sOaoat satire!/ of a quartz core, and tlias tlicj orti aascli rici^sr ia 

titan any of the pe^aatites ia table 6*

Getseais

la paat discuaaioas of tbo genesis of llsek Hills pegmtitea* 

attest baa betja raade to coordinate ovldsiiee from iav-erad

tora of t^e layered p^patit&s or 

t&at tbosQ ar» iatrusive roclta of imp&tig ori.^in ^ . Ao for

it aceisa to ba^e beea ^^oerally agai^asd

too are of iatnzaive raa>saUc ori^La^ t&*i£& it in difficult to 

detioit^ statesoeat to t^U affect ia the ab^eiase of &uy speciric 4U- 

of these p^jsaiit&s, or avsa of rsco,;ai-Uosi o& tiusir existence aa

separate category*

^3 t&e other iiand, iaveati .gators of vfitat are Ia»r9 callijd soaed 

brou.Jat fortii a ^reat variety of conclusiQiia ro^ardia^ £3$i@3i$« Prior

I/' Pai^, Sida-e/, 1925; Prse^briaa rocisa, ia 2artoa, IT. li. , and
3idacy, Central Black Hills, 3, 3*: U, S. ^jol. Survey Geol. Atlaa, 
folio 219, p.

Botoert, 1931/ laelusioaa aad foliation of tisa Haraey Peait 
Mack 8111ft, 3. D«: Jour* Geology, v* 39» P* 736-7^.

J* , 13^3, 3t3ructure aad origia of Slack HUla Prccascbriaa 
Joux. Geology, v. 51 * p*



to 1925 these* pegpatites war* generally considered to fe* of intrusive 

iaa#Hatic origin; indeed, early writers seemed to think the subject scarcely 

warranted discussion V* la the years sine* 1925> those who haw studied 

Keystone p«gafttit«« bar* arrlTad at cooclu»icm» rtgardlng gKM«i« tiiat can 

be divided lato three categoric*;

(1) Cry»talllzatloa of an ea«entlally aa^ntie 

fluid la a restricted system. This fluid may 

give rise to hydrothwml or pacunatolytlo 

solxitloaa that cause a relatively minor amount 

of replacenent of prevloual/ crystallized pegmatite ̂ /,

(2) Crystalllifttloa in two or 3»re stages, of which 

the first was nagnatie and the others hydro- 

theraal. Beplaceaient is considered to be of 

major quantitative iaportance, The hydrothermal 

fluids were froa a aource, or sources, outside 

the pegnatlte * or vithia the pegnatite -^.

(3) MetasosMtie replacenent of aetaaorphic roeks %J. 

The Keystone pegaatites that have be«a the prloclpal sources of data 

for genetic theories are the Stta, fiugo, Peerless, Bob Ingersoll Sos. 1 and 2>

I/ Paige, op* eit., p*

£/ Page and others, op* cit., p* 17-2^.

Sheridan and others, op* eit* 

£/ Hess, op. eit.

y Landes, K. K., 1928* Sequence of ainerallxatioa in the Keystone, S« D., 
pegmatites: An. Mineralogist, v. 13, p. 519*530, 537-553,

£/ Eigaiy, R. A,, 19^9* Petrogenesis of perthlte pegmatites in the Black 
Hills, S. D.: Jour* Geology, v. 57, p* 555-5^1*
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Edison, and 3yke lode. Sigasy's work -/ was largely on 15 pe$aatitea in 

the southern part of the Xeystoae district. *iost of the pegjaatites studied 

by Hi^axy are zoned, but some are layered aad soae probably beaoseaeous , 

though ilia iade* snap id not entirely adequate for det«ralaiag exact locations. 

Ptt^aatites elsewhere la the vorld have ordiaarily been interpreted ia oi» 

of ti^ase tbree way** ,Mc»st of tise literature is oa zonsd pe^satitea; tloe mono- 

by Camsroa aad otners » coatoina scarcely a &iat that there are 

except soacd pagmatltea* the relations betueea zoned aad 

in &ay aiui^le region have rarely, if ever, b*<m fully described,

indeed, ^aa tit® difference betveea tiie tiro always been fully

latrusioa

cMef eirideoee for intrusion of a large quantity of 

in the southern Black Hills lies ia tita structural relatiosa 

the pegmatite and country rock, 'both the ^ross relatioos recogaisable over brood 

areas and the aottller scale relations recognizable ia. a single pci^aatit*2, 

TbB close areal association aoon^ the pegaatites t the hi^h grade aetasrarphic 

rocks, aad the latest deformation of the couatry roek suggests that all of

these ?ere associated genetically.
 3 ' 

r^aoy authors ^ laave ahowa that the schists are dosed in the southern

Hills ̂ aad hava attitudes quits different from the attitudes to the

I/ Qp. cit*, p. 555-556* 

2/ Cfc* cit*,, 19^9*

I, OP* Cit* ; P» ^-5.

>, Op* Cit.

*f 1^3* op. cit.



north* fhe present work shows that these structural chaoses were caused la

part by faulting and in part by folding that took place after the isoclinal 

folding characteristic of all Slack Hills Precaabriaa rocks. Locally, near 

large pegmatites or groups of pegmatites, the country rock has been deforced* 

as in sees. 16, 17? 30, and 21 of the Seystoae district (fig* »* ).

^any features of individual pegaatites that hare been studied in detail 

suggest an essentially ssa^aatie origin;

(1) Contacts are ordinarily sharp. Altered nail rock consisting of 

a granulitie aggregate of plagiociase, mujcorlte, and quart* 

with lesser quantities of tourmaline, biotite, and other ainerals 

occurs chiefly vfcere the contact is cross-cutting and fluids from 

the pegaatite could aost readily escape into the schist. Altered 

rock of this kind is less than 2 inches thick along aore tnan 90 

percent of exposed pegnatlte contacts, the mMcirauai thickness ia 

only a f$v feet, in contrast to the aoea greater thickness of 

many pegmatites * At the Su.iO pegaatite (fig. 7), for esaiaple, 

this rock has been found at several places, but a thickness of 

aore than 1 foot is uncoaoon. This alteration is best explained 

as caused by material contributed by the pegsatltie fluid to the 

schist, not as a gradations! contact between nwtaaoaatic peg* 

ssatite and unaltered schist.

(2) Within zoned pe^satlteSj atructural relations of fracture* 

filling aad replacement units (figs. 6 and 7) indicate that 

outer gone* forasd before inner tones, su^estin^ crystaliica- 

Uon Of a fluid inward from the contact* Solidified outer 

sones vere fractured, and rest liquid was injected to fora 

units that are similar in cosspoaition to



toner acmes (fig* 6)* Btp&seameitt uaita extend outward from 

central units, as if foraed by bydrotherml or pa«uaatalyttc 

fluid* that escaped from the r«at liquid at a late stags of 

crystal 11 gatloa (fig* ?)- Thus these repXacaaeat units ease 

from til* interior of the pegmatite, aot from aa exterior source 

(3) Hagloclase of isaer aoaes la aore sodic than plagic«lase of 

outer aoaea^ and tiw outer part of plagloelaa* graloa la csore 

aodlc thaa the inner part* la the Hu^o pegmatite, replace** 

aeat uolta extending outvard from the core (fig. ?) iiare 

aodle alblte that coutraata with leas aodlo allsite and 

clase of tfce replaced aonea. ^fhua, the pla^loclaae derelopea 

la the normal sequence, from leas aodlo to wore sodic, that 

haa be«a reco^aised la aaay lijaeoua rocks, aej^jers ̂  diassissca 

similar changes la 3ev Kn^laml pegnotitea ^"by saying that they 

are too saall to be aigolfleaat, but this new hardly seems 

justified.

Tapered crystals are orieatod normal to i/ec^atita coataetaj 

the saall and is nearest the contact, and the broad end is 

toward the center of the pegmatlta* *Uaoa^ the many examples 

are beryl la the Peerless and Bofr laeersoll pegmatites and 

mi^covite at the contacts of many pe^aatltes la the 3D? 1/4 

see. 21* Ihls aug^eats that the crystals -jrev inward from 

a seed near the contact of the pegmatite, aod the tapered

I/ Saaibers> Bans, 1256, Pegaatitca la vest Greenland: Geol« 3oc. America 
BuU.»,r. 6?, p*

2/ Cocseroa, I* S., aod others, 195%> Pegaatlte iaveatigationa, 
lev England; U. S. Geol* Purvey Prof* Paper 255, p* 31*
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fora developed as new mterial was added to the sides aa& 

to the iaaear ead of previously crystallised material . 

Jaiias ^ 1ms an illustratioa of a tapered pertbite crystal 

of tbls sort vith phantoms sbowlag the outline of the 

crystal at various stages of its develojanent. 

(5) Bear discordant contacts of many pegmatites^ tfe8

scMatoaity of the country rock is exactly parallel to

cordant to tfce regional Bdxistoaity, fc&t vithia a ffctr 

laciies of tbe pe^natite th« only acJaistosity reeogoisable 

is parallel to tlae contact. A similar sefeistosity ob- 

served id untouround vorkiaga at the Victory pe^&atite^ 

aear Cu«t«r, follows tiie contact around tlte end of the 

pe^aatite without oace shoviag aziy discordance. Tha 

outer part of t&ese pe^atites is not ait^alflcantly 

daJToxiaed, and t2&2S tbe induced schlstosity muat have 

formed before crystallization of t&a pegmatite. It seems 

only as recrystaUisatioa of tb» scMst under

pressure during ia^ccttoa of tbe pegmatitic fluid* 

(6) la a fev places *J t>eds of tlio nail roclc are dragged up- 

vard vithin a fair iaciica of pegaiatite contacts, tiiua 

suggesting forcible iatrusloa* tfofortoiately, ozpoaures 

aovtier« are adequate to show whether a single tsed several 

feet from a pegmatite has been forced cut-ward far

I/ Jatos, B« 3., 1955> 'Hie study of pegmatites: Scon, ecology* Fiftieth 
Anniversary Voluiae, fig* 16*

2/ Pa^e sad others, op. cit.^ p. 13,



to account for the expansion required to aalce room for tfce 

pegjaatite. Though no such traceable horizon IMS been found, 

the distortion of tte country rock near the l»rg* latrustve* 

of sees* XT aad 20 is strong arldence for forcible iatrusloa 

(figs. 3 and 4)* If the pe&aatites foraed by aetasoaatism 

of the country rocit, towver, It la difficult to explata wtoy 

phantom eoataets of roefcs of contrasting compoaitloa  f or

and mic*-ricii rocia at

attoft-' "Cannot b« traced through any of t&e 

(?) Hoidiere iiave scMst fra^aeata la p«^&tlt« b«ea found to 

aa " lalaad-rgtl aland* relation to too wall rock that vould

that tbe pe^satlta formsd by aetasomatlso of 

oaly tfchlst f raipeata wltbia the pe^aatlted laare aa 

arraoganwat that indicates tbey are seMat screeaa along con* 

tacts Mtwaea ad^aeeat pt^aatlt^s la a multiple intrusive. 

coacluflioa Is further aubstautiatad i&erc sooed peg*

fora multipla iatrusiirea; In tli9a«, scM^t sereeas 

separate tbo wall sooa of one pegmatite from tiie nail scsie 

of the aext pe^aatlte*

Black 311.1s pegmatites lack liuslusloos of forelga rocJca and 

orleated Incluaions of nearby rocica that caa ba i^eed as evidence t&at the 

pe^atlte was derived from a ma^atle fluid. Pe^nzatites that the vriter 

aeea elaevhera la the United States are similar la t&is respect* It aecsss 

portable, howerer, that tha coxiatry rock  mostly Quarts and mica scMsta  

waa defoxtaed only by plastic mean* la the isssedi&te vicinity of peg^ktltes 

duriag iatruflioa, aod thus ooly very rarely could iaclusions l»reak loose 

aad «iait Into the fluid* It also see&s li^iy that the inclusions mould
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Into solution, and that ordinarily undlssolved material would not be found* 

The Sureka pegmatite and other pegmatite* In the 33 l/k see. 15 have dis­ 

seminated Graphite that nay have been obtained In tola fashion; if so, the 

graphite probably came from a source at depth because there Is very little 

graphite in the rocks near these pegmatites.

The HarAlns mine, near Blxon, 3* Jfex., vhich R. H. Jahns showid the 

author In 1949, has randomly oriented spodutaese fra^sents that probably fell 

to the floor of the pegmatite ehaaber after crystallization of the outer 

soaee but during crystallisation of the spoduaesft-bearing zone. In the upper

part of the spodtsasne-bearing zone, the apoduaene forma a network having the
\

saoe appearance as in other pegmatites. Only the spodumene at the bottom 

of the unit has the appearance of a heap of fragments*

In the Black Hills room was mada for the Intrusive fluid by defonaation 

of the country rock* The deformation could proceed slowly as the many sep­ 

arate pegmatites were injected. The largest bodies are multiple intrusive* 

that grew by accretion from successive injections of pe^satitle fluid* Thus 

the process by which the large quantity of pe&satlte accumulated in the 

southern Black Hills la very similar to the process described by Hoble ̂  

both for the rbyolite dikes of the northern Black H1.1 Is and also for the 

Sierra Nevada batholith, i&ere work by Mayo =/ shovs that there are many 

separate intrusions.

Evidence from metaaorphism and distribution of pe^aatites (fig. 1} has 

previously been cited to shov that the Intruslves as a group plunge at a

I/ Hoble, J. A., 1952, Evaluation of criteria for the forcible Intrusion of 
magpa: Jour* Geology, v. 60, p.

2/ Mayo, S. 3*, 19&, Defoliation in the Interval Mt.
California: Geol. 3oc. Amarica Bull., v. 52, p. 1001-1034.
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sodtrat* angle to tfe* souttonest* T&US, it oay be inferred that tt» routa 

of tsarel of t&e fluids *as upward from tfce south*** t.

Syidene* that Hlaeit gill it pegmatite* am ia aajr part laa^satlc has 

disputed only by Hi^asy **, t&0 ar^uad for orlgia by aetasoaatlsm of se&ist 

Blow's wife consisted c&lefly of making ehsgicnl analyses and 

ttudieft of 16 specliaans of pertiilte, 1 of mtcrocliao, 1 of 

1 of "albiUt«M (protably apilts), ood 2 of

tbe awwnptloa tbat tfca cc«apo*itioa of pertMte from a 

la equivaleat to t&e compoaitioa of tb« pc^satita Itself* Be 

Glend&l« pe^o&tlta, 3 mllca soutlieaat of Seystoud, as aa ejcaaiple of a

that "coosists of pertbit* only1* & . Actually, tiie Glendale 

had worn of Tsotft qxtazrta and plagioelaoo tl^aa p«rthite. Tbsre oay 

peipaatitaft in the Black Hilla la nmch partbita la the swat abiasdaa 

, but aoaft are knovn tisat do dot contain almost as sucli quarts aad 

as

Ei^asy aJaovs t^at tJsa coc^jofiltloa of his pertiilt« speciaeas falls on 

t&e orthoclase ilde of tiic cot«ctlc Has la tae

Ha assuass that t&» p«rtlilt« is equivalent to the rock as 

aad that no otiier aiincrala were crystallising at tb« afitae tia». He states 

If laag&atle p^ipatitea arc residiial solutions derived from a s&^&a l^v- 

aa ori^lrsal cospooitioa oa t&w other side of tiiia Use, t&oa It would b« 

to prcxiucG a rock bayia^ the eos^ositloa of pertliitc. Hi^asy coa* 

cluaea tbat ca^iaaUc crystaUisaUoa is is^joasible., and za»tasoaatiss is t&d 

only altenMitiTQ. If > bcwaver, all of tike pla^Loelase as well as tiia pertMto

I/ Op. eit.

g/ Xdem, p* 557*
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of t&a psgsatitas bad fesea talum iato aecouat, ti*s composition vould fall

close to tba cotoctic lia«, and tba basis for £i&a*y*s axguatat disappears, 

» goes so far as to say tbat "l&asumr pertait* forms

aatltie poefeots or forsai a atoaa in a pegsatlte body, its ciccdcal eoopoai* 

tion aiiould closely approximate t2>a mcrtl»r-liqiior from whicJa it crystallized
QjAs Jaims ^ points out, Hi^as^r diseotmts "tba very ra&l possibilities of 

fractional ciyatallizatloa, r^szirgeat boiliag^ and liquid iamiaclbility , '

Hi^azy ^ also disotassas tins textural relationa b«tw««a albita sad 

mlcrocllae ia pcrthite. Ea aisows tbat the albit« is later tbaa tl» 

but t&ia prove* only th* aga relation betveca tiicae tvo minerals; it does 

aot proT9> as Hi^aay ^ se«sss to think, that botii of tiieae raioarals 

fonaed by matasc^ati^i of schist.

of t&& Black Sills sebists contaia porpiayrofelaats of psrtiiite 

coasidara to %e intenasdiate feetweea unaltered seMst and Ms 

pa^atltas* li^asSiy ^ found this t^po of rocls in one outcrop oo 

35 yards long* This sort of aatarial occurs ia only very aoall 

la relation to t3u» ^raat quantity of pe,r7aatit3 in t&e Black Hills f 

undar Hi^isy^ theory it alsould be abundant. It ocecii* aore appropriate to 

ascribe tfca origin of tnia roek to potassiu&^bearin^ fluids escaping fro&

, p« 1093* 

J/ Qp. cit*, p* 

y Id«m ; p 

5/ Q?, cit«, p. 

6/ Idea, p



Xa a later article, Si^asy ImUcatcct t&at his study of "jotaaa-ricfc 

aad the "cfteaioal coe^weitlons ami teetursl features of t&e 

roelcs* J/ s&owet that tbese psgsiatites fall outside t&e 

in tha HaALaiO^ * l£ftX3iQ^ * SiO^ xvsldua system of lovea aad 

3cfcalr*r ^ « Actually, fcoweifor, ti» eoapositioa of Klack Hllla

is in or near this ti»roal trou^Ji, and any iapllcatloa to tlis contrary 

t»a@dd solely on partlxite aaalysss is uavarraat^d.

Hi^jaay -^ 2tas also d«teraiu«d tbo trac« elaaeat content of Ms 

speciaasns. SB ahovod tlmt tlza content of various trace elsaeata la 

^^tdi be again aasuaad is aquivaJLent to "pei^catitax , dinars from 

elecssat content of certain magmatic and fay-irotiiersml rocks, and ty this 

process of sliainatloa oo^elucietl that the pegaatitas are asta&oaatid* Be 

dlare^arded tlte llkglihood ttot certain elesseats e&ter tlur feldspar lattice 

ijora raadily thaa others*

Hl^jaay also ignored tits effaets of piiysical coacitlona oa tiie eoa* 

sentretloa of minor elscaeats* iugstsr laam cade tJie iaterestias discovery 

tiaat ti» cesium coeat«at of saaadine crystal I izgd frost a fluid of fi^ed C^i/!C 

rmtio varies greatly according to the teo^ersture of crystallisatioa. :4 At 

about 700° C* ti» cesiua coateat of feldspar is equal to that of tl&e 

fluid phxise in equilibrium witii It. At 600° C« the feldspar ^rovin^ from

i/ Hi^asy^ H. A., 1^50, Significance of tba ortJioclase-albIto-anortliit.a 
aod tlie ga&U&O^ - MloiOj, - SiO^ e<milibrium Sia^raffis in 
petrology: Am. mneralosiat, T, 35, p*

2/ Bowsn, 3* L., 1937* Baceat high-teffiperature researcli oa silicates and 
its tignificaoce in i^aeous seoloey: Am. Jour. 3ci., ptU ser., 
v. 33* ?  11*13-

, B« A,, 1953; Okserratioas oa tba distribution of trace 
id the perthite pe^satites of ths Black Hills, S* 3«: 
cralogiat, v. 36, p, 172-190.



fluid pfcaae of the goat coopositioa vill be richer in eeatua thaa the 

fluid phaa* by a factor of 1.2:1; t&erea* at 300° 2* it will be poorer 

a factor of 1:4." -' Hi^y disregarded any su&a possibility as tfcia*

A much stronger presentation of the jaetasomtic -theory i* by Bnfterg

in a paper oil pegeatite* of neat Greetxlaad, for which Bombers proposes **a
, ^ theory ia vhifi^ ^^ff^^l-oyinJi "ts^asfisr id 08ftei&ti&l«' "

Black Hi I. la work was done ia part uader Pro^caaor Raaber^ at

of Chicago ^ * 7urti»ro»rQ, Bamb^r^'a pa^@r coataln* a photograph 

from tba Black Sills that be appareatly regards aa indicatiag a att&«aesatic 

for those pe.^aatitea*

ai3ow» that the aeooetrio rdatiooa betwsea vaOl ixxsit aod soee 

p«gaatit 0 iadicata th&t the wall rccli vaa sot displaced. B@ 

shovs that tha cosapoaitloa of ismay pet^atites is i.iriuera:cd by the con- 

of the wall rock. Thea* pepaatitefl iiava ^Tkiation&l coatocts. and 

the vail rock near aaay of the& is altered. AH of Biug&era'd exssiples,

are very oarrov pe^eatitefli the ffltttBaaa thlg^gnega aaoag the really

mples in hid raaoy illurtratioaa i* ooly about 1 foot* It 

is not clearly ahowu Aether or not aoy of th&ae asay be conaected vith 

larger pegsatitea*

/' Suiter, H. ?.> 195^, ^® c«siuai«potaa«iu3i equilibrium ia the
Abelaoa, ?. H., Artnnal rexcrt of the Uirector

of the Oeop&y&ieal laboratory: Carae^ie lostitutloa of Washington 
t«sar Book fib. 5^. for the ysar 19^4-19535 p* 112.

Haas, 1^56, Ps^atltea in wast Greenland: Cool. 3oc. 
v. 67, p.

^ p« 209 «

Sigaay, 1^9^ op« sit., p* 5 

/; Op. eit,, pi. 3



la the Black Hills there is evidence both for alteration of wall rock 

and for contamination of pegaatites by material from the nail rocfc* The 

altered wall rods, however, is quantitatively insignificant in relation to 

the size of the adjacent pegmatite, there is no evidence for the large al­ 

teration halo that any be expected if such large pegmatites as those in the 

southern and southwestern parts of the Keystone district formed by metasomatism,

Similarly j the available evidence for contamination of the pegmatites 

indicates thft addition of only a very pup^-H soount of Material. $hs fofi£?i 

tourmaline content of the outer fev inches of many pegcaatites laay indicate 

addition of iron to the pegmatite fluid* Flagioclase in the outer 1 inch 

of rainy pegjaatites has a significantly higher An content than tba rest of 

the plagioclase in the pegaatite, and thus suggests that calcium was obtained 

from the wall rods. Sillisanita and aodalusite occurring as large crystals 

and aggregates In the outer parts of sane pegmatites, especially near Ouster? 

&ay indicate contamination of the fluid by aluminous mil roc& materials. 

At Kings Mountain, H» £., T. I*» Kaalar has demonstrated to the vriter that 

pegmatites cutting cjuarta-sica schist have a concentration of Muscovite in 

their outer few inches that is not to be found in pegaatites cutting am- 

paibolite* The only undoubted coatamiaant that extends into the inner parts 

of any pegmatite known to the vriter is the thinly disseminated graphite in 

pegmatites in the 33 l/k sec. 15 (fig. 3)* If large quantities of aaterial 

had teen inherit 3d from the vail rock, the composition of pegmatites should 

change in accordance with the composition of the country rods, and 120 such, 

relation is apparent. Furthermore, soeae zoned pegmatites probably would have 

aaomaloua divergezxses from the aormal zonal sequence, and no such divergences 

have been observed*



12T

tfe* iwoy outer paarta of Xeystona peanmtitet and thin 

off a&oota fixaa tbe«e pe^aatltea aay occupy apaco foraarly taJsea by 

roc!: that entered tia pe^ssetita liquid, &» avideaea haa beat ft>und tfcat any 

of ttse tlila offshoots of tinea* pegMftlta* isaro noa-dilatlonal ^ecwfcrle 

relatiaas wit& tbe couatr/ rocJt, but It will not be surprialo^ If sueli

ia found* The q^aatloa la not vhet?»r part of tfc* pe^sstltla ss&terial 

obtained froet wall rock, but vhatber all of It 100 «o obtained*

alao argue* court ncin^ly tlaat pe^soa^ite-liite quart»-faldspaar

fl 3,Uo5* botweea bouiiLaj and wrapped around wdr ludusioaa la ^^aeia* were 

vltii taetaesorpiiiaa. FUrtliei7aor«, it se&a* likaly, aa

-^ , that tMa cj&terial formed by eiystal .1 l.mfeioa la the aolid , ratiier 

from aa injected fluid. It la oat claarl/ sJaava, bovever, ti*at tills

Id petro^ragMcally the saiae as tlse caore uorsal pe^aatltoaj oor does 

it appear from io&ers'ft illustrations ?' tisat 'tills mtarial resec^le* Black

major axsuaant* ar« 

could sot have er/stalliz©d from a fluid, -^. tJsat

is the only alternative. He states tiat qunrta cores are not to be expected, 

Ci«ipoaitic«i of plagtflelafm doo« aot cijan^ aurficiimtl^, t&s

of crystal? isaticn is too lev, and la othar ^ays (scwe aot applicable to 

ai^ek uilla) ttrguea t^ftt crystallisation from a isa^sa or izB^asi-li^Q fluid 

ia I^probatjle. Hodt of tJ^se arsuseata &rs to t£te aff^et tliat fl^M o&ta 

are not entirely la accord vita laboratory result* on silicate aelta. In

y s&* cit. ? p*
2/ Idem, pi. 6, fi<$fl. 1 and a.
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diacuaaioa of tba temperature, eocpssitioa, and crystallisation of 3Lac& Hills

pegsaatites on later page** these arguasots wtil aot a^aar serious. 

diffusion process caaaot fee subjected to tfce sam kind of eoaeainatioa 

of tlaa lack of aOe$uata experijneatal data.

thua Saaibers'a asoat ceaviaeiag avguasat tfcat csa t» ^>pllad to t&e 

31H» Is evtdeoc^ that the outor parts of peg^atit&h iacliailng assail 

a&oota from th* p^smatitea, were formed vitiiout di3pIaceE»at of the country

is offset, Iwwver, "by ti» absence of ao? but tiu» aost 

tfcat th« laasr parta of larn^ pegaatitas forscd

theory aa applied to- tba thouaaada of p@63atite3 i& tJ^e 

wauld require t^tst tlte diffusioQ of ssatariol tlirou^t tb& roclta have

pattern. lii ao/ area

as th« soutiwest part of t&e ^/stona district ,t tM rnovessrit of 

sooa rnatsriala iato and attars away from a sitw of S4p@0mti2ationft uould c 

acccss^aaiai by eorrofipaadiag aovoaeata for laiiidrsdB of otiiar pe^iatitea^ 

It smos probable tisat there -aould fco sucii sotabls cnan,-e0 i^ tiie country 

tiiat tile quarts-sica aad quarts-caica-atauroiite ochlat la sees. 16 and 17 

would bo quits diffareat from tba sciiiat oaly a siilo to the laorth, 

P«i^aatitea are au&& less aljuadaat* 36 great diffarencea, bovever,

Soncxl pegsatitea tisat fora muitipla intruairea r as at tiio Ediaon nine 

la tte 33 l/k s«c, 9 ^ ? raise additional difficulties for t&s F^sciber^ 

^eory. The 2disoa coaaistd of s^varal pe^^mtitea Imvlog mil 302123 of q 

alblt«, aad s&aeovlte, aad corca of quartz, aTcita, @ss& spodu^eoe. ?i*o 

Basterg Uieory eeclx of tiwsso ahould have f O»ss4 *oy 2^ -ration of certain 

sjaterial3 lovard aad otlasra outvortl. la tsany places at tbe 3diaon,

I/ Bags aad otJaors, op* eit*> p.
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the pegaatitea come together, ao that the wall sons of ana ia in contact 

tfco nail 2one of the next, aad a aueceaaioa of soverol iadepeodently 

pe^aititea fores a aiagla aultiple iatruaive* The gradients 

diffusion transfer at tfce Sdiaou would bave to Mv9 a irery complsx

of Crstalliaatioa

for the tesaperature of crystallisation of South Saksta peg*

has beea obtoiaed both by fluid Incliosion vorii and by atudiea of 

til© CQBSpoaitioa of rauacori-to and apbalerita.

Table 8 slicva t&a t«q?erature« obtained *by fluid inclusion atudias or 

35ey»toa» ja^aatitea by P. L. W«ia  » , Th& tsc^eratiires raa^e from 232D C. 

to 515° C* fea^eratarea from different inclusions sven ia tbe sasie crystcl 

siay tortt a very grsat range: oise beryl crystal from tlse Peerless 

from 257° 0. to fcQ5° C. T2a0a« ranges are so great tbat the fl^ur^s 

used only in a geoera! vay. It sesas probable, liovever, tliat the 

tonperature, uncorrected for pressure, is betneen ^0° C* and 400° C. ^13 

only data * for correctiAS tbese tcmperaturos for pressure caused "by lepoa 

of burial are based on tfta properties of pure vat;or, and no correctioa l~ 

slsoira above tfta critical tesaperature of vater. ^eis, however, had liquids

at least as MgJi aa 515° C., asd t&ua Heonedy's ^raph * caojiot be dirsc^l;/
Ij,/ 

applied* Tbou^i tfeis* liquid inclusions are probably aqueous -^ , tboy sust

I/ ^cis, P. !».» 1953> Hiiid inclusions in raiaerals from soasd pe^aotitss of 
tha Black Hills, 3« D,; An. Slineralo-^Lst , v. 38^ p. 071-69?.

> 3* C., 1950^ MPaeuisatolysiart aad tbe liquid inclusion of
geologic tiieraoaetry: Scoa. Qeolog/^ v. 4^, p 

Idem, fig. ^.

op* cit.i p. 677*673 aad 669*690.
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contain aatorlala ia solution tfcat Increase tfc» critical, tattperature

docraQsa* t&t pnwsars corroctioa «/* TSw i&fli&Gsici&i of tfassti 

caa oaaly ^o gaessad, but it MMK* li&s&y that tft* connection for

of 320* £* to ^00° C* at a to * adle« dsptii ia at Isaat $0° to 100°, and

te original tsmperaturo wobi be at leaat 370° C, to 500° S. 3\irt£i$r 

, it is probablo tbat va^or preasurw, s^poseritieal pJieaaciKm 

of 3Bt«riaZ ia tbfeso imliigJoas^ aad otlaer factors dlscus««d by y&U ^

iatxxxiuc* still aora errors* Thus ths aost that caa be said is t&at 

fluid iaelusioas suggest a teaaperatarai in tla© order of 400° C. to iJOO° C.

Heis ^ tisod Ms toqpcwatyr* data to surest tlaat inner sonea 

lizod at lover tosparatures tima outar zoaea, feut as ^e points out, tbe 

rao/je ia temperatures evea rraaa sisiglo crystals la aiusJi that his 

very weak* Tm-tfcarfflore, tlis apparent tesssperatura i^cressea inward at 

Pasrless p^satito (table 3)* Tbe only otber pe^jaatite ia Tdiich We:U 

lie bad elaar oridsace for tiw temperature tread is tfes Hi^lilanfl lode 

Ouster, ^er« t2» t«E^eraturea aro approacLssately the saais ia tvo

and muek lo*wr in a uatt timt was called a pla,^oclase-<iuartz core of 

^aatito V« /.cttiall/, However , this pe^aatita eoataios no txl 

core; the only unit of plagioclass sad quarts from which, ^ia could 

iiave collected spaeisaeaa ia tbo nail zone. The stmetiire of tMa 

is sued Uat tisa mil sons* la ezpoaad ia plsces sear the center of

I/ Ssoaedy, op. eit*, p 

^/ 0$, eit, p. 636«^S* 

J/ $$+ cit*^ p* 695* 

p.



outcrop & t where It could b« mialatai^reted as tbft core. 

at tt» Hi(jtOaad 2-oda, IS&e tfca Peer los* , tfea apparent, uaeomcted 

turca iaereasa inamni. It aegr t», fcowrer, t&at tt» alVa.lt content of t 

fXuid tjsHjjip0d la iBC&trt&gw during ^Ty**^*? If flff^f fft Is uroatar in 

la outer loncs*. The |are8«ure corr«ctiCRi mould "he Xeas ia tl» 

smtsrial & , asd altfcough tba uaeorrected tasperature r$ay be hlober , tba 

ori^iral t«2pcrat\ir© asy b« lower than for aUgali~poor saterlal ia outer

Aoot&er ajiproacJa to tb» teoperaturc probisaa baa beea taken ty Cfeootesa&t
-»/ 

and Hoi land -^ * They determined tb0 sodlua and pot^iJaiun cooteat of

frog various ssoaea of tte Peerless pe^aatite, aad found that tha 

coateat of tbs auscovlte raa^e* from 13 aol percent in tbe ^&1X zone to 5 

.20! perceat ID tats core* AH of ths moaccnrite la occcc^aaled by alMt@* 

it id aasussed. that "tfaa sodiiai e<»teiit of tlio nciscovit« la tSoe

at t]» tQB^eratora and pressure of forssation." -^ 2bus tiiey ciio. us-a
5/ poaltion df tbs Joivxis ia tiw ausccvlte-pfira^ojiita ayotem ^ to

of crystal ] 1 y^itloa raa^ad froci 500° C. la tlso vail 20100 to

350° C. in tfce cors. If tlie 3wacovit« vere aot saturated witn

sad otlsera., op. clt., pi. 23* 

, op* elt*, p*

J/ Grootaaaat, T* 3., and Holland, H. 21 ., 1^53 > Sodiuni and potasaiua contact 
of umacovitoa from Use Peerless ^e£^atite, Hlack Hills. 3. D. 
(abstract): Geol. 3cc,

f 3* ?., oad Tcder, 3. 3.,
la Abelaoa, ?. 3», Annual report of tha 3)irector of the 
Laboratory: Carasgla laatltutloa of Waaliia^toa Tear Ibok rfo* 54, 
for the ymf 195^-1955, p.



temperature* would be his&erj £ugster -* considers that other possible 

sources of error are snail*

Kullerud 3t previously used the Fe3 content of sphalerite ia a sissilar 

fashioa as a geological thetaoiaeter. later he applied this sethod to 

sphalerite from the Oaa Batch pegawtite and obtained a teaiperature of 

260° C, This, hoverer, is a m1n1mm temperature, not an exact tmperatxirs, 

because the sphalerite was not accompanied by any iroa sulphide mineral* 

thus la probably not saturated in iroa <*£

Iliy&er tcfflperaturea are auggeated by the preeenee of ailliiaaaite 

associated vith priaary minerals in pe^natites la viiich there is no te&» 

tural or atructoral evidence that the silliassite itself is aoythiag but 

* Ordinarily the aiUiiaaaite occurs oaly ia the outer parta of

especially in a small area northeast of Caster. A fev small 

pegmatites on the south flank of the Hamcy Peak do^e hare aillimanite 

throu^bi their entire thidmess; these aaa» pegsatitea vholly laci suscovlts 

fhis aay be taken as evidence that the pegmatites crystallised ia part at 

temperatures greater tbaa 600° C. ^ SeTertheless^ as JaJoas ^ says, iiaost 

of the quarts of pegmatites probably crystal.Ilaed belov the 573° C* iaver* 

sioa teaiperature. 12iia, together with the scarcity of silliaanite la 

, suggests that high temperatures are unusual* It has beem

I/ ^u^t«r, H. P«, personal consaunicatioa,

Sullarud, Guanar, 1953^ ^he ?a-2o3 system as a geolosical theraocseter:
Sorak. geol* TicLBSk,, v. 32, p* 6

JCullemd, Gunnar, personal eoasuaieatiaa

Xoder, H. 3., 1952, 'She %0-Al^O *SiOg*H20 system and the related
sorphie faoies: ^a. JOEUTT science, 2owea voltsae, p« 600, 601, and 
606,

qp. cit*, 1955* p.



by Boy, Ho/, and Oaborn -= t&at apodiaaene, vhieb occurs only in inner zonea 

of Block Hills pe^aatites, waust bare fonwd balov 500° 6. (or 

at greater pressure*)**

data provide a reasonably consistent body of erideace that outer 

200*3 ordinarily crystallised at tesgseratures between 450° C* aod 550° C,,, 

and tfcat iaaer units crystallised at temperatures as loir as 3^0° C, All 

a small part of the rock in layered and boaoggoeoufi pe$aatites is 

slailar to outar aoaeo of xdoad pos^mtitea, and it may %»

asaxtaed tfaat tfcey cryatalllzed at about ti»

Crystallizatioa la tius dry albite-orthoclaso-quartz ayatca is at very 

m&h itl jiier temperatures tiian t&es« » * It lias beea slsovn, however , ttiat tiie 

additiou of ^water greatly lovara the temperature of crystallisation in

temperature data stay be used as eridaaee t*iat too peg^oatito fluid ims ricii

in water and other hyperf^sil^Ies, and caaoot be used to Indicate, as
6/ aay^ -^ , tliat ti» t«ra^«ratures are too lav for crystal 1 1 ss-tion from a

or magsta^lilfie fluid*

v- 3o /;l Return, Boy, D. M., and Oabora, 2* ?.j 19^>* Cocipoaitional and 
stability relatioasMps aooog the litiiiua alisaiaoailicatea; 
eocryptita. apodussaae, aad petal! te; Jour* ^a* Ceramic 3oc. t v. 33,
p

op* cit*> fij. 7*

Tut tile, 0. ?., and frie&saa, I. 1,, 1943, Uquld issaiscibility ia 
systea HO-ifaO-oiO: Jour* Am. Cbesi. Soc., v. JO , p.

k/ Bovtaa, K. L.^ and Tut tie, 0, 7., 1950, The syst«ft HaAlSio% *
Jour. Gaolosy,, T, 5^» P* ^69^511. especially p. 509-5H && fig* 3-

buttle; 0* ^-, and Sa,;-land.J J. L., 1952; Preliml.mry report on 
3i00 - II^C: OeoX« 3oe* America Bull.; v. ou, p

, p. 209*
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of the Pttgaatita ?luld

table 6 sfcows tfcat tbe overall ooopoaitioa of Slack Hilla pegsw&ites 

la appioadjnataly: 3i 02 ~ 72 to 7$ percent, Al*®* - 12 to 17 percent 

3*5 to 5 percent, 3L3 - a to 5 percent, and otfeer constituents less tfcaa
A

ptttesjofc* Despite tfcs dominance of 31 0^, XLgpy %$* ®od Ha^ the 

df tiie pe^aatitea su^ssts that the orl^Ual fluid coatoiaed unumial 

ties of boxes* (touroaliae), HtMura (spodujaene, aasbly^ooite, aad lepidoiite), 

(T^eryl), fluorine (lepidolite), phosphorus (apatite sad

differsoces t^etueen t2te coespositioa of Ui« rock and tlie coepositioa 

of tins ori^oal liquid sUould be accounted for by Esateriala that tors been 

added to the vail rocks- Only a small <juaortlty of feldspar sad muscovito 

lias been added to the wall rocks, s&d conse^uoatl./ the loss of alkalies frocs 

t^» pe^aatite was probably a0t groat* Tounoaliae is cocoon in -Una flcMst, 

thud judieatiiig traaoftsr of boxoa*

Water, however, aay bave been lost ia al^aificaat quantities. Prior to 

tiie iatrusioa of the pe^aatites, tbe regioaal aetaaoorpiiiaa aad proceeded to 

tins sta^s in wMch ataurolite sod ailliaeaite were forasdj sad thus ^ms well 

tha stags in ^iicJx l^drous minerals ore ordinarily forsaed. la areas 

ia^ many pe^atites> howsver^ staurolite and aillln^nltg loave been

altsrsd to hydrous olaerals, thus indication Uiat tHe peaastites contributed 

vater to tits country rock* Tbe aiaindaoce of mica produced by this altera­ 

tion si^gssts that potaasiua vas also added to Use couatry rock, though tfce 

evidence is iocooclunive,
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Iteay outiiorB tout* supposed that tit* p«g**tite fluid was sariciad la 

coaatituenta. Bovea » states that thft principal effects of 

thes* eonatitueata would be "to loner the twcperaturea of crystal lls^tioa, to 

iserauM the fluidity i to facilitate the separation and interaotloa of p 

sod to modify the courae of eryatallisatioa oaly ia saoderat© degree 

ia Tery late ata^ea.^ 3&e loir t«siperatiirea, lar^ cr^tala, separation 

soaea aad layera, mad tbft ead3t«ac« of repiacoEseat units ^oing out from 

cor«« of pe^«atit«a all au^eat a feigb coateat of Ij^perfuai'bles. 12x2 

of the pe^ssatitaa aad of altered material in tiie country rocli 

pradoainaat liyperfuailslsa wtra vater feoroa, a^d fluorina. 

that silicate saunas of groaitie conpoiiitiou can carry an 2iu&& as 

10 percent «atar Isy «ei^it* Sowea and ^uttla  * suj^est a p 

of 12 percent vater in tbo lov*aeltla^ all)ite»orthccl&sa mlzturea« fLa 

perceat mtar la silicate uyatesia ia, of coura#, lauch greater

degree of fluidity in t&a pc^patita liquid is au^s^stod "ay aa 

 oouaual pe^aatitie rock witii siaay renaaats of 3cM3t wmt is exposed --il^- 

coatiaisoualy ia tha outor part of the Stta pe,^satit<i. Hofbrtunately 

prlocipal expoaurea of thia material are ia an Inaccessible pl&ce on 

east vail of tfca glory hola« Probably the ftfyaHwaa thickness ia about 3D feet 

The ataay largo )>locJfea that have beea obaervad on t&d floor of t:-:e jlor/ £$i3 

consist of oediuRH^raiaed peijaatite with aaay irregular reamants of seMat

Bovea,, S. L., 1926, 3S&» arolution of igneouo rocks: Priaeetoa, a. J. 
Univ. Preaa, p. 3P2.

Goraosoa? B« V», 1931^ ^ie solubility of water ia graoite 
Jour. 3ei*, 5th aer., v. 22, p.

Bowea, H. L., and futtla, 0. F.» 1950, She system Sald3i^ - KAl^l 0 , 
s Jour* Geology, v* 58, p. ^10 aad fig* 5. ^ ^
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tfcat 2awre aa average Xeagt& of 1 Inch. Tbo pepafttltlc aatariai consists of 

quarts, pertkUa, plasioelasa . aad auseovlte* It la sdasralosieally wry 

similar to ;aaterial in tl» upper parts of many soasd pegnatites, aa& it

crystallised directly from tfe* pe^aatit* fluid > not from an sseapiag

solution* 2&e pegjaatita liquid ssuat, fcowarvcr, ixstva beea ex* 

tresiely fluid to pewzeata the schiat la tMa f aaiiion.

Bglatioa

layered, Jioac^ieaco\ia, and zocoed $egfnatit&a Isara sucli a cloaa 

aasociatloa aad are so filial 7 ar la aiaeralogy, texture, and eb^sical ccaaposi- 

tion tiiat there eea b« 220 rwuwnabla (juestion tiiat tiaey were derired fros: the

vartati<j« of pe^ae.tit«> i^»tl»r laysredj licsasgeneoua, or 

tlia oldest unit* coasist of quarts, piavjioclasa r ai3d suacovita of minsrai 

1 aad 2 (tabla %}* they are succeeded by pertiiita, quartz, and 

of «s«eabla3» >- «itt»r aa eoarse^gmload layers la layered

, &« tiie amis "body of boaotjcacoua pegpatit«»j or as aa icterraadlata 

or coro of a zoned ^gaatita* Qufirta-perthita and quarts fracture* 

ag wilts aad se^rcsations are the only COBBSOO. units of layered acd 

pe^satites tiiat correspond to aaceabla^ea k to 12 la soned

Tha ^reatast difTereace betveea layered, *to&aBg&a*Qto&, aiod aoaed 

satites is la tiieir iaternal structure and tiia dlctrlyutioa of slaerala 

tli9 iatruaivea.

tb« eoarso»graiiiQ^ discoatiauous layers or leases ia tha layered 

suggest trapping of rest liquid by rapidly crystal 11 si 05 albita-^uarts 

Tha thin tabular »2iap« of assay layerod pc^amtitea, especially tiios« that ara 

dificordoat to schistoaity^ would favor ̂ loas of iicat to tfcs vail rocks ,



rapid crystal 1 1 gatioa* In t&e Peorissu pe^gmtite layers

13 (fig* 3), containing alblte, quarts, pert&lte* asd msseovite, are SUSN 

rounded by alMte-q^arts-muscoylta pegaatite* SK* ^Mte^

en either side of layer 9 ia sagswy la grala-sise, aad t

crystal Used rapidly*

Bfeyttelesl or repetitive crystallisation asy in part explain t&e 

layered structure* ^a repetition of layers in ti*e smy layered ^i-^ 

of sees* 17 sad 20 attests tbe likelihood of tills proeosss. vbra coavi 

evidence i hov«ver, ia to be found ia the laired unit of tha Peerless _: 

jsatite* Diacueeioa of figure 3 on previous pages &ad showa t^at 

sequence of mineral asses^la^es is repeated at lesst oaee* The

%eea temporary failure of convection la Uis liquiu. to

, perii&ps because crystallisation was unusually rapid oa a result of 

lose of &aat to the vail rocka. file Peerleaa is t^s only m,]or 2ioaed ^" ^ ,:"^.- 

tite of tfc» 2*8^ston« district tbttt ^aa coaspistsously laysrsd l^orler asjd v/.aH 

sones. It is also tlie only raajor zoned pe^&tite tliat is diseordaat irltn 

country rock sehist, and thus it isi^bt lose ita iiaat ^ore readil/ t*ioi 01^ 

of t^e otners.

Bepetition of layers 3iay also have been caused ^y cha^os in ^qvi-

l^ieh eaa be attributed to loss of aatarial to wall roelis or -',a ";a^ 

of aeir amterial from Iselov during eryataHisatioa. Many of t^e 

pepjatites are saltiple intmaivea r sad tSa youa&er parts -of tiic-ca

^y 3aars been injected ^beTore tbe older parts bad 

crystallized. 3oae aoacd pe^aatites are also mdtiple intrusivea; 

ture of t&ese, fcovcver, indicates that solidified nail zone 

previously injected mteriai wa* impsnae&ble to material inject^d later

I/ Ps^e sad others, op* cit., plates 1% aad 15<



rapid lofls of &eat sad repeated injectioa of aew mterial duriag 

tl» crystal H satloa of layered pesaatitee say la laa^e part explain ti» dif - 

faraocea feetneea tbeae aad tl» zoned pegpatltea* SlBoy roceat writer* » bw 

agreed tfcat sosad pegM&ite* f&raad la aa esaontially clos«d gystea. Ona of 

t£a moat important f sctora aay "be that I»at ia retailed ia tnia ayitecs 

a glovly doeliain^ tec^eratur« ^radioat ia eatablia^eg. It la 

timt 36onod pe^jnatltaa t«ad to be eoncorclaat with t*» tanclealng schist 

to iiava tMck croaa-aectiooa (tabla 3); both of tt&s* ccnd.ttlona vould favor 

roteatioa of h*at*

pap^titea aro la aaa/ vays ^redational la character

aad soaed pei$aatltgs* Tliey are ao similar to soaed pe^aatites, 

evsr, t&at la spit* of tie livelihood that opea sy«t<sa crystal T.lsatloa and 

rapid heat loaa say explain 1^17 layered po^aatitea differ fros 

soaed pegaatites, they do not explain tiia differei^cas between

the content of 3i$, A1 °> 3a » aad ^ i3 ^KseatlaUy the

all Tarietiea of pecpaatite, tisa cont«aot of %v>, 3, aad 7 iaay

la tlxi fluid t&at formad zoned pagoatltea tfeaa la the flulda tltat 

foraed otiier Tarietiea of p^oatltea* Certainly tisa kt.sh content of zmseovita 

^id tousm&lloo la tisa Isorder aad vaOl sonca of ssaziy zoned pegmatite 

a hi^iier conteat of vat«r and boron t2ma do tbe lower quantities of 

and toutmalloe la tije border piiaaca of layered aad bojao^eneoxi 

Also the zoaed pegsaatltea are tiae ones that iiave tbo lar-:e«t crystal* ,

a M^ber coot^it of l^perfualiaea to facilitate coarse crystallisation,

I/ Jaiisia, H. a., 1955, Tt» atiadly of pe^aatltee: Scoa. Geology? Fiftieth
, p* 1036*



of the atoned pegmatites h&v* minerals bearing "rare eleneots ' that 

arc uacoasmaa, or unrecognised in the hoaogeneous sad layered pes?aetites»- for 

, Be in beryl and 14 la ajoduaaae, saalygpoittf* lopidolite and

. Son* of these constituents aay nave influenced

crystallization process* 

The layered and ixraogeaeoua pegsjatdtea contain withia thea small asoed 

pe^oatites in t&e form of fracture-filling units* ^ese crystallijsecL after 

tae surrounding pe$»Ut«, and tneir aineral eosapositioa eorrespoads eMsfl^f 

to niM8 Bfl>lft@es 3, kt sod 12, vMcii ordinarily form intexasdiste zones and 

cores of zoned pea^fttites* ISio outer part of t3&e freeture*filling units 

cosssoaly contains rauacovite-ricli a^gre^stes toat bava less physical rese^lanee 

to as&esfol&ge 1 tnen tasy do to museovite-rica aggregates that are character* 

iatie of intenaediate genes of zoned pegaatitss* Theao fracture- filling units

indicate tlsat at a late stage in crystal! 1 gatiaa of layered and

water and other h^perfusible conatitueata becooa sufficiently con* 

centrated to favor the foraation of $e&aatlta vita iona.l structure, but of 

rock types that ordinarily are in inner somes of stoned pegmatites* Tba prob­ 

ability tfcat water is concentrated in the rest liquid daring crystallisation of 

outer units, *tiich consist chiefly of assestolagss 1-3 ia all types of Blac& 

IHlls pe^eatltes, is shown by the mica-riaa cores and replaceaent units in 

the Peerless and £tagp pe^aatites*

Crystallizatloa of Zoned 3egaatites

2oned pegmatites of the Keystone district contain not only units having 

the mlneraLogic asseffltola^es characteristic of layered and ijooogeneoua, but 

also all the other adaeralogia aesemblasea of peipatites (table 4). the

by vnich this ertreoe segre^atioa takes place have long been disctissed
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la i«alogie literature* la tbe Seystoae district, B$3& - a&d

£/ suggested that la the drrelopacat of t&sse pe^satltea t&e first 

m* crystallization of & relatively siispla quartz-feldspar roc^, and 

roci no* subsequently replaced by &#drBti»«aal solutions* Later Pa^$ 

aad Ma colleaguea -* proved t&a tonal structurs of tlieao p^aatites i^/ de­ 

tailed mppln^. f2sey sugg^tod that sones fora by frnctiooatioa/ ^ut ia a 

few p^p&tite* tiiey rocoG^sed replacement todies that ,oros3«eut the 

tad tixua were foraed at a late atagja of er/atallization.

avwiti^atdra banr« coiaa to ^«o«ral agreasisat tlist prissary 

of sonad pegaatitosi proceodod, from Uu» contact invard. 

direct avidei»a ia t£a Soystona district is frcm t&® rolatiou

las usita aal zested. At tbs Big C&Lsf i^nssatlte* for 

coro hoa offaluxr&a that fora quarts frseture-f iHiags cutting 

fi^« 6},t tbus indicatla^ tiiat qucrfea pei^s^tita '^aa t&@ laat 

crystalliza at tfe@ Big

At tfca Hardeatey Hosestead siine, ?a,^a and Hnaley napped a

tmit tiiat not cmly cuts outer aoaca aad even estosds far 2 

foot lato the country roe&j but also ooa be dlatia'-^iiubscl as a f 

in Uso outer 10 feet of t&e quarts core bssfore it nar .;cs iritH the eoro and

a» a JTrGCture- fillip. 1!!heS9 relations 23&3 it

I/ 3ea«, F* t, f 19%?> 23ba natural Mstory of the

1920, Sequ«saee of minercligatioa in the Keystone, S« 
5 ^a* Mineralogist, y, 13, p. 52$~5P» 557*55^*

and otfeer** op. cit, 

y JatoB, 1955, o$* cdt*, p. 1086.

and other*» op. cit*. p* Ig?*12S aad fig*



apparesat that the quarts ftractura- filling f orassd ubila tb* eeatral part of 

t&e $*s&rts core ne* still crystallising; it intruded t&e outer part of t&e 

quarts core, tbe outer aoaea, and couatry roe&«

la tfeft Sew X&rk ptgattfcite, aoutkvest of Coster, a fracture-fillip mit 

contains two zones that are mtaerataglcally Identical wit& the two ianersast 

sooee of U» pe^aetlte » « TMa fnictur«»flllirx^ i&ist tore Iseea l^tjeetad j 

tlie inneraogt soaea of the pe^raatite

variations ia tbe coeapoaitioa of i^JUi^loclaae , ber/1, 

and other oiaerala indicate cryatalliaatioa from tise coatact iavsrd. It

been atom (table 5) t£at pla^ioelase l^jcocoea i^reasla^ly olbitic la

, and thua it follows tiiat luaer acawa er^ ^oua^er thaa outer isoaes* la 

the 3eO coatent decreesea in inner sone0. ^be par^^iite oou9t^it of

doerecuJeB ia loner scma, aod this lsa« been aiiown ^/ to 

decreaaiag t^aperature* If the inner zon&a crystaUissd at lover 

tiia# outer zone*, tiiey mist also oe ^oun^er t-i&a crut^r scries.

If crystallisation waa from tl» contact iaward, it follovs logically 

tiiat @fter tlae border sad yall zones erystalli^d aad sealed tfee 

ehaasber, crystalllzatioa thereafter suet 2iave baen La an essentiaUy

la recent literature */ the phraae "roetrlctsd syataa" lias bee^ used

I/ 3ortoa t J. J., 1953» ^ev York miea raias, la ?a^e arul otliers^ op. cit* .
p

/' Groot^saast and B&Uaad; op. cit,

, H. P., and Todar. 3* 3., Jr., 1955. » 
ia ^beJjMBX, P* 1* , AoauaO. report of the Director of tbe
Laboratory: Carae^le lastitxttioa of Wasliiar-toa tear Book 3o» >4, for 
the year 195^-1955, p* 124-126.

?or cataople, Jahaa, 1355^ op. cit., p. 103?.



and appropriately so, because of tfce likelihood that hydrotberm&l or paemaa- 

tolytie fluids escaped froa tit* pegmatite into ton country rook* Uader this 

concept of crystallisation in a restricted system, the minerals of the aoaes 

formed chiefly by fractional crystal 1 Izatioo. from the pegsatite liquid, the 

border 2000 vas the first and the core *a* ordinarily the last unit to fora* 

£ fev peisBfttites, like the logo (fig. 7), contain replacement units that were 

the last, or at least nearly the last, parts of tha pe^aatite to form.

The crystallisation of atoned pegmatites was accoapauied lay the develop*^: 

sasnt of racy replacooeat features* These can be divided into two categories: 

(l) roplacemant textures aagmg the priaary lalaerala of soots* aad (a) replace* 

seat bodies that were for&ed after zones.

Beplaeemeat textures indicate corrosion of oaa mineral by aaother during 

thd formatloa of zones, even vhara ao replacement uait^ in the strict sense, 

has been superimposed on tha aonal structure, fhedfi taxtures are aost abun-» 

daat in inner sonaa of peg$atltes» $hs perthite of assemblage 3 i* eaba^ed, 

veined, and irregularly replaced by quarta and pla^ioclase of the groundsaass> 

so coasaoa is this relation that it has been described throughout the litera­ 

ture on pe£?aatites. The lar^e crystals of subhedral to «uhedral spoduaeae 

at the Stta are in part eabayed and veined by quarts and feldspar of the 

groundaass* The Hu^o pe^paatite has a sane contain.!^ aggregates that are 

evidently pseudooorphs after apoduaeae; they have the bladed shape of ftpedu* 

ssG*a and are surrounded by a sheath of eleaarelaadit*, just like unaltered 

spoduoesa that occurs in the next sons innard* They consist, however, entirely 

of minerals that are also found in the grouadjsass, chiefly quarts, albite, 

perthite, aad aa^ly^oaitej but also "beryl, muacovitaj and apatite*

Beplacensnt textures are aost ccoaon in the lithia mica»rieh cores of 

lugo and Peerless pe^natites and the lepidolite»rich core of the Bob
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lagersoll So. 1 pe#satite* Za the** units, aggregate* of cleavelandite fom 

Yeialeta that cut aorosa and et&agr all other Mineral* of tha son*. The 

oleevelandite, however, ia also ia part replaced by tha aicaa*

These tcxtural relations do oot, however, indicate that a siogl« *oae 

formed in two or aore separate parioda of crystallization. Studies to datar* 

sdaa paragaaaaia^ aa at tha Hugo pegmatita, indicate «xtea«iv« overlap la 

th« cryitalllaation of niaazmla ia eaeh SOJBO* Quart*, for aataapla^ Hay 

oonacmly embay plagloclaaa, yrt also ba eafcayad by plagioeXaa«»

ia a aingXo xone> auaeovite aay b« corroded by plagioelaaa f traasgreaa plagio- 

clas«, and fora subgraphie iotergroirtha with pla^loelftae. Firm «ridcnc« for 

two or more distinct atagaa of cry«talliaatioa cannot bo established, even 

though »OB» minerala may have f oraad chiefly during the early part of the 

crystallisation of a aoae and othara aay have been chiefly late*

It eaa be argued that daring crystallization ia a restricted ayatem, it 

li expectable that the liquid and solid phasea would be essentially ia equilib­ 

ria vita eaea other, and texture* indicating replaceaent of one oiaoral by 

another should not be aa abundant aa they are in zoned pegmatifcaa. Oa the 

other hand, if a aeeood fluid sot ia equilibrium with the crystallised oo- 

terial vara injected, thea tha replaceaent features are to be expected. Thia 

arsunent ia probably a baste reaaoa for the many proposals that zoned pegaa* 

titea forased ia two or acre ata^ee* though it does oot seem to bave been 

stated ia this fashion ia the literature*

Nonetheless, so long aa there ia no clear evidence that the minerals of 

zones formed ia two or sore stages, a better explanation for the replacement 

textures of zones should be sought. It may be that aa the rest liquid



crystallizes it also g£re* off * aydrotfcernail or paeuaatoiytie pfeaaa consist* 

iag of irate? and dissolved aateriala. Table 6 afeova taat ta* 3u$a aod Beer* 

less pegaatitea contain only 0.5 and 0*6 percent vmtsr, and alt&yu^a tbese

fi^gurea Include only tae water la saiea, toursaliaB, ombly^onite, and apatite,
«/ 

it aecas un.llke.ly that tfcay oaa be greatly ia error. Jaans ^ gtirea figures

raagiiag rioza 0.^3 to 0.6 p«rcaat for thre« p«^atlt®0 la 2fev &gxieo and 

CaJLLforaia. If ttte ori^oaJL vat«r coataat vare greater t&&u tida, tfeon as 

t^a relatively 477 outer zoa«* cryatalllacd, tfce r«at liquid wooLl becoiae

enrlciaed la water until it reaclwd t2M point At wtiicii a vat«ry fluid vaa
^^ */ 

off tiyjunni if tiha faiui'j^ttt liulH^ts described by Sovea ^ . T^ia ssay/^
« tb0 ori^Ui of the watery fluids that eacapa rrom pe.^jaatitea aad et^u^a

alter&tioa of atauroiite azid gllllamaita ia the wall rocks. 

Tins escape of aiacla A fluid during t&e formatioa of zones aaiy laflueoce 

tae eotirae of erystalli2&tlaa in two nays* Oa Uie oaa liaad, tiie internal 

praasxtre of the cryat^llixlos ayst&s aay ehais.jfi so that the rest liquid 

ceases to be ia equilibrium vith tne aolid siaterlal, and replacement features 

ore tftea developed* Qa tlz» other ltaad» the aacapi^ fluid ?say corrode 

crystallised material sad depoait nev nsjUierala aaerlng replacesaent relatioad 

vltii older ninerals. Jehas -^ favors the second of tiiesa laechsniSBus. Be 

&9 ccxidenaatioa of vapora ^iven off by resur^eat boiling af 

rest liquid ia tiae direct cauae of crystallization of aloerala that re* 

place Gft^er sdaeralu ia soaea* ?Ma is aa asstrcagBS view; jaauoy soaes

I/ Jaims, B* B., 1^53, 5!ba j&saal* of pegaatitea: ^« Mtseralo^Ut^ v 
p. UOO, table 6.

a/ 3owa, $. I.., 1933» 33& frostier story of s&^aatie diTferentiation, briofly 
told, ia Ore deposits of tfe* Wesrtera States: Am. Izist. .'4ia. aod 

York, p*

, 1955 f op. cit,, P* l^Ti and 195^, Sssurgeat boiling aod 
tioa of na^jaatio p^^atites (abstract): 3eol* 3oc. Aoerica^ 
for tbe 19^6 aseting of tiie Ccrdilleraa Section, p« 20*
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predominantly of tt» "leplaeeaeat oiaerals," and tbus would have foxaed 

caisfly ffcoai t&e rapor p&sse nether tfcaa from tbe rest liquid* la assea&la^g 

3 ttajugbout t&e Blaell Hills tbe quantity of pettfcite is subordinate to tfce 

quantity of quarta sad slbits tfcat replace pertblte. Tbe sons at t&e 

coataiaing pseudoaorp&s after spodumeaa consists eatirely of aiiaerala 

replace tba spodinndne; noaas* of the spoduasatt itsetlf rmnaias in this scae. It 

seeaa si^aifieaat tliat t^ess replacemsat feature* aro confined to single sonea, 

Tbey ar« not in true eroos-cuttiss^ replaceoesit bodies, as would be expected 

if tbs dominant swchanlam vera deposition of aslaaraU rroa tbe vapor p&aa®» 

"Tboush tiie vapor pbase way laave helped upset e&saiical equilibriuia, sod nay 

also inure helped corrode prartoualy fonaed crystals* Ute absence of atruc* 

tural evidence tiiat true croaa-cuttia^ replacement bodies foiled duri^i 

crystallization of outer aoaas Indicates tliat tbe vapor deposited relatively 

little mineral matter. Thus it is likely t&e zones are fbr@ed cMefly by 

cryatalllzatioa froa the reat liquid, aad any effects of resurgent boiliog 

less i$portaat*

HS^i roplaceoant bodies tiiet ^ out from tiie cores and eut across outer 

of tiie Hugo aod Peerlssa pegmatites have tha structure that should be 

expected if resurgent boiling forms a fluid from v&ieli a large quantity of 

mineral setter is deposited. The abuadaaee of mica odd feldspar in the re* 

bodies indicates that the fluid was rioh ia Al, K, Ba, ?, aod

the coatoat of dissolved imterials sust iaave been quita different 

tiiat of nay fluid f onaod by resurgent boiling during tbs cr/stalliaatiorx of 

outer zones, vhen ao replace&sat bodies nere forawd.

difference may be too great to be explained as a progressive 

ccapoaitioa of tbft fluid produced by resurgent boiliDg* Mother ex­ 

planation is that the fluid formias tfee replaceaieat bodies separated



the rest liquid as aa Isaaisetble phase, Tuttle isd ffrledma Iiays demon­ 

strated liquid icsaiacibility in the system 2LO - Ha^O - SiQg. She only 

additional major constituent* of tbe replacemaat bodies are Al sad X*

Separation into two Irasiseibla fluids wotdd be helpful la t3plsial2£ way 

tiia composition of tho Innersoat units, or final prodiseta of crystallisation .. 

in Kteyatoos* p*$satites indicate that tiiere are t-^o jsuerol trends of orr/st;C* 

llsatioa: one is toward units rich in alkalies , Al, 1T00^ ^3d ?, ^:cl t^a 

other is toward a final product rica ia 3iO^« Th« first of these ia illaa^ 

tratcd by alkali e- rich cores and replaceneat feodiss, oa ia tlae Huao ? PeoiCo^a 

Bob Xogsraoll Uo. 1 pegmtitds; in these $as» pejnatLit^s, hovevcr, :,

Laner intsraisdlato asones are rich ia 3idu. On tlic otiier haad,

ia talile &* 9 herm quaartx cores asd 6 otliers IsaTS cors^ t£at co :- 

of quart2U?ao varieties of assesbla^es ^ 5. aod 3; 3or,2 of those !m?e

ch a^gregsiUA of possible replac«n»at ori^l^ outbids the quart,2o^-- 

soacs 2/. these relatioad caa b« readily explaissd by separation of - 

rest li^u^ iwto two issetisclbl® 2^»®s ia t&a fioal stages of 

'Jader tMs concept, tii« silica* ricJa phase da.niaaics la raoat 

in sucii p«e^satite« the alkali-rich pJmoa occurs aaly as irregularly distri­ 

buted ndea-rich aggregates* Ia a fmr pegnt&titas, ^ovsT9r ; tiia alkali -ricis 

coatained enou-iJ ^jatarial to form cores and rspl^cenient *bodl@3. 

Quarta cores Js«?« aet tJaeorotical objections as the flaal product of 

crystal II, sat Ion , evsn tbou^i it has b««s eoonoaly coasiderod

I/ !?utU«, 0* y., sad Frietoaa, I. X,, 19&3, Uquid isasiscibility 
aystaa io-lteuO-3iO : Jour* Aa. C3bb^i* 3oc.j IT. 70, p

<C C A

g/ Paco aad others, op* cit., p. 15*



uia

quartz veins ax* a late product of granite egystalllaatfton f , aad it is not 

t&at tbe flaal product of pegaatites aliould also b* quart*. 

st&ts* tfce probles by appropriateO^ tfcousfc aorcavftftt «attra««ly , 

tbftt *tfc* core of aaoftt pepKtites, t&ieb siaould t»» tiia last part to 

on

composition, la alawat invariably laonoffiinsralic

liquid issalscibilitor ma^ be th» key to solvla^ tills problam, a« 

, Jahas ^/ j^m supported rwur^a&t boiling a«

Accordiag to Mm, tha aUsalioa would be carried off la t&A rapor piis»«, 

tfee liquid phase would be earlcfcod la ailicA. ^oug^ tills view iias ajucii to 

it, it introduces still another problem; t^a alkali»rlc]i vapor

uould fozm ttie core of t&a Hu^o, P^orleaa, aad Bob Xagarsoll ^6* 1

ratiiar thaa «tscapia^ entirely into tH« outer ports of t^ase iatruaivea. Until

 sore laboratory data Isanre boea obtained QZI tto properties of tlse

s/atems, it Id best to Xeecre op«& two poeaibla aec^aaisms, 

aod liquid isaaiscibility, as t&e cause of tiia foassation of 

aad the aesragatioa of tlso Inaer parts of pe^aatites iato sillca^ricii 

alkaii-ricJa

I/' bacons, W» H,, 1933, ^a tbe secJUaniaa of tbe deposition of
jwtalliferous lodo systems associated vitlj graaitie batholithflj in
Ore deposits of tfee Western States i ^suladt* Mia* ajad Het

» Hans, 1952, T2ie orlt̂ ta of rsetamorphic and issstastxsatic rodca; 
Chicago, UaiT* Chiea^ Press, p»



QUABTZ VSIB3

Th* Sayatoa* district fea* quart* Y*ina mngtng f «aa minute vaiolets 

t&aa 0*1 inch. tfciefc to large tabular aaaaea aa much a* 10 f*at tbicfr 

aad 600 f*«t long* Host of thoaa tliat are larsa aaougfc to atww oa t&« snap 

(fio* 3) conaiat entirely of quarts nod iwnre ao evident relatioa to tiie 

isatit«», 3oc», liovover, coatala feldspar and nuecorite aoar t^eir 

theaa oay 1?« considered ailica-ricJa pegaatitea consisting alao»t oatiroly 

of a qusrt* core.

Quarts la also a pmsizM&t mineral of ti» ^old-bearing voiaa near 

;<eyatoa«, e»pecially at t&» Holy Terror aloa ^ , tkrtaiXed doacriptiois of 

tlies« v«las iiaw aever b«ea ^ufaliaJicd. 3b* sainaa aro aov cloaed^ mud 

of tiie t«lna ar« oot accesaTble for

miaaral products of tfee Itoyatoiw district a?$ cM«f ly f raa

mining. Gold mta«« toro INMCI actiT« la the past, and doubtless will fee active 

in tlae future. 2» Billioa ^old mine boa also been operated for arscao-

sa a aourco of ansooic.

Oonnolly and O'Harra 2/ and AXlaoaa ^ haro deacril3«d tlio ^old aaioeis. 

ti3« Mnea are iaacceaaible, no additional data froa uador^rouad 

obtained during ti» present loveatl^atloji. Nearly all of the

I/ Conaolly, J. ?., and O f Earra, C. C, f 1929 ̂  D» miaeral veslth of tfce 
Hllla; 3* D. 3chool Mines, Boll* 16, p

, F* T., 1^*0, ScconaaiAsanc* of so^'Eiaiag dlatrlota la the
HI!*, 3. D,: U. 3. Bur. Iflaea Bull, J&?, p. 91 aad 101. 

cit., p. 

. cit.



aad prospects ax« la anpbibole seals** The principal mines are the Holy 

fervor, Keystone, Bullion, and Columbia In the iasaediate ricinity of Keystone, 

cad the Btaasrk, 1 all* aorthvest of Keystone* Thi* are* i» intensely faulted, 

and probably mineralisation was controlled in part by faults* Jfaturc explore/* 

tioa for gold la this district should be chiefly la aophibole schist la faulted

The Keyatone diatrict haa loag been a major pegaatlte mining district. 

It la Botenorthy partly for tbe diveraity of mineral* that it has produced 

la significant quantities potash feldspar, scrap mica, spoduasae, amblygonite, 

lepidolite> beryl, aad taatalite-coluabite. It Is noteworthy also because a 

snail area of only about 5 aquare odles contains 10 urntn^inlly large mlnabla 

pe^aatitea, as veil as amay smaller ones. Furthermore, the peg&atltes are 

extraordinarily veil segresatsd into zones, fracture- filling units , and re* 

placeaent bodies. The economic geology of the pegmatites is described la 

detail la other reports i/« Certain characteristics of broad significance, 

however, vill be discussed la the following pages.

Industrial ainerals have been adned chiefly from xoaed pegmatites. The 

aost iaportant reasoa Is that only zoasd pegomtltes contain units rich

la one or aore industrial minerals to be profitably mined. A scarcely less 

iaportant reasoa is that large crystals free of inclusions, aad thus suitable 

for hand cobbing, are rarely found la the hoaogpaeous and layered pegmatites. 

Though part of the mining la the Keystone district has been la layered and 

homogeneous pegmatites, it Is not knova to have been profitable.

The distribution of the principal deposits of Industrial ainerals la the 

major pegtaatite mines is shown la table 9. The aost isgortaat industrial

I/ Bapecially Page sad others, op* cit.j sad Sheridan sad others, op* cit.
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atasral of tfee Keystone district IMS been potasn feldspar, Seorly all of 

the pot&sii feldspar cooes fron bood-ebaped intermediate *ooe* la tho upper 

parts of pegnmtitea. 33*9 largest and seat proOuctiY* of these unit* belong 

to iniaaral aaaeafclage 3j a uait of tnis miSBBraX aaaaa&Xaa* at t&t &i$* ssiaa 

iioa feeast t&i source of acre potasfc f aldapar tbaa any other mine in t&9 Sey- 

stceia dlatrict. Jttaeral aas^nblaga k haa also t>e«a ia^ortaat. Quarts- 

ndcrocllae pe^nstita of JBlaaral aaaatibla^a 10 at tixj Hugo a&aa was tiia first 

potaaJbi foldapar dftpoait iy|q^ in thg BQLaclc Ptllffj gfflid waa baio^ gttnff 

la 1956; ordlaaril^-, fcovevtr* uaita of tMa mineral aasssabiaoa ara too 

to werrcat mialag.

Spoduacne haa beaa obtained aoatl^r from iataisaddiate xone« and cores

of lalaersO. asa&sbla&aa 7 aad 3« ^aa^^la^a 5 *&*<* contoiaa 

, but it has aora coaaaoaly been a aource of ajai)lyGoait«. Lepldolita

-deposit* ara vary rsra , not only in tb& Haolc Hill^j but also el&et&ere 

The only deposit t&at hae beea iatenaively mJUaed Id tba eora of tiwa 

la^raoll So* 1 pe#aatite f wiilch eoaaiata of ass^bla^ 9, , 

f^e moat productive beryl dcpoaita ara in outer sonea of

imter zoaca of aesgaMage 5* These aa»cn£bla05 j , to^etl^r witii
4/ 

probably t&9 lar^eat aourcva of 'beryl tfcrou^aout the yorld ^ * Beryl iias

ueoa prodtueed in the Keyatotw district tzm aaaenblai-e 6, and aa a by- 

product of feldspar atui^ ia saaea^blagea 3 and %.

3crap Hdca aod tias snyall amount of aiieet mice produced ia the Keystone 

district have been mostly fro® assemblage 1, especially at tlia Hu-o and

I/ Sortoya, J* J., and 3chleo*l, 9. M. , 1955 1 litMim resources of Bortli
U. 3* Geol. Surrey Bull* loa?-&, p* 3^.

3orton, J. J,, 195 3 > Beryllium resourced of t&e world, in Staff of II. S. 
lor. Hluea aod Geol* Survey, 1953. Beryllium; Sational 3«curity 
Beaourcee Board, Material* Survey, p* 111*6.



Homogeneous sad laired pegmatites contain all of tfceae aiaeral* ia 

various degreed of abitrafnnce* Bs§ only sctaablc concentrations of eobbeMe 

material ia these pe^patitee, however, are in small frsetttre-filliag units 

and segregatioas that cum support only a one- or tws-asa mining operation, 

T&a rest of the rock in these pegmatites caanot ba isiaed until isilltag methods 

are put ia use by tin* p$$sstite sdaiag industry of the Black Hills*

Ster this reason, future exploration ia tlse Black Hills should be 

for 2oocd pegmatites. Inasmuch as zoned pe^satites are known to occur in 

belts near the outer «d,;» of pegmatite^beari^ areas (fig. l). 

shouild 1?e aostl/ in these belts*

In t&e aispped area (fi^« 3), nearly all of i&e kaowa soned 

are ia a belt 1 to 2 miles vide that extesdd from the southeast comer of 

tbe sap to tile Hardastey Iteesteed adae in see* 3i>. It is virtually eertala 

that no lar,;e exposures of minabla zonsd pe^satite, co^arable to tUs IIu^-j. 

Peerless, and Btta pe0satites9 remain to be fooad im this area* It is still 

possible, howeror, tiiat there are places ia tMs area wijers only the very 

top of a large zoned pe^aetite reaches tl^e surfaee. and oxily the border asd 

wall zoaes are exposed* Uoazpoaed Inner zoaea iiavs been found by diaao^d 

drilliag at t&e ^oate Carlo pe^tatite (sec. 17) sad f^rj&soa pc^jnatlte (east 

of -Use ssapped area}* At t&» Farsusoa the deposit t&us found vaa lar^e fmou^h 

to Justify sjijaiisg i/»

Exploration for e^aplotoly burled son«a pe^satit&s presents a 3ore dif- 

f icult probloa. A detailed study of trsice eles^zxt distribution ia mil roclss

I/ .forton, J. J., sad Sheridan, 3* M., 1955» Sxploretloa for concealed deposits 
ia tije Me^ta Carlo and f^r^uson pegjaatites^ Beoaist^toa County, 3. 3* 
(abstract): Am, last. Mta. and Met* 3n;;. ? Frogrsst for tlie KL@c^ Hills 
regional cseetiag, Get* 2-5^ 1955? p* IT-lB*



or several hundred £M& outvard from exposed 3*gaatit*« 007 prorlde

for melioration. It id also po*»il3la that ^eoph^aical saethoda eaa b« adapted 

to the diseomry of Isiirled p«@&atltes that tars tfe* tMefrly lenticular afcape 

ao efcaractsriatle of zoaod pe^atitos* >^' ffucii ood^ fo-oad la aa ana coa- 

g aaay iar^e soaed pd^stltes^ aa near the Ho^o, ^tta^ and Peerless

, wold "be veil i«37t& th« ^a^cnse of 

At present., howsryar, tlui only matiiod for fliidiag turls4 pe^a&tltes would 

be by -wildcat drilling. 1!ho geologic sap s&ova that sa araa of laaa than

311* scputli of Ke^rstoiie contain* tbe four lor.^st and moat productive 

of tiw Keystone district  the Pesrleaa, ^tta, Hu^o, aud

also aaay sasailer aooad pe^smtltea* The jeolog/ of tii« country rock 

so reasoa vhy sceicd pe ̂ aatitaa should "be any .nsore coisaDn at tbe 

surface than at a depth of a fair hundred feet. It seenia lively Uiat 

videly spsc«d diansoad drill boles in thia oroa mi-^fct result ia th« discovery 

of a largo soiled pe^patlta.
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