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The mineralogy of pegmatites

EorrBo sy GonooN E. BnowN. Jn.

Department of Geology
S taffird U niv e rsity, S tanford, C alifornia 94 305

The Mineralogical  Society of  Aner ica,  in conjunct ion wi th che Fr iends of  Mineralogyy held a eynpoeiuu
on February 15-16r l98l  in Tucson, Ar izona, on the Mineralogy of  Pegnat i tes.  Gordon E. Brown, Jr .  of
Stanford Univerei ty served ae organizer and technical  chairnan and Richard A.  Bideaux of  Bideaux Minerale,
Tucaon, Ar izone, gerved as local  general  chairmen.

Ihe t t 'o  day progran,  at tended by over 150 nineralogiste,  coneisted of  17 invi t ,ed or  contr ibuted
PePersr  which deecr ibed a var iety of  pegnat i te local i t ies in the U.S.,  Canada, South A.mer ica,  Afr ica,  and
Ehe USSR, and aix papers on nore general  subjecte ranging f rom Ehe or ig in of  color  in pegf iat i te n inerale Eo
iaotopic and exper ioental  etudieg bear ing on the paragenesia of  pegnaci tes.  In addi t ion,  Cl i f ford Fondel
of llarvard Univereicy preoented an infornative plenary lecture on the nineralogy and nining of early
Aner ican pegnet i tes.

Of the lrrenly-three papere presenled, five were of a review nature and
Abslrects of  lhe other e ighteen ere repr inted beLow.

a re  l i s t ed  by  c i t l e  on l y .

G .E .  B rown ,  J r .

HINERILOGT OF THE BADU PECUATITE, LLANO COUNTY, TEXAS
ElberE A. King,  Department of  Geology,  Univerai ty of  Houaton,  Houaton,  Texas 77004

since the diecovery of  lhe Badu pegnat i te in 1935 by i l re.  T i l l ie  Badu uoss,  the pegnacire hae been
worked- interEi t tent ly  

1"  9 eource of  fe idepar and,  in r" -" . r , t  y" . r " ,  for  decorat ive quertz.  The nine is
located aPProxiEately 4 n i lee southueat of  Buchanan Dan and 0.6 ni les south of  the i lano-Burnet  h ighrray.
Thia 

- locat ion ia only 4.5 n i lee s 35q{ f ron the famoue Barr inger Hi l l  pegmaci te,  shich is  now f looded and
set l  below lhe eurface elevat ion of  Lake Buchanan. The eurface exposure of  the Badu pegmat i te is  approxi-

) roximately 35b feet  wide.  Ttre pegiat i te ct r ief iy  con-
hi t . ic  p ink nicrocl ine,  eone of  which are rnore than 30
rta le.  Minor n inerale in the Badu pegmat iEe include
E€ ,  sphene ,  anaEaae ,  f l uo r i t e ,  hema t i t e ,  l i non i t e ,
ats in the fe ldspar rnaeeee have produced aEtracEive

which are deeply etched and contain f lu id inc lueione
routheast  ua11 of  the present o ine pi t  conEaine a
)etai led exaninaEion of  th is area revealed ephene

peeudouorpha, now moet ly a l tered Eo anatase.  The al terat ion of  the ephene apparent ly  was cauaed by a late
stage f luor ine-r ich f lu id which ceueed the product ion of  the f luor i ie-anatase-te.a i i te aesembrage. Thig
react ion can be degcr ibed by a ainple chenical  equacion i f  che sphene ie assuned to contain n inor anounEs
of i rqr  and hydroxyl .  The najor  poi t ion of  th ig react ion hae been reproduced in the laboracory.

PEGMATITES OF TnE ttAUsAU PLUTON, WISCONSTN
AI FaIster ,  Al  Falater  Mioerals,  Wauasu, I { ieconsin 5440I

fire l{ausau Pluton, a largel eubvolcanic body of Precaobrian age, ie expoeed over an area of approxi-
metely 360 equare km in_Marathorr  County,  wiscongin.  I t  conaistg o i  L iot i te- tear ing quartz eyeni te-and is
cut by nuueroue dikeg of pegnatite that are nost abundant in an outcrop area of auout b oquare km. some of
theoe dikes are aa much ae 80 n long and E th ick,  but  correeponding average dimensione for  a1l  the dikea
probably are lees than 20 n and I  n.  About one-t i i rd of  the pegnai i te boi iee contain i r regular  po"t" i " ,
ranging in uexiuurn dimenaion fron lese than I cm co at least 4 or- that have yielded an unusual .rrii.ty oi
u inerala.  Near ly 50 epeciee have been ident i f ied Ehue far .

The Eost  abundant and wideepread pockec const i tuents are quartz,  a lb i te,  n icrocl ine,  muacovi te,  and
clay uinerale.  Surpr is ingly co@on to nany of  the pockets are 'aLmani in" ,  rn" t"" . ,  bert randi te,  brooi i te,
chlor iEe,  columbite- tanle l i ter  goethi ter  groeeular ,  henat i te,  i lmeni te,  lepidocroci te,  opal ,  phenaki te,
pci lo le lane,  rut i ler  e ider i te and xenocime. Leea comron nineia le,  a few of  then found in 'only one pockei
t o  da te ,  i nc l ude  anhyd r i t e ,  anke r i t e ,  ba r i t e ,  baven i t e ,  be ry l ,  b i o t i t e ,  bou lange r i t e ,  

-  
ca l av l r i t e ,

cooke iEe ,  f l uo r i ce ,  ga lena ,  
.  go l d ,  j aneaon i t e ,  nanganoca l c i t e ,  n i c ro l i t e ,  monaz i t e ,  

- pa r i e i - t e -aynches i t e ;

9anidi19r aphaler i ter .  e ' ' 'b iconi ter  et i lpnonelanef  tourmal ine,  and eeveral  other species not  yet
ident i f ied.  Thie rernarkable aeeemblage, which evident ly  representa a sy6tem wich unuaual  concentrat iona of
Ber Nb-Ta, Sb,  and Ti ,  hae provided excel lent  epecirnene and aone auperb nicro-nater ia l .  The pegnat i te
occurrencea are not  widely knownr but  chey have y ie lded nany notevorthy crystale deepi te ragher d i i f icul t
col lec t ing condi t ione.

0003-004x/82/0 102-0 l 80$02.00 180



BROWN: PEGMATITES

SOUE FAMOUS PEGI..IATITE LOCALITIES IN TTE U.S.S.R.
Bor ie H. Shnakin,  Uni ted Nat ions,  New York,  New York 10017

There are nunerous nineralogical ly  d iverse pegnaEiEe depoei te in the U.S.S'R.r  aone of  wtr ich are of

econooic importance.  The local i t iee reviewed Lelow are paet  and present producere of  nany of  Ehe

except ional ly  f ine nineral  epecinena that  appear in European and American nineralogical  mueeuns.

Trro iocereBt ing pegnat i te regione are located wi th in the Fenno-Scandinavian ehie ld srea Thoee

locaEed on Ehe xeivy niage,  Kola Penineula contain abundant amazoni tes of  Ewo Predoninant  colors:

greeniah-blue and 
-gr iae-gtJ"n.  Pegnat i tes located in northern Karel ia are character ized by abundant

i r "corr i t . ,  t 'cergmic-  mineia ler"  and red nicrocl ine and have a var iety of  acceea-ory,u inerale inc luding

uranini te.  The Volynek pegoat i tee,  located wichin Ehe l tkra in ian ehie ld,  are asaociated wi th the Korosten

granic ic p luton.  fn.y cotr ta in n iarol i t ic  cavi t ies f i l led ni th large cryetale of  nor ion (enoky quartz)r

green bery l l  and rosy topaz.

Two famoue pegnat i te local ig iee occur in the Ural6t  ( l )  n iarol i t ic  pegnat i tes of  the Mursinka-Aduy

bel t  near Sverdlovgk contain ing beaut i fu l  cryetale of  b lue toPaz and hel iodor bery l  occurr ing on the

aurface of  a pecul iar  t tcomb" at-b i te;  and (2)  i rani t ic  pegrnat i tee in the I lnensk mounEaine near Miaek wtr ich

contain 6""oni te and nuneroua REB-Nb-contai r iog . ""c""eory n inerals.  The lat ter  Pegoat i tes are located

near nephel ioe pegnat i tee vtr ich con.Eain abunlant  cancr in i te,  eodal i te,  t thelv ine",  etc.  Interes! ing

touroal ine-,  
"poJ,5"rr"- ,  

bery l - ,  columbite- ,  caesicer i te-bear ing pegrnat i tes are located in the Turkestan

Ridge area,  Uziekian nepubl ic ,  ientra l  Aeia.  In the Baikal  region near Sludyanka and. in the 0lkhon region

(Taiheran'St"pp" o. ,  th;  Nl f  ehore of  Baikal)  there are pegmat i tea contain ing amazoni te and numerous REE

accesssory ninerafs.  Miarol i te pegnat i tes occur at  t ranelaikal ia ( in the Adun-Chelon nountaine and in the

Borgchovo'chny Ridge area along t ie Sni f ta River)  and conEain excel lent  crystalo of  quartz,  bery l r  topazt

and var ioua var iet iee of  tourmal ine.  The i lama peguaEite bel t r  located in the North Baikal  Highland io r ich

in muecovi te and conpr ieee var ious genet ic types Including analogues to the Bihar ( India)  pegoat i tee which

contain t ' ruby nica veing".  F inal ly ,  th.  i ig-"otcain ing pegoat i tes of  the Aldan Shield contain bar iuu

orthoclaoe and nany accesaory minerale.

ALPINE TYPE DERYL-EMERALD DEPOSITS NEAR IIIDDENITE, NORTIT CAROLINA
John Sinkankas,  5372 Van Nuye Courtr  San Diegor Cal i fornia 92109

Occurrences of  bery l  and i ts  chromium-bear ing var iety enerald in the v ic in i ty  of  Hiddeni te,  Alexander

County,  North Carol ina have been known gince I8]5.  Several  previoue atcenpts to e:(Plo i t  the dePosi td for

niner i i  epecinene and gematones have net  r r i th only l in i ted aucceos.  Moet descr ipt ione of  Ehe dePosi ts

c16ss them as pegnat i tes enclosed in the local  b iot i te-gneies but  f ie ld examinacions in 1969 thoeed that

they are hydrotherual  veine depoei ted along a ser iee of  croes-cutEing f ractured in the gneiea.  In

non:aaprol i t ized port ione,  wa11 al terat ion extenda to 6everal  cn wiEh Ehe product ion of  replacement

roe"o.r i . te and alb i te wi th sone rut i le .  With in the veine,  many of  which are only parc ly f i l led,  quartz
(ni lky,  amoky,  late anethyat ine),  nuecovi te,  a lb i te,  goethi te ( ieeudonorphouo ef ter  Fe-bear ing carbonate),

bery l -  (aquanir ine,  late enerald)  and rut i le  are comon epeciee.  The morphology of  the veins aa wel l  aa the

mineral izat ion bear strong reseublancea Eo the Alpins k lef ts c laseed as ! 'FundorEgruppe l0fr t  by I f .A.

Stalder,  and others,  in Die Mineral funder der Schweiz ( f973).  Deepi te the preeence of  snal l  Pegnat i le
b o d i e e i n t e r c a 1 a t e d i n t t r e @ a P p e a r s c o b e c o n f i n e d t o t h e v e i n g n e n t i o n e d . F o r
theae reasona, the veins are c laesed ae Alpine in type and poasib ly repreaent a unique node of  emerald

occurrence.  Alchough no epodumene-bear ing body was examined dur ing the authorra v ie i t  in  1969r i t  is  a lgo

likely chae the chroniurnj bearing epodumene (hiddenite) frorn thie diEtrict ie unique in ita oode of

occurrence.

l E l

BISXUTHIAN STIBIOCOLIN,TBITE-TANTA],ITE AND OTI1ER UINERALS FROU THE LITTLE THREE I{INE, RAMONA' CAIIFORNIA

Eugene E. Foord,  U.S.  Geological  Survey,  Scop 905, Box 25046, Denver Federal  Centerr  Denverr  Colorado

EO225

Bienuthian et ib iocolunbi te- tantal i te and other rare mineral  apeciee occur in Ehe Pocket  zone of  Ehe

nain Li t t le  Three pegnat i te-apl i re d ike.  The biauuthian 6t ib iocolumbite- tantal iEe ie ageociated niEh

topaz ,  I ep i do l i l e ,  
-  

t ou rna l i ne  (e l ba i t e ) ,  c l eave land i t e ,  qua r t z r  m i c roc l i ne ,  o r t hoc lase r  u i c ro l iEe -

rrannicrol i te,  and several  aecondary mineral  phasea: montmor i l loniEe,  pucher i ter  b isnut i te,  and cookei te.

CryBtald of  b ianuthian st ib iocolunbi te- tantal i te are euhedral ,  of ten doubly EerEinaEedr 0.01 m to 20 @ in

r . i i r r r  d imeneion,  b lack,  e longated along 111 eomet ioes f lat tened on ar  and str iated paral le l  to b (v i th or

wi thout ,  polysynEhet ic twinning).  Electron- microprobe analyeee of  four cryetals shos existence of  etrong

coupoe i t i ona l -  zon ing ,  r ang ing  f r om ( sbg .97B ig .14 )1 .g1 (Ta6 .+sgo . z lT i o . f awg , t t ) l . ooo4  -  \ 9
( sb ; . 928 i0 .10 )1 .62 (N rg .B3 rag .ggT i ' . 65wO.02 )0 .9904 .  

- i h ;  - - r oe i i nun  
B i /B i+Sb  reE io  i e  0 .33

ana- l t r -e t i in inu" i - le 0.b6.  
-S-pEtrdiapt t iJ  

in i iydie of  bulk cryscals conf i rne the presence of  s igni f icant

aEoun rs  o f  T i  ( 0 .71 ) ,  l {  ( 0 . 72 ) ,  and  Sn  (O .O7Z) .  LeaaE  oqua res  re f i l eoen t  o f  powde r  daEa  (40  re f l ec t i one )
y i e l d a :  g -  4 . 9 5 2 ( 7 ) ,  b  =  1 1 . 8 0 3 ( 1 7 ) ,  c  -  5 . 5 9 6 ( 8 ) ,  V  -  3 2 7 . 1 1 ( 6 ) A r .  M e a g u r e d  d e n e i t i e e  r a n g e  f r o n  6 . 6 0

t o  6 . 7 8 .
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Urannicrolite conEeine major amounta of Bi and minor amount.s of lfu, Ce, La, Pb, Sb, ancl Sn. Spectro-
graphic analysee of  several  aeeociated rn inerale a lEo show trace to major  amounts of 'abnornal  e lenenie (As,
Sn ,  Ge ,  REE) .

Moet of  the pale-  to nediun-blue topaz shows gronth zoning (yel low f luorescence) under SW ul t ravio let
l iEht .  The f luorescence Eay be re lated to the ce .nd Fe 

"orr t "n i  
of  th.  too"" .

The unueual  compoei t iona and chenical  zoning of  several  of  the coexist ing ninerals were contro l led by
the indiv idual  geocheoicbl  environmenEs wi th in the Li t t le  T"t l ree pegnaEite:apl i te d ike eystem. These
ProPert ies are consiaEent wi th a genet ic nodel  Ehat involvee f ract ionat ion of  a c loeed sysBen s i l icage mel t
coexiet ing s i th an aqueoua vapor phaae. Final  cryetal l izat ion of  pocket  minerals takea place f ron the
reaidual  aqueous phase.  Phyaical  d ierupt ion and f ractur ing of  pocket  contents,  as nel l  a6 addi t ional
crystal  growth ( inc luding that  on broken eurfacea),  favore a rechanisn such as pocket .  rupture.  Losg of  the
equeous f lu id a leo perni t ted preaervat ion of  the pocket  conEenta.

FOOTB I{INE UINERILOGY
John Sanpeon l , lh i te,  DepartEent of  Mineral  Sciencee, U.S.  Nat ional  Mueeum, Waahington,  D.C. 20560

The conplex mineralogy of the Fooce Mineral Conpany epodunene mine near Kinge Mountain, North
Garol ina,  can be div ided into four d iet inct  stages.  A11 of  the near ly 100 di f ferent  speciea found there
nay be readi ly  aeeigned to one of  Ehese stages,  and al l  of  the conponentg which compriee these phaoes were
in the pr inary pegnat i te or  the sal l rock.  Excepcional  feat ,ures are che lack of  zoning,  the renaikably h igh
(about 201) epodumene contentr  and the almosE Eotal  abeence of  volat i les in the pr inary pegnat i te.

Stage I  required that  an al ready cryatal l ized,  dry,  epodunene-r ich pegoat i te wae squeezed, toothpaste-
l iker  into aophibol i te and schiat  a long and acrose the fo l - iat ion Eo forn-  conplex swarma in a bel t  25 ni lee
long.  The pr inary minerals inc lude microcl ine,  quartz,  epodumene, Mn-apat i te,  caasi ter i te and bery l .

Stage I I  involved f ractur ing of  the pr ioary pegnat i te s i th eome brecciat ion,  provid ing condui ts for
hydrothernal  solut ions which diesolved ouch of  the pr inary pegnat i te and reacted wiEh che wal l rock to eeal
i t .  L i - ,  Ce-,  Rb-bear ing phaaee formed by replaceEen! at  the conract ,  whi le a lb i te and Li ,  Be,  Sn high
te'perature phaeea forned in vuggy leached-out areao and aolution conduite.

SEsge I I I  produced oain ly anhydroue phoephates of  t1n,  Ga, Fe,  L i ;  precip i tated at  temperataures lower
than Ehoae of  Stage I I  minerale,  but  by ei rn i lar  processes.

Stage IV miueralg are Ehe product  of  hypogene al terat ion of  che Stage I I I  sui te,  and are conf ined to
the uPper levels of  the quarry.  Theee are noet ly  hydrated,  low-teaperature phosphatee.  Thie local i ty  has
produced 6even nec apeciee.

TIIE f,ARDING PEG}IATITE: A SuuMARy OF RECENT RESEARCL
Bryan C. Chakoumakoa, DeparEment of  Geological
Univerai ty,  Black€bur3i ,  Vi rg in ia 24061; Marcia E.
8 7  1 0 6 ;
Dougala G. Brookins and Rodney C. Ewing,  Departnent  of  Geology,  Univereicy of  Nev Mexico,  Albuerquerque,
New i lex ico 87131; Gary P.  Landie,  U.S.  Geological  Survey,  Denver Federal  CJnter ,  Denver,  Colorado 8022j .

.  Ihe Harding Pegnet i ter  located in the Picur ie Range 30 krn SW of  Taoe, New l lex ico,  has y ie lded comrer-
c ia l  bery l ,  n iobiuro- tantalum minerale,  lepidol iEe and epoduoene over a per iod of  hal f  a century.  The
PegnaEite is being donated by Arthur Montgonery Eo the Univeraity of New Mexico to be preserved for
educal ional  purposea.

The I lardiog pegoat icee crop out  in a bel t  800 m long and 50-150 n wide.  The main dike,  exposed for  a
length of  300 n v i th a naxintrn th ickneee of  24 n,  d ieplayi  remarkable inrernal  zonat ion.  Zonee of  conEras-
t ing ' ingr '61ogy paral le l  the contacEB of  che dike.  n i j t t t  f icrrofogic uni ts are dist inguished: ( l )  border
zone of  quartz + alb i te + muecovi te + perth i te;  (2)  nagsive quartz + alb i te + nuecovi te l  (3)  quartz + lath
apodumene; (4)  quartz + sgsTy alb i t i  + perth i te;  (5)  b locty perrhi - te *  qrrr i t "  + a lb i te;  (6)  n icrocl ine +
epodumene + Iepidol ice + alb i te + muscovi te + quartz ( , ,epot ted rockr, )1 (J)  c leaveTandiee + rose nuecovi te +
quartz;  and (8)  c leavelandiEe + quarEz + muacoviEe. Tte latcer three are part ia l ly  or  wtro l ly  due !o subso-
l idue replacenent.

Agee for  42 shole rock and mineral  aeparatea f ron the indiv idual  zones were det l rn ined using Rb/Sr.
The l inear f ic  of  the Rb/Sr data for  c leavelandi teg f rom the c leavelandi te-quart i  zone y ie lda an- age of
1 r396  +  I 72  n . y . b .p . ;  f o r  w t ro l e  r ocke  o f  t he r repo t t ed  rock "  un i t ,  1 , 336  +  73  n . y . b .p .  The  ave rage  o f  t heee
tuo  ages ,  11366  n . y .b .p . ,  may  be  t aken  as  t he  age  o f  t he  pegna t i t e .

S c i e n c e e ,  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  a n d  S C a t e
Reg ia le r ,  BDl4  Corpora t ion ,  A lbuquerque,  New Mex ico
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Fluid inclueions in 52 beryl and quartz eaoplea from aLl Che lithologic unirs were examined. llomo-

genizat ion teuperatures (uncorrected for  preseure) for  pr imary inclusions f rom the wal l ,  maeaive quartz and

luartz-lath spodunene zonea are in the range of 27sol to 325oC. The eatinated fluid inclueion

aal in i ty ,  baged on f reezing point  depreBsion,  ahowe Ehac pr inary inc lueions have a consistent  eal in i ty  of

t4- I6 wt.z NaCl.  Ttre e8t i [ la ted f lu id preasure,  baeed on oxygen ieotope data and the NaCl and- CO2 content

of  the f lu ids io the inclueione,  
" , tgg"" t"  

pressureo in the range 2.0-2.5 kbar (6.0-7.5 km).  Pressure

correcEed honogenizat . ion tenperaturea are coneistent  wi th the previously deEemined l iquidue and aol idue

for  a composiEe Harding aanple conEaining 8 wt.Z waEer.

Tf,E TANCo PEGMATITE, SoUI1IEASTERN MANIToBA
P. Cer iy,  Departnent  of  Earch Sciencee, Univerei ty of  l lani toba,  l { innipeg,  I t {aniEobar R3T 2N2r Canada

Rare-elenent grani t ic  pegnat iEee are wideepread in the Canadian Shieldr  part iculsr ly  in the Archean
Super ior  and Slave Provincea.  In the Super ior  Province,  their  occurrencea are concentrated in greenetone
bel ts,  especia l ly  so in the Engl ish River and Quet ico Subprovincee in the aouthl tesc parc of  the Shield.  I t
is  in the foruer eubprovince wtrere the giant  Tanco deposi t  ie located,  known for  i te leading ro le in the
wor ld Ta product ion and for  iEa regervee of  L i ,  Rb,  Ce, Be,  Ga and of  indugtr ia l  n inerale.  I t  belonga to
the t { innipeg River pegmat i te d ist r ic t ,  in  utr ich eight  geochenical ly  and nineralogical ly  d iet inct  pegnaEite
groupa rJere recently defined, and roosE of their parenEal graniEee identified. Ilowever, the source of Tanco
and its Bernic Lake group ie not exposed on the surface.

The Tanco pepat i te is  a eubhor izontal  lent icular  body,  I00 x 500 x ' l  t  io  
" i r " ,  

conaiet ing of
seven zonea of  largely pr inary cryacal l izat ion and Ehro replaceuent uni ts.  So far ,  73 nineral  epeciee have
been ideut i f ied in th is pegnat i te.  The most remarkable of  ghese are 9 minerale of  Sn,  Nb-Ta, and Ti ;  28
nat, ive eleBenta,  sul f ides and eul foeal te;  petel i te and eucrypEi te;  Gs-r ich bery l ;  hafnian z i rconl  two
menberg of  the analc ioe-pol luc i te eer ies,  and tno nev speciee,  tancoi te and cer6yi te.  Coopoei t ional
character i8t . ice of  nost  minerala indicate exErene levele of  f rect ionat ion at la ined by the pegnat i te:  K/Rb
is ae lo l l  aa 4.0 in K-fe ldspar and 2.1 in lebidot i te,  and Rb/C6 decreaaes to 8.0 and 4.5 in these apeciee,
respecl ively;  Nb/Ta ie 0.05 in wodgini te and 0.01 in u icrol ice;  Al /Ga reachea l t00 in fe ldapare and 260 in
aome micae;  Zt lH' f  i l  z i rcon ia c lose to 5.0,  and Zn/Cd rangee f ron 42 to 0.7.

KINDREDS AND DISTRICTS OF MRE-MINERAL PECI.IATITES IN COLORADO
E. l f i l l ian Eeinr ich,  Deparcrenc of  Geological  Sciencee, The Univerei ty of  Michigan,  Ann Arborr  Michigan

48 r09

Rare-nineral  pegnaEiEes in Colorado are widely d ist r ibuted,  but  Precenbr ian ones are concentrated in:
(l) ttre Front Range fron the l{yoning line to Pikee Peak, (Z) ttre Arkansag River area from Canon Cicy to
Sel ida and Troup Creek Paas and,  (3)  ct re Quartz Creek dieEr ict  of  Gunnieon County.  Tert iary rare-Dineral
pegFat iEes occur in the Col legiate Range on Uount Antero.  Precanbr ian pegnaci tea fa l l  ingo four uain
g roups :  ( l )  t hoee  re l a ted  co  Bou lde r  C reek  g ran i t o i d ,p l u tons  ( ^ , 1700  t 0 . y . )  (E i gh t  H i l e  Pa rk  d i a t r i c t t
Fremont Co.) ;  (2)  those re lated to Si lver  Plune grani to id p lutone ( 'u1400 n.y.)  (Cryatal  Mtn.  d iatr ic t ,
Lar ioer Co.) ;  (3)  those re lated to Ehe Pikee Peak bethol i th (n, t040 n.y.)  (South Plat te d iatr ic t r  Jef fereon
Co.,  amazoniEe pe$oat i tee of  the Pikee Peak area);  and (4)  thoae re lated to the Mt.  Rosa alkal ic  grani te
( t1000 u.y.)  (cryol ice peglnat i tes of  the Cheyenne Mtn.  area).

The rare-eleuent mineralogy of the pegnatiEee depende ou concentraciona of lhe 
'oe[e rare-eleoents in

their parent granitoide. Although the three main generatione of granitoide each have their oitn charac-
ter iat ic  aeaenblage and concenErat ions of  rare eleuenc8, lhere ig coneiderable var iat ion f roo one Plugon to
another or  even in zoned plutone.  The genet ical ly  re lated pegnat i tee ref lect  both lheir  k indred descent and
thie d ist r ic t  var iat ion in their  rare-mineral  aeaemblagee. Thua, for  e:cauple,  L i  s inerals occur in gome

to. ldEi- t iEEi  pegmat. i te d ieEr icts (Quartz creek;  Eight  Mi le Park) ;  in Si lver  Plune dietr ic ts (Crystel

Mtn.) ;  end in one Pikes Peak dist r ic t  (Crystel  Park) .  Sia i lar ly  RE ninerals are found in pegnat i tea

deecended f ron Boulder Creek plutone (Lookout Utn. ,  Fremont Co.)  f ron Si lver  Plume Plutons (Janeatown) and
fron t .he Pikee Peak bathol i th (South Plet te) .

lE3
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TEE BTACK CLOUD PECMATITE, TELLER COUNTY, COLORADO
wi l l i am  B .  s imone ,  Depa r tmen t  o f  Ea r t h  sc i encea ,  Un i ve re i t y  o f  New  Or l eane ,  New  o r l eane ,  Lou i s i ana  70122
E. I { i1 l ian Heinr ich,  Deparbenc of  Geological  Sciencea, Univers i ty  of  Michigan,  Ann Arbor,  Michigan 48109

The Black Cloud pegnat i te r" 'h ich occura near Div ide,  Te1ler  County,  CoIorado, ia one of  the nost
unuaual  rare-earth e leEent n ineral  pegnat i tea of  North America.  The pegoat i te,  which wae worked for
fe ldepar in the 1950'e and again for  quartz in the 1960te ie expoeed in iwo open cuts.  The depoei t  ie
el l ipeoidal  in ehape wi th a bulboua nose that  tapers sourheastvard.  I t  ie  roughly 350 feet  in length and
is as ouch as 230 feet  wide.  contacts wi th ihe aurrounding Boulder Creek grani te are eharp 

" i th 
no

exonorphic ef fecte.  The body exhibi te a wel l -def ined internal  ional  stucture coie iet ing of :  l )  Wal l  Zone
of graphic grani te;2)  0uter  Core of  i r regular  massee of  n icrocl ine perth i te and quai tz wi th rare bery l
cryetale;  3)  Inner Core- of  rnaaeive whi te quartz.  Large booka of  b iot ice eeveral  feet  acroos and up to f ive
inches th ick are local ized along the contact  between the inner and outer  core.  Fluor i te-  and alL ice-r ich
unice replace ear l ier  formed uinerale of  the pr inary zonal  eequence. Theae replacement uni ts are the
aource of  an exteneive eui te of  rare-earth minerals.  F luocer i te is  the no8t  notable of  theee. Thie
exceedingly rare mineral ,  which is  found at  only one other U.S.  local i ty ,  ie preeent in naseee up to e ight
inchee long ueighing over one pound. Aseociated rare-earth Einerala i . r " i ra.  the fo l lowing groups:

a )  F l uo r i dee :  f l uo r i t e ,  f l uoce r i ce
b )  Ca rbonaEe :  bae tnaes i t e
c)  Phosphates:  monazi te,  xenot ime
d )  Ox idee :  samarsks i t e ,  y t t r oEan ta l iEe ,  f e rguaon i t e
e) s i l icaEee: 

: l ** l : i t : :1 i ; : : : : '  
z i rcon'  th6r i te '  and geveral

Other replaceoent phaeee include bert randi te,  kaol in i te,  eer ic iLe,  chlor i tee,  opal ,  and i ron and Bangane8e
oxidea.  The preeence of  th is d iet inct ive aeeenblage and the 

"Lr"rr""  
of  such character is t i "  r "" f r "o.y

PeguraEi te minerala ae toumal iner garnet ,  and apat i te,  and the rar i ty  of  ror lecovi te and z i rcon nake the
Black Cloud unique anong pegnat i tea of  the Uni ted States.

RECENT PROGRESS IN EXPERIMENTAL STUDIES OF PEGUATITE GENESIS
Phi l ip H.  Fenn, Department of  Geology,  Univers i ty  of  Cal i fornia,  Davie,  Cal i fornia 95616

The exper imenlal  s tudies on the geneaia of  grani t ic  peglraEi tes pioneered by R.H. J lhns and
c.w. Burnhan in the late l950re have been cont inued and extended. using the rm" 

"orpo. i te 
sanplee of  the

Spruce Pine,  Norch Carol ina and Harding,  New Mexico pegnat i tee,  the detai led phaee equi l ibr ia aL funct ions
of  teEPerature and water content  have been detemined at  conf in ing presnured of  Zr  5r-  and 8 k i lobara.  The
nucleat ion denei t ies and crystal  growEh rates of  Ehe fe ldspare ani  quartz have'been measured at  several
igotherme at  5 k i lobars ae funct ione of  Ehe waEer content  of  the in i t ia l  nel t .  The growth norphologiea and
6Pst ia l  d ietr ibut ion of  the var ioue cryeEal l ine phaaee, both as ieolated cryatale . -na i t  in teraccion wi th
other phaaee, have alao been tabulated.  Theee parameters are ueeful  in .developing Eodels to expla in nany
of  the Eexlural  features wtr ich are diecinct ive of  pegoat i tee.

one of  the nost  exci t ing reeul ts of  the pre8ent research hae been the di rect  eynthesi8 of  graphic
inEergrowlhe of  quarEz.  in a lb i te or  o l igoclaae.  A nodel  hae been developed to expla in the or ig in of  t r r i t
texture based on the s inul taneous crystal l izat ion of  quartz and fe ldspar i roo the roel t  under condi l iona of
local  suPersaturet ion.  The preeence of  Ehie texture tends to indicate certa in re lat ionehipe betseen
var ious k inecic factors euch aa the nucleaEion end grorr th rate of  fe ldepar and the di f fuaive redistr ibut ion
of  components aE the.oel t -eryetal  inter fece rather than any stste of  bulk chenical  equi l ibr iun.

I t  ie  hoped that  in studying theae pegmat i tes,  an extreoe case in the developnenE of  grani t ic
texturesr inaighta inEo the more normal  paths of  crystal l izaEion ni l l  be gained.
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LIGHT STAIII.E ISOTOPE GEOCHEI'{ISTRY OF GMNITIC GEM- AND NON-GEM-BEARING PEGMATITES
Bruce E.  Taylor ,  Department of  Geology,  Univerai ty of  Cal i fornia,  Davie,  Cal i fornia 95615

The study of  oxygen, carbon, and hydrogen iaotope sysEenat ice of  whole-rocke,  mineral  separatesr and

inclueion f lu idg f rom grani t ic  pegnat i tee had elucidaced many detai le regarding the magmaEic

cryela l l izat ion hietory of  certa in pegmat i tee.  FurEher,  auggeet ion of  the br ig ine of  many of  the

coiret icuente of  pegnat i tea ( inc luding gen ro inerale)1 compar ison of  isotopic var iat ions in pegrnat i fee of

Precanbr ian to Late CreEaceoua ager compar ison of  both deep- and ehal low-eeaEed environnenta,  and

dist inct ion between magnaEic and hydrothermal  featurea in pegnat i tes and asaociaEed wal l  rocke are aleo
poaaible.  Isot .opic conpoeiBione are general ly  s in i lar  for  a l l  grani t ic  pegoat i teB examined, but

di f ferencea in n ineral  f ract ionaEione for  s iaple and complex pegnat i les are found. Examples f roo nore than

ten oajor  pegrnat i te d iscr ic te in North America and Scandinavia are diecuesed.

The whole-rock oxygen ieotope compoaiCion of  pegnaEites appears in moeC cases to ref lecC pre-

crystal l izat ion iaotopic exchange ei th wal l  rocke,  wtr i le  "c losed-systen" cryetal l izaEion is  indicated for

the greater  pert  of  a pegnat i ters cryatal l izat ion history.  oxygen isotope f ract ionat ions indicate EemPer-

atur ia of  iorqat ion (540-8OOoC) coopat ib le wi th exper inental  data.  Lower sol idue temPeratureB of

Li -bear ing pegpaCites are ref lecEed by larger isotopic f ract ionat ione,  and eubeol idua cryatal l izat ion of

nany uinerels ia indicated by both textural  and ieotopic evidence.

The hydrogen ieotope var iaBione of  mr iscoviEe,  b iot i te,  and water re leased f ron f lu id inc lueiona

indicate that  inEeract ion rr i th aeteor ic nater  iB not  typical  of  pegnaci te enplacenent and crystal l izat ion.
Ttre iaotopic coopoei t ion of  mica fa l ls  wi th in the range ofrr rnagnat ict twaEer (6D = -40 to -80 o/oo).  The

neaeured hydrogen ieotope f ract ionaEiona between inclueion f lu id and hydrous minerale indicate tenPeratures

of  cry8tal l izat ion of  uaguat ic to hydrothernal  etagea to be n '700 to 500oC.

The carbon iaotope^ coropoei t ions of  CO2 releaaed f rom f lu id inc lueione are typical ly  in the range of
-6.0 to -8.0 o/oo (Ol3C).  Some var iat ion- beyond th is range (-2.2 to -15.6 o/oo) nay be due to late-
s late coutaainat ion f rom wal l  rocks,  loes of  CO2 fron pegwtEi tes dur ing cryeEal l izat ion,  or  to analyt ical

d i f f icul t iee due Eo the very emal l  eample eize involved.

CEM-BEARINC PECMATITES AT KLEIN SPITZKOPPE, NN{IBIA (SOUTII-WEST AI'RICA)

Richard A Bideaux,  Bideaux l ' l inerale,  Tucsonr Ar izona 85702

Ttrere pegnetitee have produced fine epecinena
peaking in the lare 1930'4.  Kle in sPiEzkoppe ie
intruaive into the Dauera schiste (+ 500 n.y.) .
grani te,  n i th occaeional  larger o iarolyt ic  cavi t iee.
the edjacen!  wal l rock nay be al tered to touEoal iner I

'DosE 
c;@on eccessory oinerala throughout the Spi tzk

lege Ehan 300 oecers of  cover.

Microcl ine,  of len blue,  is  abundant in the r
lamel lae p8rt ia l ly  d igeolved.  The toPaz is  uou
yater-c lear cryatal8r  uaual ly  color leae but  rarely I
alwaye elongaEed on c. They uoat comonly are pale
The local icy i6 noted for  f ine yel low beryl  crysta:
o inerals sre green to yel low octahedrel  f luor i te,  phe

There are uarked ain i lar i t iee begireen these pegmat. iEea and thoee occurr ing at  UE. AnEeror Colorado'

185
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TIIE GEOLOGY OF LITHII'M PEGMATITES IN TITE WHITE PICACHO DISTRICT,
MARICOPA AND YAVAPAI COUNTTES, ARTZONA

David London and Donald M. Burt ,  Departnent  of  Geology,  Ar izona state Univerei ty,  Tempe, Ar izona 852gI

The cryatal l izaLion oequence and al terat ion history of  pr inary spodumene,
Bontebrasi ter  and l i th iophi l i te have been studied in n ine 

-zoned -pegmat i tee 
of  the Htr ice picacho dietr ic t

(WPD),  t r . i ro, . . .  A general  (and einpl i f ied)  crygtal l izat ion e.qr . . r "L lor  these pegoat i tea appears to be:

plag ioc la se-quar !z-mi c ro" I ir.-lborder

ni c roc I i ne-q uar tz -p I agi oc I a e e- ( mu e cov i te ) 
---l-wa 

I I

rni croc I i ne-quar tz- ( a podunene )----l
quar Ez- opoduEene - intermediate zoneB
quartz-EonEebragi te-

quartz-(  I  i rh iophi l i  r "  )T-"o""

Li th iophi l i te a lso occurs wi th columbite- tanEel i te,  Mn-apat i te,  end Mn-cournal ine (verdel i te)  in re lat ively
coaree-grained c leavelandiEe conplexe6 that .  appear to have replaced pre-exiscing pegnat i te.  X-ray powder
PaElernsr ref ined ce11_ paraneEere,  n icroprobe analysee,  and eome opEical  p.op"r- t i l " -  have been deEeroined
for  moet of  the fo l lowing tJpD phaeee:

Pr inary L i -n inerals
l .  epodunene
2. montebragice (4-6 rr tzF)
3 .  l i t h i oph i l i r e
Secondary Minerale
4 .  euc ryp t i ce
5 .  a l b i t e
6 .  n i c a g
7 .  hu reau l i t e
8 .  t r i p l o i d i r e
9 .  eoapho r i t e

TEE OCCURRENCE OF PHOSPHATE I.TINERALS
MINE NEAR PAIA

Jameg E. Shigley,  Gorden E. Brown,
Stanford,  Cal i fornia 94305

I0 .  Ca -hu reau l iEe  21 .  auge l i t e
11 .  r obe r t s i t . e  22 .  eco rza l i t e
12 .  f i l l ow iue  23 .  ku l an i t e
13.  d ick insoni te 24.  carbonate-apat i t ,e
14.  fa i r f ie ld i te Other pr inary phases
15. Mn-chloro-apat i te 25.  micae 

-

16.  rhodochroei te 26.  Mn-tourrnal ine
17. nontebrasi te (2-3 wtZF) 27.  z i - tcon
lE .  c randa l l i t e  28 .  be ry l
19.  hydroxy-apat i te 29.  nanganocolunbi te
20 .  b raz i l l i an i t e  30 .  co l unb i t e

IN GRANITIC PEGHATITES: Alt EXAMPLE OF LITLIOPHILITE FROM THE STEHART

Jr.  and Richard H. Jahne, Deparcment of  Geo1ogy,  Stanford Univereiry,

A conpar ieon of  th i r teen sel l -etudied,  L i - r ich grani t ic  pegnat i tee ntr ich contain pr inary phoephete
niuerala has showrr  eooe eigni f icenE sin i lar i t iee and di f f " "enc."  in their  feetures.  Local i t iee 'aurveyed
include Branchvi l le ,  Connect icut ;  Palermo, New Hanpehire;  Varutrask,  Svedenl  Bernic Lake,  uani tobei
Hagendorf ,  Genaanyl  Newry,  Maine;  whiEe Picacho, Ar izona; Key6tone, south Dakota;  Vi i tanieni ,  F in land;
Sapucaiar  Brazi l ;  Bik i^ ta_,-  z, inbabwe; Harding,  New Mexico;  and ia la,  Cal i fornia.  These pegmat i tee vary in
geologic age (2.6 to 0.15 b.y.) ,  in  hoet  rock type,  in apparent  depch of  enplacenent,  an4 in s ize and
ehape. They each exhibi t  an internal  zoning etruecure,  wi i -h the pr inary phoeihatea uaual ly  occurr ing in
the iutermediate zonee c loeely aeaociated wi ih t t re core zone. rn aaai t ion ' to q,r" . t r ,  ferdspare and nicae
which conpr ise the bulk.  of- . these pegmat iEee, phosphaEes are aleo aesociated ni th a var iety of  L i -g i l icates
such a€ epodumene, lepidol i te,  pecal i te and eucrypt i te.  The nuober of  pr inary phoephi tes in grani t ic
PegEat i teB is l in i t .edt  wi th the Eost  abundant 

-  
phasea being l i rh iophi l i re- i r ipt tyr i r "  r . i t r . rn l re ipoi ,

anbrygoni te-uonlebraeiEe (L i , ,Na)Al(po4)(FroH),  and apaci ie ca5( io4)3(r ,ou).  "  
currenr evidence

suggesta theee minerale cryetal l ized di rect ly  f rom a pegnat i t ic  nel t .  
-These-p" i rary 

phoephatea can occur
ei ther aa crude crystale or  massive nodulei  which range f rom eeveral  cent imetere to Beveral  EeEerB in
elze.  .The pegnat i tea aurveyed shcnr a d iverei ty  of  eecoidary phoephatea wtr ich forned by a conbinat ion of
hydrat ion,  oxidat ion,  a lkal i - leaching,  and metaeonat iem or l r re pr i r r ty  phosphatee undei  both hydrothernal
and eupergene condi t ion6.  Theee secondary phaees of ten contai r ,  aadi t ionai  e lemenrs such as Na, Mg, Zn,  Sr,
Bar 

.  Be -  and K.  Hydrothernar a l terat ion ie thought Eo be a reeul t  of  late-Btage react ion beEween the
regidual  Pegnat iEe f lu id or  other hydrothernal  aolut iona and the ear l ier- forroed i inerare.  The var iable
extent  of  hydrothernal  a l teracion observed in d i f ferent  pegnat i tes appear l i  to be a funct ion of  the p" i ioa
of  t ime tha-t  the pegnat i te wae subjected to h igh teuperaturJ and pressure Da$tret ic  condi t iong.  The Stewart
pegEat i te in the Pala 

_Dietr ic t  of  San Diego--County i8 e typic; I  exanple 
-of  

a conplex,  internal ly-zoned
grani t ic  pegnaci te which contains both Li -g i l icate ana t i -phosphare Ein;ra ls.  Anbly ioni ie,  wtr ich ei t r ib i re
no evidence of  hydrothermal  a l terat ion,  occura in naesive bodiee in Ehe core oi  t t re 

'a i te.  
Euhedral

cryotals of  l i th iophi l iEe up to 30 cn in e ize are found in the quartz-microcl ine interrediate zone
aseocieted with a emall nuober, of eecondary phoaphatee wtrich appear to be nainly of aupergene origin. The
aPParent-ahal l4 depth of  enplacemenE (  < 3 kn) of  the stevarC pegnat i te . , rgg"" t"  chac there wag l i t t le
opporEuni ty for  the format ion of  secondary phosphatee by hydroEheroal  a l te iacion,  in contrast  to Ehe
extenaive al terat ion found in peguat i tes enpiaced at  greate;  aeptrre.
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TUE PIIOSPUATE I,IINERALOGY OF TflE PALER}.{O PEGUATITB
Anthony R. Karnpf ,  Natural  t l io tory Huseura of  Los Angeles Councy,  Loa Angelee,  Cal i fornia 90047

Ttre Paleruo No. I  pegoat ice near North GroEon, New Hanpehire hae y ie lded a Sreater  var iety of
phoaphate uineral  epeciee lhen eny other pegoat i te in lhe wor ld.  A toEal  of  56 dist inct  epecies (excluding

uranylphoephaEee) have been ver i f ied including l1 which were f i ret  d iacovered here.

The phoephaEeg are concentraCed near the boundary between the internediate zone and core of Ehe

pegnat i te wtrere pr i rnary phoaphate phaeee cryat ,a l l ized dur ing che sequent ia l  cryetal l izat ion of  the
pegpet i te.  Four Fe- l , ln bear ing pr inary phoephatee:  t r iphyl i te,  wol fe i te,  earcopaide,  and grafconi ter  and

Iro nf  bear ing pr inery phoJphatee:  a, lgei i te and nontebraai te,  have been recognized.  Tr iphyl i te ie

voluoetr ical ly  noet  inportant .

At tack on lhe pr inary phosphateE, pr incip ly t r iphyl i te,  by late-stege,  core-der ived solut ione was

pronounced and resul ted in a var ieEy of  replacernents depending upon the chenigEry of  the eoluEione.  Sinple

"q*o,r"  
eoluBione produced ludlani te and v iv iani te replacenents l  CO2-r ich eolut ions y ie ld.ed s ider i te;

calc iuo-r ich eolut ione produc,ed carbonate-apat i te;  whielocki te,  eodium and calc iun-r ich eolut ione produced

arrojadi te and al luaudi te;  and einple oxidat ion y ie lded ferr ie ick ler i te and heterosi te.  Ueual ly  eoroe

coubinat ion of  these replacenenEo ie obeerved.

Table l. The prinary pegnalit.e phoaphate minerala*

Number
End-member

Spec ie e

lE7

Narle

Glaeer i te-der ived Btruc turea

*BeuEite-graf  toni te

*t{y 1 I i eite- f errowyl 1i eite

F i1 I onite- j ohnaooervi 1 I ei te

*Apatite group

**Dickinaoni te-arro j  adire

Griphi te

*Tr ip l i te-zsieee l i te

*Tr ip lo id i te-wo1f e i te

Whit lodki te

Hexaqonal  c loee-packed structuree

*Li th iophi l i  te-  t r iphy l i te

Sarcopeide

Lithiophoephate

Other structures

Be r  l i n i t e

Hur lbu t i te

Beryl lonice

tro l le i te

*Anb lygon i te-uon teb ra a i Ee

Auge Ii te

Formr:Ia

ca( l tn,  Fe) 
2 

(  Po4) 
2

(Na ,  Ca ) r ( i l n ,Fe  rMg ) rA1 (PoO) ,

t larca(unr Fe),  ( ro4),

ca5(F,otr ,  c1)  (Po4)3

KNa, (Mnr Fe) 
rOAlF(PO4) l2

(Mn,Na)rCaFeAl2F2( Po4)6

( l tn,  Fe)2F(Po4)

(Mn,re)2 (oH) (Po4)

Ca9 (Mg ,  Fe )H (Po4 )  7

(L i ,Na ) (un ,Fe ) (Po4 )

( re ,un ,Mg) r (PoO) ,

Li3(Po4)

Ar(PO4)

ceBe2(Po4)2

NaBe(POO)

A14( on) 
3 

(Po4)3

(L i ,  N8 )A l (F ,oH)  (Po4 )

A12 (oH)3 (Po4 )

2
o

2

4

2

2

z
2

2

3

I

I

I

I

I

I

3

t

*The ninerala in each calegory are arranged in approxinate decreasi.ng

te8peracure of  cryatal l izat ion.

rr*MoaE comon epecies.
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-  Wichin the replacement uni te,  and in hydrothernal  veins shich have t raversed Ehem, are found the
u}r iad of  wel l  crysEal l ized eecondary phoephatea.  The eecondary phosphatee are obaerved to occur in
eeveral  basic aesenblagee wtr ich are most readi ly  re lated to certa in proninent  cat ionE. Pr incip le
aeeenblagea noted are as fo l lows:

l .  Calc iun:  carbonate-epat i te,  r rh i t locki te.
2. Iron-rnanganeae:

a .  r educed  (Fe+2 ; t  a r ro j ad i t e ,  a l l uaud i t e ,  phospho fe r r i t e ,  l ud l an i ce ,  v i v i an i t e ,  oe tav i v i an i t e ,
meeae l i t e ,  anapa^ i t e ,  f a i r - f i e l d i t e ,  hu reau l i t e .

b .  i n ce rmed i6 te  (Fez+  and  FeJ+ ) :  r ockb r i dge i t e ,  du f ren i t e ,  ba rboea l i t e ,  a t r unz i t e ,
whi t roorei te,  berauni  te.

c .  ox i d i zed  (Fe3+ )s  l aue i t e ,  peeudo laue i t e ,  s t ena r t iEe ,  xan thoxen i t e ,  n i t r i da t i t e ,  j ahne i t e ,
ecrengi te,  phoephoaider i te,  kryehanovekiEe, leucophoaphi te,  tavor i te,  bernani te,
f  e r r i s i c k l e r i ce ,  he te ros i t e .

3.  Aluminuto:  ecorzal i te,  aamueleoni te,  b jarebyi te,  palermoi te,  goedkeni te,  goyazice,  chi ldreni te,
foggi . te,  paravauxiEe, gordoni te,  montebraei teq brazi l iani te,  wardi te.

4.  Beryl l iun:  moraeei te,  roecher i te,  hydroxyl-herder i te
5 .  Z i nc :  phoaphophy l l i t e ,  hope i t e ,  s choone r i t e

No order of  cryatal l izat ion ie inpl ied by th ie l ie t . .  However,  Ewo general  t renda in the
cryE!al l izat ion aequencee are obaerved:  laEer phasea ueual ly  exhib i t  greater  degreea of  hydrat ion and,
when poeeible,  greater  degreee of  oxidat ion.

THE PRII,IARY PEGMATITE PITOSPHATE MINERALS
Paul  B.  Moore,  Department of  the Geophyeical  Sciencee, The Univers i ty  of  Chicago, Chicago, I l l inois 60637

Over 180 Phosphate nineral  speciea are known fron grani t ic  pegnat i tea.  Of these,  at  le6st  40 are
pr inary phases;  that  ie they crystal l ized ear ly,  d i rect ly  f ron rhe pegnat i t ic  &agtoa or  l iquid.  The
eer l iest  formed nineralg are anhydroua and eome (euch ae t r iphyl ice)  ar"  i t r t  s tar t ing nater ia le for  a whole
chain of  secondary hydrothernal ly  revorked products.

_ The. pr inary PhoepaEe8 have been div ided into three caEegor ies baeed on their  crystal  s t ructures
(Table I ) .  Their  atrucEure8 are of ten exceedingly cooplex and two of  then--dick insoni te and f i l lowi te--are
aEong the ooet  complex in the ent i re mineral  k ingdon. Ttre d ick insoni te-arro jadi te ger ies ia l i teral ly  at 'garbage baeketrr r  n i th over t l renty components occurr ing in the structure.

-  Giant  cryetala are known for  the pr inary phoaphatee.  Exanplea include crystals over one m in
dimeneion for  graf toni ter  apat i te,  arro jadi te and t r iphyl iEe.  Such phaeee nay be inportant  nodels for
nuclear waste containere eince the phaees are refractory,  densely-packed and their  Eetanict  examplee ehon
no s ign of  leakage or exchange of  ione.  The most f requent ly occurr ing pr iuary phoephates are:  Er iphyl i te,
apat i te,  graf toni te,  arro jadice and anblygoni te.

THE GEOLOGY OF LITHIUM PEGMATITES IN THE WITITE PICACHO DISTRICT,
MARICOPA AND YAVAPAI COUNTIES, ARIZONA

David London and Donald M. Bur! ,  Departnen!  of  Geology,  Ar izona State Univerei ty,  Tempe, Ar izona 8528I

The cryecal l izat ion sequence and alEerat ion hietory of  pr imary spodumene,
montebrasi te,  and l i th iophi l i te have been studied in n ine zoned pegnat i tes of  che White Picacho dist r ic t
(wPD) r  6a i "o t " .  A  gene ra l  ( and  s imp l i f i ed )  c r ye ta l l i za t i on  sequenc l  t o r  t hese  pegma t i t es  appea rs  t o  be :

p 1 a g i oc I a se-q ua r t z -mi c ro 
" 

t i r.__---Jb or de r

n ic roc l ine-q uarrz-p Iagioc l ise-  (muecov i  te)- l -wal l

rnicroc 1i ne-quar tz- ( e podumene
quar tz-  Bpodunene
qua r t z -mon teb ras i t

- inEermed ia te  zoneg

quar tz-(  l i  th ioph i l  i  t .  )T-"o."

L i t h i oph i l i t e  a l eo  occu rs  w i t h  co l unb i r e - t an te l i t e ,  Mn -apa t i t e ,  and  Mn- tou rma l i ne  ( ve rde l i t e )  i n  r e l a t i ve l y
coarse-grained c leavelandi te conplexeo that  appear to have replaced pre:exist ing pegmat iee.  X-ray powder
Patternsr ref ined cel l  parameEers,  n icroprobe analyses,  and eome opt ical  propert ies have been deternined
for  most  of  the fo l lowing WPD phasea:



Prinary L i -n inerals
I .  epodumene
2. Bont.ebrasi te (4-6 wtZF)
3 .  l i t t  i oph i l i t e
Secondary Minerals
4 .  euc ryp t i t e
5 .  a l b i t e
6 .  n i cae
7 .  hu reau l i t e
8 .  t r i p l o i d i ce
9 .  eoeoho r iEe

BROWN: PEGMATITES

10 .  Ca -hu reau l i t e  21 .  auge l i t e
l l .  r o b e r t s i t e  2 2 .  e c o r z a l i t e
12 .  f i l l ow i t e  23 .  ku l an i ce
13 .  d i ck i neon i t e  24 .  ca rbona te -aPa t i t e
14.  fa i r f ie ld i te ocher Pr inary phasee

15 .  Mn -ch lo ro -apa t i t e  25 .  n i cas
16. rhodochrosi te 26.  I* ln- tourmal ine

17. nontebrasi te (2-3 ht tZF) 27.  z i tcon
18 .  c randa l l i t e  28 .  be rY r

19.  hydroxy-apat i te 29.  nanganocolunbi te
20 .  b raz i l l i an i t e  30 .  co l umb i t e
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Most.  secondary minerale occur as f ine-grained replacement aseemblagee in spodumener Bontebrasi te '  nd

l i th iophi l i te. -  Fracture-contro l led pseudonorphic a i teracion of  Ehe pr ioary L i -n inerale-  is  widespread and

apparent ly  resul ted f ron subeol idus ieact ione wi th residual  pegnat i t i -  f lu ids '  rn the WPD pegmal i test  the

eoi for i "g-  general  aequencea of  aecondary mineral  parageneses have been recognized:

L + 4 + 5 + 5 + 6 + 6
2 +  7 7  +  1 8  +  1 9 '  6  +  1 9  +  2 0  +  2 l  +  2 2  +  2 3  +  6 +  2 4

3  +  7  +  8  + 9  +  1 6  +  1 2  +  1 3  +  l l  +  1 4 +  1 5  +  1 6

pr imary crystal l izat ion of  the t {PD pegnat i tes ref lecte lhe usual  increase in act iv i tes of  L i  speciee (or

increa's ing-tendency for  L i  Eo replace Na and K in a lkal i  a luninosi l icates) ,  as wel l  as an increase in the

act iv i t ies of  the acid ic volat i lee P and F (as montebrasi te succeeds epodumene as the stable pr imary

Li-phase).  Late-8tage developmenC of  c leavelandiEe complexee may have conl inued .  
as gubsol idue Na-

meEaso.at ia6 (a lb i t izat ion of  epoduroene).  ca-netasomat isn of  montebraei te and l i th iophi l i te probably-began

concurrent ly  r { i th a lb i t izat ion.  Na- and ca-meta6onat ism were fo l lowed by re lat ively,  acid ic - (K+H)-
neiaaorat is i l  (weak greisenizat ion) Ehat produced much secondary nica.  Late-stage - f lu ids 

in the ! {?D

peg6agi tes were f lot  i ' - r ich,  as evidenced Uy fow F contents of  secondary nonEebrasi te,  by fornat ion of  oH-

ana Ctapat i tee,  and by the v i rCual  abeence of  lepidol i te,  EoPaz, f luor i te,  and t r ip l i te.

ORIGIN OF COLOR IN PEGI,IATITE I,TI,NERALS
George R. Roeemau, Div is ion of  Geological  and Planetary Sciencee, Cal i fornia InsEi tute of  Technology,

Paeadena, Cal i fornia 91I25

The colore of  nany aEEract ive minerals in gen pegoat i tee ajpear Eo be due,  in part ,  to a h iscory of

"*Oo".r"" 
to ionizing radiation. Tourualine ie- gt"e. fron ^FeZ+, pipk from l'tnz+, and much deeper red

il;--M"3.:- irliJi'." iq rhe laborarory can tr-aneforn Mn2+ to Mn3+ suggesting the possibility that

the sane process happena in nature.  Manqaneae and radiat ion are algo involved in the colorat ion of

kunzice.  Lavender t r t t " i te ar ieee f rou Mnl+.  Exposurg to intense radia l ion turns the crystal  green.

Thie change ie believed to involve Ehe fornatior, of uo4*. KunziEee wtrich are blue when nined but which

fade upon exposure to l ight  deuonstrate the occurrence of  radiat ion induced oxidat ion in che Pegmat i te

ve ins .

Beryl  is  b lue f rou Fe2+- but  Eurn^e golden ye11ow wi th radiat ion due Eo the fornat ion of  Fe3+'

Greeo bervl containa 
-ilrtr 

f"2* end Fe3+. Ir is not knorrn ehether yellow beryl foros directly froro

Fe3+ or f i - ret  incorporates Fe2+ which is  aubsequent ly oxid ized by radiar ion.

Blue and browo gopaz are produced by radiation. No chenical cause of the colore ie known, although a

correlet ion rr i th hydr;gen ion concenEri t ion and color  zones hae been obaerved.  A correlat ion wiEh the

concentret ion and etru;Eural  e i te of  hydrogen ion haa aleo been obeerved wi th anethyst .  AmechyeE color

iovolvee bolh i ron and ra i l ia t ion.  I t  is  yet  to be deterEined whecher 6moky quartz,  having radiat ion

induced color  involv i i t  a luninura ione,  a lao Jhowe color  correlaEions wi th hydrogen ion.  Amazoni te fe ldepar

color  is  generaEed [y i r radiat ion of  fe ldepar contain ing 1ead, but  factora other than juaE lead

conceotration are involved.

Garnets in the pyrope-aluandine-apeeeart i te ser iee oue cheir  color  co Un2* and Fe2+

aaong t ,he fev pegaat i te-uinerala for  shict r  radiat ion has not  been aeeociated wi th color .
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