
ct, can
iticnnt
cd hy

sea rch

15H,
lICS in

7- 1.l'! ,

incral,

I. Soc.

Itlspars
nalur e

k elTOn

~ tiefll~enpy 1 '1 '1 ': ~1 :1I1t1 S I . ~ I , .11111 ( i ll ' u i.unu 111Ial!c F l ltcrlll~J clement
Il1ilP(lill ~ o f ;tlkall fc ldcpar... lepl;Il' lIlg pb~ lild , ISl' In gr.11I ilil" HJ ~'k , ' hnws
th.u rh...· hematit e prlTipilall'" ilrl' ~ ll h - l1 l i "" h ll l SI/ l'tI ; lI lt l l ~..latl'tl to K·Il'I,bpar
lel1l •.lc· i n ! ~ I'l a glo~ la :,,~ . OI :-' '';ll",'jall'd \\ ilh pun- rorm auon In Ille K-Id lh.p:lr In
the n CI ~hhll r h l ll l li o f tlu- repl acement h tlill an illnllrp:,nuI; rq ; iun Il f nun ­

"hlichiullll.:1I1l' IHII1Cra" cuu be hll llili. In this ~ t l1dy :1 ..aml' h.: III· fcnllo­
scaudran pin\.. t~ ra ll i tl' \\ :1.. plcpar..:d 1111 op tical . SF and T l. \ !il'ftISl'llP)
.uurty-is. ( ) p l i ~ al pC l rol~Til ph y fl·\ v-al.. rcpuku ~Iil i n ~I /I' ;1Il1i .1 IUlIh:fJ I
as:"emhiagl' Ih.11 convisis 1110... lly tit" plaglth..-la-c. K-I\.-ld-,"ar. qUill1/. ..111 "'\
hiutuc. Ahulld ant tiny ine lll,i llll' in IIll' fl..'hlo;,par can he seen III tlplll'a!
alla IY ~ I~. bill l';IUonly hl' idenu ticd a-, IfUIl 1 '~ ;lI l1l g miucrul-, III thl' SL:'\t.
lI ~i ng. Ell :". lor TEf\.1 41 11,11) " 1:-. uu- Ih1h ...hcd 1111 11 ..cction", were further
lhillllcd m.i,,!;! il Gatan lOll-mil\. In the I E\ 1. (;l\pitlllS l rnn · hl'ar i l1 l~ needle­
like nuucra lv can he li ullul ...patwlly related III nuuut c purl·s . SI..:k t.: h:d Arcu
l.lcctron I>,lh aclioll (S :\ED I pattern , iJ l' l1u fy hcuuuuc. ligurc ~ shoc-san
example o f a h",·l\Ialih..' needle emb edded IIIK-li..ld'par. Ihe Il'W'!'lss imagv
~h tl \\ Sil sh ilrp lllll l r.I:-.1 0 1'1111." ituu -hcar ing needle again..1 the ~ i l ic i l t l' matnx .
The IhiL'klll'sS mal' and prnlile shu\\ that tlu' vamplc I.. '.\ ...· t l~ l· ,..hilJ,"'t1 frllill
15 to05 1:lInhd;l (Iamhda is the mean I"r",·t..· I';lth 1'01 plnvmon gcncr.uion rn the
ma tc r tal I~ I). In IhillllL' l' par t..; (II" III...· lI:llura l 1 ~' l d "' I';H' , allll' k' al\Ul lllanl 1'IIIl'",
(il lI bl' li \ll11t1. hUl ill \I.:IY 1\:\\ llf 111l'11J thl..' h...'IlI.II11 e lll.'.:t1k" art..' pn.·:-'l·rwt..!
In lhit.:kcr piUb. Ihl"nc,u csl IIl"i!dlhtlrlhl" d PI'l\lill1 Ypllies .... lll1t:Jin.. bt:lll.llih·
1I1'l·dks . n l l" Ill'l 'llll' i:-. u"Il:Jlly Ihld ..lT th...·ll lh..:surrtl llud illg.lllillri, . an d h:ct
p~lT l l ~ dll ~ 10 pn.' I ~' n': l1 l i :l l l h i l\ l1 l1l !! o f tlJL' "'llic.II",''i ill 111l' itIII mill. III tigllr...•
_, 'oe\ l'r:11t.·!L·l1Il"nl di..tl i l llll il ill llIill'S ar...· :-htl\\ ll. rhl'Y\\nl" uhlallll'd hy lht:'
·'tluc.... w illtlU\\ llIl"lhllli" ' 2 /. lI .. i ll ~ ;1 ( i l F l tl llp k' t i h' ,I .1 1·01. _, 0 I II 'I E\ 1. r hl '

n.... ...·dk '" d ...·. II· I ~ th:-l·...·m ihlc ill Ih.... irtlll 111;)1'. bllt ",Olm: in lll i..ab o pr"'·"l·l11
in tht:' , lI l1ll lV h p lI ... 1ll.lk rial all lllnd Ih...· I1l'l'd l..: . Pllla"" 'illllli l.tllll·...·nlral\tlll j..

l'IIh;lIIl'l'd in Ih l' i l1ll ll l'I!i " ll" \ i ·1111 I) 0 1 lill.,' n",' ....tll l· . "'lllliHIll l'o i l b tl rr",..~ ,:nt

rn Ih l: "ill lll' ar",'" .l'o K. hUI tlo Il t l l shll\\ ..... m;l n~ l ' I)lh '1'1IIr;\I11111 glild ll·n:...
r il di ...lrih utll\n I", C tll np l l' I1 I"" Il I ; \I ~ Iii Ih l' i1:blJ dl..lrih ltil'IL indil:alill!!
the replllccJlIl"l\t Ill' thl" ( ' a - l: t l ll l , l ill i ll~ p la !! IOl' I ; I ~e , Th..... pr...·...· ip ll.1111111 Ilf
hCI1M tl l l ' a t pllrc", ;lIld Ih.., 1l ' t11 -l: f ~ S l . t ll i ll l· rq !i\ll\s .11 lh," Ir;lll..h'I I11.llltlJl

Figurl" 1 - 1;11 Thc t1ptk al i l1l;I~ "" ",h,I\\ " II 1i.·IIIl O--;l'; IIIli':\Il ~r. lIl l h: \~ i th

fell d tllllkd Id d" ll.lr'i. 11"\1 1111' h .ld' '' l..·;llkrn l ...·I.·•.:lrl1l1 i ll\;l l : l..· ..hu\\ ... Ill..:
hllllnd,lry hl'l\\cl'lI p lar itld.t 'o"'· (d a, k )..' ll·~ I and K - I~' ld 'o par ( Ii!!h t ~1 "'·Y I.

A ~1l1Hb 11 1 hri!:!111 ..pilI... in Ih .... ' h ifi ll l:-; },.. ld d"I';lr \\ l' I"l' Ilknlihn l a" h\"'lIIol litl'
pre...· l l' il; l l l·:-;. I I ~ (CI I ':l ) ,\ "'l' l·..;UI I"l·~ IP) I · l ~urc .~ j ~11 [ : I- n \ I /" I ' I- l l h~

imilg i n ~ o f a hl·lll.tl lll' IIl'l'dk" 111 l'-flol.I' I'.lr lb . II Ill:k l ll ' ",,,, 111.11' Ill' Ihl' " a Ul l'

;H",'"i.1allt! (c..' l lhid , l1 l·"'" Plillik Ill' Ilhlil'.lh:d It ' ll" in unih ~, l m l'ilH fr\.'l· p~t1 h

l1all1 htl.t L I"I!!lIrl· .t Ul' 1l 1 ~ 1 1l 11l;'ppi l11:' III th...· ["'·;.! !Illl 0 1Figure 2 \l ..ing ( i ll '
" lhrl'l' \\ indll\'. ~ T1 1Clhlld" . ' i ll1 l l ' ","" i1 k .1" IIIItp m: .~ l a l

J J7

htl l1l ~l l. l ry allows interpretation of a precipitation hkc miner..1 reaction PI·
The e(lI11 I1U)f1 occurrence Ill' red fe l d ~ll il rs in Illrgc gr;lllilic bodies and the
a"Ol.:i;tlion olred coloration 10 pmc -rl.·lilted hcmautc imply that large scale
Huitt enhanced metasomatic prove 'l'll' ~ conrnlun c In colora tion oft he \\ hole
granite bod y.
r\d~ Il( l\\' 1c t..lg.l' lT1 e l\ l s ~ I{II Ih"lIb Alexander \ ( I ll IIumbnldt Iouud.uion for
research support nt Munster University.
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IInny melttl\ ' ,.f OC"" 1It' 1 draim II Ii , ill ~I ' from m;lIi ,,~ l·t/Iltelll.". il/'/" " '-1' "1/1/
Jllme, lic SC\\ilt!l", \\hidl thL' lin.' nn..: o;, :lre, the Ill;lin fonlS nf nm lillninalilln.
i\ l j Jl1 li~ pOlt:l\l iall) Il'"; ' \'1.'.'\ hea\') l1ll'lills 10 .lIuhil·111 ..inl·'· Ili sf Up l

g~och l' lIl i l"it l l'q ll i l i hr i ll ll1 of m'J1efl,11 r i ~h o r ,h \..·"l· c1l"ll1ent s with h"'lHk llc ~

III rcad wilh othcr e(ll11 partl11~nts (hydmspherl'. :llmn"phell"'lI1J hHl..;ph.... r~ 1

and ' r ~lI1~ rol1ed Pf Irilnsl'ml1l"11. l·'lIl~i llg lI:ul1 i1ge 1'1li:t.:ls C\en :-. topiling
...·Il1I ... ... il ll\ . Hydrographic hOlsin of Hih...·iw di: Ig.u:ll'l', !ol\ lh/ ed ill Sa il
(li111 1t.1 .lIId Param'l Slall'S rcce i\'c lhc l1 u~ hi ng. uf hc'" y ll1l'lllls (Ph . Ba. I n.
..\ ' . ( ' 11 ..Ag. (', illltl l'tH from PWl:t:~~ i n g "f \'ar illlls mint:s (s.er:lp l11ining)
a, \1t.· lIml'l ;llIurgical factory (slag) 10 Ilh: ir dr.lino;, induJ ill ~ hoi"," mCllium
tllm IIpari of Hih.... im til' Iguapc Hiwr 11 11 tn laCllllll ....~ I IIi1 l" i l1 l· 'ys tcl1\1!!lIapc­
( · . Ill il n~ i il [ I. 2 ;lnd J I so Ihal this I"cI\idut:' s \\ erl.'marginal ilC.... UI1lUlilled a ~

dl'rt lsill; .1long thl' ri\ er. Thesl"wnrk aim c\ aluating l'tll1l·elllraliun tlf hC::lvy
llIc:t;lIs 111 allllvium :,> cd i 111 ~rllS of RibeJT:1dl' 19u:1 pc Rhcr. \J illl" pft' lilcs 0 1
allll\ ium ~ l"d i l1l t:n l s altmg the ~ cgmcnl Iptlranga-Eldtlr<.,t1 o WCll: t.."t1 llcclcd
\\ hich t1Il C ~ wcre suhdh ided .It lh:ld in Illp. Illcdium 'UlU b,,~c . Sil lll p l~s

\\ l're hOl1\ngcnil.l'd ;IIld 2.n0I11 I11 ~ ie\' cd and ~l1la ll er fraClil)fl :II1Jlpcd h~

, -rily Ihlllrc.Ii \·..:nee (XRF). I{esu!ts wnc l'tUnr arl'u with refcrcnn: \':, h ll' :"

10 Ii..:dimcnts 10 l'llIwdiall COllncil ul \1i nislt:r ol"Ihe EII\ iroll111 .... nl 1-1\ and
\alnc.. ti l"rqdul1JI ha d gro und... . in at.·cord ln CI' I{'! 151. C OlHflll' ll1l' llla ry

.....\ alll:1:itll1:" hy Sl·t1 l1 l1ing.el':l.: tTt)ll micrt....C(llly ( S I ~ ~ I ) .Iel)! 56(11) l.V al (~Il: I lc..'d

wilh cncrgy-,lisper:<i i\ c :-. pcctrolllcicr fEI)S ) Nt1 ralll' \'oyagcr "' l'rl" cJrn~, 1

mil. I"lgmt.." I . With rc gilHl tuCr. i'.11 illld Ph ctll1 l..: nts resulls indil' il lt.'d p(\...slh lc
Ct1lllaminOl tiuIl ~1fI: i1 a lic:r ( umpared d iUil \\ Ilh interna1iunal rcl crc l1":c'" (tilbk
1. 2 ~lIl d J ). Thi..; WilY. alhl\ iUI11 sedimcnts shuw in lhl' ir l.:ul11pt.lsll ion Ph. Zn
and (' r came fmm Ur '\(l i\"ities mines (llliIlC,", llt headc r) and thi!> i:-o IlIlllaturnl
tlCCLlf r...·IH.:e :-; incl" this \ alucs is nv....r rcg itll1al hackgrollnd rcfcrcllcl's. iln
c\"ie..k ncc 11Iil t origin rcsitlucs w.:r~ Cillll~ fft\m t l1lllchc:-. in thl' ril er tlminl-!
·W \ l·ars mininc.
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:o uppnl1.
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