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Retrornct tun or ­
phic phusos

MIlA,M IlC,Py x,
OZ,PY,Py r,
se-.

MIlC,MnA ,Rd ,
Sp,Py x. Rhc ,
Be ,N e,Oz,
Se r.

Sp, Py x, Rd , Oz ,
MnA ,Mn C,Ser ,

Mine ral essocie ­
tions in veins

Sp-Oz
Sp- Py n-MnC
Pyx -Sp -Oz

Sp·Oz
Oz-Sp-Rd-Ap
Mnc -Pyn-MnA

Rd·Sp-A p- Ba-Oz
Rd-Sp-MnC -Ap-Ba
MnC- Py x-Sp

Main metamorphic
paragenesis

MnC-Mn P
MnC -MnP -Sp
MnC -T-MnP -Sp
MnC -T-Pyx -Sp
Br-M nP-MnC-Sp
±.Acc :PYP,Ga,A 1

MnC-Sp -C
MnC -T-C
MnC-Sp-T-C
Mn C-Pyn·Sp-C
Mn c-T-Pyn-Sp-C
± A cc .G a.Pv .Pvr ,
Cp,Py p ,A l,A p

Mn C-Sp-C
MnC -Sp -T-C
Mnc-Pyn -Sp-C
Mnc-T-Pyn·C

- - - - - Mne-MflfLSp-C- - - - -
± Ac c .Pv r .Pv .A l,
PYP,Sph, KF e

/
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Tabl e 1: Min eral pa rag enes is of the m ain phases of mineral fo rmation .

MINE RALOG ICA L STUDY OF THE MA IN MANGAN ESE CARBONATE-SILIC ATE /
PROTOREyroUELUZ IT;;'l FROM B,5-AZIL AN D TH EIR WEATHER ING PRODUCTS

J .M.V. Cout inho, M.A.F . Ca nd ia, J .V. Valarelli , Oep, Min. Pet rol. lnstitu to de Geocie ncios, Univ. S.
Paulo, Caixa Postal 20.899, Sao Paulo , SP - Brasil
Tj . Pete rs, Min. Petrol. lnstitut, Univ . Bern , Seh listrusso, 6, 30 12-Burn ' , Suisse

together with manganese o xides from th e ir suspensions in mar ine water does not play an impor ta n t
pa rt in th e format io n of iro n-rna nqanese no d ul es. Therefore t he d egree of in ten sity of red uct ive pro '
cesses should be considered as the main factor governing the rat e a nd in ten sit y of depositio n o f ferro ­
mangan ese nod u les o n th e sea floor. Th e red uc t io n inte nsity d epends in its tu rn on th e nat ur e and
a m o u nt of organ ic m atter co nt ained in oozes . A higher su p p ly o f o xy gen to th e bottom ooze is ver y
favo ur a bl e fo r iron a nd m an gan ese d eposi t io n .

The m anga nes e pro to re of Buri tirama (Pa ra ), Se rra do Na vio (A ma pa ) and Lafaie te (Minas Ge rai s )
d eposit s a re the resu lt of regional m e tamorph ism in a m p h ibo lite Iac ies d uring the Transamazonic
oroge net ic c ycle (2 b .v.) o f impu re carbo ua t ic sed ime n ts . T he y me ass oc ia ted wi th quartzites, bi otite
sch ists a nd am phib o lit es in m etasedi me n tary se q ue nces,

T he m ine ra l par agen esis re la ted to the m ai n p hases 0 1 miner a l lorma t ion is list ed be lo w (Tab le 1) .
This mineral paragenesis is in ter pr e tud witb the he lp of th ermo ch emical and expe rimenta l d at a :

fo rma t io n o f teph roite in a fluid ph ase with a h igh C0 2/H 20 ra t io ; gro wth of py ro xen o id s with
- jncr.e<Wng-.C~02/H 2.Q.!:'!tio a nd w he re the ac tivity o f Si0 2 wa s high er . Th e k ind o f pyroxenoid st ruc tu ra l

type d epends o n th e co m pos it io n o f th e 0' iqinal ca rbo nates.
-D u rinq the mainmeta m or phi sm o f th e impure marbles the C02 / H2 0 rat io increased du e to th e

form ati o n o f the man gan ese silicates whereas in th e ve ins th e C02 /H 2 0 rat io 'dec reased -w i t n~ t i me , as
indi ca ted by th e st ud y o f f lui d inclu sio ns in quar t z .

The m o st im po rta n t ph en o rne rw in ve ins a re silica m igration (some t imes ca rr yi ng P20 5 and lo r
S02 ) a nd the fo rma t io n of coarser wa irllld rh od o ni te -q ua rt z-a pa t ite -(ba rite ) o r pvro xe no id -sp es sa r­
ti te associa t io ns.

T he mo st im po rt a n t re t ro me ta rno rph ie p rocesse s obser ved are the for m a ti on cif ' Mn -a nlPfli l lo te
a nd t he se rpe n ti n iza t ion o f te ph ro ite and py ro xe no ids .

All th ree pr oto res a nd relat ed ro c ks a re deepl y w eat her ed ,
In th e low er part s of th e water sa tu ra te d zo nes the fo llowing mine ralogi cal rrnnslo rma t ro ns

ca n be o bse rved : rh od ochrosit e-manganite , pyroxmangite-ma nganite , pvroxrnanqi te -qrout i te, spe ssa rl ite ­
cau li ni te, spessar t i tu-l i t h io pho rlt e, te ph ro ite- ns u t ite a nd Mn -amphibol e-birnessit e .

Above the wat er ta b le leve l t he ea rl ie r ma nga nese hydrox ides a nd ox ides tend to he Iran sfurrned
into cryptome lan e a nd pyro lus it e , of which most of the e nr ic hed are is composed ,
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Abbreviat ions : Acc=accessory , Ap=a pathi te, Ba=bari t e , Be =ba men ti t e , Br =b raunite , C-graph ite,
Cp =ch a lcopyrit e , Ga= gala xite, K Fe= K-fe lds pa r [rn icrocline} , MnA=Mn-amphiboles, MnC=Mn-car bonates
(in ge ne ra l of kutnahori te-rhodochrosite so lid solution in the mai n me t. paragenesis), MnP=Mn -phlo ­
go pite (in so me plac es m an gan ophyll it e) , Ne =neo to ci te, Py =p y rite, Pyn =pyroxenoides (when rhodoni te
a nd pyro xmang ite were found), Py p =p y ro phan it e, Pyr=pyr rh o t ite , Py x=p y ro x man gite , Oz=q uartz , Rd =
rhodo nit e, R hc =r hodoch ro sit e , S p =spessa rti te, S p h=sphen e an d T =teph roite .

THE GEOCHEMISTRY OF MANGANESE : AN OV ERVIEW

Davi d A. Cr erar, Department of Geological and Geophysical Sciences, Gu yot Hall, Princeton Uni­
versity, Princeton, Ne w Jersey 08540; Ro nald K. Co rm ick, Direc tor o f Minerals Research, CONO CO
Pon ca Cit y, Oklahoma 7460 1; H.L. Barn es , are Deposits Research Section, 208 Deik e Bldg, Pennsyl­
vania S tate Uni versit y, Universit y Park , Pennsylvania, 16802

I'IIln is t he second most ab u nd a nt heavy m etal in the cr ust after Fe, to which it bears m any geo ­
c hemica l sim ila rit ies. The e lem e n t is pa rticularly interest in g geo che m ica lly because both its +11a nd IV
vale nce sta tes predomina te in natu re . This gives rise to a n unu sual ra nge o f mult ip le va le nce m in erals ,
use ful as sensit ive indicators of such d epo sit io na l vari ables as Eh a nd pH .

In igneous rocks, Mn beh aves m uc h 2S the e lem e n ts Mg, Fe , Ni a nd Co a nd is co ncent ra ted into
ea rlier prod ucts o f magm atic differ en tiation, wher e it substi tu tes di ad ochi cally for di val ent ca t io ns o f
sim ila r rad iu s. Th roughout d iff er en ti ation it remains a lways sligh t ly less co nce n t rated t ha n o the r
m e tals of the fir st tr a nsiti on row, d ue to its higher ionic potenti al a nd zero cr ysta l field stabilization

-+- - - - - e nergy;-and - theref o re- reappea rs as o ccas io na l p rimary m iner als -in- the -Iat esrpegmat it ic a nd -hy dro­
the rmal stages of magma tic evolut ion .

The typica lly zo ned miner alogy o f h yd rot he rma l Mn deposit s refl ec ts t he temper a t ure a nd oxyge n
fuga c ity o f d epo sit ion. T h us , th e Mn (+ 11 ) state a nd reduced ph ases suc h as alaba nd ite , rhod o ch ro sit e ,
a nd rhodon ite pre d o minat e in high er te mperat u re b ase m et al depo sit s w h ile Mn (+IV) an d mixed
vale nc e o xides suc h as non -sto ichiome t ric psilo m e lane , c rypto m elan e, coro nad ite, and p y rol us ite occ u r
incr ea sin gly in int er medi a te tem per ature bar it e -fluo rite vein s , a nd excl us ive ly in lo w te m pe ra tu re
th er m al sp ring deposifs.

In the w ea ther ing cy cle, both Mn a nd Fe a re rapi d ly dep let ed f rom igneo us ro c ks, a nd Mn is
acco rd ingly a co m mo n m ino r co nst ituent of so ils . Bec ause it form s stro ng, so lu b le o rga no -meta llic
co mpl exes a nd is h igh ly sensit ive to Eh a nd pH , Mn is par t icul arlv mob ile in th e ac id weat he ring
profil es of sub-arctic a nd temperate be lts where organic content is high. In m or e a lk aline soi ls o f th e
humid trop ics the or ga nic co m po ne nt is d ilu te d by the thi c kn ess o f weathe ring zo nes; her e Mn , like
Fe a nd AI, is typ icall y less m obile an d may be concentra ted with residual lateri t ic or bau x it ic c rust s.
In ar id d esert regions , Mn is o ft en concentrated as a thin surface ox id e or "d esert var ni sh " having a
m a jo r a nd trace e le me n t composit io n no t too dissimilar fro m that o f d eep sea m a nga nese nodu les.
Un d er specia l co ndi t io ns, red ist r ib u t io n a nd reconcentration of Mn during weathering resu lt s in super­
gene e nr ich ment a nd accu m ulat io n o f residua l ores.

Un d e r mos t condit io ns, Mn is un d ersa tu rat ed w it h respect to o xide pr eci p ita ti o n in grou ndwa ters ,
rivers, la kes, and o cea ns . T he so lub le in organic component of natural wate rs incl ud es th e fo llowing
sp ecies, in rela t ive or d er of ab u nda nce: Mn 2 + > MnHCO; > MnSO~ > MnCI + > MnO H+ > Mn F +
> MnCI ~ > MnCI3' > Mn (O H)3'. In bo gs a nd lakes , organic Mn com plexes often pred ominate and as
much as 10% o f th e metal in sea wa te r m ay be bound organically. Wh ile suc h molecul ar species are o f
m ajor importan ce to th e transport of Mn in natural w ater s , a co ns ide ra b le , a nd hi ghly vari abl e, pro­
portion of the bulk concentration consis t s o f various colloidal and particul ate fracti ons.

The most im po rta nt controls on th e deposit io n of Mn from natural solutions include : (1) Equi -
librium co n tr o ls, including Eh, pH a nd liquid concentration . (2) Ad sorp t io n kine t ics of ava ilab le
su bst rat es including the strong a utoca ta ly t ic and sca veng ing p rope rti es of Mn o xid es themselves . (3)
Kin eti cs o f parti cl e se tt ling a nd coll oid f loccu la t io n . (4) Bio genic effect s . O f these four, eq uili b rium
contr ol s p redom inate th ro ughou t the . igneous, metamorphic , and hy d rothermal acti vity o f Mn , a nd
strong ly influence diage ne ti c be ha vio ur o f the e le m ent d uri ng marine a nd lacu strine sed imenta t io n .
On th e abyssa l ocea n floors, d eposi t io n o f wi des p rea d fe rroman gan ese c rus ts and nodules is con-
tro lled la rgel y by ads o rpt io n kinet ics a nd m ay be ad di tiona lly cata ly zed b y Mn ·fi x ing bacteria . Fres h ly
precipi ta ted Mn o xides have an un us uall y h igh ad so rp t io n potenti al and are lar gely re sponsibl e fo r

sc aven ging trace m e tal lic ca t ion s fro m seawate r.T he k inet ics o f particl e sett ling a nd co llo id floccul at ion
a re most im por tant in the near -sh or e ma rine e nv iro n m e n t a nd in te rm ina l la kes a nd inl an d seas whe re
t he ra ti o o f sus pe nde d to d isso lved fra cti o ns is c lea rly reflected in the a rea l di stribu t ion of man gani -
ferous sed im e n ts . Fina lly, b ioge nic co nt rols o n Mn deposition p re po nde rate in lacustr in e deposi ts of
tempera te a nd sub -arc t ic regio ns w he re growth o f m angan ese c rus ts and nodules is ca ta lyzed by th e
bacterium Met a tlogen ium:-'fhts-nenus has--atscrbeen descri b ed in manga n ife ro us cherts -6ICJ1!l<1Ce1Yu""s-~-­

a nd Prec amb ria n age a nd is a ppa re n t ly o ne o f o ur o ldest kno wn livi ng fo ssi ls .
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