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S Y N O P S I S  

ZONED spherulites in greenalite-siderite-silica 
rocks of the Emilia-San Valentin lead-zinc deposit, 
Sierra de Cartagena, SE Spain, show a core of 
iron-rich talc, (Mgl.sFel.2)Si4Olo(OH)2 , an inter- 
mediate zone of opal-chalcedony, and a rim of 
minnesotaite, (Fe2.TMgo.3)Si4Olo(OH)2. Crystal- 
llization of the spherulites, presumably from under- 
cooled silica sols carrying dissolved Mg and Fe, 
began with the non-equilibrium precipitation of 
metastable iron-rich talc; the residual fluids en- 
veloping the growing spherulites became more 
iron-rich in composition until metastable equili- 
brium between iron-rich talc and iron-enriched 

residual liquid impeded the further growth of the 
iron-rich talc; the spherulites were then overgrown 
by colloidal silica flocculates and a rim of minne- 
sotaite precipitated from the iron-enriched residual 
fluid. The proposed crystallization model implies 
that, if talc and minnesotaite represent an iso- 
morphic series, under equilibrium conditions there 
is a broad immiscibility region in the series. 
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IRON-RICH TALC-0PAL-MINNE~OTA~TE SPHE~LITES AND 

CRySTALLOCHEMrCAL BELATIONS OF TALC AND MINNESOTAITE 

P.C.A. Kager ~d l.S. 0on 

Geologiseh Instltuut Unlversltelt v~ Amsterd~ 

Ni~we Prinsengraeht 130, 1018 VZ ~msterd~, The Netherl~ds 

The Eailia-S~ Valentin lead-zinc deposit, Sierra de Cartagena, SE Spain, 

was formed in relation to Tertiary rhyodacitic volc~i~ by hydrothermzl 

alteration of li~s%ones into sulphide-carbonate-magnetite-g~eenallte- 

silica rocks. Fo~ mineralization stages e~ be recognized, with progressive 

infiltration of metaso~tizing solutions (Oen, et el., 1975; Kager, 1980): 

(I) fr&et~ing and dissolution of limestone; siderite fracture- and 

rug-fillings, ~d greenalite alterations along bedding, fract~es, ~d 

siderite veinlets in the limestones; 42) fract~e- ~d ~g-fillings with 

siderite, galena, sph~lerlte, pyrite-~c~ite �9 and quartz-opal-chalcedony; 

fo~tion of greenalite pods ~d ~ses impreguated wlth the. s~e minerals 

as in the ~gs; (3) ab~d~t opel-chalcedony-qu~tz ~d Fe-Mn-Zn c~bonates 

in fract~es and rugs; recrystallization of greenallte ~sses into ,asses 

with gr eenalit e, sulphides, m~tit @.~ siderite, ~d,opal-chal c edony-luart z ; 

46) yo~gest fr~t~es ~d rugs with stulphides, opal-ehalcedony-qu~tz, 

calcite, ~d dolomite. Mineralization oec~red at low press~es, less th~ 

300 m below the post-Miocene s~faee (Oen et el., 1975); infer~d m~i~ 

temporaries were about 2500 C in mineralization stage (I), between 250 ~ 

~d 4O0 ~ C in stage (2), and about 300~ ~ C in stages (3) ~d (h) 

(Kager, 1980). 

In the stage (3) r~ks containing greenalite, (Feb. MgO.?)siho10(OH)2 , _  

magnesi~ siderite (58-98 ~i.% FeC03, 2-45 ~i.% MgC03, O-25 mol.% CaCO3) , 

~d q~tz-opal-ehalcedony, the siderite often appe~s c~ded ~d 

partially replaced by opal-chalcedony ~d f~cicul~ ~d spherulitic 

aggregates, upto about 2�9 ~ac~ss, of iron-rich talc, (Mg I .eFel .~SiOio(OH) 2, 

The latter mineral w~ described prevlo~ly ~ Fe-talc (Friedrich, 1964) 

and ~ Mg-~i~esotmite 4Ka~er, ~980). A recent reln~stigation has revealed 

the f~quent oe~r~nee of i~n-rich talc spherulites enclosed in a fr~e 

of collofom op~ ~d composite, zoned spher&lltes consisting of ~ iron-rlch 

t~lc core, ~ inte~ediate zone of opal~d chalcedony, ~d a thin rim of 

mi~esotmite, (Fe2.6Mg0.3~0.1)Si~OI0(OH) 2, (fig. I). 

Iron-rlch talc is colorless, a = 1.569 + 0.0Oh, u : 1.602 + 0.OOh, 

(-)2V s = 18_20 ~ In comparison, mi~esotmite shows a weak br~ish tint, 

slightly higher ~fractive indices �9 mad lower hirefringence�9 but due to the 

fine grain ~ e n t s  c~not be made. 

Mie~p~be analyses were made with a C~mbridge Inst~ents CO. fktlly- 

~t~ted Mark 9 Mie~sc~ operated at acceleration potentials of 15 ~d 

20 kV. St~dards usedwe~ p~e metals (Pc, Zn) ~d ~alysed aiopmiae 

(si, Ca), ~ T o s s u l ~ i t e  (AI), rhodonite (}~a), o l i v i n e  (Mg), and albite (Na). 

Raw data we~ coveted for matrix effects with the M~k 9 on-line ZAY- 

eo~etion prog~e. Representati~ ~alyses of iron-rlch tale ~d 

mi~esotaite ~ given in Table I. Chemical ~lysis of impure mineral 

concentrates indicates the absence of trivalent i~n. For some ~alyses 

the atomic ratios calculated on the anhydrous b~e of 11 oxygen ato~ fit 

the idealized formula (Fe,Mg)sSi~OI0(OH)2 (Table l,a). H~ever, ~y 

~alyses show SiO 2 in excess of that required by the fo~la. Despite 

varying Si02, the ~&lyses indicate const~t Fe/(Fe+Mg) ratios of 0.42 +0.03 

for i~n-rich talc 438 ~alyses) ~d of 0.91 _+ 0.02 for mi~esotaite 

( 12 ~alyses ). The ~alyses apparently show contamination by opal-chalcedony. 

T~]BLE I. Mic~p~be ~alyses of iron-rich t~c (&,b) ~dminnesot&ite (c); 

w% % oxides ~d atomic ratios on the ~hydro~ base of 11 o~gen atoms in 

the for~a; H20 calculated ~ difference between s~ of metal oxides 

~ d  100.0 %. 

sic 2 56.00 4.002 61.40 6.204 52.30 4.137 

A12O 3 0.09 o.ooh 0.05 0,002 0.07 0,003 

FeO 19.56 1.169 1 8 . 6 8  1.070 35.85 2.376 

t~aO 0,15 0.009 0.09 0,005 1.31 0,088 

ZaO 0.09 0.005 o.12 o.oo6 . . . .  

MgO 16,91 1,801 lh.71 1.501 2.08 0.245 

CaO o.oh 0.003 o.oh 0.003 

Na20 0.03 0.002 0.0h 0.003 

H20 7.20 h.88 8.31 

100,00 100.00 100.00 

Calculated formmla after co~ection for excess S!02: 

a. (Mg 1.80Fe 1. l~n0.01Zn0.01 )Sih010 (0H) 2 

b. (M61.74Fe 1.24M~0.0 lZn0.01 )Si4010(OH) 2 

e. (Fe2,62Mg0.28Mn0.10)Sih0t0(0H)2 

After correction f~ excess SiO 2 a const~t composition e~ be calculated 

of Mg1.77+O.04Fe 1.22+O.OhMn0.oo6+_O.003Zn0.004+_0.o03)Si4010(OH)2 for iron- 

rich talc? ~d of (Fe2.63 + 0.02MgO.27+0.obMn0. I0+0.02)8ih010(0H)2 for 

minnes ot ait e. 

Table II lists the X-ray diffraction lines obtained w&th a Guinler c~era 

from powde~d mineral concentrates of iron-rich tale ~d with a G~dolfi 

c~ra fro, powders of mlnnesotaite that were drilled out ~der the microscope. 

The X-ray powder patte~s agree well with the p~tte~s of tale and 

mi~esotmite, respectively, as given in the JCPI~ (1980) Mineral Peddler 

Diff~tion File. 

Exper~ent&l work inthe systemMg3SihOio(OH) 2 -Fe3Si4010(OH) 2 4Forbes, 

1969, 1971) indicates that between 680 ~ and 43O ~ C the Fe/(Fe+Mg) ratio of 

talc increases with decreasing temperat~e fr~ 0.02 to 0.08. The maxi~ 

extent of iron solid solution in talc has not been determined at lower 

temperat~es, but is s~pected to be limited because of the rarity of 

iron-rich talc. On the other h~d, mierolzrobe work on minnesotaite from 

i~n fo~tions (Kleln, 1976 ; Flor~ ~d Papi ke, 1975, 1978; Miy~o, 1978) 

indicates ~ almost continuous r~ge of Fe/(Fe+Mg) ratios between 1-00 ~d 

Table II. X-raypowder data for iron-rlcht&le ~dmi~esot&ite; 
_d meas~ed 4~), intensities I esti~ted. 

Tale, Inn-~ieh Minnesotaite, Minnesotaite, 
JCPDS-file tale Cartagena JCPDS-fIIe 

19-770 C~tegena I~-906 

_a ! d I i z ! ! 

9.35 100 9.416 100 9.6 100 9.60 100 
h.59 48 4.601 60 4.75 50 5.78 20 
~.56 25 
k.53 12 4.58 lo 

3.33 h0 3.33 25 
3.12 ho 3,129 30 3.18 70 3.17 50 

2.75 20 
2.635 18 2.6h8 20 2.65 20 2.65 20 
2.610 14 
2.597 20 2.597 20 
2.589 lh 
2,696 20 2.51& h0 2,52 50 2.52 70 
2.b79 30 
2.~6~ 14 
2.457 10 

2.39 20 2.399 20 
2,206 20 
2.105 10 
1.9o 7 1o 
1.818 10 

1.731 10b 1.760 40 
1.651 10 
1.606 20 
1.592 15 
1.563 20 

1.529 55 1.531 80 
1.526 12b 
1.511 12 1,512 10 

o. 15 (fig. 2). The composite spherulites described here suggest isothermal 

crystallization of tale ~d mi~esotaite, implying a miscibility gap 

between the two minerals. The sphe~litie bablt ~d the association with 

collofo~ opal suggest crTstalllzation from colloidal dispersions or sols 

~der conditions of undereooling, supersaturation, ~ddlfficult nucleation, 

permitting the crystallization of ~tastable talc of ~ch more iron-rich 

composition th~ the equillbri~ composition at the temperature of 

crystallization. 

Fig. 2 sh~s & model for the t&lc-minnesotaite join in the system 

MgO-FeO-SIO2-H20; available evidence (Forbes, 1971) suggests ~mi~m 

crystallization temporaries of minnesotaite between 300 ~d 400 ~ C. At 

the end ofminerallzation stage (3), silica-rich sols were consolidating i~to 

collofo~ opal, while tale sphe~lites crystallized from the ~dercooled 

dispersing liquid~ pres~ab]y ~ aqueous solution carrying dissolved Si, Mg, 

and Fe, of the sols. In fig. 2 a liquid L that is undercoole d at temperature T 

mgK7 start crystallization with the non-equlibri~ preeipltation of 

metastable iron-rich talc t m, Isothermal cryst~llizatlon of t m will shift 

the residual liquid towards more Fe-rich compositions ~d, assuming that 

solute diffusion is limited or slow in relation to crystal gr~th rate, 

the growing sphe~lltes t m will become enveloped by residual liquid the 

composition of which is moving from L to L r . When L r is reached, 

metastable equilibri~ between t m ~d L r will empede further growth of the 

sphe~lltes, which ~y then become overgro~ by colloidal silica 

flocculates, inst~it~leously followed by mlnnesotalte m r c17stallizing from 

L r. The result is a zoned sphe~lite with a core of ,etastable i~n-rich 
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Fig. 2. Sche~tic diagr~ illustrating the phase relations along the 

talc-minnesotaite join and the crystallization of spherulites of iron- 

rich talc, opal, ~d minnesotaite as described in text. The lower part 

of the figure shows the compositions of minnesotaite from met~orphosed 

iron for~tions: (v) Klein (197k), (-) Flor~ and Papike (1975), (x) 

Flor~ and Papike (1978), and (o) Miy~o (1978). Iron-rich talc ~d 

minnesotaite described in this paper ~e indicated by t m ~d mr, 

respectively. 

Fig. I. A. Fascicular iron-rlch talc (t) in ma6nesiaa siderite (s). 

B. Iron-rich tale spherulites framed in collofo~ opal-chalcedony (o). 

C. Zoned spheru/ite of iron-rich talc, opal-chalcedony ~d minnesotaite 

(m); black is galena. 

talc tm, ~ inte~ediate zone of opal, ~d a rim of minnesotaite m r. The 

model in fig. 2 pres~s that under equilibri~ conditions there is a broad 

immiscibility region in the isomorphic series talc-mlnnesotaite ~d that 

i~n-rich talc and magnesia-rich mi~esotaite with Fe/(Fg+Mg) between 

about 0. I and 0.7 c~ crystallize only as metastable phases under 

non-equilibri~ conditions. Recent ~rk (Guggenheim et al., 1982) suggests 

that talc and mi~esotaite may not represent ~ isomorphic series with 

identical st~ct~e ~d chemical formula. Fig. 2 may thus depict 

eryst~llizatlon relations along a pseudo-binary rather th~ binary join. 
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