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AZSTRACT

’n;n Biwabik Ircn Formation, on the Mesabl Range in nortbern
Minnesota, extenda for about 120 miles in a generally east-northeast »
direction. The formation {3 the middle unit of the three-£old Aniumikie :
-geries of }Middle Precambrian. age; it overlies the clastie Pokegana .
forrmation conformably and is in tura overlain cenformably by the thick
argillites of the Virginia formation., On the castern cod of the
Nesabi Range, the Animikie series has been metamorphosed by the
intrusive Duluth gobbro. complex; mineralogical changes in the
aedimentg, particularly in the iron formation, appear ralated to the
gadtbro. ; |

From the data of the present study, four metamorphic zoncs may
be digtinguighed within the B}wabik forczation by changes in mineralogy
along the strike of the formation toward the gabbro contact:

(1) unaltered taccnite extends from the western liamit of the

Mesalbi Range spproximately to the tewm of Aurora. It is composed

¢f quarts, magnetite, hematfte, siderite, ankerits, tale, and tbp

iron silicates chamosite, greenalite, minnesotaite, and stilpnowelane.’’
Of these, only quartz, hematite, chamosite, g:eenaliie. piderite,

and some magnetite are considered pri:;ary. Tha texture; of the otker
winerals indicate a secondary origln, possibly during diagenesis or
low-grade metamorphism prier to Intrusion cf the Dulutb: gabbro ccmplex.

(2) transitfonal taconite contalas the same miseralogy but

exhidbits extensiva replacenent by quartz and ankerfte. Incipient
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matamorphic changes in this zone are the partial reduction of hematite
to magnetite and the appearance of clinogoisite in the Pokegama '
formation.

(3) moderately metamorphosed taconite {3 characterized by formation

62 the fron-rich-auwphibole grunerite and by the disappearance of
original iron carbonates and silicates. <Caleite appears frem reaction
of ankerite and quartz to form grunerite.

(4) highly wmetamorphoged taconite, within two miles of the

Duluth gabbro contact, iz completely recrystallized to a metamorphic
fabric and is composed chiefly of quartz, iron amphidoles, iron
pyroxenes, magnetite, and occasional fayalite and caleite. Sman.
veins and pegmatites reported from this zone may represent minoi'
fintroduction of material from the gabbro.

The following mimeralegical changes occur along the stri.kevoz‘
the iron formation toward the gabbro contact:

(a) partial reduction of hematite to magnetite.

(b) development of‘ clinozoiasite (in the Pokegama formation).

{c) formation of grunecrite. A A B
(d) appearance of iron-rich ciinopy:oxene (hedenbergite).
(e) ‘ disappearance. of hematite. , o
(2) appearance of ferrohypersthene.
(g) appearance of graphite (from organic matter).

All the changes, which cover the complete transiticn £rom unmetamorphosed

to highly metemorphosed taconite, occur within a horizontal distance

of adout two miles near Mesaba. ' ’ “
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Compositions of the carbonate minerals in the iron formation were
deternined by combining refractive index wecasurecacnts with X-ray

diffraction data to obtain values for the Ca, Fe, and Mg cocumponents. -

“1In unéltered taconite, siderite compositions approximate CasPeHMgm; |

ankerite cowpositions from the sams material are quite uniform a’t
approximately Ca53!?ez,‘ng23. The ca}cites which appear in tha
metamoiphosed taconite are Fe-rich and Mg—pyor. approximating
CangemMgl . |
Bo definite change im siderite or askerite compositicns /is noted
along the strike of the Biwabilk formation; there is no indication
of progressive removal of iron from the carbormate with increasing
me_tamoréhism. By contrast, caleites from the metamorphosed taconite
increase in Ca, 'be'coming virtually pure C:r:}o'3 near the gabbro.
Compopitions of the cﬁmingtonite-grunerite amphiboles, determlned
by refractive index measurcments, indicate a progressive enrichment
in Mg toward the gabbro.. . ‘
Original hematite in units such as the "Red basal taconite"™ ‘£nb
progressively reduced to magnetite toward the gabdro. Incépient |
reduction is observed at 3.5 miles from the contact, and reduction is
virtually complete within 1.5 miies of the 4gahbro.
Acid-insoluble residues from the organic-rich "intermediate
Slate™ and related units show a progressive increase i.ix erystallinity |

with metamorphism. Such materia.i is amorphous in unaltered taconite,

but is cempletely erystallized to graphite cloge to the gabbro.
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The present study indicates that metamc;tphism of the Biwabik
Iron Pormation by the Duluth gabbro complex was largely isochemical
and was charac‘tefized chiefly by progressive 10#8. of nzo.‘and 032.’
_There s no indication that the original mir;eralogy conaisted only
DU of §uart: and magnetite, or that large quantities of of.izer components

 were introduced into the aedi:ments. from 'the gaddbro, asg has been

proposed (Gundersen and Schwartz, Minn. Geol. Surv. Bull. 42, 1962).
‘The conditions of metamorphism cannot be definitely detemineﬁ;

A load pressure between 2000 and 4000 atmospheres {s considered

reascnable. Values of I'o2 within the atability £ield cf magnetite

+ quartz prevalled over most of the i;on formation; the restricted .

formation of fayalite was apparently dependent én lom;r I?o2 values :

*  wmaintained by original organic matter (now graphite) fa certain
layers. The presence of ﬁonastonite in a marble near the gabbfo
suggests g probabiy einimm tempecature of 600°C in this location;

-. temperatures of 300° to 500°C are indfcated for the noderately

metamotphoséd taconite 2 to 3 nilcg from the gabbro contact.
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