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INTRODUCTION

The Ar thur Point rhodo nite de posit near Bella Coola
has been known since 1982, when dis cov ered by the pros -
pec tor Tony Karup. The prop erty was later de scribed by
Han cock (1992). This pa per ex pands upon the in for ma tion
pre sented in Han cock`s de scrip tion.

Rhodo nite is ex posed on the shore line of a small pen in -
sula in two out crops some 200 m apart, sep a rated by 150 m
of heavy veg e ta tion cover.

The rhodo nite oc curs as stratabound zones within a
unit of chert and ar gil la ceous chert sev eral hun dred metres
thick. While most of the rhodo nite out crop ex hib its mas -
sive, fine-grained band ing in a yel low-green chert, lo cally
along the footwall of the main zone there is a len tic u lar
band, up to 10 cm thick, containing ir reg u lar lenses and
bands of a me tal lic-look ing min eral, mostly sur rounded by
pink-col oured rims of man ga nese sil i cates (Fig. 1).

ANALYTICAL PROCEDURES

Min er al ogy was in ves ti gated us ing op ti cal mi cros -
copy, X-ray pow der diffractometry and elec tron
microprobe tech niques at the In sti tute of Ge ol ogy Acad -
emy of Sci ence of the Czech Re pub lic in Prague.

Min eral anal y ses were made with a CAMECA SX-100 
elec tron microprobe us ing the wave length dispersive tech -
nique. The beam di am e ter was 10 mm with an ac cel er at ing
po ten tial of 15 kV; a beam cur rent of 20 nA was mea sured
on a Far a day cup. A count ing time of 10 s was used for all
el e ments. The stan dards em ployed were syn thetic SiO2,
TiO2, Al2O3, Fe2O3 and MgO, and nat u ral jadeite, leu cite,
ap a tite, di op side, spinel (all K) and bar ite (L). The data
were re duced us ing the X-PHI cor rec tion. To tal Mn and Fe

are given as MnO and FeO (Ta ble 1), al though small
amounts of Mn2O3 and Fe2O3 can not be ex cluded.

Min eral phases were also iden ti fied by X-ray dif frac -
tion, us ing a Phillips X`Pert APD (au to matic pow der
diffractometer), em ploy ing CuKa ra di a tion and graph ite
mono chro ma tor. The fol low ing con di tions were em ployed: 
scan ning speed 1°/min, gen er a tor volt age 40 kV and cur -
rent 40 mA.
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Fig ure 1. Sam ple of chert with braun ite lenses and rhodo -
nite-pyroxmangite rims.



SAMPLE DESCRIPTION

The stud ied sam ple is a banded meta sedi ment con sist -
ing of par al lel len tic u lar bands of dark grey chert up to 1 cm
thick. It con tains lens-shaped lay ers of a me tal lic-look ing,
dark steel grey min eral up to 5 mm thick. This min eral was
iden ti fied as braunite (Fig. 1).

Such lenses fre quently have pink rims, which were
found to be a mix ture of rhodo nite and pyroxmangite. Lo -
cally, these pink bands form in de pend ent lay ers in the chert
as well as cross cut ting veinlets. In rare cases, the braun ite
lenses are ob served in di rect con tact with chert.

The rock struc ture in di cates a duc tile de for ma tion,
dur ing which the braun ite lenses be haved as plas tic bod ies,
but oc ca sion ally they cross cut the lin ear tex ture of cherty
lay ers.

Dur ing later brit tle de for ma tion, frac ture and fo li a tion
planes were filled with Mn sil i cates.

Cross cut ting re la tion ships, ob served with the aid of a
mi cro scope, in di cate that braun ite and chert are older con -
stit u ents while the pink Mn sil i cates re sult from a youn ger
re place ment pro cess.

CHERT

Dark grey to black, thinly lam i nated si li ceous rock is
com posed of iso met ric, xenomorph grains of quartz up to
160 mm in di am e ter. The rounded shapes in di cate that this
rock may con sist of recrystallized radio lar ians (Snyder,
1978). In ad di tion to gra phitic par ti cles, the chert con tains
dis sem i nated xenomorph grains of braun ite, in part as in ter -
sti tial fill ing and also as in clu sions 0.01 to 0.03 mm in size.
These par ti cles give the chert an over all grey ap pear ance,

while lo cal ac cu mu la tions in the form of smears en hance
par al lel struc ture (Fig. 6, 7).

Quartz rep re sents 70 to 80% of the chert. Other min er -
als in the chert are K-feld spar, pos si bly in two gen er a tions,
with the dom i nant one having higher Ba con tent (>1%).
Also iden ti fied was rel a tively high pu rity, well-crys tal lized
al bite. The size of feldspar grains is sim i lar to that of the
sur round ing quartz grains (Fig. 12, 13).

Un der the mi cro scope, the chert seems to be in ten -
sively re placed by rhodo nite and pyroxmangite. This pro -
cess took place af ter the recrystallization of sil ica and af ter
the braun ite was de formed jointly with quartz and feld -
spars. As a cu ri os ity, one tiny grain of Ca antimonate with a
com po si tion sim i lar to romeite (Ca, Fe, Mn, Na)2(Sb, Ti)2

O6 (O, OH, F) was ob served in the chert sil ica. Due to its
small size, and the qual ity of the pol ish, the in com plete
microprobe anal y sis gave fol low ing re sults: 4.78% SiO2,
15.32% CaO, 2.29% Na2O, 6.04% MnO and ~60% Sb2O5.

BRAUNITE

Braun ite is not known from re cently form ing sub ma -
rine Mn min er als, which could be con sid ered as a sim i lar
protolith to the Ar thur Point oc cur rence. These are usu ally
poorly crys tal line ox ide phases such as todorokite and
birnessite (Crerar et al., 1982). Studies of Mn de pos its in
Ja pan by Choi and Hariya (1992) showed that braun ite may
form as a re sult of postdepositional re ac tions be tween pri -
mary Mn com pounds and hy dro ther mal or biogenic sil ica.
These re ac tions prob a bly take place dur ing diagenesis
and/or low-tem per a ture and high-pres sure meta mor phism.
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Albite

6 19 18 11 5 12 26 8 4 13 15 9 16 22 17 21

SiO2 10.45 10.30 10.12 46.30 46.46 45.97 46.39 48.47 49.48 48.79 49.44 64.12 64.38 63.05 64.67 68.66

TiO2 0.04 0.04 0.17 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01

Al2O3 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 18.33 18.27 18.43 18.36 19.68

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0.00

V2O3 0.00 0.00 0.00 0.01 0.01

FeO 0.03 1.21 1.05 0.02 0.00 0.00 0.00 0.00 0.00 0.08 0.09 0.09 0.04 0.00 0.00 0.03

Mg0 0.01 0.00 0.00 0.15 0.29 0.15 0.07 0.38 0.58 0.34 0.13 0.00 0.01 0.00 0.00 0.01

MnO 82.07 78.12 79.22 49.72 48.42 49.79 50.84 45.75 45.22 45.63 45.36 1.08 0.87 0.69 0.63 0.19

CaO 0.05 0.20 0.89 3.39 5.04 3.78 3.77 0.96 1.37 0.97 0.82 0.02 0.00 0.00 0.00 0.00

ZnO 0.00 0.00 0.04 0.00 0.06 0.01 0.04 0.01 0.00 0.07 0.00

BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.02 0.57 0.33 1.57 0.15 0.03

Na2O 0.01 0.01 0.00 0.00 0.03 0.01 0.04 0.95 1.01 0.93 0.97 0.48 0.54 0.52 0.49 11.42

K2O 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 16.14 15.96 15.60 15.89 0.16

Rb2O 0.04 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.08 0.00 0.00

Total 92.70 89.90 91.50 99.59 100.29 99.71 101.20 96.56 97.68 96.75 96.88 100.84 100.42 99.97 100.33 100.84

Sample descriptions: 6, solid lens; 19, grain in chert; 18, grain in pyroxmangite; 11, rhodonite from the contact with braunite; 5, rhodonite in 

chert; 12, rhodonite from small veins in braunite; 26, continuous zone on the contact with braunite; 8, prevailing pyroxmangite from the rim 

between chert  and braunite; 4, pyroxmangite grains from the chert; 13, pyroxmangite from the small veins in braunite; 15, zone of 

pyroxmangite without rhodonite; 9, K-feldspar in braunite; 16, K-feldspar in pyroxmangite; 22, K-feldspar in rhodonite; 17, K-feldspar in chert; 

21, albite in chert together with K-feldspar

Braunite Rhodonite Pyroxmangite K-feldspar

TABLE 1. REPRESENTATIVE ANALYSIS OF MINERALS FROM THE ZONE RIMMING BRAUNITE LENSES IN
CHERT, ARTHUR POINT, BRITISH COLUMBIA.
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Fig ure 2. Pho to mi cro graph (25x) of braun ite lens with Mn-sil i cate rim in chert.

Fig ure 3. Same view as in Fig ure 2, in po lar ized light.
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Fig ure 4. Pho to mi cro graph (25x) of braun ite lens in con tact with chert on up per rim and with Mn-sil i cate on bot tom rim.

Fig ure 5. Same view as in Fig ure 4, in po lar ized light.
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Fig ure 6. Pho to mi cro graph (25x) of chert with dis sem i nated braun ite.

Fig ure 7. Same view as in Fig ure 6, in po lar ized light
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Fig ure 8. Pho to mi cro graph (100x) of chert with dis sem i nated braun ite.

Fig ure 9. Same view as in Fig ure 8, in re flected light.
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Fig ure 10. Lo ca tion of microprobe tests 4, 5, 8, 12 and 13.

Fig ure 11. Lo ca tion of microprobe tests 6 and 11.
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Fig ure 12. Lo ca tion of microprobe tests 15, 16, 17, 18 and 19.

Fig ure 13. Lo ca tion of microprobe tests 9, 21, 22 and 26.



The Ar thur Point braun ite was iden ti fied us ing the
com bi na tion of re flex and trans mis sion mi cros copy, XRD
and elec tron microprobe.

In most nat u ral oc cur rences, braun ite con tains ap prox -
i mately 10% SiO2, while syn thet i cally by sub sti tut ing Si+4

for Mn+4 it can ac com mo date up to 40% SiO2 with out the
lat tice con stants chang ing (Huebner,1967). Our tested
sam ple cor re sponds to the for mula 3Mn2O3·MnSiO3, but
this may also be writ ten (Mn,Si)2O3.

The Ar thur Point sam ples con tain both small lenses of
mas sive braun ite and dis sem i nated grains within the chert
ma trix (Fig. 3, 5, 9). Lenses are usu ally 30 to 50 mm in
length and 3 to 5 mm thick. Later frac tures were filled with
veinlets of rhodo nite and pyroxmangite (Fig. 2, 3). Such
veinlets are up to 0.01 mm thick and some times con tain
remobilized braun ite.

Based on our study, the old est min er als at Ar thur Point
site are braun ite and quartz. The com po si tion of ear lier
phases of the Ar thur Point sed i men tary se quence can not be
es tab lished.

RHODONITE AND PYROXMANGITE

Pink ish col oured lenses, bands and braun ite rims
within the Ar thur Point de posit are not a sin gle min eral. By
us ing a com bi na tion of op ti cal and XRD anal y sis com bined 
with lo cal microprobe anal y sis, they were iden ti fied as a
mix ture of rhodo nite and pyroxmangite.

As is men tioned in Simandl and Church (1996), these
two min er als are dif fi cult to dis tin guish from each other.
Con sid er ing the op ti cal prop er ties, pyroxmangite ex hib its
higher bi refrin gence and a smaller an gle of op ti cal axis than 
rhodo nite. How ever, since the size of iso met ri cal grains in
the sam ples is un der 40 mm, the dif fer ence is so small that
the two min er als are op ti cally in dis tin guish able. Nev er the -
less, un der the elec tron microprobe, the two min er als ex -
hibit dif fer ent back scat tered elec tron im ages (Fig. 10, 11).
Also, the in ter pre ta tion of XRD di a grams con firmed the
pres ence of both min er als. In re la tion ship to braun ite
lenses, both min er als are youn ger and form rims to, and fill
the frac tures within, the braun ite lenses (Fig. 2, 3). Rhodo -
nite is dom i nant and pyroxmangite ap pears youn ger in di -
rect con tact with mas sive braun ite (Fig. 10, 11).

In chem i cal com po si tion, the rhodo nite is lower in
SiO 2  and  h igher  in  MnO and  CaO com pared  to
pyroxmangite. The Mn con tent of rhodo nite de creases with 
dis tance from mas sive braun ite lenses. It ap pears that the
Mn in these rims re sults from a youn ger pro cess of hy dro -
ther mal re place ment. Pyroxmangite re places rhodo nite and 
its Mn con tent is in de pend ent of where it oc curs. The or i gin
of pyroxmangite may be ex plained by the in crease in P-T
con di tions dur ing the re place ment pro cess (Candia et al.,
1975).

Microprobe tests on rhodo nite from Ar thur Point by
the Brit ish Mu seum (Nat u ral His tory) re ported MnO con -
tent be tween 42.1 and 48.0% (Han cock, 1992). Since the
higher end cor re sponds to pyroxmangite, it is con ceiv able
that this min eral has es caped at ten tion and its pres ence in
the de posit is more wide spread than pre vi ously expected.

SUMMARY

In con clu sion, our study led us to be lieve that the Ar -
thur Point de posit ex hib its two sep a rate meta mor phic pro -
cesses. The first, prob a bly a high-pres sure – low-tem per a -
ture pro cess, con verted the orig i nal sea bot tom sed i men tary 
protolith into a braun ite-chert as sem blage. The sec ond mo -
bi lized some man ga nese and sil ica and re sulted in the for -
ma tion of Mn sil i cates, at least in part at the ex pense of orig -
i nal prod uct. This sec ond phase could be the one de scribed
by Han cock (1992) as be ing be tween 400 and 500°C with a
pressure range of 500 to 2000 bars.

Also, the so-called de pos its of ‘rhodo nite’ in Brit ish
Co lum bia (Leaming, 1966) are most prob a bly min er al og i -
cally more di verse than orig i nally thought.
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