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NEW OCCURRENCES OF TODOROKITE*

C. FnoNlnr-, U. B. M.q.nvrn exl J. ho, Harvard' Lrni'ters'ity,

C ombridge, M ass achus etts.

Asstnact

Chemical, *-ray and other data are given for todorokite, (Mn, Mg, Ca, Ba' Na' K)z

MnsOrz'3HzO, from Charco Redondo, Cuba, Farragudo, Portugal, and Hiittenberg'

Austria. Additional localities at Roman6che, France, Saipan Island, Bahia, Brazil' and

Sterling Hiil, New Jersey, are noted. Delatorreite of Simon and Straczek (1958) is identical

with todorokite.

INrnooucrroN

We have identif ied todorokite, a manganese oxide mineral hitherto

known only from Japan (Yoshimura, 1934), in manganese ore from the

Charco Redondo district, Cuba, and in Museum specimens from six

additional localit ies. Delatorreite, briefly mentioned as a new mineral

in a publication by simon and Straczek (1958) on the charco Redondo

deposit that appeared during the course of our work, is identical with

todorokite. Our determination of this material as todorokite is based on

a type specimen obtained by W' F. Foshag in 1946 in Japan and now

deposited in the U. S. National Museum. Todorokite apparently is a

widespread mineral and in the charco Redondo deposit at least has been

an important ore.

Locerrrrr's

Charco Red.onjo, Cubo. The material from Charco Redondo is described

in detail in an accompanying paper by Straczek, Iloren, Ross and War-

shaw (1960). Our specimens were obtained by T' C' Marvin in 1955

during a survey made for the Union Carbide Ore Company' In general

they have a slightly divergent or exfoliate fine-columnar to fibrous struc-

ture (Fig. 1). The fibers range up to about 10 cm' in Iength' Fracture sur-

faces tend to be somewhat curved and show a weak silky sheen. The

luster on surfaces broken across the fibrosity is dull. The color of the

mineral is dark brownish black. The specific gravity as measured on

small grains on the Berman balance varied between 3.1 and 3.4 and un-

doubtediy is low because of the fibrous structure. The hardness is low but

could not be measured accurately. A chemical analysis of the mineral is

cited in Table 1, and the r-ray powder clata are given in Table 2 and

Fig.  2.
Firragud.o, Portugal. A stalactit ic mass of todorokite (Fig' 1) was found

in a small collection of secondary manganese minerals, chiefly crypto-

x Contribution from the Department of Mineralogy, Harvard University, No. 339.
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Frc. (right) and from Farragudo,
Portugal (left). About f natural size.

melane, from this locality. The material is soft and porous, and shows
the slightly divergent, long fibrous mode of aggregation and dark brown
to brownish black color that appears to be typical of todorokite. A crude
concentric layering is present and some of the inner layers have a dense
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T.qsrn 1. Cnnurc,q.r- ANn'r-vsns on Tooonontp
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Farragudo
Charco

Redondo

TaPan
Fliittenberg 

tyoshimura, 1934)

MnOz
MnO
CaO
SrO*
BaO
LirO*
NurO
KsO
Meo
Niox
CoOt
CuO
Pbo*
Al:O:
FezO:
sio:
SO:
HzO
Rem.

Total

MnO:
MnO

(Mg, Ca, Ba, Na, K)O
HrO

99.73 1C0.16

Moiecular Quotients
5  . 1 2  4 . 8 7
1 1
0 . 8 9  0 . 9 0
3 . 6 9  3 . 6 6

70.2s
t r .19
0 . 9 6

-  0 . 0 1
0.00x

-  0 . 0 5
1 . 1 6
0 . 6 1
3 .90

-  0 .001
-  0 . 0 1

0.001
-  0 .00x

tr.
0  . 0 1
0.68
0 . 2 4

10.  50
(Note 1)

69 .57
11 .65
2 . 3 0

-  0 . 0 5
0 . 1 9

-  0 .001
t . t 4
0 . 3 5
3 . 2 5

-  0 . 0 5
-  0 . 0 5

0 . 0 1
- 0 0 1

tr.
tr .
o . 2 7
0 .  1 4

10.83
(Note 2)

7 t . 7 s
8 . 6 2
| . 4 0

-  0 . 0 1
4 . 3 2

-  0 . 0 1
0 . 1 7
0 9 1
2 . r 3

-  0 .001

0 . 0 0 1
0.00x
tr.
0 . 0 2
0 . 2 3
0 .  1 4
9 . 9 5

(Note 3)

65 .59
t 2 . 3 7
3 2 8

2 .05

0 . 2 1
0.  54
1 . 0 1

0 . 2 8
0 . 2 0
0 . 4 5
0 . 2 8

1 1  . 2 8
(Note 4)

99 .  E9

6 . 7 9
L
0 .98
4 . 5 s

99.24

4 . 3 0
1
0 . 6 1
3 . 1 0

Note 1. Rem. is PrOs 0.13, MoOa 0.05, ZnO 0.00x, VzOs 0'C0x, TiOg 0 00x, Ag tr'' As tr'

Note 2. Rem. is MoOa 0.05, Scror tr., (Y, Yb):Ot tr', Ag' tr', R,O3 0'26'

Note 3. Rem. is MoOs 0.03, ZnO 0.00x, ZrOztr , (Y, Yb)rO3 tr', RzOa 0'2'

Note 4. Rem. is PzOs0 42, TiOz tr., insol. 1.28'
+ Determinations by optical spectrograph.

structure and earthy luster. A chemical analysis is given in Table 1, and

the x-ray powder data in Table2 and Fig. 2'

Hiittenberg, carinthia, Austria. This material comprised nodular masses

about 5 cm. in diameter, without matrix, with an indistinct fibrous

structure and coarse concentric layering. The material is very fragile and

soft, fall ing to pieces when handled, and is so l ight and porous as to float

on water. The color is brown, Iighter in tone than that from Charco

Redondo. The luster of fracture surfaces is dull, as in the other occur-

rences of todorokite, but the smooth outer surface of the nodules has a
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Tl.er-r,2. X-Rev Poworn Dlre lon Tooonorrrr
Filtered iron radiation, in Angstroms

Farragudo,
Portugal.

arco Redondo,
Cuba

Todoroki Mine,

Japan

lliittenberg,
Austria

Roman€che,
France

10 9 .60
+  d  7 . r 3
8  4 . 8 0
1 d  4 . 4 5

+ d  3 .40
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1  3 . 1 0

3  2 . 4 6
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2  2 . 2 2
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2  1 .98
+  1 . 9 2

|  1 . 7 5

+ r .s4

3  1 . 4 2
1  1 . 3 9

I
2

I
t

d:difiuse line.

faint bronzy appearance. A few thin intercalated layers of a brack dense
mineral were identified by *-rays as pyrolusite. A chemical analysis of the
mineral, cited in Table 1, shows it to be relatively high in Ba. The r-ray
powder data are given in Table 2 and Fig. 2. Meixner (1957) notes that a
soft "wad" occurs at Hi.ittenberg together with hard, black coatings of
secondary manganese minerals that probably include cryptomelane and
hollandite.
saipan, Mariana Islands, Pacif.c ocean. This material was identicar in
form of aggregation and color with that from charco Redondo. rt is rera-
tively brittle and hard, however, because it is intimatery admixed with
finely divided silica. Although the mineral appears homogeneous to the
eye, grains when leached with acid leave a skeleton of sil ica amounting
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in some instances to 50 per cent of the sample or more. Efforts to remove

the silica by treatment with heavy Iiquids were not successful and a

chemical analysis was not undertaken. A semi-quantitative spectro-

graphic analysis revealed that Mg was present in amounts greater than

ba und Ca. Small deposits of unidentif ied manganese oxides have been

mined on Saipan and their geology has been described by Cloud, Schmidt

and Burke (1956).

RomanAche, Fronce. A Museum specimen from this locality showed a

diffuse d.arkening at about d 7 't h. The summary description by Lacroix

(1910) of romanechite from Romandche mentioned soft to porous fibrous

varieties that probably refer in part to todorokite.

Sterling Hill,, New Jersey. Todorokite was identified in a small collection

of secondary manganese oxides from the old surface workings at the

south end of the orebody at this place (Palache,1935)' The todorokite

forms soft, dark brownish black masses with a confused leafy-fibrous

structure. It occurs associated with chalcophanite and secondary calcite

crystals in altering franklinite-willemite ore. Efforts to separate the

todorokite from admixed chalcophanite were unsuccessful and a chemical

analysis was not made.
Bahia, Brazil. We have also identified todorokite by r-ray means as a

rare constituent of the manganese oxide deposits at Saude and at Urandi,

Bahia. The deposits of both areas are largely the result of supergene en-

richment of metamorphic country rock containing spessartite and other

manganese minerals.

Oprrcar- Pnopr'ntrBs

Under the microscope the mineral is dark brown in color and is not well

mura (1934) the mineral from Japan is lath-l ike, f lattened on (010) and

elongated [6Ot] *it6 terminal edges inclined ca. 60o and 70" to [001]'
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cleavages on (100) and (010). He states that y: 6 with z near or paraller
hOf] ana absorption Z>X..Our sample of the Japanese material con_
formed to the description first given above, although it was reratively
dark colored and had a tendency to break into needies rather than into
laths or plates.

Tnenuer BBnavrt_rn

decomposition products that presumably contain the Ba, Mg, and Ca re_
ported in the chemical analyses.

X-nav PowoBn Dera

Crrpurcal Couposrtrox

case with the complex manganese oxides. The crystal chemistry of these
minerals generally involves both the coupled substitution of ions of unlike
valence in one or more cation positions and valence-coupred omissions,
and a satisfactory answer usually is not obtained unti l the crystal struc-
ture is worked out. The ratios of the charco Redondo and Farragudo ma-
terial suggest that the idealized formula contains a total of 7 caiions and
12 oxygen ions, probably as

(Mn2, Mg, Ca, Ba, K, Na)zMnarOrz.3HzO

The amount of water present does not appear to be less than 3IIzO and
may be greater. The SiO2, FerOe, AlzOa, SO3, and pzOr reDorted in the
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analyses may be due to admixture. The Hiittenberg material is relatively

highin Mna, perhaps due to a small admixture of pyrolusite' The ratios of

th"e analysis of the original todorokite from Japan depart relatively

widely from the formula suggested, and the formula (Mn, Ba, Ca, Mg)

MrrOil HzO has been proposed, but the sample analyzed evidently was

rafher impure since it contained a total of. 2.43 per cent insoluble, PzOr

SOs, and SiOz.
The formula suggested here for todorokite is analogous to that eariier

obtained for woodruffite, (Zn, Mn)zMnrOrz'4H2O, by Frondel (1953)'

This mineral appears from r-ray study to be isostructural with todoro-

kite.
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