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STUDIES OF THE MANGANESE OXIDES.
IV. TODOROKITE*

J. A. Srnlczrr,t Anrnun HonnN,{ M,c.rcorM Ross,$ aNl
Cuenrorrn M. Wansuaw, Il t/. S. Geological Surz:ey,

Washington, D. C.

ABsrRAcr

_ 
Todorokite is a very abundant manganese oxide minerar in many deposits in cuba and

has been noted from other localities. Six new analyses are givenl they lead to the approxi-
mate formula

(Na, Ca, K, Mn+2)(Mn+4, Mn+2, Mg)oOrg.3HeO.

Blectron diffraction data show the mineral to be orthorhombic, or monoclinic with B near
90". The r-ray powder pattern is indexed on a cell with o:0.75A, b:2.g4sA, c:9.59A,
0:90". A difierential thermal analysis curve is given.

INtnoouctrou

From 1940 to 1945, the u. s. Georogical survey made a study of the
manganese deposits of cuba and especially those in oriente province.
Several preliminary reports were published and the results were sum-

The present paper deals with a manganese oxide mineral, whose *-ray
pattern was recognized as being distinctive in r94r and which was desig-
nated for  some years as, ,Mineral  T. , ,  X-ray studies by J.M.Axelrod
from 1946 to 1948 showed that this mineral was an abundant constituent
of the ores at many localit ies in oriente province, but that it was so inter-
grown with other minerals that the preparation of samples pure enough
to warrant chemical analysis was extremery difficult. The best five sam-
ples were finally selected and their analysis was completed in 1952. At
that time, it was learned that Arthur rroren, who had made a field study
of the manganese ores of the charco Redondo-T aratana district in 1951-
1952, had also identified the same material by *-ray study at Harvard

* Publication authorized by the Director, U. S. Geological Survey.
t Present address-Union Carbide Ore Company, 30 East 42nd Street, New york 17,

New York.

{ Present address-Universal Atlas Cement, 100 park Avenue, New york 17, New
York.

$ U. S. Geol Survey, Washington, D. C.
ll Present address-Pennsylvania state university, university park, pennsylvania.
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now.
OccunnBNcB auo OnrcrN

Tasr,B 1' OccuRRENcEs or Tononorttn rN OmnNrn PnovtNce' Cula

-

Mine

Reference

Name of workings, shafts, or pits Simons and Straczek'

1958 (Pages)

Boston mine

Quinto mine

Charco Redondo

Lucia mine

Taratana mine

Guanaba mine

Sorpresa mine

Manacas District

Fortuna mine

New York mine

Yeya mine
Abundancia mine

Ponupo mine

Ponupo de Manacal

Socias, Marinez, Unitoria, K-l, K-6,

Gutierrez BateY, No. 1, KX

Canada, Lego

W., Center, and E. Sultana, No' 3,

Juanita

158-161
167 -170

185-191
t92-194
195-198
202-204
213
213-215
220
226-227
235-237
238-240

2431256
26+-268
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rn addition, todorokite has been identif ied by *-ray study in the labo-
ratories of the u. S. Geological Survey as a constituent of ores from the
Embreevil le mine, Embreevil le, Tennesseel the Lucifer mine, Baja Cali_
fornia, Mexico; the Nsuta mine, Ghana, Africa; and the Taxud area,
Phil ippines, also as a constitutent of incrustarions from Bikini Atoil and
of a deep-sea nodule from the pacific, from near CadizDry Lake, Cali_
fornia, and as a coating on colemanite from Furnace creek, Death vailey,
California.

The manganese ores at the cuban localit ies are interbedded with vol-
canic tuff, now largely altered to montmoril lonite clays, and with jasper
(bayate), and limestone. At charco Redondo the "delatorreite,, is com-
monly the matrix for l imestone and tufi and in part replaces them. rt has
commonly crystall ized around kernels of tuff. The bayate occurs in lenses
ranging in thickness from an inch or two to as much as a foot. rt consists
of rounded quartz spherurites in a ferruginous matrix; the spherulites
range in size from a micron to several tenths of a mill imeter and com-
monly show growth banding with sil ica alternating with layers of hy_
drous (?) iron oxides. The contact between the bayate u.rd ihe massive
todorokite is usually, but not arways sharp, and there was no definite evi-
dence of either replacing the other. Both were, however, cut by crystar-
Iine quartz, commonly amethystine, which lines vugs and contains
shreds of bayate and inclusions of manganite or pyrolusite. The last
mineral formed was rhombohedral calcite, which occurs in veins and
perched on the vuggy quafiz.

The todorokite has been artered near the surface and along faurts or
fissures to pyrolusite, and perhaps to mangantte.

The origin of these deposits is discussed at some length by simons and
straczek (1958, p. 103-110) , r,vho conclude that the.orr... of th. -u.rgu-
nese was probably hot springs. Horen believes the deposits to be of
marine sedimentary origin. rn contrast, the type todorokite from the
Todoroki mine in Hokkaido, Japan, was believed by yoshimura (1934) to
have been formed by late-stage hydrothermar solutions artering inesite.

Pnvsrcnr PnopBnrrps
Todorokite from Cuba commonly occurs as columnar aggregates, but

is also found as fine fibers and as irregular masses. The coror and streak
are brownish-black to dark brown; comparison by J. J. Fahey with
Ridgway's color Standards of the anaryzed,samples nos. 1-4 showed two
matching dusky purplish gray and two matching sooty black. The ap_
parent hardness is low, the materiar breaking into fibers; the true hard-
ness is not known. Specific gravity measurements by Horen of six sam-
ples on the Berman balance gave an average of 3.49; iorr. py.rro*eter de_
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Ttrln 2. Axatvsns or "DrLATonRErrE" r'RoM Cuse eNo Tooonortte lnou Tepar.l

MnOz
MnO

CaO
SrO
BaO
NazO
KrO
Mgo

CoO
CUO
Alzo3
FezOs

SiOz
H:O-
HrO+

Others

Active O
G

72 .37
10.04
2 . 5 7
0 .60
I . (r.)

I  .30
0 .24
1 . 0 4

72. t5  68 .46
8 . 8 7  1 0 . 7 0
1 . 5 2  2 . 1 3
0  . 2 4  0 .  1 3
0 20  0 .40
1 . 2 3  1 . 4 4
0 . 4 8  0 . 7 5
3 . 5 1  3  . 2 2
0 .02  0 .  18
t r  0 .44

0 . 1 4  0 . 1 9
0 . 0 6  0 . 0 7
o . 2 4  0 . 4 1

I to.at (rc.sg( (
I t

tr
0 .46
0.06
0 . 9 5

1 s .so
t

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

t r  0 . 0 2
0 . 1 2  0 . 2 5
0 . 0 6  0 . 1 8
0 . 6 4  0 . 6 4

I  o.os I  s.+t
r l

67  .19  65 .59
14.56 12 37
2 . 0 3  3 . 2 8

0 .  14  2  . 05
1 . 3 4  0 . 2 1
0 .43  0 .54
3 . 1 3  1 . 0 1
0 . 2 3

0 . 1 4

{ ro .oo

0 . 2 8
o . 2 0
1 . 7 3 "

l rso
|  9 . 7 2

0: 7Cb

99.48  99 .27  99 .51
13.31"  13 .25"  72 .60"
3  . 8 2  3  . 6 6  3 . 6 8

98. 90 99 .02
73.12c 12.49"
3 . 7 8

99.88 99 .24
12 .o7

J .  O /

a Includes SiOr 0.45, insol. 1.28/6.
b Inciudes P2AbO.42, SO3 0.28, COz tr., TiO: tr.
c Average of 2 determinations.
Analyses 1-5 by C. M. Warshaw; SrO in CaO by W. W. Brannock and E. A. Nygaard

with flame photometerl SrO in BaO by K. J. Murata and R. S. Harner spectrographically;
alkalies by W. W. Brannock with flame photometer; FezO: colorimetricaily by S. M. Berth-
old; cobalt by L. E. Reichen polarographically. Ana'lysis 6 by F A. Gonyer, Harvard Uni-
versity;analysis No. 7 from Yoshimura (1934)

Sample d.escr'iptions

Nos. 1-5. Collected by J. A. Straczek; No 1 from Quinto, shown by x-ray study to con-
tain a trace of pyrolusite; No. 2 from Tarantana; No. 3 from Charco Redondo, contains a
trace of calcite; No. 4 from Guanaba, contains a small amount of cryptomelane; No. 5
from Ponupol the :r-ray pattern shows some weak unidentified lines; No. 6 collected by
Arthur Horen from Charco Redondo, Batey No 1 shaft.

terminations by Fahey and one by Yoshimura (Table 2) gave 3.66-3.82;
the higher vaiues by pycnometer are to be expected for such fibrous ma-
terial.

CuBlrrsrnv

Analyses of six samples from Cuba are given in Table 2 along with the
analysis of todorokite from Japan (no. 7). Spectrographic analysis of
Nos. 1-5 by K.J. Murata showed the following:
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Mo-.0X in samples 1,2, and 4, 0.00X in 3 and 5
V and B-.OX in samples I and 5, .00X in 2 and 3

Ni-.OX in samples 2,3, and 5, .00X in 4, .000X in 1
Cu -{.X in samples 3, .0X in 5, .00X in 4, .000X in I and 2
Co--{.X in samples 3, .0X in 2, .00X in 1, 4, and 5
Ti-.00X in samples l, 2, and 5' .000X in 3 and 4

Not found-Ag, As, Au, Be, Bi, Cd, Cr, Ga, Ge, In, La, Li, Nb, P, Pb, Pt, Re, Sb, Sc, Sn,
T1, W, Y, ZN.

Analyses 1-7 (Table 2) were recalculated' neglecting SiOz, AlzOs,

Fe2O3, P2O5, and SOe; i t  is possible that these are not actual ly impurit ies.

For analysis 7,HrO+ was taken' for the others total HzO' From the unit

cel l  dimensions obtained by Ross, formulas with O:11 or O:12 (not in-

cluding H2O) seemed possible. The results are given in Tables 3 and 4.

Tesl-n 3. Ax,q,r,vsns ol Tolono<rtr Rrce'lcur,alro

For  O:11.0

1
2
3
4

o

7

0 .33
o 1 7
o . 2 5
0 . 3 1
0 .64
0 . 2 2
0 .44

0 . 2 4
0 . 2 3
o . 2 7
0 .  16
0 . 2 7
o . 2 5
0 .04

0 0 3
0 0 5
0 0 9
0 .  1 8
0 .07
0 .05
0 . 0 8

0 . 6 0
0 . 4 s
0 . 6 1
0 . 6 5
0 9 8
0 . 5 2
0 .  5 5

4 . 7 8
4 . 7  4
4 . 5 9
4 . 7 4
4 . s 6
4 . 4 9
4 . 6 4

0 . 8 1
0 . 7 1
0.  88
0 . 8 2
0 . 9 3
r . t 9
r . o 7

Mgo

0 1 5
0 .  5 0
0 5 1
0 . 2 3
0 1 3
0 . 4 7
0 .  1 5

>Y

5 3 4
5 .9s
5 . 9 8
q 7 0

5 6 2
6 1 5
5  . 8 6

>X
+Y

5  . 9 4
6.40
6 . 5 9
6.44
6 . 6 0
6 . 6 7
6 . + 7

HzO

2 . 8 1
3 . 3 6
3 5 6
2 . 8 8
3 . 0 0
3 . 4 4
3 . 3 2

Mol.
wt.

563
564
576
564
J / O

s79
583

For  O:  12 .0

1
2
3
i

5
6
7

o . 3 7
0 . 1 9
0 . 2 7
0 .34
o . 7 1
0 . 2 4
0 .48

0 2 6
0 2.5
0 3 0
0 . 1 7
0 .30
o . 2 7
0 .05

0 .03
0 0 6
0 .  1 0
o 2 0
0 .08
0 .06
0 .08

0.  66
0 5 0
0 . 6 7
0 7 1
1 . 0 9
0. .57
0 . 6 1

5 . 2 2
5 . 1 7
5 . 0 1
J . I /

4 . 9 8
4 . 8 9
5 .06

0.  89
0 .  7 8
0 . 9 6
0 .  9 0
1 . 0 1
1 .30
t . r 7

0 .  1 6
0 .  5 4
0 .  5 7
0 . 2 5
0 .  1 4
0 .  5 1
0 . 1 7

6 . 2 7
6 . 4 9
6 .  5 4
o .  J z

o . l J

6 7 0
6.40

6 9 3
6 9 9
7 2 1
7 .o3
7  . 2 2
7  . 2 7
7 .0 r

3 .06
.t o/

3 8 8
3 . 1 4
3 . 3 5
J . / O

3 . 6 2

6t4
615
629
615
628
632
636

'Including Sr and Ba.
b Including Co and Cu.

The measured specific gravities, as shown in Table 4, do not agree well

with those calculated on either assumption. They are lower than those

calculated for O:12;because measured specific gravities tend to be low,

the formulas in Table 3 calculated on the basis O:12 seem more prob-

able. The formula of the mineral might then be written as

(Ca, Na, K)o.r- r  r (Mn+a, Mn+2, Mg)6 r-e.zOtz '3HzO'
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Tesrn 4. C.trculareo er.ro Musunnn Sprcrlrc Gnavrrrus or ToDoRoKrrE

G (calcd.  for  O:11) G (calcd.  for  O:12) G (measured)

3 . 4 9
3 . 4 9
3 . 5 7
3 . 4 9
J . J /

3  . 5 9
3 . 6 1
3 . 5 4

3  . 8 1
3  . 8 1
3 . 9 0
3 . 8 1
3 . 8 9
3 9 1
3 . 9 4
3 . 8 7

3 . 8 2
3.66
3 .68
J -  / 6

J . O /

3 . 7 2

It wil l be noted that the sum of the cations is close to 7; if sufficient Mn+2
is taken to occupy Ca positions, the formula might alternatively be
written as

(Ca, Na, Mn+,, K)(Mn+r, Mr*t, Mg)rOrz'3H:O.

The Mg might also be placed with the firSt group. All the analyses, in-
cluding No. 7 for which HrO- was determined, show more than 3HzO;
presumably some of this in the first six analyses is HzO-.

Woodruffite (Frondel, 1953), which is probably isostructural with
todorokite, was assigned the formula (Zn, Mn+z)z Mns+aOrz.4H2O1 here
again the sum of the cations is 7.

ErBcrnoN Mrcnoscopp aNo Er,pcrnoN DTFFRACTToN DATA
oN 

((DELAToRRETTE"

Electron micrographs of analyzed samples (Nos. 1-5, Table 2), show
the crystals to be thin plates flattened on {001}. Many of the plates are
broken into narrow laths or blades which are elongated parallel to the 6
axis (Figs. t,2). It appears as though the crystals have two perfect
c leavages paral le l  to  {001}  and [100] .

AIi five samples give identical electron diffraction patterns. The elec-
tron diffraction single crystal pattern (superimposed on the todorokite
powder pattern) shown in Fig. 3, gives the dimensions of the unit cell
within the basal plane (within the plane of the plate). The single crystal
pattern is indexed as shown in Fig. 4.

Measurement of the electron diffraction Datterns of "delatorreite"
y ie ld :  o :9 .75  A .  b :2 .84gA  and  S :90o .  The  r - ray  powder  pa r l e rn  o f
"delatorre i te"  shows l ines at  9.6 h,4.77r  A,  S.1q A,  and 2.398 A suggest-
ing strongly that the spacings in the c-direction (basal reflections) are
0.59/n A, where n is the order. The above data indicate that "delator-
reite" is orthorhombic or monoclinic with o:9.75 h, O:2.84s A, and, c
sin B:9.59 A. The r-ray powder pattern can be indexed assuming an
orthorhombic cell (B:90o), as shown in Table 5.

1
2
J

4
5
6
7

Average
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Frc. 1. (Left) Blectron micrograph of todorokite.
Flc. 2. (Right) Sketch of a typical crystal of tcdorokite, showing plate flattened on

(001) and broken into thin blades elongated along [010].

Frc. 3. Electron difiraction spot pattern superimposed on the todorokite powder pattern.
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D rrlnnBrqtrar TnBnlrer Awarvsrs

A differential thermal analysis was kindly made by George T. Faust,
U. S. Geological Survey, on the analyzed, material from the euinto pit
(Sample no. 1 of Table 2). The curve is given in Fig. 5. Interpretation of
this complex curve is deferred; further investigations of this and other
manganese oxides are under way at the U. S. Geological Survey.

AcrNowrBtcMENTS

We are indebted to J. M. Axelrod, formerly of the U S. Geological
Survey, who made c-ray studies of many samples from Oriente; to K. J.
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Frc. 4. Method of indexing the spot pattern shown in Fig. 3.

4 3 7 6 7 3

I n c r e o s i n g  l e m p e r o l u r e  - - - )

Fro. 5. D T A curve of todorokite, Quinto pit, Cuba.
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Tesr-n 5. X-Rlv PowoaR DATA lon "DElaroRRlrrE" AND Tolonor<rrn,

Fe ReourroN, Mn Frr-ron, 114 un. Drl' Caunnl

"Delatorreite" Todorokitet

I  d (meas )  d ( ca l c ) " hhl d (meas) I

9 . 6
9 . 7 4 7
9.592

6.837
4 . 8 7 3
4 . 7 9 6

9 . 6 5
7 . 2

4 . 8 1
4.46

3 . 2 0

2 . 4 5

2 . 4 0

2.216

2 . r 5

I  .981

10
100
001

101
200
o02

3 . r 9

3 . r t -z .95

2 . 7

201
102
202
300
003
301
103
010
110
011
302
203
Il7
2lo
012
400
004
2 l l
l 12
401
104
303
212
402
204
310
013
3 1 1
113
312

500,213
403
304

w

band

band

4.345
4.303
3 .418
3 .256
3 .185

F.o77
[ 3 .038
2.849
(z.zs+
) 2  . 7 3 r

I z.oro
1 2 . 6 7 3
2.630

2 . 3 7 6

[z .soz
12.329
2 . 2 7 9
2.189

1 .938
1 .930

2 . M 8

2.398

2 . 3 4

2 . 2 1

2 . 1 6

2 . l l

1 . 9 8

l -  l ,

f L

* Assuming an orthorhombic unit cellwith o:9.7il,b:2.849A and c:9.594.

t From Frondel, Am. Mi.neratr, 38, p. 766 (1953).
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Teslr 5 (Continued,)

1 183

"Delatorreite" Todorokitef

d (meas) d (calc)x d (meas)

t . 9 2 I  . 9 1 8
1  . 9 1 0
1 .882
1 . 8 5 2
1 . 8 3 4
1 .818
1 .806
1 .803
1 . 7 8 5
1 . 7 8 0
1 . 7 2 8
1 . 7 1 7
1 . 7 0 9
r .664
1 . 6 5 2
1 623
t . 6 1 2
1 .605
1.602
1 . 5 9 9
1 .597
1 . 5 9 1
_ t . J t t /

1 .578
1 570
I .543

i  1 .  s3e{
| .  1.  s19
1  . 5 1 3
I  .507
1.466
r .448
1 . 4 3 7
1 . 4 3 4
1.429
1 . 4 2 4

005
501
105
410
o14
411
502
714
205
313
412
214
404
503
305
600
510
601
413
006
314
015
5 1 1
106
1 1 5
5t2
602
206

215,504
405
414
603
513
306
3 1 5
o20

wn]

1 . 4 2 3 1.419
| .392
1  .331

Murata for spectrographic analyses, to J. J. Fahey for determinations of
specific gravity and color correlation, to George T. Faust for the difier-
ential thermal analysis, to w. T. schaller for information on the occur-
rence in Death Valley, and to F. A. Gonyer, formerly of Harvard, who

t . 7 4

1 . 6 9

1 . 5 3

4
1
5
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made a chemical analysis. we also thank clifiord Frondel of Harvard for

the use of this unpublished data and Michael Fleischer of the U. S.

Geological Survey, who acted as liaison among the various groups and

helped to assemble this paper.
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