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Ansrnacr
Nsutite is a widespread, hydrated, manganese oxide mineral of the composition:

Mn1-*4+Mn"2+Oz-2"(OH)r*; where x:0.0G0.07 Ior analyzed material from Ghana, Greece,
and Mexico; and x:0.16 for a manganoan variety from Ghana. Nsutite occurs as opaque,
dark gray to black, porous to dense aggregates; G is variable fuom 4.244.67; H:g.S
(Moh's scale) and 1150 (vicker's scale). rt shows a strong, diagnostic r-ray difiraction line
at 1.64 it.In reflected light, nsutite is anisotropic; reflectivity in air:407o (E),3g.Sya (D),
and,34.3/6 (C). Manganoan nsutite occurs in black, opaque masses; G:3.86; H:6.5-7
(Moh's ^scale) and 900 (vicker's scale). rt shows a strong, diagnostic r-ruy diffraction rine
at l .67 L. I t isanisotropic inref lectedl ight ;  ref lect iv i ty  tnair :29.7To(E),zO.Zyo(D),and
16%(c) .

Thermochemical and t-ray difiraction studies show that manganoan nsutite inverts to
nsutite when heated to 150' c. in air; to a pyrolusite-type structure at 450" c. in oxygenl
to bixbyite at 550-850'c1 to hausmannite at 950'-1100o c.; and to a spinel form at tem-
peratures above 1100'C. Manganoan nustite commonly forms from the oxidation of rhodo-
chrosite or manganoan calcite. rt is a relatively uncommon mineral probably because it is
converted to nsutite by further oxidation.

INrnooucrroN, HrsroRy AND NoMENCLATURE

Gamma-MnOz is a collective name which is used to designate a group
of slightly difierent synthetic phases of manganese dioxide, largely char-
acterized by their x.-ray diffra"ction patterns. Nsutite (6n.sd6,tit) is the
naturally-occurring equivalent of one specific form of gamma-Mno2. ft
is named for the type locality at Nsuta, Ghana, where it occurs abund-
antly. The term gamma-MnOz was first used by Glemser (1939) for a
specific, artificially prepared manganese dioxide. Later this term was
applied to a group of materials with similar, or only slightly different,
r-ray diffraction patterns, in papers published by Dubois (1936),
McMurdie (1944), and Feitknecht and Marti (1945). Cole et at. (1947)
summarized these data, including their own work, and suggested the
terms I and II gamma-Mno2 for additional distinct modifications. Sev-
eral authors noted the abundance of nsutite (,,gamma-MnO2',) in
manganese ore from Nsuta in Ghana, West Africa: McMurdie (1944),
(1948), Vinal (1950), Delano (1950), Skewes, Wadsley and Walkley
(1952). Schossberger (1940) recognized differences in the diffraction
patterns of nsutite ("gamma-MnO2") and assumed that a natural series
of transitions exist between gamma-MnO2 and pyrolusite. Sorem and
Cameron (1960) have also described nsutite (,,Nsuta-MnOr',) from its
type locality at Nsuta, Ghana. They suggest reserving the term gamma-
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MnO2 for artificial products only and trace the usage of the term gamma-
MnOz from its inception by Glemser to the present. The reader is
referred to their paper and later work performed by Brenet et at. (1959),
de Wolff (1959), and Feitknecht, et at. (1960) for a detailed discussion
of the implications of the term. Sorem and Cameron (1960) observed
slight variations in the r-ray diffraction patterns of nsutite (,,Nsuta-
MnO2") and differentiated between a "1.64, 1.65 and 1.67 type,,, on the
basis of prominent d-spacings in diffraction patterns, but give no ex-
planation for the shift of these diffraction lines.

Samples of the "1.64 and 1.67 types" of nsutite from Ghana have been
chemically analyzed. The results show that the "1.64 type" from Nsuta
contains 90.5770 manganese determined as MnOz and 2.60/6 manganese
determined as MnO. The "l.67 type," however, contains only 74.64o/s
MnOz and as much as 11.02/6 MnO. This indicates that the observed
shift in the x-ray diffraction lines is apparently due to an expansion of
the unit cell caused by the presence of an increased amount of lower
valent (larger) manganese ions. The two varieties, "types I.64 and 1.67,, '
may therefore be referred to as nsutite and manganoan nsutite, respec-
tively.

Traore and Brenet (1959) describe how a mild cathodic reduction of
synthetic gamma-MnO2 in a Leclanch6-type cell produces shifts in dif-
fraction spacings due to the larger size of Mn2+ ions which are formed
during this process. Further, they describe how the expanded structures
can be recollapsed by a mild thermal treatment at 120" C. in air. Feit-
knecht et al. (1960) were able to reduce partly some electrolytically pre-
pared gamma-MnO2 with hydrazine, without changing its lattice type.
They state that the volume of the elementary cell increases approxi-
mately in a linear function with decreasing Mna+ content. One of our
experiments was to heat a sample of manganoan nsutite for several
hours at 150o C. The produced material gave a diffraction pattern
identical to that of nsutite. The ratio MnO/MnO2 changed during this
heat treatment from 1 :5 to 1:20, respectively.

The authors have observed that nsutite is far more abundant than
manganoan nsutite. The latter was identified in only two of many
samples studied over the past few years.

Cnnurcal CoruposrrroN

Three samples of nsutite and one of manganoan nsutite have been
analyzed. Analyses are presented here (Table 1) on nsutite from Nsuta,
Ghana; Tartana,l Greecel and the Molango Piedras Negras area,

I The "Tartana" mine, owned and operated by Dimitry Scaiistiri, is located some 20
miles north of Drama, Macedonia, Greece. The authors are indebted to Mr. Sanford R
Knapp who kindly supplied the sample from his private collection.
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I{idalgo State, Mexico; and also on manganoan nsutite from Nsuta,
Ghana. Samples were prepared for analysis after exhaustive r-ray work
had been done on the hand specimens and polished sections made there-
from in order to establish their purity. Nsutite from Nsuta has a porous
structure and contains small amounts of f ine-grained quaftz. Nsutite
from Greece is massive with very minor chalcophanite which occurs as
violet platelets on one side of the specimen. Chalcophanite was removed
from the sample used for the analysis. The Mexican nsutite sample is
also porous and it has no visible impurities. The manganoan nsutite was
obtained by hand picking oI an "w-ray pure" specimen from Nsuta. It
contains some fine-grained quartz which shows up in the r-ray diffrac-
tion patterns.

The chemical analyses, made by R. E. Dutton,l are given in Table 1,
columns 1-4. Available oxygen, determined by titration (oxalate method)
has been used to form MnO2 from total Mn (not l isted here) and remain-
ing Mn is calculated as MnO. Alternatively, Mn2O3, containing triva-
lent manganese could be formed through use of the equation:

M n O * M n O 2 : 1 , 1 1 r 9 t

The atomic ratios and formulas obtained from the chemical analyses
are presented in Table 1. In the case of both samples from Nsuta, SiO2
was deducted from the analyses inasmuch as quartz was observed as
an impurity. Analyses have not been corrected for HzO-rzoo C., but
IfrO-tro" C. was not included in the formulas, not was its share of oxygen
atoms brought into the totals. This was done since it was found that
drying at I20" C. does not produce the collapse of manganoan nsutite to
nsutite.

Two sets of formulas may be calculated depending on whether it is
assumed that the deficiency of available oxygen to form stoichiometric
MnOz is calculated as MnO or Mn2O3. It seems important to point out
here that the very close stoichiometry of these formulas indicates that
nsutite does not have a defective MnOz lattice. There is no agreement in
the l iterature on the type of "lower valent" manganese in the structure
of gamma-Mno2 type compounds. Frondel (1953) prefers the use of
trivalent manganese in the formula of hydrohausmannite; Traore and
Brenet (1959) the use of divalent manganese, and Feitknecht et ol.
(1945) and (1960) the use of trivalent manganese in the formula of
gamma-MnO2. It is apparent that nsutite is richer in Mna+ and poorer
in HzO* than the manganoan nsutite which has lower Mna+ and higher
HzO* contents. This is the reason why substitutions of the type

1 R. E. Dutton, Union Carbide Nuclear Company, Research Center, Tuxedo, New
York.
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Frcs. 1 (left) and 2 (right). Analyses of three nsutites (1.64) and one manganoannsutite

(1.67) plotted against idealized formula containing Mna+ and Mn2+ or Mna+ and Mn3+.

Mn'*o'- - Mn+'(oH)rt

or

Mn4+O2_ + Mn+B(OH)_1

may be postu lated (Fei tknecht  and Mart i  (1945)) .

Such substitutions lead to the following generalized formulas:

and

utr,t]*1t"1*or-o (oH) s*

lr"il"nr"i+or-"(oH), respectively

End members of these series are:

MnOz (x : 0), MnO(OH) (x: 1/2), and Mn(OH)z (x : 1)

and

MnOz (y : 0) and MnO (OH) (v : 1)

The generalized formulas with hypothetical end-members are plotted

in Fig. I and 2 together with the analyses. A least squares treatment

shows that the distribution of analytical points about the l ine represent-

ing the idealized formula is better for the case of divalent manganese.

This is the only evidence which we can present for favoring the occur-

rence of divalent manganese in nsutite.
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X-n,q.v PowpBn f)rlrnacrron D,rr.q,

X-ray powder diffraction data obtained on the ana"lyzed samples of
Inanganoan nsutite and nsutite from Nsuta, synthetic gamma-MnO2,t
electrolytic gamma-MnOr,2 nsutite heated to 430o C., ramsdell ite, and
pyrolusite are given in Table 2a; Fig. 3 shows the x-ray diffraction
photographs of these materials. These measurements are compared with
data given by Sorem and Cameron (1960) for their "Nsuta MnO2 types
1.64, 1.65, and 1.67," Col.e, et al. Q9a7) for their synthetic and natural
products, Glemser (1939), and the U. S. Army Signal Corps (1955) for
rho-MnO2, which are presented in Table 2b. Precision measurements of
one and the same diffraction l ine on different samples of nsutite using a
Norelco high angle diffractometer are presented in Table 2c.

It is clear that nsutite (Fig. 3C) is identical with one form of synthetic
gamma-MnO, (Fig. 3D), probably rho MnOz, and the gamma-MnOz-I
which Cole, et al. (1947) described as occurring in manganese ores from
Ghana and other parts of the world. The general similarity between the
nsutite patterns, and the patterns of ramsdell ite (Fig.3A), is appar-
ent although important differences do exist (Glemser and Meisiek,
1957).It should be noted that ramsdell ite shows much sharper diffrac-
tion l ines than nsutite or pyrolusite (Fig.3). Nsutite heated to 380o C.
and electrolytic MnOz have much in common and these two patterns
bear a certain resemblance to pyrolusite (Fig. 3G). This resemblance
becomes even st ronger i f  nsut i te  is  heated to 430o C.  (F ig.3F).  I t  is
curious to note that heating of nsutite does not result in clearer, l ine-
richer patterns, but the contrary.

Nsutite is thus somewhat similar to ramsdell ite, whereas heated
usutite is similar to pyrolusite. It has been proposed by de Woltr (1959)
that the transitory nature of gamma-MnOr patterns between those of
ramsdell ite and pyrolusite is due to the fact that structural units of
both end-members are present in varying amounts in gamma-MnOr.
However, both ramsell ite and pyrolusite are described as anhydrous
polymorphs of MnOz.

The chemical analyses suggest that variations in Mn2+ content are
responsible for the observed line shifts in the various types. This may
be explained by considering the ionic radii of manganese in its vari-
ous valency states. The ionic radii of manganese are: Mn2+':0.80,
Mn3+:0.66 and Mna+:0.60 A (Ahrens,  1952) .  Even though nsut i te
may not be a purely ionic compound, it is obvious that the introduction

I Prepared by oxidation of purified manganous sulfate solution with sodium chlorate.
Experirnental product of American Potash and Chemical Co., Henderson, Nevada.

2 Prepared by electrolytic deposition from manganese sulfate solution. Commercial
product of American Potash and Chemical Co., Henderson, Nevada.
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T.q.elr 2c. PnrcrsroN Mnnsunrurxrs or A PRoMrNrNr X-R,cv Pownrn DrlrucrroN
Lrur or Nsurrm eNo M,qNGaNolN Nsurrra rnou Drlrrnnnt Locer-ttrns

Location Mineral d.(A)

Mexico

Nsuta
Tartana

Nsutal

Nsuta

nsutrte
nsutite
nsutite
nsutite

manganoan
nsutite

1 .6355 + .0004
1.638r+ .0004
1.6394+.0007
1.6445+ .0004

1 .666r + .0010

1 Not chemically analyzed.

of Mn2+ in l ieu of Mna+ does expand the structure. Incidentally, this

reasoning cannot solve the problem of whether MnS+ or Mn2+, substitutes

for Mna+. The deficit in available oxygen to form MnOz can be calcu-

Iated as being due to the presence of Mn3+ or one-half as much Mn2+ and

an expansion would result in both cases. On the basis of chemical data,

however, the authors believe that Mn2+ substitutes for Mna+. The intro-

duction of OH- for 02- would not produce any significant changes as

the ionic  radi i  are very s imi lar :  02- :132 h and OH-:1.33 A (Gold-

schmidt, 1954). The Greek sample contains considerable zinc and, al-

though chalcophanite occurs locally in the hand specimen' most of the

zinc reported in the analysis must be substituting as Zn2+ for Mn2+. The

ionic radius of zinc is 0.74 A, intermediate between the radii of Mn2+

and Mn3+.
Feitknecht, et at. (1960) found that the volume of the elementary cell

of synthetic gamma-Mno2 increases approximately l inearly with de-

creasing Mna+ content. Nsutite and manganoan nsutite may therefore

be considered as members of a series in which Mn2+ or Mn3+ replaces

Mna+. Nsutite is by far the most common member of this series. The

diffraction data for nsutite from Nsuta presented in Table 2a represent

values for an average type of nsutite. Measured difiraction l ines of other

nsutite samples showed a maximum shift of +0.006 Afor the -1.64 A'

l ine. Manganoan nsutite was found only in two samples from Nsuta.

"Nsuta MnO2-type 1.65," described by Sorem and Cameron (1960), as

strongly resembling rho-MnOz, may be an intermediate member of the

series between nsutite and manganoan nsutite.

TuBnuocnoMrcAl SruDrES

Manganoan nsutite (Fig. 38) when heated to 150o C. for 16 hours in

air reverts to nsutite (Fig. 3C). Synthetic reduced gamma-MnO2 ap-
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Frc. 3 X-ray powder difiraction patterns of : A-Ramsdellite (Durango, Mexico); B-
Manganoan nsutite (Nsuta, Ghana); C-Nsutite (Nsuta, Ghana); D-synthetic gamma-
MnO2 (chemically precipitated) (American Potash and Chemical Company); E-Electro-
lytic gamma-MnO2, (American Potash and Chemical Company); F-Nsutite heated to
430" C.; and G-Pyrolusite (Nsuta, Ghana), using filtered iron radiation.

parently reverts at 120" C. (Traore and Brenet, 1959). The MnO: MnOz
ratio changes during this heat treatment from 1 :5 to 1 : 20, which means
that nearly 70/6 ol the MnO in the manganoan nsutite is oxidized to
MnOz. No structural changes were noted when this converted material
was heated for 16 hours at l70o C. and 190o C., respectively. Upon heat-
ing to 380' C. the nsutite pattern degrades into a pattern containing
only a few lines. After heating to 4300 C. in air, the patterns (Fig. 3F)
resemble that of pyrolusite (Fig.3G). When nsutite is heated in pure
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dry oxygen at atmospheric pressure for 15 minutes at 450-500o C', the

*-ray diffraction pattern obtained is identical to that of pyrolusite ex-

..pifo, a slightly diffuse.(110) reflection at 3.1 A. A chemical analysis

of this pyrolusite showed no notable difference in the MnOz and MnO

content to that of the original nsutite, which indicates that the Mn2+,

originally present in nsutite, cannot be oxidized under these conditions

once it occurs in a pyrolusite structure. The deficiency in oxygen should

give rise to distorted oxygen octahedra in the structure. The fact that

these more distinct pyrolusite patterns are obtained at higher tempera-

tures (below the transition to bixbyite) indicates that some type of order-

ing takes place with increased temperature. When the same nsutite is

heated under identical conditions in oxygen-free, dry nitrogen, consid-

erable oxygen is evolved and bixbyite is formed.

Thermogravimetric curves were obtained with an automatically re-

cording thermobalance having a heating rate of 7+" C' per minute'

Figure 4 shows the curves for nsutite and manganoan'nsulite from

Nsuta run in air. Several runs of other samples of nsutite from Nsuta

showed good reproducibil i ty of these curves. Since the temperature

limit of the thermobalance was about 1000o C., the rest of the curve

(1000-1200" C.) was constructed from data obtained from weight losses

determined after heat treatments in a high temperature furnace. This

part of the curve is dotted in Fig. 4A. Figure 48 shows the inverse of the

first derivative of the thermogravimetric curves, versus the change in

temperature. This method permits selection of the transformation point

for reactions connected with weight loss because each acceleration in

weight Ioss appears as a minimum in this curve. The position of each of

these minima corresponds to an inflection point on the thermogravimet-

ric curve in Fig. 4A. Temperature ranges in which the weight stays con-

stant lead to infinity which means an interruption of the curve for these

temperatures in the upper part of Fig. 48.

Differential thermal analysis curves were obtained from an auto-

matic, photographically recording unit with a standard heating rate of

10o C. per minute. Calcined alumina was used as inert reference material

and only f6 of the full sensitivity of the apparatus was applied during

these runs. The curves, obtained from samples of the same specimens

which were used for the thermobalance studies, have been plotted in

Fig.  4C.
The materials used for all thermochemical studies were crushed in

identical manner to minus 400 mesh size. Each sample was examined

afterwards by r-ray diffraction for its purity'

The transformation of the manganoan nsutite to nsutite between

120" and 150'C. is described above. It is evident that between 100" and
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450. C. manganoan nsutite loses more weight than nsutite, although the

thermobalance curves for the two show a slightly different course. The

net weight losses in this area are due to the loss of adsorbed water and

hydroxyl as exemplif ied by the following reaction:

Mn,jJM.r"'+or?(oH)r" * y H2o+Mnoz-* f (x * y)Hzo'

The point where the dehydration and formation of MnOz-* is completed

and the reduction to MnzOs is just starting shows up as a minimum in

the weight loss curve. Figure 48 shows that this point l ies for the man-

ganoan nsutite at 400" C. and for nsutite at around 530o C., for samples

heated on the thermobalance in air. Samples heated to this temperature

showed r-ray drffraction patterns very similar to pyrolusite. The net

weight losses at these points were about 2.3/6 and 6.4/6 ior nsutite and

manganoan nsutite, respectively. Figure 48 shows also that the great-

est rate of weight loss occurs at240" C. and 440" C. for manganoan nsu-

tite and nsutite, respectively.
The transformation to bixbyite causes the greatest weight loss accord-

ing to the thermobalance curves. This transformation is complete at

about 850o C. and the thermobalance curves of nsutite and manganoan

nsutite have been united at this point in Fig. 4A. Figure 48 shows that

the maximum rate of weight loss is at about 620o C. for both nsutite as

well as manganoan nsutite. A further 4/6 weight loss is incurred during

the transformation of bixbyite (Mn2O) to hausmannite (Mn3O4), be-

tween 950o and 1100o C. The maximum rate of weight Ioss during the

bixbyite-hausmannite transformation occurs at about 1010' C.

The chemical analyses of nsutite and manganoan nsutite from Nsuta,

l isted in Table I, may be used to calculate the weight lost in the transi-

tion from nsutite, through MnOz-* and Mn2O3, to MniO4. The respective

weight loss percentages for nsutite are: 3.0/6, Il.I7o and 14.0/6. In Fig'

4.A the thermobalance curve is continued for nsutite beyond 1000' C'

to a net weight loss of 14.t57a, the value observed by heating a sample

at 1100o and 1200o C. The calculated weight losses for manganoan

nsutite are 5.3/6, Il.07o and 13.8/s, respectively' When comparing

these figures with the thermal balance curves it is apparent that the fig-

ures check fairly well for nsutite but that the correspondence is poor for

manganoan nsutite. This lack in correspondence is probably due to dif-

ferent moisture contents as the chemical analysis was performed on a

different material than that used for the thermobalance experiments'

The differential thermal analysis curves for nsutite and manganoan

nsutite, shown in Fig. 4C, agree well with the thermobalance curves.

The curve of manganoan nsutite exhibits four endothermic peaks' The

weak endothermic reaction at 282" C. is apparently caused by the de-
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hydration and oxidation of the manganoan nsutite. The transformation
to bixbyite is indicated by a peak at 596o c. and the transformation of
bixbyite to hausmannite by a peak at 1000" c. Nsutite shows no definite
dehydration reaction. The formation of bixbyite is indicated. at 624" C.
and the transformation of bixbyite to hausmannite at 1018. C.

Both nsutite and manganoan nsutite show a reversible endothermic
peak at about 11500 C. According to McMurdie and Golovato (1948,
p.598), this reversible effect is due to the transition of the tetragonal
beta form of Mn3Oa to the cubic gamma-form of MnsOa. This spinei
form of Mn,rOr has also been observed durine heat treatments of crypto-
melane by Faulring et al. (1960).

Differential thermal analysis curves of natural ,,gamma-MnOz" ob-
tained by McMurdie and Golovato (1943) and Sreenivas egal appear
very similar to the curves for nsutite presented in Fig. 4C.

Ukai, Nishimura and Mayeda (1946, p. 212) found that ,,natural

gamma-MnO2" shows an endothermic peak slightly below 200o C., at-
tributable to dehydration, and further peaks between 500 and 700o C.
and 950o and 1000o C., attributable to the formation of bixbyite and
hausmannite, respectively. The imprecise location of these endothermic
peaks with respect to temperature was noted on D.T.A. curves of dif-
ferent samples. This is probably due to such factors as particre and crys-
tall i te sizes and latLice imperfection. The beta-gamma MnaO+ inversion,
however, is spontaneous and similar in character to the alpha-beta
quartz inversion.

OccunnrNce

Nsutite has been found as a major constituent in manganese ores from
Nsuta but it has also been found in samples from Tartana, Greece, and
the Molango Piedras Negras area, State-of Hidalgo, Mexico. It was fur-
ther observed in a sample from the Morro da Mina mine, Lefaiete Dis-
trict, Minas Gerais, Brazil. Sorem and Cameron (1960) have observed
material, which yielded r-ray patterns closely resembling those of
nsutite, in specimens from Busuanga Island, Phil ippines and the euadri-
Iatero Ferrilero, BraziL sreenivas (1947) reports natural ,,gamma-

manganese dioxide" from Mysore, India. McMurdie and Golovato
(1948) describe natural "gamma manganese dioxide" from Ghana, Cali-
fornia, Papua and Hunan, China; and Cole, Wadsley and Walkley
(1947) from Mt. Martin and Mossman, Queensland; Barabba, New
South Wales; Auckland, New Zealand; and Phil l ipsburg, Montana. The
r-ray diffra"ction pattern of nsutite is also similar to that of ,,Mineral V,'
from several additional localities in U. S. Geological Survey r-ray files.
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Frc. 5. Manganoan nsutite forming replacement veinlets in manganese

carbonate from Nsuta, Ghana.

There is l i tt le doubt that nsutite rvil l  eventually be detected in manga-

nese deposits throughout the worid, and that it is much more abundant

then ramsdellite.
It is doubtful whether nsutite can be identif ied from a megascopic

examination alone. Shrinkage cracks, however, which are somewhat

diagnostic for nsutite in polished sections, give massive specimens, such

as that from Tartana, a strongly developed columnar jointing (Fig. 6).

The Morro da Mina material is a soft, brown' earthy mass, whereas

numerous samples from the Nsuta mine are fairly hard, metallic gray,

porous aggregates.
Characteristic of many occurrences of nsutite is its proximity to man-

ganese caronbate. In some oCcurrences manganoan nsutite forms replace-

ment veinlets in manganese carbonate rock (Fig. 5) . It then appears to

be among the first oxides forming from the oxidation of manganese

carbonate along with birnessite. In other specimens from Nsuta, de-

scribed by Sorem and Cameron (1960) as "cavily f i l l ing ore," nsutite

replaces other manganese minerals along fractures, along colloform

banding, or diffusely. Nsutite thus appears to form at ambient tempera-

tures in a slightly alkaline environment such as that afforded by carbon-

ate minerals in contact with oxygen-rich waters. It has never been

found in typical hydrothermal assemblages.

261
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Frc 6' Massive specimen of nsutite from Tartana, Greece, with columnar jointings.

Nsutite frequently shows shrinkage cracks in fine-grained colroform
aggregates (Fig.7). These have also been described by Sorem and
Cameron (1960). Fine-grained manganoan nsutite has not been ob-
served with this development. rt is felt that the cracks might be due to
the volume reduction which would occur in the transition from man-
ganoan nsutite to nsutite. As described before, this collapse can be
achieved by heating in air somewhere between l20o and 150' c. rt thus
appears that the transition might take place at lower temperatures in
nature, possibly under the influence of different chemical environments
of Er, and pH, as it is unlikely that any specimens have ever been sub-
jected to such high temperatures.

Puysrcer PnoprnrrBs

In polished sections nsutite has a high reflectivity. The results of
measurements on very fine-grained nsutite aggregates are shown in Table
3. These results were obtained with a photometer ocular using mono-
chromatic fi l ters having maximum transmission for red (C), orange (D)
and green (E) Iight. The reflectivity was also measured with a photo-
electric l ightmeter according to the method described by Forinsbee
(1959). Reflectivity, as measured by these methods, is dependent on the
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Photometerocular
green (E)

orange (D)

red (C)

photo-electric cell

Photometerocular
green (E)

orange (D)

red (C)

photo-electric cell

In air

40%
s8.s%
34.s%

33.47o

MANGANOAN NSUTITE

2e.7%
20.27o
l670

30%

In oil

2e.4%
28.57o
27 .27o

i 1  1 0 /
L . , L / O

r670
14.27o

degree of weathering that the sample has undergone. The measurements
listed in Table 3 were obtained on the freshest material available and
indications are that nsutite has a higher reflectivity than manganoan
nsutite.

Fine-grained nsutite is white with a slight creamy hue. ft is very much
like pyrolusite but siightly grayer. In coarser grained aggregates a weak
but clearly visible bi-reflectance is discernible with colors which vary
from grayish white with a creamy tint to bluish gray white. Crypto-
crystall ine aggregates of nsutite are, of course, isotropic under crossed
nicols; however, under strong magnification or when one views coarser
aggregates (Fig. 8), the anisotropic character of individual crystals is
very distinct. The anisotropic effects range between light and dark gray
without the development of colors. An uncommon fibrous form of
nsutite (Fig. 9) dramatically shows the anisotropism where aggregates
of fanlike oriented fibers show a radial and simulated undulatory ex-
tinction.

Nsutite and manganoan nsutite are hard minerals; with Moh's hard-
ness of about 8.5 and 6.5-7, respectively. Sapphire tipped needies are,
therefore, necessary to extract powder from polished sections lor r-ray
powder analysis. A Vicker's microhardness tester using a 300 g load
gave the following Vicker's hardness numbers: nsutite 1,150+50,
manganoan nsutite 900 + 50. All hardness values reported here were
obtained using the freshest material available. Hardness of manganese
oxides is often dependent on the state of aggregation and is therefore
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one of the most variable properties. In polished section nsutite and
pyrolusite are often very similar in hardness, color and reflectivity. It
would, therefore, be difficult to distinguish nsutite from very fine-grained
pyrolusite without recourse to r-ray diffraction patterns. Coarse-grained
pyrolusite is usually easy to recognize due to twinning and its well-
developed cleavage.

The size of nsutite crystals varies from less than 0.1 micron up to 50
microns. Figure 7 shows a cavity filled with an extremely fine-grained
aggregate of nsutite. The shape of individual nsutite crystals varies
from platy to wedge-like. The latter are Iess common and occasionally
show spherulit ic arrangements which also have been observed by Sorem
and Cameron (1960). Relatively well-developed crystals of nsutite, I in-
ing a cavity in fine-grained nsutite are shown in Fig. 8. The unusual
fibrous modification of nsutite is shown in Fig. 9 where fine fibers, up to
2 mm in length, form radiating aggregates.

Density measurements were made on selected fragments of nsutite
and manganoan nsutite using the Berman microbalance and toluene.
Values of 4.24, 4.55, and 4.67 were obtained on three different nsutites,
and 3.86 on manganoan nsutite, after correction for moisture and quartz
impurities. The density values vary inversely with the HzO f content,
as would be expected.
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