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ABsrRAcr

A study of the pertinent recorded analyses of pectolite, schizolite, and serandite, indi-
cates that they are members of an isostructural series from pectolite (4CaO NarO.6SiO:
'H2O or Ca:NaSiaOs(OH)) to serandite (4MnO NazO.6SiO:.HzO or MnzNaSisOs(OH)),
another example of a series in which calcium and manganese proxy each other. The only
recorded analysis of serandite is that of a calcian serandite. Schizolite is a manganoan
pectolite and should not be rated as a species.

The specific gravity and indices of refraction for the calcium and for the manganese
end members are:

Pectol i te,  Ca:NaSisOs(OH),  G :  2.86;  a:  1.595,

P : 1 . 6 0 5 ,  t : 1 . 6 3 3 .seran di te, y:'111t:',??,, 1:i":';":"?lt] " 
: 3'3 2 ;

IlrrnooucrtoN

The pectolite-schizolite-serandite series is an example of an isostruc-
tural series in which bivalent manganese (I.R. 0.80) proxies for calcium
(LR. 0.99) at least to an extent of 77 per cent. The calcite-rhodochrosite
series is even more complete for it indicates "complete ionic substitution
of I{n++ to Ca++ in nature." as expressed by Kulp, Kent, and Kerr
(1951) or, as stated earlier by Kulp, Wright, and Holmes (1949): "There-
fore, it seems that the substitution of Ca+ for Mn+ is continuous for
rhodochrosite to calcite." These conclusions confirm the earlier work of
Krieger (1930). The wollastonite-bustamite series is another example in
which manganese (plus a little ferrous iron) proxies the calcium in wollas-
tonite to the extent of at Ieast 70 per cent, with retention of the wollas-
tonite structure (Schaller).

The maximum content of MnO*FeO so far found, in a bustamite from
Australia, is about 28 per cent NInO with 8 per cent FeO. Several addi-
tional bustamites from other localities contain almost as much manganese
and iron (Schaller). For axinite the ratio of CaO to FeO*MnO*MgO
was formerly held to be constant (Schaller, 1911) but recent studies by
Milton, Hildebrand, and Sherwood (1953) show it to be variable.

fn rhodonite and pyroxmangite the amount of calcium proxying for
manganese is variable but always small. The maximum content of CaO
in rhodonite is about 11 per cent (Schaller, 1938, p. 582). The so-called

x Publication authorized by the Director_ U. S. Geological Survey.

t022



TH E PECTOLI T E.SCE I ZOLI TE-SERA N DI T E S EKI ES

"high lime rhodonites" listed in standard reference books are either
bustamite, johannsenite, or a mixture of rhodonite and johannsenite
(Schaller, 1938, p. 580). In other calcium-manganese minerals, such as
inesite (Glass and Schaller, 1939) and johannsenite (Schaller, 1938) the
content of CaO is constant and calcium and manganese do not proxy
each other.

In all three of the series mentioned in which the proxying of man-
ganese for calcium is compJete or nearly so, the almost manganese-free
calcium end member is by far the commonest and most abundant. For
those series (rhodonite, pyroxmangite) in which the manganese end
member is the commonest and most abundant, calcium seems to be al-
ways minor in amount.

That serandite, the manganese richest member of the pectolite-

Frc.1. (a) Pectolite; (6) Schizolite; (c) Serandite.

schizolite-serandite series is a pectolite in which manganese proxies cal-
cium to an extent greater than a 1:1 ratio, was shown by Machatschki
(1932). Schizolite is intermediate between pectolite and serandite and
the close morphological relationship of the triclinic crystals of schizolite
and pectolite was shown by Peacock (1935) and by Ito (1939).

The similarity of the r-ray powder patterns of the three minerals is
shown in Fig. 1 and the shifts in the positions of the lines in Table 1.
Many pectolites contain small quantities of manganese, as well as iron,
though it is believed that the MnO content of the manganpectolite from
Magnet Cove, described by Williams (1891) and reported to be 4.25 per
cent MnO, is much too high, like the MnO and FeO percentages given
by him for the wollastonite and natroxonotlite from Potash Sulphur
Springs, Arkansas (Schaller, 1950). That the content of MnO in the
manganpectolite from Arkansas is not as high as reported is also indi-
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Tanr,r 1, Poworn Dar.q. ron rnn Colp.tnrsoN ol PrcrourE.
ScHrzorrro. eNn Srn,qxnrra

Pectolite Schizoiite Serandite

d
7 .83
/ . U J

5 . 5 0
3 .90
3 . 5 2
J . J J

3 . 1 0
2 .92
2 . 7 4
2 .60
2 .30
2 . 1 7

I

J

6
5
6
8

10
6
6
6
6

a

7  . 7 3
6.92
5 .39
3  . 8 5
3 . 4 7
3 . 2 7
3 .06
2 . 8 9
2 . 6 9
2 . 5 6
2 . 2 7
2 . r 5

mw
mw
mw
ms
mw
InS
InS

M S

M S

M S

InS

d
/ . J )

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

I
M S

M S

mw
ms
mw
s
S

s
M S

ms
ms
mw

s: strong.
ms:moderately strong.

mw:moderately weak.

cated by the value of its specific gravity, namely, 2.845, as given by
Williams, which is lower than the specific gravity (2.86) of pectolile free
from manganese.

X-Rev ParrBnNs

X-ray difiraction patterns of these minerals were taken some years
ago by W. E. Richmond, formerly of the U. S. Geological Survey, and
more recently by Fred A. Hildebrand.

The specimens for which patterns were obtained, are as follows:

Pectolite from Bergen Hill, New Jersey, U.S.N.M. 82452. Film No. 5502.
Manganpectolite from Magnet Cove, Arkansas, U S.N.M. R-3097. Film No. 240.

Schizolite from Julianehaab, Greenland, U.S.N.M. 95502. Film No. 5752.
Serandite from Los, French Guinea, U.S.N.M. 96515. Film No. 5739.

From a comparison of their patterns, C. L. Christ and J. M. Axelrod,
of the U. S. Geological Survey, conclude that the same general pattern
prevails and that all four samples are isoslructural. The patterns of
pectolite and of manganpectolite are identical; those of schizolite and of
serandite contain some difierence in line position and line intensity.
However, it seems very likely that these differences can be ascribed to
the differences in chemical composition. The patterns for schizolite and
for serandite are very similar; their differences are less than their differ-
ences from the patterns of pectolite. But the overall similarity is re-
tained and it must be concluded, on the basis of their powder patterns,
that pectolite, manganpectolite, schizolite, and serandite form an iso-
structural series.
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Frc. 2. Variation curves for G (specific gravities) and z (indices of refraction a, B, ,y) for
the pectolite-schizolite-serandite series. The values for alpha and gamma are represented by
circles whereas those for beta are represented by triangies, so as to avoid confusion. Solid
dots represent specific gravities.

A. Pectolite. CazNaSiaOs(OH).

B. Serandite. Mn:NaSi:Os(OH).

The powder data given in Table 1 were kindly furnished by Fred A.
Hildebrand and are given here to show the isostructural relationship be-
tween pectolite, schizolite, and serandite. Measurements for d were made
with a ?il..nt. scale and 1 was estimated visually for schizolite and ser-
andite. Corrections which would make very minor changes in d were not
considered.

The patterns of the three minerals shown in Fig. 1 were taken with
Debye Scherrer powder cameras (114.59 mm. diameter), FeK" (Mn
f i l ter ) ,  I :1 .93734.
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Coruprr,-qrror.I oF PRoPERTTES

The available pertinent literature data on the properties of pectolite,
schizolite, and serandite are shown in the following compilation (Table

2) and the variation curves for specific gravity and for the indices of
refraction are given in Fig. 2. The component weight percentages are
calculated on the basis of the determined values for MnO and FeO. The
Ca-component is then obtained by difference. Both the specific gravities
and the indices of refraction increase with increasing amounts of man-
ganese. The continuous shift of the lines of the r-ray patterns has been
given in Table 1.

The data are meager and there is little assurance that the physical
properties were always determined on the actual samples analyzed. For
example the three analyses of schizolite from Greenland (No. 9 in
Table 1) given by Blggild show considerable variation in the percentages
of MnO (9.84, 11.69, and 12.90), and correspond to 32, 35, and 40 weight
per cent of the calcium-free manganese and iron end members. The
specific gravity of the mineral is given as within the range 2.97-3.13.
The only indices of refraction of schizolite found in the literature are
those given by Larsen (192I) for an unanalyzed specimen in the Harvard
collection. The values plotted in Fig. 2 for schizolite are the average of the
available data.

For pectolite, with less than one per cent of the calcium-free manganese
and iron end member, Harada (1934) gives the indices of refraction for
three analyzed samples (average given in column 3, Table 2). He also
gives the indices for three additional samples not analyzed. His values
agree very closely with those given in Larsen's Tables.

Harada analyzed

Harada not analyzed

Larsents Tables, 1st ed.

Larsen's Tables, 2nd ed.

Average

1 . 5 9 5
1 .594
1 .595

1 .595
1 .596
r . 5 9 4

1 .595
1 .595

1 .595

r .604
1 .603
1 . 6 0 5

t .604
1.605
1.604

1.606
1.606

1.604

| . 632
1 .63 r
r . 633

1 .633
1.635
7.632

1 .633  (p .118 )
L( t j [  (p .216)

1 .633  (p .110 )

1 .595 1.605 1 .633
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Tl.stn 2. Couprr,LrroN or Dlra oN rsr Pncror,rrn-
Scnrzor,rre-Snnanorrn Snnrns

Pectolite
Reference
Locality 2

Moravia Japan

5
New Jerse

6
Russia

1

100
0

0 . 0 0
I .595
1.605
I . O J J

.038
63'u

2 . 8 6
54.23
33.74

9 . 3 2
2 . 7 1

4
Ontario

Ca-comp.
Mn(Fe)-comp.

/6 MnOfFeO
d

p
^v

B
2Y
G
SiOr
CaO
MnO
FeO
NarO
HzO
Etc.

100
0

0 . 1 5
1.595
1.604
1 . 6 3 2

.037
60'

2 . 8 6
52.99
33 .89

-  l . )

8 .97
3  .33

- .)o

97

t . r 2
1 .600
1 .605
1.636
.036

50'

53 .80
33.20

1 J

1 .00
9 .01
2 .94

100
0

0.00
1.600

1 . 6 3 2
.032

52.73
3 2 . 7 8
0.00

.05b
7  . 9 7
4 . 7 0
I  .86

98
z

0 . 7 6
1 .601
1 . 6 M
1 . 6 3 3

.032

2 . 8 6
53 .28
33.41

. J J

.43b
9 . t 4
2 . 7 0

. o /

1 . 6 3
.03

54.02
3 2 . 2 0

1 .53

8 . 8 8
3 . 0 0

.36

96
4

100.00 99.89 99.99

" Computed.
b Given as FezOa but changed to its equivalent FeO where both iron oxides were not

separately determined.

Rnrnnnr.rcns alto CoulmNrs

1. Theoretical manganese and iron free pectolite end member of the pectolite-schizolite-
serandite series.

2' Ptcir., orniriu, La pectolite, nouveau mineral pour la R6publique Tch6coslovaque.
Data taken from abstract in Mi,nerotogical Abstracts (London), 3, 354 (1927). The
index of refraction given as alpha is for the direction across the length of fiber, gamma
is parallel to length of fiber. rt may be that the value given for alpha is between that
of alpha and beta.

3' Henaoa,z;yuxtf,r,ubereinenneuenpektolith-funrJ,inJapan:Jour.Fac.sci,.Hohkaiito

Unio., Sapporo, 2, set. 4, 355-359 (1934). Abstracted in Mineralogi,coJ Abstrotts
(London), 6,92-93 (1935). Closely agreeing data are given for three specimens, from
different localities in Japan. The data here presented are the average values. rrarada
also gives closely agreeing optical determinations for three additional not analyzed
specrmens.

4. Wer,rnn, T. L., ,r*o Penso*s, A. L., Zeolites, and related minerals from Lake Nipigon,
Ontario: Unia. Toronto Studies, Geol. Ser., no. 22, l7-lg (1926).

5. Pnecocx, M' A', on pectolite: Zeits. Krisr.,g0, 108-109 (1935). pectolite from pater-
son, New Jersey.
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Tesr-t 2. Couprre:rrow ol Dere ox rrn Pncror,tln-Scurzor,rrt-
Snnn xorrB Snnrns-C ontinued

Pectolite Schizolite Serandite

Ca-Comp.
Mn(Fe)-Comp.

% MnO*FeO
a

p
7
B
2V
G
SiOz
CaO
MnO
FeO
Naro
HgO

Etc.

Reference
Locality 7

Russia

93
7

2 .60
1 .610
I . O I J

r .&3
" 033

530
2 . 9 0

50. 34
3 2 . 3 6
t . 5 2
1 .08"
8 .  33
3 . 6 5
2 . 4 5

99.73

8
New

Jersey

90
10

3 . 8 6
t .604
1 .610
1 .636
.032

52.04
J I . I J

2 .57 .
r . 2 9
7  .97
s .07
2 . t 2

64
36

1 3 . 9 9
1.63r
1 .636
1.660

.029
A 1 0

3 .05b
5 1 . 1 9
20.97
1 1 . 4 8
2 . 5 r

10.06
1 ? O

n  A n

52
48

18.66

1.641
1 . 6 7 7

51 '
2.965b

54.84
14.21
r7  .78d

.88u
8 . 6 2
1 . 2 8
2 . 3 9

23
77

30.32
1.660
r.664
1.688
.028

360
3.2r5

48.72
10.42
28.99

I . J J

7  .38
2 . 6 7

.69

9
Green-
land

10
Russia

1 1
French
Guinea

100.00

'Computed.
b Average of the ranges g|ven,2.97-3.13 for column 9 and,2.955-2.974 for column 10.

These last values are probably low due to presence of MnOz.
o fncludes 0.26 per cent ZnO.
d After deducting 9.35 per cent MnOg and recalculating to 100 per cent. Given as

15.92 per cent MnO and 9.35 per cent MnOz.
. Given as FezOa but changed to its equivalent FeO as both iron oxides were not sepa-

rately determined.

6. Brr.;aNrrN, D. S., aN-o Ivar.rov.t, W. P., Untersuchung der Chemischen Konstitution

des Pektoliths: Centralbtr. Mi.naol.,327-339 (1933 A).

7. Kosrvr"Bva, E. E., Pectolite from Khibinsky tundra: Bull'. Aco'd,. Sci' Russie, 19, set'

6, 38H04 (1925). Abstracted itt Mi'neralogicd Abst'racts (London), 3, lll, (1926)'

Data also given by Fersman, A. E., Minerals of the Khibina and Lovozero tundras,

English Edition, 77 (1937). Indices of refraction given as a : 1'6098, 0 : 1'6419 (inter-

preted as a misprint for 1.6t49), t:1.6430. These indices would agree closely for a

manganoan peciolite with about 16 per cent of the Mn component instead of only 7

per cent as here recorded. There is no evidence that the indices of refraction were

measured on the same material analyzed. The analysis here given is the average of two

analyses.
8. P.llecun, Crentns, The minerals of Franklin and Sterling Hill, Sussex County, New

Jersey: I/. S. Geot. Srl'rtey, ProJ. Paper 18O,65--66 (1935). Pectolite from the Parker

Shaft, Franklin, New Jersey.
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9. Blccrr.o, O.8., Mineralogia Groenil,ond.ica: Medd.el. om Grlilond,,32,392-393 (1905).
Summary of results taken from two earlier papers, namely, Boeggild, O. 8., and
Winther, Chr , On some minerals from the nephelite-syenite at Julianehaab, Green-
land; Winther, Chr., Schizolite, a new mineral: Medd.etr. om, Grlnlanil, 24, 196 203;
(1901); and Blggild, O. B., On some minerals from the nephelite-syenite at Juli-
anehaab, Greenland: Med.d.el. om Grfnland.,26, 121-139 (1904). Winther (1901) states
on page 196: "The new mineral (schizolite), on account of its properties, is allied to the
pectolite group and may best be characterized, as an especially manganous species of
the same." That is, schizolite is a variety of pectolite, unusually rich in manganese,
as compared with ordinary pectolite. The analysis listed in column 9 is the average of
three analyses. The specific gravity given is the average of the range 2.971 to 3.133
listed by B/ggild (1905). Optical data taken from Larsen, E. S., The microscopic deter-
mination of the nonopaque minerals: []. S. Geol. Swvey,Bull.679, l3O (1921). The
indices of refraction were determined on an unanalyzed sample. All values given are
average ones.

10. GnnlsruovsKy, V. I., On the mineralogy of the south-eastern part of Lujavr-Urt.
Data taken from abstract in Mineralogical Abstracts (London), 7, 210 (1938). Same
data also given by Fersman, A. E., Minerals of the Khibina and Lovozero tundras
p. 78, (1937). Analysis given, average of 2, after deducting 9.35 per cent MnOz and
recalculating to 100 per cent. The values given were probably not determined on the
actual sample analyzed. The specific gravity given is obviously too low as it probably
was made on partly altered material. The value for gamma seems to be 0.01 too high.

11. Lacnorx, A., Les pegmatite de la sy6nite sodalitique de l,ile Rouma (Archipel de Los,
Guinde frangaise). Description d'un nouveau min6ral (s6randite) qu' elles renferment:
Compt. Rendu,. Acad.. Sci., Paris, 192, no. 4,!87-194 (1931). Abstracted in Am. Minerd.,
16, 344 (193t).

12. Theoretical calcium-free manganese end member of the pectolite-schizolite-serandite
ser ies.  The extrapolated values are:  a:1.680,  g:1.682,  t :1.705,  G.:3.32.

The atomic ratios are calculated for four representative analyses,
namely pecto l i te  No.5,  schizol i tes Nos.9 and 10,  and serandi te No.  11.
The results are shown in Table 3 (next page).

Summarizing the results:

Ca, Mn, etc. Na, KSi OH

Pectolite 5
Schizolite 9
Schizplite 10
Serandite 11

Average

2 . 9 9
2 . 9 3
3 . 1 0
2 . 9 3

2 . 9 9

2 . 0 3
2 . 0 1
1 . 7 9
2 . 2 1

0 . 9 7
l . t 2
1 . 0 0

. 8 8

0 . 9 9

1 . 0 9
. 5 3
.48

1 . 0 6

0 . 7 9

These ratios indicate the type
all these members of the series.
schizolites seem to be too low.

formula (Ca, Mn)z NaSLOa(OH) for
The determinations of water in the
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T,lsr,B 3. Aromrc Rertos on Snlncrol AN,tr,vsps

Si
AI

Ti
Fe"'
Ce
Y
Fe"
Mn
Mg
Ca
Sr
Ba

Pectolite 5
New Jersey

029 2.03

Schizolite 9
Greenland

Schizolite 10

Russia

Serandite 11
Fr. Guinea

2 . 9 9 3 . 0 9 8  3 . 1 0 ?  0 1 ? l- 
'ozoiz 'n"

- t

zri| ", 88
|  .062 1 .06

2 .93

.047.]

.00s f?-t-
|  .977  )

. 0 1 9

.009

.017

.121

.557

.004
r .286

1 . 1 r 7

2 .013

.027

.041

.845

.860

.004

.007

1 .785

Na
K

OH 1.089 1 . 0 9 529 . 53

:3li)' "-
.482

1 .00

.48

CoNcrusroN AND NoMENcLATURE

The meager data here presented on the pectolite-schizolite-serandite
series indicate that these minerals are isostructural and are members of a
continuous series. As in the calcite-rhodochrosite series, and in the wol-
lastonite-bustamite series, they present an example of manganese proxy-
ing for calcium, for the pectolite series up to 77 per cent of the manganese
(plus a little iron) end member.

Those with dominant Ca are peclolite. ff desired, those varieties with
considerable manganese (but less than 50 per cent molecularly of the
manganese end member), such as the schizolites, can be designated as
manganoan pectolites. The term schizolite can then be discarded as an
unnecessary species name. The statement by Peacock (1935, p. 109) that

"Pectolite and the manganese pectolite, schizolite" should read: "Pecto-
lite and the manganoan pectolite, schizolite." Serandite is the "manga-
nese pectolite" and the name serandite is to be applied to those members
of the series with more than 50 per cent molecularly of the manganese
end member. The only recorded analysis of serandite is that of a calcian
serandite.
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Gr.r.ss,.l. J.,,r.No Scnlr,rrn, W. T. (1939), Inesite: Am. Mineral.,24r3l-38.
H,rne.o.r,, Z. (1934). See note 3 in references and comments, following Table 2.
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