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INVESTIGATIONS OF LANDESITE

Paul B. Moonn, Dept. of Geophysi,cal Sci,ences, Uniuersity oJ Chicago,
Chicago, I l l inois.

Landesite, a rare hydrated manganous-ferric phosphate, is an altera-
tion product of reddingite which, in turn, is derived from the hydration
and alkali-Ieaching of lithiophilite-triphylite at the Berry euarry,
Poland, Maine. The lithiophil ite-triphylite material from this locality
has a Mn:Fe ratio of approximately 3:1, and the alteration products
represent the manganese side of the Mn-Fe series. Thus, reddingite and
Iandesite also have Mn: Fe about 3: 1.

The chemical analysis of landesite by Gonyer (1930) yielded the for-
mula Fe3+oMn2+2u(POa)16.27H2O. There is a serious charge imbalance
of 10 electrons, and somehow this remained unnoticed all these years.
A quick glance suggests a very close relationship to reddingite, (Mn,
Fe)g(PODr '3HzO or  even hur6aul i te ,  H2Mn5(PO4)4.4HrO, except  for
the presence of ferric iron in landesite.

The writer, who is presently developing a general structural classifica-
tion scheme for hydrated Fe-Mn phosphates, undertook single crystal
studies of landesite in order to clarify its relationship to reddingite. A
small (0.1X0.1X0.2 mm) fragment, dirty yellowish-brown in color,
kindly supplied by Dr. D. J. Fisher, was selected for this study. The
single crystal data (Table I) as well as powder data (Table II) agree
very well with reddingite but show that subtle differences exist.

The powder film data were obtained from the same type materials
using Fe/Mn radiation, 114.6 mm camera diameter, and NaF as internal
standard. Relative intensities are visual estimates.

The optical data of Berman and Gonyer (1930) clearly show that
FeS+ is an integral part of the landesite formula. The best cleavage in
landesite is {010} and was indexed to conform with space grotp pbcn.
The vibration normal to {010} has the index 1.735 for landesite in
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Tesrn I. UNrr Cr,r,r, Pen,qun:rnns or Lexpnsrrn eNo I{BllrNcttr ltov

Brnnv Qu,lrnv, Por,aNo, M,lrNr

Mn :Fe  app rox .3 :1

Landesite Reddingite

t t23

a

b
c

Vol.

Orthorhombic
Pbcnr
8 . 4 7 + . 0 3  A
9 . 4 3 + . 0 3

10 .17  +  .O l
813 .3 A'r

Orthorhombic
Pbcz (Flachsbart, 1963)1

8 .72  i \
9 .54

10.08 (Palache et  a l . ,1957)

833 0 A'

1 Very weak reflections suggest a cell of lower symmefiy (Pb2n)'

contrast to 1.643 for reddingite. Furthermore, the sign of landesite is

the common occurrence in hyd.rated Fe-Mn phosphates: concomitant

charge balance of Fe3+ in oxidized Fe2+-Mn2+ phosphates by the "hy-

droxylation" of the octahedrally coordinating water without an)r

significant change in crystal structure. Childrenite, vivianite, ludlamite,

and hur6aulite may be other examples.

Octahedral coordination seems to be the rule for Fe2+ and Mn2+ ions

in hydrated orthophosphates (refer to the crystal structures of vivianite,

ludlamite and reddingite) and the l igands are probably of the 3D24S4P3

or 4S4P34D2 bond type (Kleinberg et aI., 1960). The corresponding

oxidation of Fe2+ to Fe3+ simply results in the preservation of the

Iigand of bond type 3D24S4P3 or 4S4P34D2 with an HzO becoming an

OH- to satisfy the charge imbalance. Thus, for example' the ligand

Fe,+(OH)r(HzO)a, upon oxidation of the metal, can become Fe3+(OH)a

(HrO)3.
The landesite formula is better expressed in the following manner'

remembering that in reddingite-type structures all the water contributes

in octahedral coordination about Fe, Mn ions (Flachsbart, 1963)'

[M."*' *, (Fes+oH)*]3[(3 - 3x)H,o](Po4):

in which, for type landesite, r is approximately 0.25.
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Tasr,B II. Powrn D.lra ol LeNtnsnl' .a.No RrnorNcrrn,
Bmnv Quannv, por,eNo, Mlrwn

Landesite Reddingite

r/ro

6
8
5
8
4
1

4
10
7
5
3

2
3
4
J

8

L

2
z

l

1

5
I
I
A

J

3

s  . 3 7 0
5 .096
4 728
4 284
3.966
J . O . t l

3.464
3.207
J . I O J

3 .090
3.021

2 . 9 5 6
2.836
2 . 7 5 8
2 . 7 2 1
2.630

2 . 5 5 7
2.484
2 M 8
2.400
2 363

2 . 2 2 7
2.190
2.165
2. r32
2.034
t . 9 5 2

5  . 3 6
5 . 0 9
L 7 7

4 . 2 8
3 . 9 6
3  . 6 1
3 . 4 6
3 . 2 0
J .  t . l

3 . 0 8
3 . 0 1

2 9 9
2 . 8 4
2 . 7 5
2 . 7 r
2 . 6 2

2 . 5 4
2 . 4 7
2 . 4 5
L  , 5 9

2 . 3 6

2 . 2 4

1 1 1
002
020
021
t12
211
o22
122
220
2 t2
221

I / Io

o
8
A

7
3

3
6

3
o
4
q

1
4
4

5 .388
5 .046
4 . 7 1 +
4 280
3 . 9 5 1

3 . M 3
3.204

3.097
3.042
2.966

2 . 7 4 5

2 . 6 6 2
2 . 5 6 0
2 . 5 1 1

2 . 4 7 1
2 . 4 2 3

2 . 3 4 6
2 . 2 2 2
2 . 1 7 9
2 . t 2 7
2 . 0 7 0
2.03r
1 .965

5 . 4 1
5 .03
4 . 7 6
4  . 3 0
3 . 9 6

3 . 4 6
3 . 2 1

3 . 1 1

a  1 1

2 . 6 3

2 . 5 1

2 . 4 8
z  - + J

2 . 3 4
2 . 2 2

) d"^t" hkl d"u d"rtc hkl

4
10

1 1 1
002
020
021
r 1 2

022
1 2 2 , 2 2 O

2 2 1 ,  2 1 2

1 1 3

023

123
?

004

231
3 1 2

114
024

1 1 3
131
o23
3 1 0
123

4
2
3

7
z

z004
302
231
312
321

024

About 30 reflections of lower d-spacings, each having intensity less tban 4.

The writer believes that the name, landesite, should be retained for
the Fe3+-oH end member of the reddingite series with Mn:Fe greater
than 1. Even better would be the name "ferri-reddingite" with the in-
tention that the formal names be abandoned for ail members of this
series (Fe2+-Fe3-l--Mn2+) in favor of "ferro-," "ferri-," and ,,mangano-,,

prefixes.
r wish to thank Dr. D. J. Fisher for use of the l itt le type landesite

available and Dr. P. H. Ribbe for readins the manuscript.
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OPTICAL EXTINCTION OF ANORTHITE AT HIGH TEMPERATURES

F. DoN-q,r.u Br.oss, Department of Geology, Southern Illinois (Jniversity,

Carbondale, I l l inois.

INrnopucuoN

Investigations by Brown et al. (1963) recently provided new insight

on the sub-solidus phase relationships for crystals of anorthite com-

positions. Their *-ray photographs, taken of anorthite crystals at

temperatures between 25o and 350o C., showed the c-reflections-that

is, those for which h*h is even whereas I is odd-to become increasingly

diffuse and eventually disappear as 3500 C' was approached. Thus a

continuous and reversible structural transformation between 25o and

350o was demonstrated. Only in specimens quenched from temperatures

in the range 1100o-1540' were structural stages comparable to those

observed between 25o and 350' C. retained at room temperature, being

closer to the 350o C. stage to the extent that the quench temperature

approached 1540" C.
Using anorthite as an example, this present study reveals that trans-

formations from one phase to another, as temperature is raised, may be

determined relatively quickly by measuring the rate of change in the

privileged directions of crystal sections as temperature is raised' Thus,

for example, the change in value of the extinction angle, [100] 
'.a', tot

(001) cleavage flakes of anorthite, as temperature is increased, offers

further confirmation of a continuous structural transformation at about

350o and, moreover, indicates that a displacive transformation may also

occur at about 800o C. The results from this present study indicate that

a polarizing microscope used in combination with a heating stage may

provide a ready means for detecting phase transformations at elevated

temperatures. Details of the study follow.

MBruop AND APPARATUS

A high pressure mercury Iamp (Zeiss HBO 200) was used as the light

source for an ordinary polarizing microscope equipped with a Leitz


