
American Mineralogist, Volume 59, pages 964-973, 1974

_ Jahnsite, CaMn2.Mg,(H,O)rFeu.,(OH),[POn]n: A Novel
Stereoisom eri sm of Lig- nds about Octa h e-dra | 

-Corner-Cha 
i ns

Peur BnrlN MoonB, Al.lo TereHA,Ru Anexr

Dep'artment of the Geophysical Sciences, The Uniuersity of Chicago,
Chicago, Illinois 60637

Abstract

Jahnsite, CaMn'*Mg,(H,O).Fe'. ,(OH),[Po.J.,  a 14.94(2) A, b 7.14(l) A, c 9.93(l) A,
p 110.16(8)', PZ/a, Z - 2, is one of the 7 A octahedral cornerlinked chain structures allied
to laueite, pseudolaueite, childrenite, etc. R(hkl) - 0.09 for 2292 independent non-zero
reflections.

T h e s t r u c t u r e i s b a s e d o n a b a c k b o n e o f c o r n e r - l i n k e d . . . F e s * - o H - F e " * . . . o c t a h e d r a w i t b
a novel arrangement of [PO'] tetrahedra about these chains. The structure possesses dense
slabs of [CaMn'9*Fe"t"(OH),[PO,].1-- oriented parallel to {001} which are bridged by PO.
corner-sharing to Mg(O,H,O)o octahedra.

Polyhedral interatomic averages are "rFe(1)-O l.973.A, "tFe(2)-O 1.973, "tCa-O 2.418,
o 'Mn ' * -O 2 .190,  " 'Mg(1) -O 2 .088,  " tMg(2) -O 2 .089,  ' ' p (1 ) -O 1 .543,  and ' "p (2) -O 1 .533.

fnfioduction
Jahnsite is one of several new mineral species

described by Moore (1974) which occur as late-
stage hydrothermal products of the decomposition
of triphylite-lithiophilite in pegmatites. A rather fre-
quently found mineral, it occurs in a paragenesis
with laueite, strunzite, and stewartite, suggesting
that these minerals have a closely-related structural
principle. The jahnsite structure type provides a
range of compositions from an aluminum analogue
Ca (Fe,Mn ) 2.M9, (HrO ) rA13*s ( OH ) 2 [pO+]+ to highly
oxidized large-cation deficient niaterial (Ca,Mn2-).r
( Fe'.,Mg ) .z ( OH,HzO ) sFe3-, (OH ) 2 [POr]r. A closely
related structure apparently occurs in segelerite,
CaMg(HrO)aFe3.(OH)[POa]2 (Moore, 1974\.

Our laboratory has been much interested in the
systematics of transition-metal phosphate structures,
especially with respect to polynuclear clustering of
the transition metals and with problems of ligand
stereoisomerisms about these clusters. Additionally,
we seriously doubt if, without a detailed structure
analysis, sensible formulae can be applied to these
complex structures wherein the role of (HeO) is
often manifold.

Experimental
The crystal cell parameters for jahnsite are a

14.94(2)  A ,  b  7 .14( l )  A ,  c  9 .93(1)  A ,  p  110.16
(8)", Z = 2, with formula unit CaMn2-Mgr(HrO)s
pe:rr(OH)z[POn]n derived from the studv of Moore

(1974). Weak 0k0 reflections with k * 2n and the
systematic absence h = 2n for h0l established the
space group as P2/a or Pa.Tlte centric group, P2/a,
was chosen on the basis of the observed morpho-
logical holosymmetry.

A suitable single crystal nearly equant in shape
and 0.2 mm in mean dimension was selected from
the type specimen collected by P.B.M. at the Tip
Top pegmatite, near Custer, South Dakota.

With [010] as the rotation axis, reflections to
20 = 65o were gathered on a Pennno diffractometer
utilizing a graphite monochromator and MoKo
radiation. Twenty-second background counts were
taken on each side of the peak. The scan rate 'tras
2.5" f minute with half-scan interval of 2.0o, widen-
ing to 2.8' at high levels. o-SC?DS revealed low ab-
sorption anisotropy, so a correction was not applied.
Symmetry-equivalent reflections were averaged and
the data were processed by conventional compu-
tational procedures to obtain lF(obs)J.

Solution and Refinement

A three-dimensional Patterson synthesis, P(uuw),
revealed strong concentrations of vectors at O, Vz, O;
y2, O, O) /q, O, O;1/a, r/2, O and immediately led
to a model based on octahedral chains. Unfortu-
nately, a pronounced substructure, discussed further
on, led to ambiguities in the y-coordinates for the
[POr] tetrahedra and the Mg(O,ttrzO)o octahedra.

Approximate location of the atoms in the dense
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slabs parallel to {001} was achieved through the
B- and y'-syntheses of Ramachandran and Srinivasan
(1970). Correct locations for the y-coordinates of
the phosphorus and magpesium atoms were achieved
through a careful inspection of the bond distances
in the partly determined structure.

When all atoms were located, refinement of atomic
coordinates and isotropic thermal vibration param-
eters proceeded from the scattering curves of Cromer
and Mann (1968) for Ca1*, Mn2*, Fe2*, Mg1*, Po and
O'-. The full-matrix refinement, on IBM-360 com-
puter, and using a local, unpublished program
modified from the Onrus program of Busing, Mar-
tin, and Levy (1962) converged, for different struc-
ture factor magnitudes, to the values of. R(hkl)
given in Table 1. Table 2 provides the final atomic
coordinates and isotropic thermal vibration param-
eters and Table 3 is the list of structure factors.

Description of the Structure

General Structural Features and Princioles

Moore (1970a) outlined the general problems
associated with the "7 A octahedral corner-linked
chain structures," which include a large number
of discrete structure types. The dominating motif
of these structures is an infinitely extending octa-
hedral chain which involves Me3+(,-Al3+,Fe'*) cat-
ions and opposing apical corner-links of (OH)-
anions. This structural backbone is featured in
Figure 1. We shall find it convenient to refer to a
structural prototype, that is, the simplest arrange-
ment which affords such a corner-linked chain. This
is evidently the structure of Fe3.(OH)[SOd (and
isostructural In3-(OH)[SOr]), described by Johans-
son (1962). It possesses the octahedral chains
parallel to the a-axis which link laterally by tSOrl
tetrahedra to form an indefinitely extending network
of octahedra and tetrahedra.

Baur (1969) has noted that, in the 7A chain

T,lsn 1. Dependence of R(/rtl) on lF(ft&J)l
for Jahnsite

R(hkl)

E (hk])

= D l r (obs) l  -  l r f carc ) l l

Number R(hkI)

TAsrs 2. Jahnsite. Atomic Coordinates and Isotropic
Thermal Vibration Parametersx

Atom B (i2)

re (1)
Fe (2 )
Me(1)
Me(2)

l,tn

P(I)
o (r)
0 (2)
o (3)
0 ('+)

P(2)
o (s)
o (6)
o (7)
0 (8)

OH

ow(r)
0w(2)
ovi(3)
or^t (4)

0 .0000
.0000
.5000
.2500

.2500

.2500

.1830 (1)

.27 s8 (r+)

.2041(r+)

.I229 (tl)

. r36e (3)

.08r3 (r )

.r8e0 (q)

.0rr97 (3)

.07r.u (3)

.024s (3)

.02s6 (3)

.2231( '+)

. r+r+97 (4)

.6307 (|+)

.39u ('l)

0 . 0000
.5000
.0000
.r+963 (3)

- .024e (3)
.+77  s (2 )

.2613 (2)

.234s (7)

.2es6 (7)

.0827 (7)

. r+3s2 (6)

.7476 (2)

.698rr  (7)

.7802(7)

.s2e3 (6)

. s881 (6)

.7soe (6)

0 . 0 0 0 0
.0000
.5000
. 5 0 0 0

.0000

.0000

.1881 (2)

.Is12 (6)

.3462 (6 )

.r3ee (6)

.0s41 (s)

.7978(2)

.8ss3 (6)

.638r (s)

.879r (s)

.83rr+ (s)

.0e 3s (s)

1. s8 (3)
1.70 (3)
L.2L(7)
o .e6  (7 )

1 .6e  (3 )
1.12 (3)

. s2 (2 )
1 .83  (8 )
1 .6  s  ( 8 )
1.  s7 (8)
1.rs (7)

.87 (2)
r .s2 (8)
r .47 (8)
L .2s  ( 7 )
r .2e (7)

1.06 (6)

. 34+s (6 )  2 .0e (e )

.3r+s2(6) 2.37 (s)

.462e (6)  2 . r8 (s)

.st ls(s)  r .72(e)

.718s (8)

.2130 (8)
- .0066 (8)

. s13r (7)

Above 0 .0
n  6 . 0
i l  r8 .0
r r  3 6  . 0
r '  6 1 . 0

323r+
2292
L207
41s
147

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

*Estimated 
standarcl errcrs refer to the last digit.

structures he investigated, the octahedral backbone
is linked laterally by tetrahedra to similar back-
bones, forming dense slabs. Between these slabs are
more weakly linked bridging groups, usually con-
sisting of insular Me'-(O,Hs0)6 octahedra.

Moore (1970a) has singled out two kinds of
isomerism which explain the unusual diversity of
the 7 A chain structures. The first kind involves
the arrangements of the [PO+] and (IIO) ligands
about the backbone, of which seven types of iso-
merisms which permit the formation of slabs were
discerned. In addition, the bridging Me'z--(O,H,2O)
octahedral species between the slabs can exhibit
cis or trans stereoisomerism. Jahnsite and segelerite
(based on a preliminary structure analysis) belong
to arrangement VI (see Moore, l970a) of tetra-
hedra about the backbone, an arrangement postu-
lated on stereochemical grounds and heretofore un-
known in mineral structures. The distinction between
jahnsite and segelerite apparently occurs in the
conformation of the bridging octahedral species and
locations of the [PO+] tetrahedra.

The idealized jahnsite slab (Fig. 2) is formed
by the coupling of octahedral backbones by in-
finitely extending columns of Me2*O6 edge-sharing
octahedra. The large Me2* cations, such as Ca2*
and Mn2*, form six- to eight-fold coordinated poly-
hedra (see Fig. 3). In the ideal structure these poly-

hedra each share two edges with the Mes*O6 octa-

hedra at the same level, two edges with the [PO+]'-
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TAsrs 3. Jahnsite. Structure Factors
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Tlst-e 3, Continued
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tetrahedra and two edges above and below with the
complementary polyhedron. In jahnsite and segel-
erite, the idealized slab has approximate plane cell
dimensions 15.0A x 7.2A. The slab has formal
composition [Me'z-Me3. ( QH ) [PO+JzJ,-, where ZMe,.
: Ca2* * Mn'z. in jahnsite and,2ca2t in segelerite,
and Me3* = FeS'in both compounds.

In jahnsite, identical slabs are bridged by Mg'-
(I{rO)n(O")2 octahedra, where Op are the corners
of POa tetrahedra which point away from the slabs.
The actual structural distortion of jahnsite, as shown
in a polyhedral diagram in Figure 3, is a result of
Ca2*-Mn2* ordering along the edge-sharing chains
and the perturbations resulting from the hydrogen
bonding scheme about the Mg'--O bridging octa-
hedra, to be discussed later.

Twinning of lahnsite

Twinning by reflection on {001} is the rule
rather than the exception for jahnsite. Without bur-

dening the literature further, it will only be stated
that several compositions are now. recognized for
the jahnsite structure type. Define C : 2c + a/2

(a )  (b )

FIc. 1. The ...Fe'*-OH-Fe'*"' octahedral corner-linked
chain which is called the backbone in this study. (a) Parallel
to the chain (idealized). (b) Down the chain (idealized)'

I Foba Fcalc
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Frc. 2. Idealization of the slab with composition [Me'."Me'*,(OH)r[POn]nl* found
crystal structure of jahnsite.

and cos Bt - (az/4 + C2 - 4c')/aC. This provides
a pseudo-orthogonal cell with dimensions a, b, c', p'
- 90o. It is observed that as B' approaches 90o
for certain compositions, the frequency of twinning
increases. These pseudo-orthogonal coordinates are
a 14.94 A, c' 18.65 A, and B' 88"06' for the
jahnsite used in this study.

A projection of the metals down [010] in Fiiure
4 shows why jahnsite twins. We observe a profound
substructure, with subcell a(sub) -- a/4 and c(sub)
= c'/2 on the projection. T\us, hAl photographs of
jahnsite can be easily mistaken as possessing an
"orthogonal" cell. We observe, however, that when
the heights in y are included (Fig. 4), the three-
dimensional pseudo-orthogonality ceases to exist.
We also note that a, b, and c' approximate segelerite

in dimension, which has a 14.83 A, b 18.75 A, c
7.31 A, Pcca. A preliminary structure analysis of
segelerite shows that it cannot be continuously trans-
formed into the jahnsite structure by mere distor-
tions of the polyhedra. For this reason, jahnsite
and segelerite represent two separate (but related)
structure types, separated by the batrier of the
relative locations of the [PO4] tetrahedra.

Bond Distonces

Table 4 provides a list of the individual poly-
hedral bond distances for jahnsite. The most extreme
distortions are found for the CaOe and MnOo octa-
hedra since they share edges with [PO+] tetrahedra
and with each other. We note that the short O(5)-
O(7) distance,2.442 A, is the edge shared between

0(51
+0.30

Co

9 - 
*.0.00

lln
44 +0 S0

//olll+0.23

+O.72

J
Fe(ll +0.00
Fc(21 +0.50

Frc. 3. Polyhedral diagram of the actual jahnsite structure. Some atoms have been left out to

improve visualization. Heights are fractional coordinates in y.
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x
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CaO6 and P(2)O4. It is also the shortest edge
distance for that tetrahedron. Likewise, O(1)-O(4),
which equals 2.422A, is the edge shared between
MnO6 and P(1)O+ and is that tetrahedron's shortest
edge as well. Finally, O(5)-O(5)" 2.822A and
O(1)-O(1)"  2.83AA are edges shared between
CaO6 and MnOo polyhedra and are next in rank
of shortness for their polyhedra. All of these dis-
tortions are consistent with the repulsion of cations
across shared edges. In addition, the CaO6 octa-
hedron is more distorted and considerably larger
than the MnO6 octahedron, providing evidence that
these cations are ordered.

The remaining polyhedra do not share topological
elements other than corners and, consequently, their
range of distortion is less. The polyhedral averages
in the abstract and in Table 4 are all consistent
with grand averages found for these cations in such
oxygen coordination. The Mg(O,ILO)u octahedra
are substantially distorted. Since no elements other
than corners are shared, these distortions result from
deviations from local electrostatic neutrality and
from hydrogen-bond formation.

-+o _+t/z _+o _+t/2 _+O _+r/2

x

x+x*x-
o

c f - r r t - t
" l l. r ,  l

x' c'l

x+

xx+

J

x+x+r
L

x + x . r x +

-*l/z _+o -+t/z -+o

x+ x+ x-
I
L - r 1

-+ttz -+o

x - x * x +
t

. - J

Ftc. 4. Pseudo-orthogonal cell a y c' found in jahnsite.
The structure cell used in this study is also outlined. Inter-
pretation of symbols: solid squares = Me'* and Me"* at
y = 0, 1/2; crosses are P atoms, and solid bars are Mg
atoms.

Trnlt 4. Jahnsite. Polyhedral Interatomic Distancesi
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2 .089

2 .801
2 .88 r1
2 AA)

2 .910
2 .970
3 . 0 3 2
3 .l-28

2 . 9 5 3

r P (2) -o (6) .r. s08
1 n  -0 (8)  1 .s23
r  t r  -o  (7 )  1 .548
I  "  -o (s) r.sst

average 1 .533

r  o (s ) -o (7)  2 .4+zn*
1 o ( 6 ) - 0 ( 8 )  2 . r + 9 0
r  o (s ) -o (6)  2 .+es
1 o(s ) -o (8)  2 .s rz
1  o(6) -0 (7)  2 .s26
I  o (7) -0 (8)  2 .s r+4

average 2 .5O2

TEst imated standard ef fors:  Me-o t  0.006 i ,  o-o '  I  o.oos,E.
*ca-Mn 

sharecl .dg"", 
**M"z*-p 

shared edges.
a= -x: :Ir-zlrr\= )./2-x, y, -z; ara= 

!2+x, -y, z appliecl to the coordinates in Table 2.
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0(6)': 0w(2) o(2)"'

0w(4) il.o. +

o(6)"'
Frc. 5. Proposed hydrogen bonding scheme in one asym-

metric unit for jahnsite down [010]. The cross is at x = l/2,
z = l/2.

Hydrogen Bonds and Electrostatic Valence Balances

It was not possible to ascertain locations of the

hydrogen atoms directly, but the geometrical re-
strictions are severe enough to warrant proposal of

a hydrogen-bond model. The structure consists of

the dense slabs [CaMnFe'-:(OH)g[PO+lrl* oriented
parallel to {001} and weakly linked by the
Mg(O,H2O)e octahedra. Hydrogen bonds from

OW( l ) ,  OW(2 ) ,  OW(3 ) ,  and  OW(4 )  connec t
to the Op oxygens in these slabs resulting in a

herringbone pattern for these bonds. Distances and
angles for the proposed model are featured as an

asymmetric unit in Figure 5. They can be divided into

sho r t  bonds  OW(1 )  .  .  .  O (5 ) "  2 .73  A ,  OW(2 )  . . .
O ( r )  2 .65 ,  OW(3 )  .  .  .  O (3 )  2 .77  A ,  and  OW(4 )
. . 0(6)" 2.74; and long, more weakly l inked

b o n d s  O W ( 1 )  . . . O ( 4 )  3 . r 2  A ,  O w ( 2 )  . . . O ( 7 ) "
2.94, OW(3) .  .  .  O(2)" '  3.21 and OW(4) .  .  .
0(6)"' 3.08 A. Owing to its geometrical separa-

Tlnle 5. Jahnsite. Electrostatic Valence Balances of
Cations about Anionst

Anions Coordinating cations Bond strengths AD

tion, (OH)- does not appear to form a strong bond
since the only distances less than 3.0 A are along
polyhedral edges.

From this model, a tabulation of electrostatic
balances of cations about anions is offered (Table
5). Hydrogen bond receptors are given t = 116,
as suggested by Baur (1970). The resulting under-
saturated anions, O(2) and O(8), reveal polyhedral
distances shorter than average, and the oversaturated
anions O(4) and O(7) show a tendency toward
longer-than-average polyhedral bond distances. The
remaining anions are sufficiently close to neutrality to
show no such correlation with their polyhedral
distances.

Properties of the Z A Ctaln Structures

The resulting structures possess key features of
benefit to the crystal chemist who is concerned with
physical properties as well: the distance between
slabs usually corresponds to the strongest low-angle
intensities on powder and single crystal photographs
and is, in addition, the plane of perfect cleavage.
These relationships are also preserved in the "5 A
fiber axis" structures of basic ferrous-ferric phos-
phates, as noted by Moore (1970b) in a general
review of the problem, although in these structures,
the slabs are based on a different structural principle.
A perplexing result for the mineralogist is an un-
canny physical similarity among compounds within
each structural group: the 7 A structures involving
Fe3t-O octahedral chains are yellow to orange in
color, and the 5 A structures involving Fe3*-Fe2*-
Fe3* face-sharing trimers are all deep greenish-black
and fibrous. We have found by experience that the
most faithful means of distinguishing species within
a group by visual means only is careful examination
of their crystal morphology. To illustrate how fre-
quent these structural principles are manifest in
natural compounds, we note that among the phos-
phates laueite, gordonite, paravauxite, metavauxite,
wavellite, pseudolaueite, childrenite, eosphorite,
tavorite, strunzite, amblygonite, stewartite, jahnsite,
overite, and segelerite are known to belong to the
7 A chain structures; and dufrenite, rockbridgeite,
laubmannite, "mineral A," beraunite, lipscombite,
barbosalite, and souzalite are known to belong to
the 5 A fiber structures. This accounts for over
40 percent of the known basic Me3* phosphate
species! Since some of these species form under
narrow conditions of. T, pOz and pH and since
practically no synthetic work has been done on these

0(7)"
0(t) o(5)"

ed;

o (r)
o (2)
o (3)
0 (4)
0 (s)
0 (6)
o (7)
o (8)
OH

s/4+u6+2/6+v6 +0.08
s/4+2/6+VE -0.I7
5/4+31/6+VE -0.08
s/4+3/6+2,/6+V6 +0,23
5/4+2/6+2/6+V6 +0.08
5,/C+2/6+V6+V6 -0.08
s/t++3/6+2/6+V6 +0.23
s/I++3/6
3/6+3/6
2/6-U6
u6-2/6
2/6-2/6
2/6-2/6

tx1=honl are boncls less than z.s . [ ,  l1]ong; are bo4ds longer than 2.9 .4.
AEis the deviat ion from neutral i ty (D = 2.OO for 0 ' :  1.00 f ,or OlF and
0 . 0 0  f o r  l l ' o ) .

drr (r)
ow(2)
oIlI(3)
or^r (4)

P(I) +Mn+ca+H(short)
P(l)  +Mg(2)+{(shod)
P (I) +E e (I) +H ( short)
P (I) +F e ( 2) +Mn+H (1ong)
P(2) +Mn+ca+H(shoft)
P(2) +Ms (1) +H(short) +H(lons)
P (2) +Fe (I) +ca+H(ayerage)
P(2) +Fe (2)
Fe (I)  +f  e (2)
Ms(2) -2H
Me(1) -2}I
Ms(r) -2}r
Ms(2) -2}I

- 0 . 2 5
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

#

{9



systems, the list of as yet unknown compounds
belonging to this group is probably much larger.
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