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Abstract. Whiteite-(CaMnFe), CaMn2+Fe§+A12(PO4)4(OH)2 -8H,O0, is a new whiteite-subgroup member of
the jahnsite group from the Hagendorf-Siid pegmatite, Oberpfalz, Bavaria, Germany. It was found in vugs in an
altered feldspar area of a specimen composed predominantly of rockbridgeite, with hureaulite and relic triphylite.
Other associated minerals in small vugs in the specimen were strengite and laueite. Whiteite-(CaMnFe) occurs
as sprays and clusters of colourless to pale yellow, rod-like crystals, with diameters of typically 10 to 50 um
and lengths up to ~ 500 um. The crystals are flattened on {001} and elongated along [010]. The measured den-
sity is 2.80(2) g cm™3. Optically, whiteite-(CaMnFe) crystals are biaxial (4), with o« = 1.608(3), 8 = 1.612(3),
y = 1.624(3) and 2V (meas.) =59(1)°. The empirical formula from electron microprobe analyses and struc-
ture refinement is (Ca0‘70Mno_30)Mn(Fe%BMn()AgMgo,ngno,06)(A11 ,38Fe(3)'-"1_2)(PO4)3,96(OH)2(HzO)g. Whiteite-
(CaMnFe) is monoclinic, P2 /a, a =14.925(5), b =7.0100(14), ¢ =10.053(2) A, B=111.31(2)°, V=
979.9(4) A3 and Z = 2. The crystal structure was refined using single-crystal data to wRqps = 0.052 for 1613
reflections with />3 (I). Site occupancy refinements confirm the ordering of dominant Ca, Mn and Fe?t in the
X, M1 and M2 sites, respectively, of the general jahnsite-group formula X M 1M?2;M3,(H,0)3(OH)2(PO4)4.

1 Introduction

Whiteite-(CaMnFe) was first identified as a potential new
jahnsite-group species during a study of phosphate min-
eralisation in specimens collected (by EK) from the
60 to 67m level of the Hagendorf-Siid pegmatite mine
(Grey et al., 2010). The mineral was found as inclu-
sions in millimetre-sized waxy nodules of nordgauite,
MnAl»(PO4)2(F,OH); - 5H»0, occurring in cavities in etched
zwieselite. Strong Al /Fe zoning in those whiteite crystals
prevented the complete characterisation required for a new
mineral naming proposal.

Recently, a study of Hagendorf-Siid secondary phosphate
minerals in the Erich Keck Collection at the Mineralogi-
cal State Collection Munich by RH and CR identified a
new specimen of whiteite-(CaMnFe) containing composi-
tionally homogeneous crystals of the mineral. Full charac-
terisation of the mineral led to its approval as a new species
by the International Mineralogical Association (IMA) Com-
mission on New Minerals, Nomenclature and Classification
(CNMNC), IMA2022-072. The approved name is in ac-
cordance with the scheme originally proposed by Moore
and Ito (1978) for jahnsite-group minerals with general
formula XM 1M2,;M3,(H>0)3(OH)2(PO4)4. The jahnsite-
group nomenclature was recently approved by the IMA CN-
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MNC (Kampf et al., 2019). The whiteite root name signifies
that the M3 site is occupied by AI**, and the suffix indicates
that Ca, Mn and Fe are dominant at the X, M1 and M?2 sites,
respectively. The holotype specimen is housed in the collec-
tions of the Mineralogical State Collection Munich (SNSB),
with the registration number MSM 38031.

2 Occurrence, paragenesis and geology

The holotype specimen, HaglO7, containing whiteite-
(CaMnFe), comes from the Hagendorf-Siid pegmatite,
Oberpfalz, Bavaria, Germany (49°39'1” N, 12°27'35" E).
The pegmatite at Hagendorf-Siid is a zoned pegmatite body
embedded in Variscan biotite gneisses. It can be considered
a pegmatitic rest differentiate of the Upper Carboniferous
FloBenbiirg granite (Fischer, 1965). The pegmatite had the
form of a hat, with an oval base of 100 and 200 m in di-
ameter and 150m from the base to the top (Strunz, 1974).
It contained about 1.8 million tonnes of feldspar, 2.7 mil-
lion tonnes of quartz and about 3000t of phosphates (Keck,
1983, 1990). The majority were triphylite (about 2000 t) and
zwieselite (about 700t). Derived from these primary phos-
phates are rockbridgeite (about 200 t) and a multitude of fur-
ther secondary phosphate minerals.

The phosphate pods were concentrated from a 40 m level
down to a 115 m level at the contact of the quartz core with
the feldspar masses. Especially in the upper levels many of
the primary phosphates were heavily altered due to the influ-
ence of vadose waters, with rockbridgeite as the main sec-
ondary mineral. The many cavities in the place of the altered
primary phosphates (some connected, some enclosed) gave
rise to a multitude of secondary phosphates. The different
oxygen partial pressures in the different cavities lead to fer-
rous minerals, minerals with different ratios of combined fer-
rous and ferric iron, and even minerals with manganese in
higher oxidation levels, often to be found in the same sample
over few centimetres.

The holotype specimen containing whiteite-(CaMnFe)
consists of massive intergrown phosphates, comprising pre-
dominantly rockbridgeite intergrown with quartz, mica and
feldspar. The secondary phosphates are derived from ear-
lier triphylite, relics of which are intergrown with quartz.
Tiny vugs in the rockbridgeite contain spheres of lilac stren-
gite and yellow crystals of laueite, as well as massive in-
tergrown patches of a jahnsite-group mineral. A larger vug
(about 1 cm in diameter) in the feldspar-bearing portion of
the sample contains masses of tiny tabular pinkish crystals of
hureaulite and prismatic crystals of colourless to light brown
whiteite-(CaMnFe) (Fig. 1). These minerals formed more or
less contemporaneously, as they are sitting on the hureaulite
crystals but are also sometimes overgrown by crusts of tiny
hureaulites. Strengite, laueite and rockbridgeite are not in
direct contact with whiteite-(CaMnFe) or hureaulite. The
feldspar along the edge of the vug appears to be corroded and
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vug with whiteite-CaMnFe
and hureaulite

Altered’

feldspar

;*ockbri‘,
with strengite’

Figure 1. Specimen Hagl07, showing vug containing whiteite-
(CaMnPFe) crystals.

is conjectured to be the source of the aluminium in whiteite-
(CaMnFe).

Miicke (1981) has published a paragenetic classification
of phosphate minerals at Hagendorf-Siid. Jahnsite-(CaMnFe)
and associated minerals fit in his paragenesis table IIC, in-
volving rockbridgeite-bearing subparageneses derived from
triphylite.

3 Physical and optical properties

Whiteite-(CaMnFe) forms sprays and clusters of colourless
to pale yellow interlocking rod-like crystals, with diameters
of typically 10 to 50 um and lengths up to ~ 500 um (Fig. 2).
Scanning electron microscope (SEM) images show that the
crystals are composed of sub-parallel growth of laths that are
only a few micrometres in width (Fig. 3). The laths are flat-
tened on {001} and elongated along [010]. A crystal struc-
ture analysis showed the presence of twinning by a 180°
rotation about [100]. The measured density, by flotation in
mixtures of methylene iodide and toluene, is 2.80(2) g cm~3.
The calculated density for the empirical formula and single-

crystal unit-cell volume is 2.78 gcm ™3,
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Figure 2. Whiteite-(CaMnFe) crystals, FOV =0.58 mm. Photo
taken by Christian Rewitzer.

15.0 kV|SSD|1300x[9.8 mm 0.23 mm

Figure 3. BSE image (x 1300) of whiteite-(CaMnFe) crystals.

Optically, whiteite-(CaMnFe) crystals are biaxial (4),
with o« =1.608(3), B =1.612(3) and y =1.624(3) (mea-
sured in white light). The measured 2V from extinction data
analysed with EXCALIBR (Gunter et al., 2004) is 59(1)°,
and the calculated 2V is 60.4°. Dispersion and pleochro-
ism were not observed. The partially determined optical ori-
entation is ¥ = b. The Gladstone-Dale compatibility index
(Mandarino, 1981) is 0.007 (superior) based on the empiri-
cal formula and the measured density.
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Table 1. Analytical data (wt %) for whiteite-(CaMnFe).

Constituent Mean Range SD  Standard

CaO 4.80 3.68-5.58 0.55 Apatite

MnO 1540 13.43-17.01 0.92 MnSiO3

ZnO 0.57 0.14-1.21 0.26  Phosphophyllite

MgO 1.44 1.26-1.62 0.10  Spinel

AL O3 11.56  10.95-12.32 042 Berlinite

FeO (total) 11.79  9.96-13.74 1.13 Hematite

FeO 10.71

Fe,03 1.20

P,05 34.19 32.96-35.03 0.92 Berlinite

H,O* 19.79

Total 99.66

* Based on the ideal formula for whiteite-(CaMnFe).

4 Chemical composition

Crystals of whiteite-(CaMnFe) were mounted in a pol-
ished and carbon-coated epoxy block and analysed using
wavelength-dispersive spectrometry on a JEOL JXA-8500F
Hyperprobe operated at an accelerating voltage of 15kV
and a beam current of 2.2nA. The beam was defocused to
10 um. Analytical results (average of analyses on 18 crys-
tals) are given in Table 1. There was insufficient material
for direct determination of H>O, so it was based upon the
crystal structure analysis. The stoichiometric amount of H,O
(2H20 + 0.5 0H™ per atom of P) was included in the matrix
correction.

The empirical formula based on 26 02~ anions, with
Fe’t at the M2 site and Fe3t substituting for Al at the
M3 site is (Cao.70Mn%§0)Mn2+(Fe%EMngnggo,ngno,oﬁ)
(A11.83Fegj2)(PO4)3.96(OH)2 -8H,0. The simplified
formula is (Ca,Mn?t)Mn2*(Fe?t, Mn?*t, Mg,Zn)(Al,
Fe3+)2(PO4)4(OH)2 -8H,0O, and the ideal formula is
CaMn?*FeZ" Al (PO4)4(OH); - 8H,0, which requires CaO
6.85, FeO 17.55, MnO 8.67, Al,03 12.46, P,O5 34.68, H,O
19.79, total 100 wt %.

5 Crystallography

X-ray powder diffraction data were obtained using a Philips
X’Pert MPD diffractometer employing Co Ko radiation.
Diffraction data in the 26 range of 10 to 70° were col-
lected using a step size of 0.033° and a total counting time
of 3h. The total diffraction profile was fitted using the Ri-
etveld programme FullProf (Rodrigues-Carvajal, 1990). Mi-
nor hureaulite impurity was included as a second phase. Ob-
served and calculated d values, intensities and indices are re-
ported in Table 2. Refined monoclinic unit-cell parameters in
space group P2 /a are a = 14.965(3), b = 6.9990(10), ¢ =
10.084(2) A, B=111.31(2)° and V =984.0(4) A3, with
Z=2.
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Table 2. Powder X-ray diffraction data (d in A) for whiteite-
(CaMnFe).

Tobs dobs dcalc hkl ‘ ITobs dobs dcalc hkl
35 9.397  9.394 001 4 2402 2411 -—-123
4 6.972 6.971 200 2392 —404

6931 -201 17 2330 2333 —-611
7 5.640 5649 -—-111 2329 —612
38 4.932 4939 210 2327 —-114

4925 =211 6 1997 1.999 611
7 4861 4.854 111 1.996 403
20 4.707  4.697 002 18 1984 1.985 422
2 4.096 4.090 -—-112 1985 —614
12 3.962 3971 211 1982 —405

3949 -212 10 1976 1974 —-424

8 3741 3741 —-401 20 1950 1.951 024
20 3.493 3.485 400 6 1920 10918 232
18 3470 3466 —402 1914 -233
6 3.253  3.249 311 17 1871 1871 =802
7 3.134  3.131 003 9 1750 1.751 040
4 3.037 3.036 212 3 1714 1.716 233

29 2923 2938 401 1712 -234

2915 —-403 3 1640 1642 —-633
5 2902 2902 -313 1.639 042
10 2.834 2832 221 14 1565 1.566 006
100 2.807 2.806 022 1.563 440

Single-crystal diffraction data were collected at room tem-
perature using a Rigaku Oxford Diffraction Supernova 4-
circle diffractometer equipped with an Atlas CCD detector
and using Mo K« radiation (A =0.71073 A). Refined unit-
cell parameters and other data collection information are
given in Table 3. A structural model was obtained in space
group P2 /n using SHELXT (Sheldrick, 2015). The model
was transformed to P2 /a to be consistent with other pub-
lished jahnsite-group minerals and refined using JANA2006
(Petticek et al., 2014). Scattering curves for Ca, Mn, Fe and
Al were used for the sites X, M1, M2 and M3, respec-
tively, of the general formula for jahnsite-group minerals,
XM1M2,M3,(H20)3(OH)2(PO4)s (Kampf et al., 2019).
Twinning by a 180° rotation about [100] was implemented.
Refinement with anisotropic displacement parameters for all
non-hydrogen atoms converged at wRqps = 0.050 for 1640
reflections with />30 (/). The unambiguous location of H
atoms in difference Fourier maps was not achieved, most
likely because the data quality was compromised by the
crystal being composed of subparallel laths, as shown in
Fig. 3. Complete H positions have previously been reported
for whiteite-(MnMnMg) (Capitelli et al., 2011) and whiteite-
(CaMgMg) (Kampf et al., 2016).

Details of the crystal structure refinement are given in Ta-
ble 3. The refined coordinates, equivalent isotropic displace-
ment parameters and bond valence sum (BVS) values (Gagné
and Hawthorne, 2015) from the single-crystal refinement are
reported in Table 4. Selected interatomic distances are re-
ported in Table 5. Although the H atoms were not located,
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Figure 4. The [010] projection of the whiteite-type structure using
ATOMS (Dowty, 2006).

Figure 5. The [100] projections of (a) strunzite-type and (b) large
cation-containing (100) layers in the whiteite-type structure.

the BVSs in Table 4 show clearly that O9 is an OH group
and that O10, O11, O12 and O13 are H,O groups.

6 Discussion

A projection of the structure for jahnsite-group min-
erals along [010] is shown in Fig. 4 with the cation
sites labelled. Assignment of the EMP-analysed cation
contents to the different cation sites of the general
jahnsite-group formula using the procedure described
by Kampf et al. (2019) gives the rounded structural formula
(Cag.7Mng 3)Mn(Fe;.2Mng sMgop.3)(Al} 9Feg.1)(PO4)4(OH),
(H20)s. The BVS values given in Table 4 are generally
consistent with this formula, with predominantly divalent
cations in the X, M1 and M?2 sites and trivalent cations in
the M3 sites. The BVS values in Table 4 were calculated for
the ideal formula, CaMn>*Fe3"Aly(PO4)4(OH); - 8H,0,
cation assignments. As seen from Table 4, the BVS values
for Ca and Mn are slightly higher and lower, respectively,
than 2, indicating some minor mixing of Mn2* at the X site
and Ca at the M1 site. The BVS values for the M2 sites, 2.13
and 2.15, suggest some minor Fe37 in these sites, while the
BVS values for the M3 sites, 2.92 and 2.90, are consistent
with minor substitution of Fe>* for Al in these sites.

https://doi.org/10.5194/ejm-35-95-2023
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Table 3. Crystal data and structure refinement for whiteite-(CaMnFe).

929

Formula (simplified)
Formula weight
Temperature
Wavelength

Space group
Unit-cell dimensions

Volume

z

Absorption correction
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Reflections with 1,>30 (1)
Refinement method
Data/constraints/parameters
Final R indices [I>30(1)]
R indices (all data)

Largest diff. peak and hole

CaMn>*FeJ " Aly(PO4)4(OH); - 8H,0

800.5

294K

0.71073 A

P2 /a

a=14.925(5) A
b=7.0100(14) A
c=10.053(2) A
B=111.31(3)°

979.9(4) A3

2

Gaussian, 4 = 3.27mm™
0.034 x 0.052 x 0.145 mm3
2.91 t0 29.96°

1

—19<h<20,-8<k<9,-13<1<10

6891

2354

1613

Full-matrix least-squares on F
2354/17/149

Robs = 0.070, w Rops = 0.052
Robs = 0.106, wRyps = 0.055
1.33and —1.29¢ A—3

Table 4. Atom coordinates, equivalent isotropic displacement parameters (A2) and bond valence sums (BVS in valence units) for whiteite-

(CaMnFe).

X y z Ueq BVS
Ca —-0.75 —0.0214(2) 0 0.0163(7) 2.12
Mnl —-0.25 0.5217(2) 0 0.0180(6) 1.87
Fe2a -0.5 0 —-0.5 0.0160(5) 2.13
Fe2b —0.75 0.49760(16) -0.5 0.0165(5) 2.15
Al3a —-0.5 0 0 0.0076(9) 2.92
Al3b -0.5 0.5 0 0.0112(10) 2.90
P1 —0.67720(11) 0.2565(2) —0.18657(16) 0.0152(5) 5.05
P2 —0.41893(12)  0.24958(19) —0.19610(17) 0.0129(5) 5.26
0Ol —0.6334(3) 0.4381(6) —0.0956(5) 0.0220(16)  1.92
02 —0.7071(5) 0.2915(6) —0.3440(5) 0.0285(18) 1.77
03 —0.7689(3) 0.2275(7) —0.1508(5) 0.0307(18) 1.87
04 —0.6170(4) 0.0804(7) —0.1371(6) 0.050(2)  2.00
05 —0.4575(4) 0.2224(5) —0.3543(5) 0.0215(15) 1.78
06 —0.3104(3) 0.2922(7) —0.1448(5) 0.0321(19) 1.92
07 —0.4270(4) 0.0693(6) —0.1173(5) 0.034(2) 1.99
08 —0.4719(4) 0.4146(6) —0.1608(5) 0.0280(18) 1.83
09 —0.5213(3) 0.7501(6) —0.0821(4) 0.0167(14) 1.01
010 —0.5448(5) 0.2171(6) —0.6587(5) 0.0332(13) 0.35
Ol11 —0.6375(4) 0.0040(6) —0.4796(7) 0.0274(14) 0.34
012 —0.8958(4) 0.5120(6) —0.5100(8) 0.0251(12) 0.34
013 —0.7219(5) 0.7222(6) —0.3380(6) 0.0323(13) 0.30
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Table 5. Polyhedral bond lengths [A] for whiteite-(CaMnFe).

R. Hochleitner et al.: Whiteite-(CaMnFe)

Ca-03 x 2 2.261(5)
Ca-06 x 2 2.363(5)
Ca-0O7 x 2 2.493(5)
Ca-04 x 2 2.887(6)
av 2.501
Fe2a-05 x 2 2.075(4)
Fe2a-O10 x 2 2.129(5)
Fe2a-O11 x2  2.136(7)
av 2.113
Al3a-04 x 2 1.876(5)
Al3a-07 x 2 1.936(6)
Al3a-09 x 2 1.913(4)
av 1.908
P1-0O1 1.565(4)
P1-02 1.500(5)
P1-03 1.549(6)
P1-O4 1.501(5)
av 1.529

Mnl-O1 x 2 2.291(5)
Mn1-03 x 2 2.271(5)
Mn1-06 x 2 2.137(5)
av 2.233
Fe2b-02 x 2 2.056(4)
Fe2b-012 x2  2.144(6)
Fe2b-O13 x2  2.193(5)
av 2.131
AlI3b-O1 x 2 1.919(4)
Al3b-0O8 x 2 1.908(6)
Al3b-09 x 2 1.915(4)
av 1.919
P2-0O5 1.494(5)
P2-06 1.540(5)
P2-07 1.519(5)
P2-08 1.514(5)
av 1.517

The crystal structure for jahnsite—whiteite minerals is usu-
ally described in reference to (001) heteropolyhedral lay-
ers. The layers are built from [010] chains of trans-corner-
connected [M3(OH)2(Op)4] octahedra (Op =0 atom of a
PO4 group), decorated with POy tetrahedra and linked along
[100] with [010] chains of edge-shared M 1- and X-centred
polyhedra. The heteropolyhedral slabs are interconnected
along [001] by the POy tetrahedra corner-sharing via Op an-
ions to [M2(Op)2(H20)4] octahedra (Fig. 4).

An alternative description in terms of (100) layers gives a
different perspective on the structure. As seen in Fig. 4, the
structure contains an alternation of two types of (100) lay-
ers. These are illustrated in projection normal to the layers
in Fig. 5. One layer, Fig. 5a, contains [010] trans-corner-
connected chains of M3-centred octahedra that are con-
nected along [001] by trans-corner-sharing of P20, tetra-
hedra with M2A-centred octahedra, while the second layer,
Fig. 5b, contains [010] chains of edge-shared M 1- and X-
centred polyhedra that are connected along [001] by cis-
corner-sharing of P10, tetrahedra with M?2B-centred octa-
hedra.

The layer shown in Fig. 5a has the same topology as a
(010) layer in strunzite. We have previously reported on the
association between corroded Al-bearing jahnsite laths grad-
ing into fibrous Al-bearing strunzite at Hagendorf-Siid (Grey
et al., 2012). The orientation relationship between the two
minerals, with their 7 A axes parallel and the close match be-
tween their chemical compositions is consistent with strun-
zite being derived from jahnsite by selective leaching of the
(100)jannsite layers shown in Fig. 5b, containing the more
weakly bonded, large divalent M1 and X cations, followed
by linkage of the strunzite-type layers shown in Fig. 5a. This
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type of selective leaching, if applied to a whiteite-subgroup
mineral, would lead to the formation of a new Al-dominant
strunzite species. Such a species has not been reported to
date.

The approval of whiteite-(CaMnFe) brings the number of
whiteite-subgroup members of the jahnsite group to nine. In-
formation on unit-cell parameters and site assignments for
the nine members is summarised in Table 6. Clear relation-
ships exist between the unit-cell parameters and cation as-
signments in specific sites. The unit-cell a parameter is in-
versely related to the size of the cations occupying the M1
and X sites, as previously discussed by Grey et al. (2020,
2021). This is seen in Table 6 from the progressive increase
in the a parameter with a decrease in the mean <X-O>
bond length. The X cation in jahnsite-group minerals is usu-
ally described as having 8-fold antiprismatic coordination.
The X-O distances, however, comprise six distances in a rel-
atively narrow range, 2.2 to 2.5 A, with two longer distances,
typically 2.8 to 3.1 A; so the coordination is better described
as bi-capped octahedral.

The b parameter relates to the [010] chains of corner-
shared M3-centred octahedra and edge-shared M 1- and X-
centred octahedra shown in Fig. 5. It is the former that
controls the magnitude of the parameter. Whiteite-subgroup
minerals with Al in M3 all have b parameters in a nar-
row range, 6.89 to 7.05 A (Table 6), while jahnsite-subgroup
members with Fe3* in M3 all have larger b values in the
range 7.14 to 7.19 A (Grey et al., 2020), with no correlation
between b and the size of the M1 and X cations.

The ¢ parameter, as a measure of the separation of the
(001) heteropolyhedral layers, would be expected to corre-
late with the size of the M?2-centred octahedra that connects

https://doi.org/10.5194/ejm-35-95-2023
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the layers. Although there is a correlation between ¢ (or the
layer separation csinf8) and the mean <M?2-O> distances, it
is relatively weak. It is likely that the rotations of the M 3-
centred octahedra, in response to different-sized M1 and X
cations, also contribute to the ¢ parameter dimension.

Data availability. Crystallographic data for tomsquarryite are
available in the Supplement.

Supplement. The supplement related to this article is available on-
line at: https://doi.org/10.5194/ejm-35-95-2023-supplement.

Author contributions. 1EG oversaw the research and wrote the pa-
per; RH, CR and EK supplied specimens. CR obtained optical im-
ages of the specimen. RH and CR obtained preliminary SEM data
that identified the mineral as a new species. WGM assisted in the
diffraction data analysis, CMM conducted the microprobe analyses,
ARK measured the optical properties, RWG collected the single-
crystal diffraction data and AMG obtained the SEM BSE image.

Competing interests. The contact author has declared that none of
the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Acknowledgements. We thank Cameron Davidson for the prepara-
tion of samples for EMP analyses. We acknowledge the Diffraction
Laboratory at CSIRO Mineral Resources, Clayton, for the use of
their Philips X’Pert MPD diffractometer.

Review statement. This paper was edited by Cristian Biagioni and
reviewed by Radek Skoda, Yves Moélo and one anonymous referee.

References

Capitelli, F., Chita, G., Cavallo, A., Bellatreccia, F., and Della Ven-
tura, G.: Crystal structure of whiteite-(CaFeMg) from Crosscut
Creek, Canada, Z. Kristallogr., 226, 731-738, 2011.

Dowty, E.: ATOMS, Shape Software, Kingsport, Tennessee, USA,
2006.

Elliott, P. and Willis, A. C.: Whiteite-(MnMnMg), a new jahnsite-
group mineral from Iron Monarch, South Australia: Description
and crystal structure, Can. Mineral., 57, 215-223, 2019.

Fischer, G.: Uber die modale Zusammensetzung der Eruptiva im
ostbayerischen Kristallin, Geologica Bavarica, 55, 7-23, 1965.
Gagné, O. C. and Hawthorne, F. C.: Comprehensive derivation of
bond-valence parameters for ion pairs involving oxygen, Acta

Crystallogr. B, 71, 562-578, 2015.

Eur. J. Mineral., 35, 95-103, 2023

R. Hochleitner et al.: Whiteite-(CaMnFe)

Grey, 1. E., Mumme, W. G., Neville, S. M., Wilson, N. C., and Birch,
W. D.: Jahnsite-whiteite solid solutions and associated minerals
in the phosphate pegmatite at Hagendorf-Siid, Bavaria, Germany,
Mineral. Mag., 74, 969-978, 2010.

Grey, L. E., MacRae, C. M., Keck, E., and Birch, W. D.: Aluminium-
bearing strunzite derived from jahnsite at the Hagendorf-Stud
pegmatite, Germany, Mineral. Mag., 76, 1165-1174, 2012.

Grey, 1. E., Keck, E., Kampf, A. R., MacRae, C. M., Cashion, J.
D., and Glenn, A. M.: Jahnsite-(CaMnZn) from the Hagendorf
Stid pegmatite, Oberpfalz, Bavaria, and structural flexibility of
jahnsite-group minerals, Mineral. Mag., 84, 547-553, 2020.

Grey, L. E., Smith, J. B., Kampf, A. R., Mumme, W. G., MacRae,
C. M., Riboldi-Tunnicliffe, A., Boer, S., Glenn, A. M., and
Gable, R. W.: Whiteite-(MnMnMn), a new jahnsite-group min-
eral species from the Foote mine, North Carolina, USA, and
chemical pressure effects in jahnsite-group minerals, Mineral.
Mag., 85, 862-867, 2021.

Grice, J. D., Dunn, P. J., and Ramik, R. A.: Whiteite-(CaMnMg), a
new mineral species from the Tip Top pegmatite, Custer, South
Dakota, Can. Mineral., 27, 699-702, 1989.

Gunter, M. E., Bandli, B. R., Bloss, F. D., Evans, S. H., Su, S.
C., and Weaver, R.: Results from a McCrone spindle stage short
course, a new version of EXCALIBR, and how to build a spindle
stage, The Microscope, 52, 23-39, 2004.

Kampf, A. R., Adams, P. M., and Nash, B. P.: Whiteite-(CaMgMg),
CaMg3Al»(PO4)4(OH); - 8H>O, a new jahnsite-group mineral
from the Northern Belle mine, Candelaria, Nevada, USA, Can.
Mineral, 54, 1513-1523, 2016.

Kampf, A. R., Alves, P, Kasatkin, A., and Skoda, R.: Jahnsite-
(MnMnZn), a new jahnsite-group mineral, and formal approval
of the jahnsite group, Eur. J. Mineral., 31, 167-172, 2019.

Keck, E.: Phosphatmineralien und deren Auftreten in verschiede-
nen Teufen im Pegmatit von Hagendorf-Stid, Der Aufschluss, 34,
307-316, 1983.

Keck, E.: Hagendorf-Siid, Ein kurzer historischer Uberblick, Der
Aufschluss, 41, 53-66, 1990.

Mandarino, J. A.: The Gladstone-Dale relationship: Part IV. The
compatibility concept and its application, Can. Mineral., 19,
441-450, 1981.

Marzoni Fecia Di Cossato, Y., Orlandi, P, and Vezzalini, G.:
Rittmanite, a new mineral species of the whiteite group from the
Mangualde granitic pegmatite, Portugal, Can. Mineral., 27, 447—
449, 1989.

Moore, P. B. and Ito, J.: I. Whiteite, a new species, and a proposed
nomenclature for the jahnsite-whiteite complex series, II. New
data on xanthoxenite, III. Salmonsite discredited, Mineral. Mag.,
42, 309-323, 1978.

Miicke, A.: The paragenesis of the phosphate minerals of the Ha-
gendorf pegmatite — a general view, Chemie der Erde, 40, 217—
234, 1981.

Petricek, V., Dusek, M., and Palatinus, L.: Crystallographic Com-
puting System JANA2006: General features, Z. Kristallogr., 229,
345-352,2014.

Rodriguez-Carvajal, J.: FULLPROF: A Program for Rietveld re-
finement and Pattern Matching Analysis: Satellite meeting on
powder diffraction of the Fifteenth General Assembly and Inter-
national Congress of Crystallography, Toulouse, France, 16—19
July, 1990.

https://doi.org/10.5194/ejm-35-95-2023


https://doi.org/10.5194/ejm-35-95-2023-supplement

R. Hochleitner et al.: Whiteite-(CaMnFe) 103

Sheldrick, G. M.: Crystal-structure refinement with SHELX, Acta Strunz, H.: Excursion Al: Granites and pegmatites in Eastern
Crystallogr. C, 71, 3-8, 2015. Bavaria, Excursion guidebook, edited by: Troll, G., Fortschritte
der Mineralogie, Beiheft 1, 51, 1-32, 1974.

https://doi.org/10.5194/ejm-35-95-2023 Eur. J. Mineral., 35, 95-103, 2023



	Abstract
	Introduction
	Occurrence, paragenesis and geology
	Physical and optical properties
	Chemical composition
	Crystallography
	Discussion
	Data availability
	Supplement
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Review statement
	References

