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Abstract. Zinkgruvanite, ideally Ba;;MnZ*Fei*(51207)2(304)202(OH)2, is a new member of the ericssonite
group, found in Ba-rich drill core samples from a sphalerite- and galena- and diopside-rich metatuffite
succession from the Zinkgruvan mine, Orebro County, Sweden. Zinkgruvanite is associated with mas-
sive baryte, barytocalcite, diopside and minor witherite, cerchiaraite-Al, and sulfide minerals. It occurs as
subhedral to euhedral flattened and elongated crystals up to 4mm. It is almost black and semi-opaque
with a dark-brown streak. The lustre is vitreous to sub-adamantine on crystal faces and resinous on
fractures. The mineral is brittle with an uneven fracture. VHNg9 = 539, and Hpmons ~4.5. In thin frag-
ments, it is reddish-black, translucent and optically biaxial (+), 2V, >70°. Pleochroism is strong and
deep brown-red (E L {001} cleavage) to olive-pale-brown. Chemical point analyses by WDS-EPMA
(wavelength-dispersive X-ray spectroscopy electron probe microanalyser) together with iron valencies de-
termined from Mossbauer spectroscopy yielded the empirical formula (based on 26 O+OH+F+CI anions):
(Bag.02Nag.03) £4.05(Mn .79FC%E6F68.J£2Mgo.14Cao.10Nio.01 Zng 01 )24.03(Fe?§4Ti0.20A10.06) $2.00514(S1.61510.32

P0.07) £1.99024(0OH 63Clo 29F0.08) £2.00- The mineral is triclinic, in space group P1, with unit-cell parameters
a=>53982(1)A, b =7.0237(1) A, c = 14.8108(4) A, a = 98.256(2)°, B = 93.379(2)°, y = 89.985(2)° and V =
554.75(2) A3 for Z = 1. The eight strongest X-ray powder diffraction lines are the following (d A (1%; hkl)):
3.508 (70; 103), 2.980(70; 114), 2.814 (68; 122), 2.777 (70; 121), 2.699 (714; 200), 2.680 (68; 201), 2.125
(100; 124, 204) and 2.107 (96; 521). The crystal structure (R; = 0.0379 for 3204 reflections) is an array of
TS (titanium silicate) blocks alternating with intermediate blocks. The TS blocks consist of HOH sheets (H
for heteropolyhedral and O for octahedral) parallel to (001). In the O sheet, the Mn?*-dominant M©(1,2,3)
sites give ideally Mnﬁ+ pfu (per formula unit). In the H sheet, the Fe3*-dominant MH sites and A” (1) sites
give ideally Feg+Ba2 pfu. In the intermediate block, SO4 oxyanions and 11 coordinated Ba atoms give ideally
2x SO4Ba pfu. Zinkgruvanite is related to ericssonite and ferroericssonite in having the same topology and
type of linkage of layers in the TS block. Zinkgruvanite is also closely compositionally related to yoshimuraite,
BasMny Tiz(Sin07)2(PO4)20,(OH),, via the coupled heterovalent substitution 2 Ti*T+ 2 (PO4)3~ —2 Fe3t+
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2 (SO4)%~ but presents a different type of linkage. The new mineral probably formed during a late stage of re-
gional metamorphism of a Ba-enriched, syngenetic protolith, involving locally generated oxidized fluids of high

salinity.

1 Introduction

The ericssonite group of minerals (Sokolova et
al., 2018) comprises two members: ericssonite,
BaMn,Fe3*(Si,07)0(0H), and ferroericssonite,

BaFe”tFe3+(Si,07)O(OH), and two polytypes (orthorhom-
bic and monoclinic, respectively). In both structures, an
HOH block is the main structural unit, with Mn?t and Fe?t
being the dominant cations in the O (octahedral) sheet of
the HOH block (or TS block) and Fe3* being the dominant
cation at the [5]-coordinated sites along with SipO7 groups
of the H (heteropolyhedral) sheets. Ericssonite-group miner-
als have similar chemical properties (Ba sorosilicate) and are
closely related to seidozerite-supergroup minerals (Sokolova
and Camara, 2017), which encompasses about 50 mineral
species and polytypes, all characterized by TS (titanium
silicate) blocks in the structural framework. Specifically, the
ericssonite-group minerals are close to the bafertisite (with
two Ti atoms per formula unit, apfu) and lamprophyllite
(three Ti apfu) groups. The main difference in structure
topology is the connection of octahedral and heteropoly-
hedral layers. Herein we describe a new mineral, zinkgru-
vanite, ideally BasMnj'Fe3t(Si207)2(S04)202(0OH),,
which is a nominally Ti-free species closely related
to  yoshimuraite, BasMn4Tiz(Si207)2(PO4)202(0OH);
(a bafertisite-group mineral) and innelite-1A
Bay(Nay M Ti)Tin(Si207)2[(SO4)(PO4)I03(OH)  (with
M3t = Mn, Fe**, Mg, Ca; a lamprophyllite-group mineral).
The discovery of zinkgruvanite confirms the basis for a
separate classification of the ericssonite-group minerals
due to the bonding requirements of the Fe3*Os polyhedron
(cf. Sokolova and Camara, 2014). The mineral association
described here is unique, and members of the Ba-Cl-bearing
cerchiaraite group (cf. Kampf et al., 2013) are also reported
from Sweden for the first time.

The name of the mineral is given for the discovery lo-
cality, the Zinkgruvan mine, near Ammeberg, municipality
of Askersund, Orebro County, Sweden (58°49’N, 15°6'E;
170 ma.s.l.). The new mineral and mineral name have been
approved by the Commission on New Minerals, Nomencla-
ture and Classification, International Mineralogical Associa-
tion (IMA2020-31). Type material (an incomplete drill core
slice about 10 mm thick) is deposited in the type mineral col-
lection of the Department of Geosciences, Swedish Museum
of Natural History, Box 50007, 10405 Stockholm, Sweden,
under catalogue number GEO-NRM 20170502.
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2 Occurrence

The Palaeoproterozoic Zinkgruvan Zn-Pb-Ag-Cu deposit is a
metamorphosed sulfide ore body which has been mined con-
tinuously since 1857, with nearby deposits worked at least as
early as the 18th century (Tegengren, 1924; Haugard, 1944,
Waldén, 1957). Stratiform sphalerite- and galena-dominated
mineralization occurs here in a succession of interbedded
metatuffite, marble and skarn (Hedstrom et al., 1989; Jans-
son et al., 2017). The host succession was deposited at ca.
1.89 Ga and overprinted by polyphase metamorphism and
ductile deformation at ca. 1.87-1.86 and 1.84-1.80 Ga dur-
ing the Svecokarelian orogeny (Stephens and Jansson, 2020).
Peak metamorphic conditions are constrained to 750 + 50 °C
and 0.4-0.6 GPa in the area (Andersson et al., 1992; Gunn,
2002; Stephens et al., 2009). The stratiform sphalerite and
galena mineralization has been heavily modified by deforma-
tion and metamorphism, including by recrystallization, by re-
mobilization and locally by intrusion of partial melts formed
by migmatization of pelitic rocks in the succession. Never-
theless, a syngenetic-exhalative origin has been suggested
for the stratiform mineralization in most studies (Hedstrom
et al., 1989; Allen et al., 1996; Jansson et al., 2017). Subor-
dinate stratabound, dolomite-marble-hosted Cu-Zn mineral-
ization occurs in the stratigraphic footwall in a vent-proximal
position and is currently mined for Cu.

Zinkgruvanite was first noted by one of the authors (Nils
Jansson) in two petrographic sections of drill core (from
ca. 530m depth) collected in conjunction with a research
project (Jansson et al., 2017). The sampling was guided by
earlier observations by Anders Zetterqvist, who had previ-
ously logged the core for Zinkgruvan Mining AB and noted
an unusual Ba enrichment and an atypical mineral assem-
blage (Fig. 1). The core was drilled to explore the continua-
tion of the stratiform Burkland Zn-Pb-Ag ore body at depth
and intersects the mineralized zone at about the 1500 m level
in the mine, in a proximal setting relative to an interpreted,
fossil hydrothermal feeder zone (Jansson et al., 2017). The
Ba-rich zone consists of massive baryte; radial, platy baryto-
calcite and minor witherite; cerchiaraite-Al; and sulfide min-
erals in a succession of sphalerite- and galena- and diopside-
rich metatuffite and is in contact with a high-grade sphalerite-
and galena-rich mineralization at both sides. This abundance
of Ba is unusual for the deposit, in which Ba-bearing miner-
als are generally rare in the ore zone (Jansson et al., 2017).

Zinkgruvanite is found associated with barytocalcite,
diopside, baryte, cerchiaraite-Al, cerchiaraite-Fe, witherite,
galena, sphalerite, cubanite, chalcopyrite, pyrrhotite, pyrite

https://doi.org/10.5194/ejm-33-659-2021



F. Camara et al.: Zinkgruvanite, a new ericssonite-group mineral 661

l

I Granite

Il Metabasite

[ Pelite, migmatite, gneiss

Vintergdlen formation

I Garnet+biotite+quartz rock

I Pelite, migmatite, gneiss with pyrrhotite dissemination

[ Metatuffite

I Galena-dominated Zn-Pb-Ag mineralization

[ Ba-rich zone

Zinkgruvan formation

Il sphalerite-dominated Zn-Pb-Ag mineralization

[ Marble

450
[ Diopside skarn

[ Microcline+quartz rock

2 . .
2 ¢  Zinkgruvanite occurrence

m
600
550
500

400

Figure 1. Drill core log section from the Zinkgruvan mine showing
the position of the discovery location for the zinkgruvanite-bearing
assemblage (yellow star). MVU: metavolcanic unit.

and zhangpeishanite. It locally occurs along grain bound-
aries of ferroan diopside crystals, partly intergrown with
thin, elongated, locally parallel to sometimes fan-like ag-
gregates of fibrous-to-acicular or fine-grained dustings of
cerchiaraite-Al or in contact with sphalerite or as isolated
euhedral-to-subhedral crystals and aggregates associated
with baryte, barytocalcite and witherite (Fig. 2). Zinkgruvan-
ite locally occurs overgrown by sulfides, specifically spha-
lerite. The cerchiaraite (sensu lato; s.l.) occurs in part as
seemingly interstitial infillings between platy, parallel-to-
radiating crystals of barytocalcite and baryte. Locally, tex-
tures suggest that cerchiaraite (s.l.) formed as a partial re-
placement of zinkgruvanite.

Two slightly different assemblages of zinkgruvanite have
been observed in close vicinity to each other in the drill core.
The first type is fine-grained and hosts quite abundant cer-
chiaraite (s.l.), both as very fine-grained masses and inter-
growths or dustings and as discrete minute crystals, whereas
the other type contains little or no cerchiaraite (s.1.) and is
markedly coarser-grained.

https://doi.org/10.5194/ejm-33-659-2021

Figure 2. Zinkgruvanite crystals in the type specimen. Field of view
is 8 x 5 mm. Catalogue number GEO-NRM 20170502. Photo: Tor-
bjorn Lorin.

3 Physical and optical properties

Zinkgruvanite occurs as subhedral-to-euhedral crystals up to
4 mm, with a platy habit, commonly flattened on {001} and
elongated along [100], both as single crystals and in rare ra-
diating aggregates. It is black, semi-opaque to reddish-black
and translucent in thin fragments, with a dark-brown streak.
The lustre is vitreous to sub-adamantine on crystal faces and
resinous on fractures.

Zinkgruvanite shows perfect {001} and good {110} cleav-
ages. The mineral is brittle with an uneven fracture. The den-
sity was not measured because of safety regulations concern-
ing the heaviest liquids. A calculated value is 4.42(1) g/lem?
based on the empirical formula and unit-cell volume obtained
from single crystal XRD (X-ray diffraction) data. The hard-
ness (Mohs) is estimated at 4-5 from scratch tests. Values
obtained from micro-indentation (VHN{pg) measurements,
on a randomly oriented grain available in a polished sec-
tion, using a Shimadzu M-type tester are 488—-616 (n = 10,
average 539), corresponding to ca. 4.5 Mohs. Pyramid in-
dentations were straight to slightly convex; radial fractures
were frequently observed, corresponding to the “star radial”
and “simple shell” patterns, according to the terminology of
Young and Millman (1964). The mineral is slowly soluble in
30 % HCI at room temperature, leaving a yellow solution and
a white residue. Crystals are not attracted by a neodymium
hand magnet.

Zinkgruvanite is transparent in thin section, with a biaxial
(+) optical character, 2V, > 70°. The dispersion is strong,
r > v. It exhibits a strong pleochroism in plane-polarized
light, from deep brown-red (E L {001} cleavage) to olive-
pale-brown (Fig. 3). Refractive indices were not determined
directly, due to the strong absorption of the crystals and val-
ues close to the highest reference liquid available (1.80). The
calculated overall n is 1.79 from Gladstone—Dale constants
(Mandarino, 1981).

Eur. J. Mineral., 33, 659-673, 2021
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Figure 3. A zinkgruvanite crystal with baryte, barytocalcite and
witherite. Thin section (30 um), in transmitted polarized light,
showing maximum pleochroism colours for 90° orientations.

4 Spectroscopic data
4.1 Reflectance

Polarized reflectance spectra were measured in air with an
AVASPEC-ULS2048x16 spectrometer attached to a Zeiss
Axiotron UV microscope (10x/0.20 Ultrafluar objective), us-
ing a halogen lamp (100 W) and a SiC (Zeiss no. 846) stan-
dard, with a circular measurement field ca. 100 pm in diam-
eter. Results obtained in the 400-700 nm range (average of
600 scans, 100 ms integration time) are given in Table 1. The
dispersion of the reflectance is normal, and the mineral is
very weakly bireflectant.

Eur. J. Mineral., 33, 659-673, 2021

Table 1. Reflectance values (%) measured in air (COM — Commis-
sion on Ore Mineralogy — wavelengths in italics).

A (nm) Ry Ry X (nm) Ry R

400 8.74 853 560 797 7.77
420 8.46 825 580 7.87 7.67
440 8.41 820 589 7.87 7.68
460 825 8.03 600 7.86 7.69
470 8.21 8.07 620 7.74 7.67
480 812 1796 640 7.81 7.68
500 8.05 7.86 650 7.80 7.65
520 797 1.82 660 7.74 7.65
540 792 17.78 680 7.76 7.64
546 798 1.79 700 779 7.65

4.2 Raman

A Raman spectrum of zinkgruvanite (Fig. 4) was collected
from a randomly oriented crystal on a LabRAM HR 800
micro-spectrometer, using a 514nm Ar-ion laser source
at 1 mW power, a Peltier-cooled (—70°C) CCD (charge-
coupled device) detector (Synapse), an Olympus ULWD MS
Plan 80x/0.75 na objective and a laser spot of 3 um. Spec-
tral positions were corrected against the Raman band at
464 cm™! of pure quartz. The spectral resolution is about
1 cm™. Instrument control and data acquisition were made
with the LabSpec 5 software. No laser-induced degradation
of the mineral was observed. In the spectrum obtained, two
bands related to O-H stretching vibrations of OH™ groups
can be identified at 3655 and 3540cm™~!. The strong band
at 988 cm™! is related to stretching vibration modes of the
SOy groups, and the one at 887 cm™! band is attributed to
stretching of Si-O bonds. The band at 569 cm™! and the
strong band at 663 cm™! are mainly due to O-Si-O bending
vibrations. Overlapping of the latter band with a weak band
of SO4 bending vibrations having a close frequency is very
likely (e.g. for IR band assignment; Chukanov and Chervon-
nyi, 2016). The weaker bands at lower wavenumbers (450 to
300cm~1) could be attributed to both (Mn,Fe)-O stretching
modes and Si-O-Si bending vibrations, as well as resonance
modes involving both kinds of vibrations, whereas bands at
lowest frequencies are due to lattice vibrations.

4.3 Maossbauer

A 37Fe transmission Mossbauer spectrum (Fig. 5) was
obtained from a 5mg powder absorber using a standard
57Co(Rh) y-radiation source (nominally 1.8 GBq). Two-
mirror image spectra (£4.28 mm/s) were collected at 54.7°
geometry to avoid texture effects, during 100h over 1024
channels, and calibrated against an «-iron foil. The baseline
of the resulting folded spectrum was at ca. 1.42 x 107 counts.
Fitting and analysis were done with the MossA software
(Prescher et al., 2012) assuming Lorentzian line shapes. An

https://doi.org/10.5194/ejm-33-659-2021
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Figure 4. Raman spectrum of zinkgruvanite.

absorption doublet (A; see Fig. 5) with centroid shift (CS)
= 0.34(2) and quadrupole splitting (QS) = 0.32(2) mm/s is
ascribed to Fe3* in [5]-coordination by O, in analogy with
data for ericssonite (Halenius, 1995). Note that a minor con-
tribution from [6]-coordinated Fe>* that must be present ac-
cording to structural data (see Sect. 7) is not well resolved
in the spectrum. A pair of doublets (B and C in Fig. 5), con-
strained to have the same CS (= 1.14(2) mm/s), were used
to fit the remaining absorption, with QS = 2.30(10) and
QSc = 1.95(10) mm/s, respectively. These values are consis-
tent with Fe?* (high spin) in [6]-coordination with O and
very close to what was previously found in bafertisite-group
minerals (Holtstam, 1998; Sokolova et al., 2009; Zhitova et
al., 2017). Ideally, three doublets related to Fe2 " -enriched
sites could be anticipated in the zinkgruvanite spectrum, but
only two are distinguishable, probably due to the small dif-
ferences in geometry of the corresponding coordination poly-
hedra. From area ratios, the fraction of Fet is 42(10) % of
total Fe. Full width at half maximum was in the range of 0.3—
0.4 mm/s for the three doublets. The final x2 value was 0.8.

5 Chemical composition

The chemical composition was determined using an electron
probe microanalyser (EPMA), a JXA-8530F JEOL Super-
probe. Raw data were corrected using the PAP procedure
(Pouchou and Pichoir, 1984). The instrument settings were
15kV acceleration voltage, 10nA beam current and 3 um
beam diameter. The number of point analyses was 30, col-
lected from two grains. Reference materials, measured lines
and analytical results are reported in Table 2. Strontium was
below the detection limit in all point analyses. The H,O con-
centration was not determined directly because of dearth of
material. The presence of CO; is indicated neither by crys-
tal structure refinement nor by spectroscopic data. Analytical
data for selected associated Ba minerals are given in Table 3.

https://doi.org/10.5194/ejm-33-659-2021
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Figure 5. Mossbauer (7Fe) spectrum of zinkgruvanite. See text for
assignment of the three subspectra A, B and C.

The empirical formula calculated on the basis of
26 anions (O+OH+F+Cl), accounting for known
structural features (see below) and the iron va-
lence determined from Maossbauer spectroscopy, is
(Ba4.02Nao.o3)>:4.05(Mn1.79FC%E6F68_J22Mg0.14Cao.1oNi0.01
ZnO.Ol)24.03(Fe?j’7_4TiO.20A10.O6)EZ.OOSi4(S1.61SiO.32PO.07)El.99
024(0OHj 63Clp 29F0.08) =2.00 for crystal no. 1 (Table 2). The
simplified formula is Bay(Mn,Fe?t)4(Fe3*,Ti),(Si,07)2
[(S,S1,P)O4],0,(0OH,Cl),, and the ideal formula is
BasMn;  Fe; " (S1207)2(S04)202(0OH),,  which  requires
BaO 41.58, MnO 19.23, Fe,03 10.83, SiO; 16.29, SO3
10.85 and H,O 1.22 for a total 100wt %. Although this
formula could be reduced by a factor of 2, it is kept in this
way, with Z =1, to emphasize the close relation to the
seidozerite-supergroup minerals.

6 X-ray crystallography

Powder X-ray diffraction data were collected with a Pan-
alytical X’Pert’ powder diffractometer equipped with an
X’Celerator silicon-strip detector and operated at 40 mA and
45kV (Cu Ko radiation, A = 1.5406 A). Bragg peak posi-
tions (Table 4) were determined with the Panalytical High-
Score Plus 4.6 software and corrected against an external
Si standard (NBS 640b; National Bureau of Standards).
The triclinic (P1) unit-cell parameters refined by the least-
squares method from the powder data are a = 5.3989(6) A,
b=7.031908)A, ¢=14.821(2)A, a=98.274(11)°, B=
93.436(12)°, y =90.087(10)° and V =555.77(9) A3 for
Z=1.

A single-crystal X-ray study was done on a crystal frag-
ment (0.050 x 0.125 x 0.190 mm) with a Rigaku XtalLAB
Synergy with a hybrid pixel array detector, with graphite-
monochromatized MoK « radiation (A = 0.71073 A); work-

Eur. J. Mineral., 33, 659-673, 2021



664

Table 2. Chemical data (in wt %) for zinkgruvanite.

F. Camara et al.: Zinkgruvanite, a new ericssonite-group mineral

Constituent  Crystal no. 1 Crystal no. 2 EPMA reference material

n=15 n=15

Mean 20 Mean 20

SiO, 17.38 0.34 1747 0.32 (Ka, TAP) — wollastonite
TiOy 1.05 0.12 121 0.25 (Ka, PET) - pyrophanite
AlO3 0.20 0.06 022 0.07 (Ka, TAP)- Al;O3
CrpyO3 0.01 0.04 0.01 0.04 (Ka,LIF)-CryO3
[FeO] 1794 044 18.36 047 (Ka, LIF) —fayalite
FeO? 7.53 7.71
Fe, 032 11.56 11.84
MnO 849 0.32 7.70 0.27 (K, LIF) - pyrophanite
ZnO 0.03 0.08 0.04 0.08 (Ka,LIF)-ZnO
NiO 0.03 0.06 0.02 0.07 (Ka,LIF)-NiO
V705 0.03 0.06 0.03 0.04 (Ka,LIF)- vanadinite
P05 031 0.28 096 0.70 (Ka,PET) - apatite
MgO 0.37 0.06 0.38 0.07 (Ka, TAP)-MgO
CaO 0.39 0.06 036 0.12 (Ka, PET) — wollastonite
Na,O 0.07 0.08 0.06 0.10 (Ko, TAP) - albite
K>,O 0.01 0.02 0.01 0.02 (Ka,PET) - orthoclase
BaO 4126 0.36 4129 040 (Lo, PET) - baryte
F 0.10 0.16 0.04 0.14 (Ka,LDE1)- apatite
Cl 0.70 0.06 0.60 0.12 (Ka, PET) — apatite
SO3 8.63 032 8.00 092 (Ka,PET)-baryte
H,0P 0.99 1.01
O=CLF —0.20 —0.17
Total 98.93 98.79

4 Based on Mossbauer spectroscopy. b Calculated from structure (OH-+F+Cl) = 2.

ing conditions were 50kV and 1mA, and the detector-to-
sample distance was 6.2 cm. A combination of w and ¢ scans,
with a step scan of 0.5° and exposure time of 2s per frame
were used to maximize redundancy and data coverage.

The crystal structure was solved by direct methods and
refined to R1 =0.032 in SHELXTL (Sheldrick, 2015) us-
ing neutral-atom scattering curves from the International Ta-
bles (Wilson, 1992). Experimental details, unit-cell param-
eters and R indices are given in Table 5. Fractional atom
coordinates, site occupancies and isotropic-displacement pa-
rameters are reported in Table 6. Bond distances are given in
Table 7. A crystallographic information file (CIF) containing
observed structure factors has been deposited as the Supple-
ment.

The crystal structure of zinkgruvanite contains an HOH
layer (see Sokolova and Cédmara, 2017, for nomenclature) as
the main structural unit (Fig. 6a). The dominant cations in the
central O (octahedral) sheet of the HOH layer are Mn2* and
Fe; they are distributed over three octahedral sites (M(1),
M (2) and M (3)); the two adjacent H sheets are composed of
[5]-coordinated Fe3* polyhedra MH and Si,O7 groups (Si(1)
and Si(2) sites). Between the HOH layers, there is a distorted
layer of Ba atoms at two cation sites, A”(1) and B”, on the
periphery of the HOH layer, and a TS block. The A (1) and

Eur. J. Mineral., 33, 659-673, 2021

BP sites coordinate (SO4) and configure the I block (inter-
mediate block, in the sense of Sokolova, 2006). At conver-
gence, a split model was applied to the A” and X X sites. The
latter was interpreted as resulting from partial occupancy by
Cl in agreement with the chemical analysis (Table 2). It was
not possible to locate the position of H atoms in the differ-
ence Fourier maps, probably due to the split site related to
CL

7 Discussion
7.1 Crystal structure and crystal chemistry
7.1.1 Cation sites

In the heteropolyhedral sheet, tetrahedral sites are occupied
solely by Si in zinkgruvanite, as confirmed by the average
observed bond lengths (1.620-1.624 A, Table 7). The MH
sites are dominantly occupied by Fe3* with minor Ti and
Al (T10 20Alp.06), and the observed average bond length is
1.964 A, larger than that in yoshimuraite (1.923 A), where it
is dominantly occupied by Ti (0.78 apfu), and minor Fe3*

(0.22 apfu) (McDonald et al., 2000). The calculated site scat-

https://doi.org/10.5194/ejm-33-659-2021
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Table 3. Composition (in wt %) of barium-bearing minerals associ-
ated with zinkgruvanite.

Cerchiaraite-Al | Barytocalcite Witherite
n=10 n=11 n=28

Mean o | Mean o Mean o
SiOy 25.34 0.38 - - - -
TiO, 0.61 0.06 - - - -
Al,O3 10.23 0.68 - - - -
V703 0.01 0.02 - - - -
Cr O3 0.02 0.03 - - - -
MgO 0.10 0.05 - - - -
CaO 0.05 0.02 | 19.06 0.17 0.69 0.07
BaO 44.27 0.77 | 5040 0.46 76.68 0.59
SrO - - 0.18 0.17 0.58 0.16
Fe,;03 6.85 0.82 0.03 0.03 0.04 0.05
MnO 0.71 0.10 - - - -
NiO 0.01 0.01 - - - -
NayO 0.12 0.06 - - - -
K>O 0.00 0.00 - - - -
Cl 6.52 0.12 - - - -
SO3 0.01 0.02 - - - -
CO2calc 29.60 22.30
HOcalc 4.90
o=Cl -147
Total 98.29 | 99.27 | 100.29

tering values agree well with the site scattering obtained by
structure refinement (Table 8).

There are four M© [6]-coordinated sites in the O sheet:
M(1), two M(2) and M (3). These are occupied dominantly
by Mn2T, although Fe?* is also very abundant. The M(1)
and M (2) polyhedra are slightly smaller (and probably host
minor Fe3t), whereas the M (3) polyhedron is larger, and we
assume that it hosts some Ca, which is coupled to the replace-
ment of (OH) by CI at the X 2 site. The same trend in poly-
hedron size occurs in yoshimuraite (M (1) &~ M(2) < M(3);
McDonald et al., 2000), with larger average bond distances
because of the higher Mn>* content. Average bond distances
in zinkgruvanite (Table 7) and the observed bond valence
sums (Table 6) agree with dominance of Mn2* at the M©
sites. Agreement between aggregated observed site scatter-
ing and calculated site scattering from the assigned site pop-
ulation is close (97.2 vs. 100.1 epfu; electrons per formula
unit).

There are two types of peripheral sites: the A% sites that
are closer to the TS block and the B sites, which are part
of the intermediate layer along with oxyanions (in this case
the SO, groups). The A” sites are split into two sites: AP (1)
(occupied by Ba, 1apfu) and A% (2), a satellite peak due to
minor Na (0.03 apfu; Table 1) being bonded to F at the Xg
anion site (0.08 apfu) close to the O sheet, whereas Ba at the
AP (1) is further from the O sheet to avoid steric hindrance
with the H associated with OH at the Xg anion site (A (1)-

https://doi.org/10.5194/ejm-33-659-2021

Table 4. Powder X-ray diffraction data (d in A) for zinkgruvanite.

1 Icalc dobs dcalc h k l
53 47 4875 48380 0 0 3
32 32 4231 4228 1 1 1
26 47 4163 4155 1 1 1
30 47 3908 3906 1 1 2
35 32 3730 3732 1 0 3
42 78 3632 3632 1 1 2
70 44 3508 3512 1 0 3

48 3497 0 2 1
51 21 3445 3440 1 1 3
56 83 3330 3334 0 2 2
48 68 3.154 3156 1 1 3
56 40 3108 3117 1 0 4
70 70 29799 29775 1 1 4
61 35 29275 29298 1 2 1
61 60 2.8401 28394 1 1 4
68 75 28136 28130 1 2 2
70 92 27771 27733 1 2 1
71 43 26990 26945 2 0 0
85 74 26804 26791 2 0 1
40 20 25782 25799 2 0 2
16 11 24782 24802 2 0 2
15 13 24200 24187 0 2 5
45 32 22365 22357 2 0 4
25 28 22090 22053 0 1 6
31 26 21709 21719 1 2 5

27 21271 2 2 1
100 26 21250 21242 1 2 4

17 21095 2 0 4
96 21 2.1071 21063 2 2 1
58 17 20755 20776 2 2 2
32 18 19876 19872 1 2 5
21 15 1.8403 18426 0 3 4
49 40 17570 17574 0 4 1
29 10 1.6537 1.6540 3 1 3
42 9 15926 15933 3 2 2
29 11 14695 14683 2 4 0

X g =3.57A). This could explain the rather short stretch-
ing frequencies for (OH™) in the Raman spectrum (3655
and 3540 cm™!). The presence of two different Raman shifts
must be ascribed to the dominant Mn>* and Fe?* at the two
M(2) and the M(1) sites, i.e. Mn?T and Fe?. Mean bond
lengths are compatible with Ba at the A (1) site, and Na is
at the AP (2) site (coordinating Clat X9). The B site is fully
occupied by Ba, as shown by the observed site scattering and
mean bond lengths (Table 6).

In the intermediate block, Ba and SO4 form a baryte-like
layer parallel to (010) (Fig. 7a and b). The overall geometry
is the same as in baryte, although some distortion is present
to adapt to bonding to the oxygens of the Si;O7 and Fe3*+Os
groups of the H sheet. The S-S distances in the intermediate
block of zinkgruvanite are 4.015 and 5.313 A, whereas the

Eur. J. Mineral., 33, 659-673, 2021
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Table 5. Crystal data and experimental conditions for the single-crystal XRD study.

Temperature
Wavelength

Crystal system
Space group
Unit-cell dimensions

Unit-cell volume

V4

Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 8 = 30.03°
Refinement method
Data/restraints/parameters
Goodness of fit on F2

Final R indices [I > 20 ()]
R indices (all data)

Largest diff. peak and hole

293(2)K
0.71073 A

Triclinic

P1

a =5.39820(10) A, o = 98.256(2)°.
b=17.02370(10) A, B = 93.379(2)°.
c = 14.8108(4) A, y = 89.985(2)°.
554.75(2) A3

1

11.140 mm ™!

666

3.78 to 30.03°.
—T<h<7,-9<k<9, -20<[<20
14768

3204 (Rjp = 0.0499)

98.5 %

Full-matrix least-squares on F 2
3204/0/209

1.030

R1 =0.0323, wR2 = 0.0758
R1=0.0379, wR% = 0.0787

1.751 and —1.361e.A~3

corresponding values for baryte are 4.002 and 5.000 A (us-
ing the atom coordinates of Jacobsen et al., 1998). The mean
S-O bond length is 1.471 A, which agrees well with a site
dominantly occupied by S. A similar average bond length
was reported for yoshimuraite (1.487 A) by McDonald et al.
(2000) for an S-site occupancy of (Pg 46S0.34510.17) £0.97 and
an incident bond valence of 5.5 v.u. (Table 5 of McDonald
et al., 2000; valence unit). Incident bond valence calculated
with full occupancy yields values too high at O(6) and O(7)
but good values for O(1) and O(13) that show bond valence
deficiency.

7.1.2 Anion sites

There are 13 anion sites in the structure of zinkgruvanite,
12 of which are fully occupied by O?~, as indicated by the
incident bond valence (Table 6). The X g bonds to two M(2)
and one M (3) cations, and its incident bond valence (Table 6)
indicates that X E\) must host a monovalent anion, dominantly
(OH™) substituted by minor F or Cl. The O(13) site bonds
to the cations at the S and B” sites and shows a prominent
bond valence deficiency and high Ueq (Table 6 and Fig. 6a)
that is related to the heterovalent substitutions at the S sites
(SO substituted by P> and Si**). The O(1) site also shows
a high equivalent isotropic-displacement factor (Table 6) and
is also bonded to cations at the S, BY and A” sites. Also
in this case, the high displacement parameters are likely due
to static disorder to be ascribed to heterovalent substitutions
at the S site. Bond valence has been calculated assuming an
occupancy of 0.87 S atoms per site. Full occupancy by S in-

Eur. J. Mineral., 33, 659-673, 2021

creases incident bond valence at O(1) and O(13) to values
closer to 2 v.u., but values at O(6) and O(7) become too high
(2.14 and 2.12 v.u., respectively). This indicates that full oc-
cupancy of the S site by sulfur requires smaller cations at A"
and BP . Therefore, heterovalent substitution of S by P (or Si)
is favoured.

7.1.3 Nomenclature and classification

Zinkgruvanite is a member of the ericssonite group
and is strongly related to ericssonite and ferroeric-
ssonite by the insertion of SO4 groups at the I block
and by the substitutions of Mn’* by Fe’* at the O
sheet in ferroericssonite. It is closely related to the
minerals of the seidozerite supergroup, specifically
to  yoshimuraite, BasMnyTiz(Si207)2(PO4)202(0OH),,
via the coupled heterovalent substitution 2 Ti*T+ 2
(PO4)3~ — 2 Fedt+ 2 (SO04)2~, and innelite-1A4,
Bay Tia(Nay M** Ti)(Si207)2[(SO4)(PO4)]02[O(OH)],
via the additional coupled heterovalent sub-
stitution (S04)2™ +M° (Nay Ti) 0+ +X4 02~ -
(PO4)3~+M° (Mn2T)6++ X20H

In yoshimuraite there is a topological change accompa-
nying this substitution, as discussed by Sokolova and Ca-
mara (2014), that it is related to the linkage of H sheets to
the O sheet in the TS block. The differences in linkage in the
TS block between these two minerals are clearly visible in
Fig. 6. The HOH layer in which the M™ sites are occupied
by Fe’ = 2 apfu (Fig. 6a, zinkgruvanite, and Fig. 8, ferroer-
icssonite) has linkage 1 (in the sense of Sokolova, 2006): two

https://doi.org/10.5194/ejm-33-659-2021
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Table 6. Atom coordinates and equivalent isotropic displacement parameters (10\2) for zinkgruvanite. Ueq is defined as one-third of the trace

of the orthogonalized U iJ tensor.

Site and ref. s.c.* X y z Ueq s.o.f. BV
BY Ba 1.23102(5) 1.12167(4) 0.883149(19) 0.01622(11) 0.989(4) 2.253
AP(1) Ba 0.71960(6)  0.58658(4)  0.81206(4) 0.01783(15) 0.985(5) 2.061
AP (2)Ba 0.721(4) 0.569(3) 0.770(3) 0.021 0.016(2) 0.033
MH Fe —0.29776(12) 0.05864(9) 0.69843(5) 0.0119(2) 0.983(5) 2.862
M(1) Fe 0 1/2 1/2 0.0130(3) 0.483(3) 2.102
M(2) Fe 0.49965(13)  0.76557(11) 0.50054(5) 0.0161(3) 0.922(3) 1.961
M(@3) Fe 0 12 12 0.01594) 0.466(3) 2.048
Si(1) Si 0.1992(2) 0.78356(16) 0.68739(8) 0.0101(3) 1 4.001
Si(2) Si 0.1984(2) 0.32982(16) 0.68489(8) 0.0102(3) 1 4.043
S 1.2468(3) 0.6968(2) 0.97635(10) 0.0187(5) 0.874(8) 5.250
o) 126398)  0.7150(7) 1.0777G3)  0.0323(10) 1 1.850
0Q2) —0.0383(6) 0.2617(5) 0.7335(2) 0.0144(7) 1 2.035
0@3) 0.4541(6) 0.8791(5) 0.7362(2) 0.0155(7) 1 1.970
04) —0.0395(6) 0.8792(5) 0.7368(2) 0.0148(7) 1 1978
O(5) 0.4531(6) 0.2615(5) 0.7327(2) 0.0157(7) 1 2.019
0(6) 1.4635(7) 0.7978(6) 0.9483(3) 0.0256(8) 1 1.946
O(7) 1.0199(7) 0.7983(6) 0.9488(3) 0.0254(8) 1 1932
O(8) 0.1782(6) 0.2737(5) 0.5749(2) 0.0153(7) 1 2.002
0©) —0.3156(6) 0.0204(5) 0.5721(2) 0.0150(7) 1 1.980
0(10) 0.2025(7) 0.5643(5) 0.7135(3) 0.0209(8) 1 2.046
X om 0327(2)  0.4823(18) 0.4322(7)  0.0236(16)  0.77(1)  0.760
X?(Cl) 0.324(3) 0.469(2) 0.4018(7) 0.0236(16) 0.23(1) 0.303
0(12) 0.1796(6)  0.7766(5) 05773(2)  0.0149(7) 1 1.942
0(13) 12390(11)  0.5045(7) 0.9278(5)  0.0474(16) 0.874@8) 1.761

* ref. s.c.: scattering curve used for refine site occupancy. s.0.f.: site occupancy factor. B.V.: bond valence calculated with values from
Gagné and Hawthorne (2015), except for bonds involving CI taken from Brown and Altermatt (1985), and the ideal chemical composition

(except for S site at 0.87 apfu of S; see text for discussion).

SipO7 groups of two H sheets link to the trans edges of an oc-
tahedron of the O sheet in zinkgruvanite and ferroericssonite
(Fig. 9f). Where the M sites are occupied by Ti*+ = 2 apfu,
as in yoshimuraite (Fig. 6b), the HOH layer has linkage 2 (as
in bafertisite-group minerals, where Ti(Nb) = 2 apfu): two
SipO7 groups of two H sheets link to two octahedra of the
O sheet adjacent along b (Fig. 9c).

The chemical composition of the O sheet for both
yoshimuraite and zinkgruvanite corresponds to the
bafertisite-group minerals: only divalent cations (mostly
Mn?t and Fe?t, respectively) are dominant in the O sheet
(Sokolova and Cdmara, 2017). However, the HOH layer with
Fe3t =2apfu has linkage 1, as in lamprophyllite-group
minerals where Ti = 3 apfu, e.g. in barytolamprophyllite,
ideally (BaK)TizNa3sTi(Si;07)202(OH),, which has a
completely different chemistry of the O sheet, i.e. Ti(Nb)
and Na in the O sheet instead of 4 M?* cations. Linkage
and topology (as well as cell parameters) are very similar
to those shown by innelite-1A (Sokolova et al., 2011)
BayTi;NayM?+ Ti(Si207)2[(SO4)(PO4)]02[O(OH)]  (with
M?2* = Mn, Fe?t, Mg, Ca). But again, the chemical com-
position of the O sheet is very different, and so are site
geometry and dimensions of polyhedra.

https://doi.org/10.5194/ejm-33-659-2021

The difference in linkage between yoshimuraite and
zinkgruvanite is to be ascribed to the different bond valence
incident at the anions at the X ?,1 sites coordinating cations at
the M™ and MO sites as discussed by Sokolova and Cémara
(2014) (see their Fig. 2c). Longer M H—Xﬁ),l bonds occur when
this MM is occupied by Fe’* (> 1.8 A), therefore having a
lower bond valence incident at X$). Where Ti**(Nb3*) oc-
cupies the M H gite, shorter M H—X?/I distances are observed
(< 1.8 A), providing bond valence excess. When linkage is
of type 1, there is one octahedron in the O sheet having ev-
ery apex shared with a polyhedron of the H sheet, which host
high-charge cations. This implies that the cation at that oc-
tahedral site must be a low-charge cation and/or polyhedron
size must grow (lamprophyllite-group minerals having Na at
the O sheet) or the charge of the MH site must be lower and
the polyhedron must be larger (as in ericssonite-group min-
erals). Alternatively, a change in linkage that avoids having
one octahedron in the O sheet sharing every apex with a poly-
hedron of the H sheet can keep a higher-charge cation, as in
yoshimuraite.

This difference led Sokolova et al. (2018) to propose a
separate group for ericssonite-group minerals (Fe3*t disil-
icates), which was approved by IMA (Memorandum 78-

Eur. J. Mineral., 33, 659-673, 2021
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Table 7. Selected interatomic distances (A), polyhedral volumes and polyhedral distortion parameters for zinkgruvanite.

F. Camara et al.: Zinkgruvanite, a new ericssonite-group mineral

Si(1)  —0(Q3) 1.616(4) Si2)  —0(5) 1.614(4) ME  —0Q) 1.997(4)
—0(12) 1.621(4) —0(10) 1.640(4) —0(5) 1.992(4)
—0(10) 1.641(4) —0(8) 1.617(4) —0(4) 1.992(4)
—0(4) 1.618(4) —0(Q2) 1.609(4) —0(9) 1.848(4)
<Si(1) —O> 1.624 <Si2) —-0O(> 1.620 —0(2) 1.992(4)
vV (A3 2.18 v (A 2.166 <MH  _O> 1.964
TQE 1.0051 TQE 1.0051 vV (Ad 5.856
TAV (°2) 20.76 TAV (°2) 20.50
M) —0@®)x2 2261(3) M2 -X9x2 2.272(11) M@B) —0(12)x2  2.293(3)
—0(12) x2  2.258(3) —0(8) x 2 2.119(4) -Xx9x2 2.077(11)
—09)x2  2.058(4) —0(9) x 2 2.178(4) —0(8) 2.250(3)
<M({1) —-0O> 2.192 <M2) -—-0> 2.191 <M@3) —-0> 2.206
Vv (AY 13.59 vV (Ad) 13.34 vV (Ad 13.75
OQE 1.0241 OQE 1.035 OQE 1.030
OAV (°2) 66.27 OAV (°2) 106.64 OAV (°2) 82.33
~XQep x2 251812) —XQy x2  2.330014)
S —0(13) 1.435(5) <M@2) -O0> 2.264 <M@3) -O0> 2.291
—0(7) 1.483(4) v (A 15.18 v (AD) 15.68
—0(1) 1.485(5) OQE 1.019 OQE 1.015
—0(6) 1.479(4) OAV (°2) 39.78 OAV (°2%) 51.62
<SS -O0> 1.471
vV (AY 1.626 AP(1) —0x10) 3.066(4) BP  —o) 2.951(5)
TQE 1.0028 —0(5) 2.774(4) —0(6) 2.895(5)
TAV (°2) 11.35 —0(3) 2.830(4) —0(5) 2.883(3)
—0(6) 2.766(4) —0(6) 2.858(4)
APy —0@) 2.700(3) —0(Q2) 2.772(4) —0(3) 2.887(3)
—0(5) 2.570(3) —0(1) 2.852(4) —0(13) 2.675(5)
—0(10) 2.780(3) —Xg(C]) 3.130(11) —0(7) 2.858(4)
—0(4) 2.650(3) —0(4) 2.826(4) —0(7) 2.888(5)
—0(2) 2.530(3) —0(10) 3.055(4) —0(1) 2.963(5)
—0(10) 2.870(3) —0(7) 2.773(4) —0(2) 2.870(3)
—XQ(CD 2.520(5) <AP(1) -o> 2.884 —0(4) 2.881(3)
<AP@Q) -0O> 2.660 <B?  —0O> 2.874
~XQom 296005
<AP@ -o0o> 2724 xQ —xg(OH) 0.446(15)

* OQE: octahedral quadratic elongation. OAV: octahedral angle variance. TAV: tetrahedral angle variance. TQE: tetrahedral quadratic elongation in the sense of

Robinson et al. (1971).

SM/17). Zinkgruvanite is a member of the ericssonite group
(Sokolova et al., 2018), similar to ericssonite (Moore, 1971)
and ferroericssonite (Kampf et al., 2011; Fig. 8), although it
contains an interlayer of SOy that is absent in ericssonite. The
discovery of this new species confirms the model of Sokolova
and Camara (2014).

Zinkgruvanite fits in the Strunz group 9.BE.25 (sorosili-
cates; SipO7 groups, with additional anions; cations in octa-
hedral and greater coordination; Strunz and Nickel, 2001).

7.1.4 Compositional variations
For the material investigated here, some chemical variation

is present. The substitution of SiOi_ and POZ_ for SOi_
is coupled to variations in Ti*t (Fig. 10). Heterovalent sub-

Eur. J. Mineral., 33, 659-673, 2021

stitution of the oxyanion in the I block was also reported
for yoshimuraite with (Py.46S0.34510.17)0.9704 (McDonald
et al., 2000). Some degree of heterovalent Ti*t — Fe3t sub-
stitution was reported by McDonald et al. (2000) in yoshimu-
raite. Since the Ti*t — Fe** substitution affects the bond
valence incident at cations of the O sheet and ultimately
seems to control the topology of the crystal structure (link-
age 1 in zinkgruvanite and linkage 2 in yoshimuraite), it
seems reasonable to propose that at a certain Ti**+ : Fe>" ra-
tio, the zinkgruvanite structure will transition to the yoshimu-
raite structure. In turn, the existence of intergrowths of
yoshimuraite and zinkgruvanite seems possible and should
be checked by transmission electron microscopy.

https://doi.org/10.5194/ejm-33-659-2021
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Figure 6. The crystal structures of zinkgruvanite (a) and yoshimu-
raite (b) (McDonald et al., 2000) for comparison. Mn2t octa-
hedra: purple; Fe3+05 pyramid: light brown; Ti4+05 pyramid:
cyan; SiOy4 tetrahedra: blue; SOy4 tetrahedra: yellow; PO, tetrahe-
dra: pink, Ba?* cations: cyan; oxygen anions: red; chlorine anions:
grey. Obtained with Vesta 3 (Momma and Izumi, 2011).

It is noteworthy that the homovalent Mn>* — Fe?* sub-
stitution is also significant in zinkgruvanite (but very limited
for yoshimuraite; Watanabe et al., 1961; McDonald et al.,
2000), and this suggests the possible occurrence of compo-
sitions with Fe?T > Mn?* for zinkgruvanite (i.e. a “ferro-"
analogue). As reported for yoshimuraite from the type lo-
cality (Watanabe et al., 1961), zinkgruvanite also shows the
presence of some Cl, related to a OH — Cl substitution at the
X g site. The structural model of zinkgruvanite shows split-
ting of the ions at the X 2 site, similar to what is observed
for some Cl-bearing amphiboles (Oberti et al., 1993). This
was not reported for ferroericssonite with 0.19 Cl atoms pfu
(Kampf et al., 2011).

7.2 Genetic aspects

The minerals of the seidozerite supergroup commonly occur
in highly differentiated magmatic complexes (peralkaline-
to-agpaitic rocks). The type locality of the zinkgruvanite-
related mineral yoshimuraite, the Noda-Tamagawa mine, is
a metamorphosed bedded Mn deposit, in which the mineral
occurs in the border facies of an alkaline pegmatite dike
crosscutting the ores (Watanabe et al., 1961). Ericssonite-
group minerals occur in skarn assemblages within metamor-

Eur. J. Mineral., 33, 659-673, 2021
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Figure 7. Comparison of the geometry of the intermediate block in
zinkgruvanite (a) and a (010) slab of baryte (b). Drawn with Vesta
3 (Momma and Izumi, 2011). Baryte model from Jacobsen et al.
(1998).

AALAALIAS
ARASAAN
N
VY NYVNYY
AL 4AL LA
Figure 8. The crystal structure of ferroericssonite (Kampf et al.,
2011) for comparison. Fe?t octahedra: light brown; Fe3+05 pyra-
mid: light brown; SiO, tetrahedra: blue; BaZt cations: cyan; oxy-

gen anions: red; chlorine anions and/or OH groups: grey. Drawn
with Vesta 3 (Momma and Izumi, 2011).
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Figure 9. Linkage of H and O sheets in yoshimuraite: (a) the O
(octahedral) sheet and the H (heteropolyhedral) sheet of (SioO7) (in
blue) and MH polyhedra (in light yellow where occupied by Ti and
in brown where occupied by Fe3+) and (b) the TS block composed
of HOH sheets; in zinkgruvanite (d) O + H sheets and (e) TS block
composed of HOH sheets. M O octahedra in purple centred by Mn
and in green centred by Fe?t.In yoshimuraite, linkage 2 occurs (c)
where two SipO7 groups link to two octahedra of the O sheet ad-
jacent along #,. In zinkgruvanite (ericssonite), linkage 1 occurs (f)
where two H sheets connect to the O sheet such that two SioO7
groups on opposite sides of the O sheet link to trans edges of the
same octahedron of the O sheet.

phosed Mn ore deposits of inferred syngenetic origin (eric-
ssonite; Moore, 1971; Matsubara and Nagashima, 1975) and
in contact-metamorphosed Ba-rich sediments altered by late
fluids (ferroericssonite; Dunning et al., 2018). Zinkgruvanite
joins ericssonite through its occurrence in an originally syn-
genetic deposit which has been modified by regional meta-
morphism.

Geochemical studies by Hedstrom et al. (1989) and Jans-
son et al. (2017, 2018) demonstrated that all chemical com-
ponents present in the Ba-rich associations were introduced
already during the depositional stage of the stratiform Zn-Pb-
Ag mineralization, via hydrothermal alteration of the strati-
graphic footwall prior to regional metamorphism. Despite the
rarity of the zinkgruvanite-bearing, Ba-rich associations at
Zinkgruvan, they are not unusual with regards to the suite
of elements, only with regards to the anomalously high Ba
content and unusual mineralogy. It is suggested that these
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Figure 10. Compositional variations in zinkgruvanite based on
EPMA. Regression lines correspond to R% =0.69 and 0.74, respec-
tively.

Ba-rich associations could have formed via internal remo-
bilization and enrichment of syngenetic components during
regional metamorphism or constitute a more unusual mem-
ber of the pre-metamorphic alteration system, which formed
the Zinkgruvan Zn-Pb-Ag deposit.

Jansson et al. (2017) interpreted that the stratiform Zn-Pb-
Ag deposit and associated Cu mineralization formed upon
exhalation of oxidized brines into a reducing seafloor envi-
ronment. From the composition of zinkgruvanite and its as-
sociated minerals, it can be inferred that the fluids responsi-
ble for their formation were saline fluids enriched in Cl and F,
as also indicated by the presence of minute grains of zhang-
peishanite, BaFCI. The predominance of Fe>T in zinkgruvan-
ite and cerchiaraite contrasts with the stratiform Zn-Pb-Ag
mineralization in general, which although being Fe-enriched
is virtually devoid of Fe3*. The great depth of the discovery
location within the mineralization seem to preclude any in-
fluence of surficial oxidation, whereby alteration by oxidized
brines is implicated.

https://doi.org/10.5194/ejm-33-659-2021

The absolute timing of formation of zinkgruvanite and as-
sociated minerals such as barytocalcite, baryte, witherite and
cerchiaraite is uncertain. The relatively coarse-grained, ra-
dial or generally diverging aggregates of mostly subhedral
crystals in the form of a space-infill texture, seen in pri-
marily barytocalcite and baryte (including interstitial infill-
ings of cerchiaraite (s.1.)) between crystals, could be inter-
preted as vein- or fissure-filling assemblages formed by fluid-
mediated processes. Somewhat speculatively, the formation
of the exotic, Ba-Cl-F-enriched assemblage could have been
connected to a late stage of devolatilization related to e.g.
regional pressure release.
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