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A Microsoft® Visual Basic software, WinGadclas, has been developed to calculate the chemical formulae of gadoli-
nite supergroup minerals based on data obtained from wet-chemical and electron-microprobe analyses. WinGadclas
currently evaluates 13 valid mineral species using the Commission on New Minerals, Nomenclature and Classification
(CNMNC) of the International Mineralogical Association (IMA) nomenclature scheme for the gadolinite-supergroup
minerals in the general chemical formula 4,MQ,T,0,p,. The program recalculates and estimates the chemical formulae
of gadolinite-supergroup species based on 10 oxygen atoms, with the 2 7, 2 4, and 7+ Q = 4 atoms per formula unit
normalization options. Mineral formulae of the gadolinite-supergroup minerals are calculated based on the occupancy of
A, M, O, T, and ¢ sites, as well as the application of the dominant-valency and dominant-constituent rules. WinGadclas
operates in four stages: (1) it estimates cation and anion contents provided by input chemical data; (2) it determines the
dominant cation and anion at the 4, M, O, T, and ¢ sites; (3) it assigns the gadolinite-supergroup minerals to one of the
four subgroups, including datolite, gadolinite, herderite, and drugmanite; and (4) it classifies the gadolinite-supergroup
species into appropriate groups, such as gadolinite and herderite. WinGadclas allows users to: (1) enter up to 46 input
variables for mineral-chemical analyses; (2) type and load multiple gadolinite-supergroup mineral compositions in the
data entry section; (3) edit and load the Microsoft® Excel files used in calculating, classifying, and naming the gadolinite-
-supergroup minerals, and (4) store all the calculated parameters in the output of a Microsoft® Excel file for further data
evaluation. The program is distributed as a self-extracting setup file for Windows 7 or later operating system, including
the necessary support files used by the program, a help file, and representative sample data files.
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1. Introduction

The gadolinite-supergroup minerals, approved by the
Commission on New Minerals, Nomenclature and Clas-
sification (CNMNC) of the International Mineralogical
Association (IMA), have monoclinic symmetry with a
P2 /c space group and are composed of gadolinite (sili-
cates) and herderite (phosphates and arsenates) groups,
respectively. The gadolinite-supergroup minerals have
a layered structure consisting of two distinct layers that
run parallel to the (100) plane and alternate in the [100]
direction, in which one layer consists of 70, and QO,
tetrahedra, while the other contains both 4O g2 polyhedra
and MO,p, octahedra (Bacik et al. 2017). The general
chemical formula of gadolinite-supergroup minerals can
be expressed as 42MQ-T>0, ¢, where the letters, except
for O for oxygen, specify groups of atoms to be applied
for the dominant ion (e.g., Ca, Y, Ce, Yb, Nd, and Pb
for 4, and OH, O, and F for ¢) based on the occupancy
of the 4, M, Q, T, and ¢ sites with the application of
the dominant-valency and dominant-constituent rules.
Each site in the gadolinite supergroup is occupied by: 4
= Ca, REE (Y and lanthanides), actinides (e.g., U, Th),

Pb, Mn*, Bi; M = Fe, o (vacancy), Mg, Mn, Zn, Cu, Al;
0 =B,Be, Li; T=Si, P, As, B, Be, S; and ¢ = O, OH, F
(Bacik et al. 2017). The gadolinite-supergroup minerals
consist of two groups based on the charge occupancy at
the T site, including the gadolinite group (i.e., Si*" at the
T site) and the herderite group (i.e., P°* or As’ at the T
site). The gadolinite group is divided into the gadolinite
and datolite subgroups according to divalent and trivalent
cations occupying the 4 site, respectively. In this respect,
the Q site is dominantly occupied by B*" in the datolite
subgroup, whereas Be?" is the dominant cation in the
gadolinite subgroup. Similarly, the herderite group miner-
als consist of two subgroups: herderite and drugmanite in
which the Q site is dominantly occupied by Be*" and a va-
cancy, respectively. Minerals of the herderite subgroup are
characterized by the dominant divalent cation (e.g., Ca*") at
the A site, Be?*" at the Q site, and a vacancy at the M site.
On the other hand, the drugmanite subgroup is defined by
the dominance of divalent cations (e.g., Pb*") at the 4 site,
a vacancy situation at the Q site, and the occupation of
cations (e.g., Fe") at the M site (Bacik et al. 2017).
Although various computer programs applicable to the
calculation and classification of rock-forming silicates,
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Tab. 1 A list of the IMA-approved species in the gadolinite-supergroup minerals (revised from Bacik et al. 2017)

Row Species Symbol Formula A M (0] T (0] ) IMA status
Gadolinite Group
Datolite Subgroup A% o>
1 Datolite Dat  CaB(SiO,)(OH) Ca* u] B, Si, o, (OH), A
2 Homilite Hom CaFe*B,SiO,, Ca?" Fe?* B, Si, 0, O, A
Gadolinite Subgroup A* o*
3 Gadolinite-(Y) Gad-Y Y,Fe*'Be,0,(SiO,), Y, Fe? Be, Si, O, 0, A
4 Gadolinite-(Ce) Gad-Ce Ce,Fe*'Be,0,(Si0,), Ce, Fe* Be, Si, 0, 0, A
5  Gadolinite-(Nd) Gad-Nd Nd,Fe*Be,0,(Si0,), Nd, Fe** Be, Si, 0, 0, A
6  Hingganite-(Y) Hin-Y BeY(SiO,)(OH) Y, Be, Si, 0, (OH), A
7  Hingganite-(Ce) Hin-Ce BeCe(SiO,)(OH) Ce, o Be, Si, O, (OH), A
8  Hingganite-(Yb) Hin-Yb BeYb(SiO,)(OH) Yb, o Be, Si, 0, (OH), A
9  Hingganite-(Nd) Hin-Nd Nd,oBe,Si,O(OH), Nd, o Be Si, o, (OH), A
Herderite Group
Herderite Subgroup A% o*
10 Herderite Hrd  CaBe(PO,)F Ca, u] Be, P, 0, F, A
11 Hydroxylherderite Hhd  CaBe(PO,)(OH) Ca, o Be P, 0, (OH), A
12 Bergslagite Bgl  CaBe(AsO,)(OH) Ca, o Be, As 0, (OH), A
13 Fluorbergslagite Fbgl  CaBe(AsO,F Ca, i Be, As, O, F, NA
Drugmanite Subgroup A [u]
14 Drugmanite Dru  Pb,Fe’'(PO,)(PO,OH)(OH),  Pb, Fe’* o, P, O, (OH)  (OH), A

A = Approved by the IMA; NA = Not approved by the IMA; o = Vacancy.

ore-related minerals, as well as accessory minerals, have
been developed over the past two decades (e.g., Yavuz
1999, 2003, 2013; Yavuz et al. 2014, 2015; Yavuz and
Yildirim 2018, 2020; Yavuz 2021; Yavuz and Yavuz
2022, 2023a, b, 2024; Janousek et al. 2024; Yavuz 2024a,
b, 2025a, b), those useful for the gadolinite-supergroup
minerals, according to the current IMA report, have not
yet appeared in the literature, possibly in part due to the
lack of a classification system until the one published
only recently by Bacik et al. (2017). Taking this situa-
tion into consideration, a computer program called Win-
Gadclas has been developed using the Microsoft® Visual
Basic programming language. It can be used to calculate
the chemical formulae from up to 200 analyses obtained
from both wet-chemical and electron-microprobe tech-
niques. The program estimates and classifies mineral
analyses of gadolinite-supergroup minerals on the basis
of 10 oxygen atoms, with the 2 7, 2 4 and 7+ Q=4 atoms
per formula unit (apfu) normalization options selected
from the pull-down menu of Calculate Contents of lons
in the Start-up Screen or Data Entry Screen. The calcu-
lation and classification procedures applied to gadolinite
supergroup minerals by WinGadclas are carried out
according to the currently accepted IMA nomenclature
scheme (Bacik et al. 2017), with changes to the gadolin-
ite subgroup nomenclature proposed by Atencio (2023),
who discredited minasgeraisite-(Y) (i.e., IMA-CNMNC
Proposal 23-F). Hence, the program does not classify this
type of species (e.g., minasgeraisite-(Y)) with the state-
ment “Not classified” in column 121 of the Calculation
Screen. Additionally, the program considers hypothetical

end members (e.g., fluorbergslagite) as well as new root
names based on analytical data or real substitution trends
for classifying the gadolinite supergroup. WinGadclas
allows the user to display members of the gadolinite
supergroup in several binary and ternary classification
and compositional diagrams by using Golden Software’s
Grapher program from the pull-down menu of Graph in
the Calculation Screen.

2. Gadolinite-supergroup minerals
nomenclature

The gadolinite supergroup comprises phosphates, be-
ryllophosphates, berylloarsenates, borosilicates, and
beryllosilicates. Among these, beryllosilicates are the
most prevalent in nature, making up the majority of
the supergroup species, and they are classified within the
gadolinite subgroup (Bacik et al. 2017; Vereshchagin et
al. 2023). Being a monoclinic orthosilicate member of the
gadolinite-supergroup minerals, gadolinite commonly oc-
curs in beryllium- and REE (rare earth element)-bearing
granites, Nb—Y—F-rich (niobium—yttrium—fluorine) peg-
matites, alkaline rocks, alkaline pegmatites or syenite
pegmatites associated with larvikites, some metamorphic
rocks, REE-rich Alpine-type hydrothermal mineraliza-
tion, and iron-oxide skarn deposits (Segalstad and Larsen
1978; Pezzotta et al. 1999; Skoda et al. 2018 and refer-
ences therein; Allaz et al. 2020). Members of the gadolin-
ite subgroup with a magmatic origin are often metamict
due to high contents of actinides (e.g., U, Th) replacing
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REEs, i.e. structural disorder induced by radiation dam-
age (Paulmann et al. 2019).

Using the available data on the gadolinite supergroup
species, consisting of the gadolinite and herderite groups,
Bacik et al. (2017) proposed a nomenclature scheme for
the members, which has been approved by the IMA—
CNMNC (see Tab. 1). In this nomenclature scheme, the
gadolinite supergroup minerals with the general chemical
formula 4,MQ,T,0,p,, belonging to silicates, phosphates
and arsenates, are classified based on the occupancy of
A, M, O, T, and ¢ sites, as well as the application of the
dominant-valency and dominant-constituent rules (Hatert
and Burke 2008). The dominant-valency rule is consid-
ered for the occupancy of the 4 and M sites due to the
trivalent (i.e., R*") and divalent (i.e., R*") cations, as well
as vacancies (i.e., 0) at the M site, and also for the 7 site,
which hosts various tetravalent (i.e., R*) and pentavalent
(i.e., R%) cations. In the structure of gadolinite-super-
group minerals, there are tetrahedral sites that regularly
form alternating four- and eight-membered rings, such as
T and Q. In this structure, each 7O, tetrahedron is con-
nected to three QO, tetrahedra and vice versa (Bacik et al.
2017). The charge at the T site varies from 4" (e.g., Si) to
5* (e.g., P or As) within the TO, tetrahedron, which hosts
the dominant cations of silicon, phosphorus, and arsenic
in silicates, phosphates, and arsenates, respectively. In
contrast to drugmanite, which is unique due to the va-
cancy at the Q site in the drugmanite subgroup (King and
Sengier-Roberts 1988), the QO, tetrahedra are generally
occupied by B for the datolite subgroup and by Be for
the gadolinite and herderite subgroups.

The A site in the structure of gadolinite-supergroup
minerals exhibits the highest coordination number of
eight and is characterized by distorted tetragonal an-
tiprisms (Camara et al. 2008). Although cations with
ionic radii between 1.331 A (Pb) and 0.976 A (Lu) can
occupy the 4 site in the gadolinite supergroup due to a
higher coordination number, the most frequently observed
cations at this site are Ca (1.132 A), Y (1.024 A), and Ce
(1.129 A), with trace amounts of Mn (0.955 A) (Bagik et
al. 2017; Hawthorne and Gagné 2024). The charge at the
A site ranges from 2" (e.g., Ca) to 3* (e.g., Ce), with no
indication of monovalent cations (e.g., Na) being present.
However, theoretically, there are no restrictions regarding
local site dimensions or bond-valence requirements that
would prevent the presence of monovalent cations at the
A site. The 4O, p, polyhedra are situated in layers that
are interposed between two tetrahedral layers, creating
a network of irregular six-membered rings. These rings
enclose the M site and share edges with the 40, ¢, poly-
hedra, while the 40,0,MO, ¢, layer is flanked by eight-
membered tetrahedral rings (Bacik et al. 2014, 2017).

In the current gadolinite-supergroup minerals nomen-
clature scheme, the charge at the M site varies from 0

(i.e., vacant site) to 3* and the M site is predominantly
occupied by Fe?', as in gadolinites (e.g., gadolinite-
(Y)) and homilite. However, other divalent cations
with ionic radii close to Fe* (e.g., Mg, Mn, Co, Ni,
Cu, and Zn, Ni) can occupy the M site (Foit et al. 1973;
Ito and Hafner 1974). The M site is also occupied by
trivalent cations, like Fe*', as in the case of drugmanite.
Conversely, the M site in other members of the gado-
linite supergroup — excluding gadolinites, homilite, and
drugmanite — is vacant (e.g., hingganite-(Ce)) with the
charge balanced by the protonation of two oxygens at
the @5 anion sites. The distorted MO,p, octahedra are
bounded by four-membered rings of 7" and Q tetrahedra
on either side of the A0 ,p,MO, ¢, layer. The M-site
cations are coordinated with pairs of 02, O4, and ¢5
anions, as well as O2 and O4 linking the 70, and QO,
tetrahedra in neighbouring layers. The gadolinite-super-
group minerals that contain five anion sites with total-
ling 10 anions per formula unit (apfu) are exclusively
occupied by oxygen in the O2—4 sites, whereas the O1
site may bond with one hydrogen atom, as in the case
of drugmanite. The ¢5 site may contain oxygen (e.g.,
gadolinite (Nd)), hydroxyl (e.g., hingganite-(Yb)), and
fluorine (e.g., herderite), resulting in the anion compo-
nent of the gadolinite supergroup structure with 16-20
negative charges (Bacik et al. 2014).

In the gadolinite supergroup, groups are named ac-
cording to the oldest members as well as the prevailing
occupancy at the T site based on the dominant-valence
rule (Hatert and Burke 2008). For example, minerals
with dominant Si** at the 7 site belong to the gadolinite
group, whereas minerals with dominant pentavalent (i.e.,
R") cations (e.g., P, As) at the T site belong to the herd-
erite group. While using the occupancy of the Q sites as
a classification criterion is not recommended due to the
difficulties in analysing Be and B, determining the oc-
cupancy and dominant charge of the A4 site is generally
sufficient for classifying a mineral into a subgroup. Bacik
et al. (2017) stated that if the O-site occupancy cannot be
analytically determined and the occupation and dominant
charge of the A site are inadequate for subgroup clas-
sification, the M-site occupancy can also be utilized to
correctly assign a mineral to its appropriate subgroup. In
the datolite subgroup, the A4 site is primarily filled with
divalent cations, while in the gadolinite subgroup, it is
mainly occupied by trivalent cations. Similarly, the Q site
is predominantly occupied by B** in the datolite subgroup
and by Be?" in the gadolinite subgroup.

The herderite subgroup is characterized by the preva-
lence of divalent cations, typically Ca?*, at the 4 site and
Be?" at the O site. In contrast, the drugmanite subgroup
is distinguished by the dominance of divalent cations,
usually Pb?*, at the 4 site, along with a vacancy at the
O site. The root name of gadolinite supergroup miner-
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Tab. 2 Description of column numbers in the Calculation Screen window of WinGadclas program and

an output Excel file

root name rather than rely on a
prefix. Therefore, if a phosphate

. Column analogue of drugmanite exists, a
Row Explanations R R
Numbers  pew root name is used instead

1 Major oxides from the gadolinite-supergroup mineral (GSM) compositions (wt. %) 1-48 of the term phosphodrugman—

2 Blank o 49 ite (Bagik et al. 2017). In the

3 Estimation of the stoichiometric BeO, B,0, and H,O content (wt. %) 50-52 dolini

4 Blank S current gadolinite supergroup

. classification scheme, only a

5 Recalculated cations from the GSM compositions (apfit) 54-98 i y

6 Blank 99 hydroxyl prefix (e.g., hydrox-

7  Recalculated OH, O and F contents from the GSM compositions (apfit) 100-103 ylherderlte) is used to d(?Slgnate

3 Blank 104 an occupant of the ¢5 site.

9  Total cations at the 4 site (apfi) 105 In CheCklng the llFerature,
10 Total cations at the M site (apfir) 106 there are several possible pro-
11 Total cations at the (O+7) sites (apfir) 107 cedures for calculating the
12 Ca/(Total 4 site) ratio 108 chemical formulae of gadolin-
13 Si/(Total T site) ratio 109 ite-supergroup minerals. If all
14 Y/(Total 4 site) ratio 110 chemical data are available for
15 Total (REE+Y) contents (apfu) 111 a gadolinite supergroup min-
16 Blank 112 eral analysis, the calculation
17  Dominant ions at the sites (i.e., 4, M, O, T, and ¢) 113-117 based on 10 anions is a proper
18 Blank 118 method. In some instances, cal-
19 Gr01'1[? nam.e, subgro.up name, and species from the GSM compositions 119-121 culations involving anions are
20  Additional information about the GSM 122 fundamentally flawed due to
21  Blank 123

(apfu) = Atoms per formula unit

als is determined based on the occupancy of the 4, M,
and T sites. In terms of the occupancy of the 4 site, for
example, if the dominant cation at the 4 site in a new
mineral is not a rare earth element, it is assigned a new
root name. For instance, a mineral (e.g., homilite) with
strontium as the dominant cation at the A4 site is not de-
fined as homilite-(Sr) or strontio-homilite; instead, it is
given a distinct root name. Similarly, if a newly identified
AREE-dominant mineral varies from known species solely
in its dominant REE, the Levinson-type suffix (Levinson
1966) is considered by appending the dominant REE
to the existing root name. For example, Yb-dominant
gadolinite is designated as gadolinite-(Yb) in the current
gadolinite supergroup nomenclature scheme proposed by
Bacik et al. (2017).

In the gadolinite-supergroup minerals, when the M
site is occupied for homilite, gadolinites, or drugmanite,
the predominant cation is typically Fe?*" or Fe*, as in the
case of drugmanite. To date, no other cation has been
reported to dominate the M site. If the occupancy of
the M site exceeds 0.5 (apfu) and Fe?* or Fe*' is not the
dominant cation, a new root name is used to define the
gadolinite supergroup species. When the 7-site popula-
tion is changed through heterovalent substitution, a new
root name is required due to the change in group clas-
sification. In contrast, homovalent substitution — such
as replacing P with As — does not change the group
name, but it is still advisable to assign a new mineral

the presence of OH groups,
the varying amounts of Fe?”,
and the levels of Be, B, and Li,
which cannot be accurately measured by EMPA. Thus,
if only EMPA data are available, a calculation procedure
based on cations is a suitable approach. On the other
hand, using a calculation based on five cations is funda-
mentally inappropriate due to the presence of a vacancy
at the M site. Three other options for the calculation of
the gadolinite supergroup minerals include (i) 4 (4+7),
(i1) 2 A, and (iii) 2 T cations, respectively. Calculating
based on 4 (4+ T) cations is not recommended by Bacik
et al. (2017) due to the potential for substitutions such
as CaFe , BSi , or AlSi . Likewise, replacing Si with
B or Be at the T sites could also lead to a specific non-
stoichiometric situation when the formula is based on 4
(A+T) or 2 T cations. In this instance, calculating based
on 2 A cations may yield the correct formula. According
to Bacik et al. (2017), in the absence of BSi | substitution,
which is common in most of the gadolinite-supergroup
minerals, it is advisable to calculate the formulae based
on 2 T and 2 A cations at the same time and then select
the formula that is more stoichiometrically appropriate,
giving preference to the calculation based on the 2 T
cations.

3. Program description

WinGadclas is a user-friendly, compiled program package
(=9 MB) developed for personal computers running on
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the Microsoft® Windows operating system. The program
first calculates the cation and anion values (in apfu) from
analyses made on the gadolinite supergroup by means of
wet-chemical or electron-microprobe techniques and then
uses these to classify the mineral into the IMA-approved
species that belong to two groups, i.e. gadolinite and
herderite, with four subgroups consisting of datolite,
gadolinite, herderite, and drugmanite (see Tab. 1). A list
of the calculation steps in the Calculation Screen and
in the output of a Microsoft Excel file developed by the
program is given in Tab. 2. Upon the successful instal-
lation of WinGadclas, the start-up screen with various
pull-down menus and equivalent shortcuts appears on the
display (Fig. 1a). The program allows the user to input
wet-chemical or electron-microprobe gadolinite super-
group analytical data by clicking the New icon on the

the program by clicking the Open Excel File option from
the pull-down menu of File. By selecting the Edit Excel
File option from the pull-down menu of File, data can be
inserted into a blank Excel file (i.e., MyGadolinite),
saved using a different file name (with the extension of
“.x1s” or “.x1sx”), and then loaded into the Data
Entry Screen of the program by clicking the Open Excel
File option from the pull-down menu of File. Additional
information about data entry or similar topics can be
accessed by pressing the F1 function key to display the
WinGadclas.chm help file on the screen. The current
version of WinGadclas includes a total of 17 binary and
ternary classification and compositional plots. Data on any
of these plots can be displayed using the program Grapher
by selecting the diagram type from the pull-down menu of
Graph in the Calculation Screen of the program (Fig. 1c).

toolbar, by selecting the New
File from the pull-down menu
of the File option, or press-
ing the Ctrl+N keys (Fig. 1b).
Up to 46 chemical analytes (in
wt. %) are used by WinGadclas
given in the following order:

Sample No, SiO , TiO,
7zr0, UO, ThO > Al O,

cr,0,, B,0," Fe o,
Y 0, Bi, 0, La,0,,
Ce,0,, Pr,0,, Nd,O.,,
sm,0,, Eu,0,, Gd,0,,
Tb,0,, Dy,0,, Ho,0,,
Er,0,, Tm,0,, YDb,O,,
Lu,0,, Nb,0,, Ta,O.,
As,0,, Sb,0., P,0,
FeO, MnO, CaO, BaoO,
SrO, MgO, NiO, ZnoO,
PbO, CuO, BeO, Na O,
K,0, Lio,, F, HO. '

Data from the analysis of a
gadolinite-supergroup mineral
can also be input into a blank
Excel file following the above
order, saving it with the exten-
sion of “.x1s” or “.x1sx”.
After this, the file can be loaded
into the Data Entry Screen of

Fig. 1a - A screenshot of the Win-
Gadclas Start-up window with various
pull-down menus and equivalent short-
cuts. b - A screenshot of the Win-
Gadclas Data Entry window with a total
of 46 analytes (wt. %). ¢ — A screenshot
of the WinGadclas Calculation Screen
with plot options from the pull-down
menu of the Graph.
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HTQ‘;Q::E(?‘?)) iggg sggg g [10] (REE+Y) - (Fe+Mn) Diagram [Larsen et al. (2013)] [Gadolinites-Hingganites-Homilite-Datolite]

Hingganite-(Ce) 1082 0,000 | 0]  [11] F-OH[Nizamoff etal. (2011)] [Herderite-Hydroxylherderite]

Hingganite( Yb) 1.897 | 0.000 | 0|  [12] Be/Sum of Q-site Cations - OH/Sum of Phi-site Cations [revised from Gorelova et al. (2021)] [Gadolinites-Hingganites-Homilite-Datolite]
Hnggantte-(Nd) 2000 | 0.000 01 [43] CasSum of A-site Cations - Be/Sum of Q-site Cations [revised from Gorelova et al (2021)] [Datalite subgroup-Gadolinite subgroup]
Herderte 0.002 0,000 | 0

Hydrowyherderte 0011 oo g 1 Y-Ce-NdDiagram [Baginskiet al. 2016)] [Hingganite-(Y)-Hingganite-(Ce)-Hingganite-(Nd)]

Bergsagre 0.140 | 0,000 | 0|  [15] V- Ce- Vb Diagram [This study] [Hingganite-(¥)-Hingganite-(Ce)-Hingganite-(VE]]

Fluorbergsiagite 0.141 0.000 o [16] ¥ - Ce - Nd Diagram [This study] [Gadolinite-(¥)-Gadolinite-(Ce)-Gadolinite-(Ne)]

Zutie 0.000 0.000 u [17] Si- P - As Diagram [This study] [Herderite and Hydroxylherderite-Bergslagite]
e | |

}
‘ 10 oxygen atoms per formula unit (apfu)

z=47 PM | 5//2025 |

C:\Program Files (x86)\WinGadelas\Species.gad
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Tab. 3 Chemical compositions of selected gadolinite group minerals with calculations and classifications by WinGadclas

Row st s2 S3 S4 S5 s6 s7 S8 $9
1 sio, 38000  31.870 25810  23.680  21.770 28220 25470  22.110  23.550
2 TiO, 0.000 0.000 0.040 0.140 0.000 0.000 0.000 0.000 0.000
3 Tho, 0.000 0.000 0.000 0.000 0.000 0.230 0.000 0.000 0.130
4 ALO, 0.650 1.500 0.000 0.040 0.000 0.070 0.000 0.000 0.000
5 B0, 19380 18.080 0.560 0.550 0.100 0.000 0.000 0.000 0.420
6 Fe,0, 0.280 2.150 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 Y0, 0.000 0.000 33430 10230 5490  17.510 0.720 8.560 8.750
8  La,0, 0.000 0.000 0200  11.910 2.780 0.750  11.110 0.000 1.630
9 Ce0, 0.000 0.000 1490 18.020  14.040 4450 28320 0.000  12.890

10 Pr,0, 0.000 0.000 0.410 2330 3.280 0.690 2.110 0.000 3.090

11 Nd,0, 0.000 0.000 1.100 4350  19.270 3.640 4.700 0.000  16.900

12 Sm,0, 0.000 0.000 0.920 0.520 5.300 2380 0.390 0.000 5.970

13 Eu0, 0.000 0.000 0.000 0.000 0.240 0.000 0.000 0.000 1.080

14 Gd,0, 0.000 0.000 1.830 0.000 4.100 3.340 0.080 0.110 5.150

15 Tb,0, 0.000 0.000 0.620 0.270 0.360 0.640 0.000 0.050 0.500

16  Dy,0, 0.000 0.000 3.680 0.350 1.320 4.760 0.050 2.470 2.500

17 Ho,O, 0.000 0.000 0.810 0.440 0.180 0.720 0.000 1.030 0.330

18 Er0, 0.000 0.000 2.790 1.060 0.380 1.950 0.000 8.220 0.840

19 Tm,0, 0.000 0.000 0.300 0.170 0.000 0.410 0.000 3.100 0.100

20 Yb,0, 0.000 0.000 1.260 0.910 0.000 1.030 0.000  34.070 0.440

21 LuO, 0.000 0.000 0.000 0.050 0.000 0.000 0.000 4.500 0.040

22 Nb,O, 0.000 0.000 0.270 0.000 0.000 0.000 0.000 0.000 0.000

23 FeO 0.000 16250 12350  10.110  10.620 4370 3.610 0.000 3.030

24 MnO 0.390 0.000 0.110 1.280 0.100 0.230 0.000 0.000 0.100

25 CaO 35390 27.280 0.900 3.130 0.140 4370 7.070 1.140 0.450

26 MgO 0.090 0.520 0.000 0.320 0.510 0.000 0.000 0.000 0.000

27 ZnO 0.000 0.000 0.070 0.000 0.000 0.000 0.000 0.000 0.000

28 BeO 0.000 0.000  10.750 8.830 8990 11750  10.600  10.900 9.640

29 Na,0 0.000 1.500 0.000 0.110 0.000 0.000 0.000 0.000 0.000

30 K,0 0.000 0.000 0.000 0.540 0.000 0.000 0.000 0.000 0.000

31 H,0 5.710 0.000 0.300 0.000 0.550 0.000 2.880 3.740 2.720

323 (wt. %) 99.890  99.150  100.000  99.340  99.520 91510 97.110 _ 100.000  100.250

33 B0, 0.000 0.000 0.000 0.000 0.000 2710 2.190 0.000 0.000

34 H0 0.000 0.850 0.000 0.660 0.000 5.780 0.000 0.000 0.000

4. Worked examples

Using the selected data set from the literature as well as
“Species.gad” file in the installation document (i.e.,
WinGadclas setup file), examples are presented that show
how WinGadclas can be used in the determination of
chemical formulae and the classification of gadolinite-
supergroup minerals. The previously typed or loaded
analyses are processed by clicking the Calculate icon
(i.e., Y) in the Data Entry Screen of the program, after
which all input and estimation parameters are displayed
in columns 1-121 (see Tab. 2) of the Calculation Screen.
Pressing the Ctrl+F keys or clicking the Open File to
Calculate option from the Calculate menu also executes
the processing of a selected data file with the extension
of “. gad”, which refers to the gadolinite supergroup. By
clicking the Send results to Excel file icon in the Calcula-
tion Screen, all calculations can be stored in an Excel file

(Output.xlsx) and then displayed by clicking the Open
and edit Excel file icon.

The validity of program output has been tested with
representative gadolinite group (see references in Tab. 3)
and herderite group (see references in Tab. 4) analyses
selected from the literature. WinGadclas calculates the
compositional formula for a given gadolinite supergroup
analysis on the basis of 10 oxygen atoms (apfu). Alterna-
tively, by clicking one of the options, for example, Based
on the 2 T (apfu) Normalization from the pull-down menu
of Calculate Contents of lons in the Start-up Screen or
Data Entry Screen, the program calculates gadolinite-
supergroup minerals according to the selected criteria.
All input and calculated parameters are presented in the
Calculation Screen and Excel output file for the selected
mineral analyses from the literature. Classification of
a given analysis into its proper group and subgroup is
carried out based on the prevailing occupancy at the T’
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Tab. 3 Continued

Row S1 S2 S3 S4 S5 S6 S7 S8 S9
35 Si 2.053 1.949 2.048 2.035 2.000 1.929 1.982 1.897 2.000
36 Ti 0.000 0.000 0.002 0.009 0.000 0.000 0.000 0.000 0.000
37 Th 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.003
38 Al 0.041 0.108 0.000 0.004 0.000 0.006 0.000 0.000 0.000
39 B 1.807 1.909 0.077 0.082 0.016 0.320 0.295 0.052 0.062
40 Fe*' 0.011 0.099 0.000 0.000 0.000 0.000 0.000 0.000 0.000
41 Y 0.000 0.000 1.412 0.468 0.268 0.637 0.030 0.391 0.395
42 La 0.000 0.000 0.006 0.378 0.094 0.019 0.319 0.000 0.051
43 Ce 0.000 0.000 0.043 0.567 0.472 0.111 0.807 0.000 0.401
44  Pr 0.000 0.000 0.012 0.073 0.110 0.017 0.060 0.000 0.096
45 Nd 0.000 0.000 0.031 0.134 0.632 0.089 0.131 0.000 0.513
46 Sm 0.000 0.000 0.025 0.015 0.168 0.056 0.010 0.000 0.175
47 Eu 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.031
48 Gd 0.000 0.000 0.048 0.000 0.125 0.076 0.002 0.003 0.145
49 Tb 0.000 0.000 0.016 0.008 0.011 0.014 0.000 0.001 0.014
50 Dy 0.000 0.000 0.094 0.010 0.039 0.105 0.001 0.068 0.068
51 Ho 0.000 0.000 0.020 0.012 0.005 0.016 0.000 0.028 0.009
52 Er 0.000 0.000 0.070 0.029 0.011 0.042 0.000 0.222 0.022
53 Tm 0.000 0.000 0.007 0.005 0.000 0.009 0.000 0.083 0.003
54 Yb 0.000 0.000 0.030 0.024 0.000 0.021 0.000 0.891 0.011
55 Lu 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.117 0.001
56 Nb 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.000 0.000
57  Fe* 0.000 0.831 0.820 0.727 0.816 0.250 0.235 0.000 0.215
58 Mn 0.018 0.000 0.007 0.093 0.008 0.013 0.000 0.000 0.007
59 Ca 2.049 1.788 0.077 0.288 0.014 0.320 0.590 0.105 0.041
60 Mg 0.007 0.047 0.000 0.041 0.070 0.000 0.000 0.000 0.000
61 Zn 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000
62 Be 0.000 0.000 2.049 1.823 1.984 1.929 1.982 2.247 1.967
63 Na 0.000 0.178 0.000 0.018 0.000 0.000 0.000 0.000 0.000
64 K 0.000 0.000 0.000 0.059 0.000 0.000 0.000 0.000 0.000
65 Y (apfu) 5.988 6.909 6.909 6.902 6.851 5.982 6.443 6.105 6.229
66 OH 2.000 0.347 0.159 0.378 0.337 2.000 1.495 2.000 1.541
67 O 0.000 1.653 1.841 1.622 1.663 0.000 0.505 0.000 0.459
68 Y (apfu) 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
69 Y A site (apfu) 2.049 1.965 1.892 2.088 1.957 1.535 1.949 1.909 1.979
70 Y M site (apfi) 0.078 1.086 0.834 0.874 0.894 0.269 0.235 0.000 0.222
71 Y (Q+T) sites (apfu) 3.861 3.858 4.184 3.940 4.000 4.178 4.259 4.196 4.028
72 Y (REE+Y) (apfu) 0.000 0.000 1.815 1.722 1.943 1.212 1.360 1.804 1.935
73 Caly Asite 1.000 0.910 0.040 0.138 0.007 0.208 0.302 0.055 0.021
74 Si/y Tsite 0.532 0.505 0.490 0.517 0.500 0.462 0.465 0.452 0.496
75 Y/Y A site 0.000 0.000 0.778 0.272 0.138 0.526 0.022 0.217 0.204
76  Dominant 4 site Ca Ca Y Ce Nd Y Ce Yb Nd
77  Dominant M site u] Fe? Fe?* Fe?* Fe** u] u] o i
78  Dominant Q site B B Be Be Be Be Be Be Be
79  Dominant 7 site Si Si Si Si Si Si Si Si Si
80  Dominant ¢ site OH (0] O (6] (6] OH OH OH OH
81  Subgroup DatSg DatSg GadSg GadSg GadSg GadSg GadSg GadSg GadSg
82  Group GadG GadG GadG GadG GadG GadG GadG GadG GadG
83  Species Dat Hom Gad-Y Gad-Ce Gad-Nd Hin-Y Hin-Ce Hin-Yb Hin-Nd

Note: (apfu) = Atoms per formula unit. REEY = Rare Earth Elements + Y. o = vacancy. Data sources: S1, S2 = Handbook of Min-
eralogy (Anthony et al. 2001-2005); S3, S6 = Lyalina et al. (2014); S4 = Segalstad and Larsen (1978); S5 = Skoda et al. (2018);
S7 = Miyawaki et al. (2007); S8 = Voloshin et al. (1984); S9 = Kasatkin et al. (2020). GadG = Gadolinite group; DatSg = Datolite
subgroup; GadSg = Gadolinite subgroup; Dat = Datolite, Hom = Homilite, Gad-Y = Gadolinite-(Y), Gad-Ce = Gadolinite-(Ce),
Gad-Nd= Gadolinite-(Gd), Hin-Y = Hingganite-(Y), Hin-Ce = Hingganite-(Ce), Hin-Yb = Hingganite-(Yb), Hin-Nd = Hingganite-
(Nd). The formulae were recalculated to apfu on the basis of 10 oxygens
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Tab. 4 Chemical compositions of selected herderite group minerals with calculations and classifications by WinGadclas

Row S1 S2 S3 S4 S5
1 Sio, 0.050 0.250 2.480 2.480 0.000
2 AlLO, 0.020 0.000 0.000 0.000 1.610
3 Fe,O, 0.000 0.000 0.000 0.000 8.850
4 As O, 0.000 0.000 51.580 51.580 0.000
5 PO, 43.160 44.120 0.000 0.000 20.370
6 FeO 0.010 0.000 0.000 0.000 0.000
7 CaO 34.450 35.370 28.570 28.570 0.000
8 PbO 0.000 0.000 0.000 0.000 64.370
9 BeO 15.300 15.660 13.000 13.000 0.000
10 Na,0 0.290 0.000 0.000 0.000 0.000
11 F 8.700 2.950 0.000 6.000 0.000
12 O=F 3.663 1.242 0.000 2.527 0.000
13 H,0 1.390 4.240 6.000 0.000 3.870
14 > (wt.%) 99.707 101.348 101.630 99.103 99.070
15 H,0 (Wt.%) 0.000 0.000 0.000 0.900 0.000
16 [Si 0.002 0.012 0.140 0.153 0.000
17 Al 0.001 0.000 0.000 0.000 0.183
18 Fe¥* 0.000 0.000 0.000 0.000 0.644
19 As 0.000 0.000 1.522 1.662 0.000
20 P 1.763 1.735 0.000 0.000 1.667
21 Fe?* 0.001 0.000 0.000 0.000 0.000
22 Ca 1.781 1.760 1.728 1.886 0.000
23 Pb 0.000 0.000 0.000 0.000 1.675
24 Be 1.773 1.747 1.762 1.924 0.000
25 Na 0.027 0.000 0.000 0.000 0.000
26 > (apfu) 5.349 5.254 5.152 5.625 4.170
27 OH 0.447 1.314 2.000 0.320 2.000
28 (¢} 0.225 0.253 0.000 0.511 0.000
29 F 1.328 0.433 0.000 1.169 0.000
30 > (apfu) 2.000 2.000 2.000 2.000 2.000
31 > A site 1.808 1.760 1.728 1.886 1.675
32 > M site 0.002 0.000 0.000 0.000 0.827
33 > (Q+T) sites 3.539 3.494 3.424 3.738 1.667
34 Ca/y, A site 0.985 1.000 1.000 1.000 0.000
35 Si/y, T site 0.001 0.003 0.041 0.041 0.000
36 Dominant 4 site Ca Ca Ca Ca Pb
37 Dominant M site o i m] i Fe¥*
38 Dominant Q site Be Be Be Be u]
39 Dominant 7 site P P As As P
40 Dominant ¢ site F OH OH F OH
41 Subgroup HrdSg HrdSg HrdSg HrdSg HrdSg
42 Group HrdG HrdG HrdG HrdG HrdG
43 Species Hrd Hhd Bgl Fbgl Dru

Note: (apfu) = Atoms per formula unit. 0 = vacancy. Data sources: S1 = Harlow and Hawthorne (2008) S2 = Gorelova et al. (2020); S3, S4, S5 =
Handbook of Mineralogy (Anthony et al. 2001-2005). HrdSg = Herderite subgroup; HrdG = Herderite group; Hrd = Herderite, Hhd = Hydroxyl
herderite, Bgl = Bergslagite, Fbgl = Fluorbergslagite, Dru = Drugmanite. The formulae were recalculated to apfu on the basis of 10 oxygens. The
analysis in S4 is the same as in S3 (i.e., bergslagite), but the H,O (wt. %) content has been intentionally replaced with the F (wt. %) to obtain

fluorbergslagite through the program

site, following the dominant-valence rule and dominant
occupancy and valence at the 4 and Q sites, respectively.

WinGadclas calculates the gadolinite-supergroup min-
eral analyses (e.g., see rows 1-68 in Tab. 3) and lists the
total contents of A4, M, and (Q+7) sites (apfu), as well
as some useful cation/total site ratios (see rows 69—75

in Tab. 3). The determination of dominant constituents
by the program at each site (see rows 76—80 in Tab. 3),
along with a subgroup, group, and specific species (see
rows 81-83 in Tab. 3) based on the current gadolinite-
supergroup nomenclature scheme, is provided on the
Calculation Screen as well as in an output Excel file. The
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Fig. 2 — Selected plots of the gadolinite-supergroup minerals classification and compositional diagrams from the pull-down menu of Graph in the
Calculation Screen of the WinGadclas program, using the selected mineral analyses from the literature. a — Compositional plot of the gadolinite-group
minerals in a “Be/Sum of Q-site cations versus “OH/Sum of Q-site cations diagram (revised from Gorelova et al. (2021) [filled diamonds from Demar-
tin et al. (1993), Pezzotta et al. (1999), Allaz et al. (2020), Tomasi¢ et al. (2020); filled squares from Demartin et al. (1993), Pezzotta et al. (1999),
Tomasi¢ et al. (2020); filled triangles from Gorelova et al. (2024); filled circles from Rinaldi et al. (2010), Kiss et al. (2012), Gorelova et al. (2024)].
b — Compositional plot of the herderite-group minerals in a "P/"(P+As) versus F/(F+OH) diagram (revised from Bacik et al. (2017) [filled diamonds
from Huang et al. (2002), Harlow and Hawthorne (2008), Filho et al. (2016), Hien-Dinh et al. (2017); filled circles from Cerna et al. (2002), Huang
et al. (2002); filled triangles from Brugger and Gieré¢ (1999), Raade et al. (2006)]. ¢ — Compositional plot of the gadolinites in a ternary Y-Ce-Nd
diagram [filled diamonds from Pezzotta et al. (1999), Allaz et al. (2020), Tomasi¢ et al. (2020), Gorelova et al. (2021); filled circles from Segalstad
and Larsen (1978), Lyalina et al. (2019), Allaz et al. (2020); filled triangles from Bagik et al. (2014), Skoda et al. (2018)]. d — Compositional plot of
the hingganites in a ternary Y-Ce—Yb diagram [filled diamonds from Pezzotta et al. (1999), Prsek et al. (2010), Lyalina et al. (2014, 2019), Chukanov
et al. (2017), Gorelova et al. (2020), Majka et al. (2022), Ondrejka et al. (2022, 2023); filled circles from Segalstad and Larsen (1978), Miyawaki et
al. (2007), Chakrabarty et al. (2013), Lyalina et al. (2019); filled triangles from Voloshin et al. (1984), Lyalina et al. (2019)].

number of ions is calculated on the basis of 10 oxygen
atoms (apfu) in Tabs 3—4. In a case where a chemical
composition corresponds to a hitherto unknown species
within the gadolinite supergroup (i.e., a new species),
WinGadclas warns the user with a “Not classified” state-

ment in columns 119, 120, and 121 of the Calculation
Screen for subgroup, group, and species, respectively.
The program also classifies gadolinite-supergroup spe-
cies that have not been approved by the IMA (e.g., “Ca-
hingganite-(Y)”, “OH-gadolinite”) but have appeared in
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the literature (e.g., Chukanov et al. 2017; Cooper et al.
2019). These mineral species are listed by the program
in column 121 of the Calculation Screen, as well as in an
output Excel file (i.e., Output . x1sx), with the neces-
sary explanation under the “Additional Information” title
as a statement; for example, “Not approved by the IMA”
in column 122. WinGadclas provides options to display
binary and ternary classification and compositional dia-
grams in the Calculation Screen by using the Grapher
program. Some of these plots, with selected gadolinite-
supergroup mineral data from the literature, are shown
in Fig. 2. All input and calculated parameters from the
Output tab of an Excel file (i.e., Output.x1lsx) are
automatically transposed by the Transpose tab of the
program. This procedure provides the user with the abil-
ity to prepare a quick table for presentation as well as
publication by using the Copy—Paste option.

5. Summary and availability
of the program

WinGadclas is a user-friendly program that is specially
developed for personal computers running on the Win-
dows operating system to estimate and classify the
gadolinite-supergroup minerals using data obtained from
both electron-microprobe and wet-chemical analyses.
The program processes multiple analytical data sets (up
to 200) for each program execution. The current version
of WinGadclas recalculates ions, allocates them into
the 4, M, O, T, and ¢ sites, and classifies a total of 13
valid species for a given analysis into one of two groups
(i.e., gadolinite and herderite) and four subgroups (i.e.,
datolite, gadolinite, herderite, and drugmanite) using the
current IMA-approved nomenclature scheme (Bacik et
al. 2017). The program generates two main windows.
The first window (i.e., Start-up/Data Entry Screen),
with several pull-down menus and equivalent shortcuts,
enables users to edit a given gadolinite-supergroup min-
eral analysis based on chemistry (wt. %). By clicking the
Calculate icon (i.e., Y) in the Data Entry Screen, all input
and estimated parameters by WinGadclas are displayed
in the second window (i.e., Calculation Screen). The
program reports the output in a tabulated form with col-
umns numbered from 1 to 121 in the Calculation Screen
window, as well as in an output Excel file. These columns
include the gadolinite-supergroup compositions (wt. %),
recalculated cation and anion values (apfu), total contents
of ions (apfu) allocated to the sites, along with some use-
ful ratios, dominant ions at the sites (i.e., 4, M, O, T, and
®), as well as groups, subgroups, and species. The results
in the Calculation Screen can be exported to a Microsoft®
Excel file (i.e., Output.x1lsx), by clicking the Send
Results to Excel File (Output.xlsx) icon or selecting the

Send Results to Excel File (Output.xlsx) option from the
pull-down menu of Excel. This file is then opened by
Excel by clicking the Open and Edit Excel File (Output.
xlsx) icon or selecting the Open Excel File (Output.xlsx)
option from the pull-down menu of Excel.

WinGadclas is a compiled program that consists of a
self-extracting setup file containing all the necessary sup-
port files (i.e., “d11” and “ocx”) for the 32-bit system.
By clicking the setup file, the program and its associated
files (i.e., support files, help file, data files with the exten-
sions “.gad”, “.x1s”, “.x1sx” and plot files with the
extension “.grf” are installed into the personal computer
(i.e., the directory of C: \Program Files\WinGad-
clas or C:\Program Files (x86)\WinGad-
clas) on Windows 7 or subsequent operating systems. An
installation of the program on a personal computer with
a 64-bit operating system may require the “msflexgrd”
adjustment (see explanations in the Electronic Supple-
mentary Material, ESM 1). The self-extracting setup file
(i.e., the WinGadclas setup . exe file) is approximately
9 MB and can be obtained from the journal’s server as a
Electronic Supplementary Material (ESM 2).
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