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Supplements

Table S1: Weight fractions of trace elements related to the main elements by scaling Ca measured by LA-ICP-MS to Ca from EPMA. All values are given in wt%.

UF = University of Freiburg, UB = University of Bremen.

gotzenite wohlerite goOtzenite wohlerite gobtzenite wohlerite
UB UF UB UB UB UB uUB
Ca 25.86(78)  22.04(38) 21.41(41) | Ca 25.86(78) 21.41(41)
Na 4.30(16) 4.66(18) 4.63(14) Rb 0.00003(2) 0.00008(8) | Dy 0.003(2) 0.0017(4)
Mn 0.10(3) 0.60(5) 0.62(4) Y  0.019(8) 0.018(3) Ho 0.0005(3)  0.00034(7)
Fe 0.18(8) 1.62(11) 1.60(13) Ba 0.013(1) 0.0.0012(5) | Er  0.0012(7)  0.0012(2)
Si 13.99(22) 14.06(15) 13.79(12) | La 1.3(2) 0.07(2) Tm 0.00016(8) 0.00023(4)
Zr 0.64(26) 7.08(43) 7.21(27) Ce 2.0(4) 0.17(5) Yb 0.0011(5) 0.0022(3)
Sr 1.44(33) 0.41(7) 0.38(8) Pr  0.14(3) 0.016(5) Lu 0.00015(6) 0.00039(6)
Ti 4.78(46) 1.22(22) 1.15(22) Nd 0.30(3) 0.05(1) Hf 0.0030(6) 0.048(0)
Nb 2.03(69) 8.86(25) 9.33(42) Sm 0.017(3) 0.004(1) Ta 0.04(2) 0.26(2)
O 32.39(55)  34.26(85) 33.89(27) | Eu 0.0031(9) 0.0009(3) Pb  0.00071(7) 0.00039(4)
F 8.38(30) 2.80(15) 3.61(24) Gd 0.006(3) 0.0023(6) Th  0.20(7) 0.017(5)
Th  0.0006(3) 0.00028(7) | U  0.07(1) 0.043(2)




Table S2: Comparison of atomic parameters of gbtzenites with other triclinic minerals of the rinkite group, the separation sep representing the distance to the
corresponding atom in this work, references (ref), and ‘No.’ referring to the entry number in Table 10.

site X y z Uiso/Ueq mineral sep (A)  ref No.
(A2)
MH 0.63090(4) 0.22767(7) 0.90948(12) 0.0100(1) gotzenite Fohberg this work 2
Cal 0.6389(7) 0.2115(11)  0.9097(8) 0.001(2) gotzenite Mt. Shaheru 0.131 (1 5
M1 0.63094(5) 0.22638(8) 0.90950(5) 0.0110(1) gotzenite East Greenland 0.007 (2) 15
Cal 0.6322(2) 0.2218(4) 0.9096(2) 0.013(1) Zr-rich gotzenite Umbria 0.038 3) 17
MH 0.63631(2) 0.22040(4) 0.90986(7) 0.00776(9) fogoite-(Y) 0.072 4) 23
M1 0.61214(5) 0.25871(6) 0.90480(5) 0.0156(1)  batievaite-(Y) 0.273 (5 25
M1 0.63494(3) 0.22243(4) 0.91042(3) 0.01043(7) hainite-(Y) 0.053 (6) 27
MH  0.63264(4) 0.22434(7) 0.90910(5) 0.0159(1) bortolanite Brazil 0.028 (7) 30
MH  0.64043(6) 0.21591(11) 0.91081(8) 0.0113(2) bortolanite Lovozero 0.122 (8) 31
AP 0.63252(5) 0.22794(8) 0.40746(14) 0.0158(1)  gotzenite Fohberg thiswork 2
Ca3 0.6305(7) 0.2268(11)  0.4075(9) 0.002(2) gotzenite Mt. Shaheru 0.020 ()] 5
M3 0.63285(6) 0.2274(1) 0.40744(6) 0.0168(2)  gotzenite East Greenland 0.005 (2) 15
Ca2 0.6345(2) 0.2194(4) 0.4078(3) 0.011(1) Zr-rich gotzenite Umbria 0.055 3) 17
AP 0.63726(6) 0.22484(10) 0.41070(16) 0.0159(2) fogoite-(Y) 0.053 4) 23
M3 0.61613(8) 0.2661(1) 0.40340(8) 0.0179(2)  batievaite-(Y) 0.291 (5) 25
M3 0.63580(5) 0.22290(8) 0.40921(6) 0.0168(1)  hainite-(Y) 0.046 (6) 27
AP 0.63248(5) 0.23075(8) 0.40732(6) 0.0181(1) bortolanite 0.016 (7 30
AP 0.63706(8) 0.21885(15) 0.40961(11) 0.0144(3) bortolanite Lovozero 0.074 (8) 31
Me1 -0.0131(3) 0.0240(5) -0.0041(6) 0.0041(4)  gotzenite Fohberg thiswork 2
Ti O 0 0 0.012(3) gotzenite Mt. Shaheru 0.201 (1 5
M5 0 0 0 0.0243(3)  gotzenite East Greenland 0.201 (2) 15
Ti5 0 0 0 0.018(1) Zr-rich gotzenite Umbria 0.201 (3) 17
Me1l 0.0117(4) 0.0221(6) -0.0037(9) 0.0036(4) fogoite-(Y) 0.240 4 23
M5 0 0 0 0.0208(2)  batievaite-(Y) 0.201 5 25
M5 0 0 0 0.0198(1)  hainite-(Y) 0.201 (6) 27
Me1 -0.0131(3) 0.0233(5) -0.0034(4) 0.0083(4)  bortolanite 0.006 (7) 30
Me1l O 0 0 0.0167(4)  bortolanite Lovozero 0.201 (8) 31
Mo2 0 0 Y2 0.0180(5)  gotzenite Fohberg thiswork 2
Na 0 0 Y 0.015(6) gotzenite Mt. Shaheru 0.000 (1 5

M4 0 0 Y 0.0153(4)  gotzenite East Greenland 0.000 (2) 15
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X8 0.8702(4)  0.2748(8)  0.9674(5)  0.0300(7) batievaite-(Y) 0183  (5) 25

X8 0.8813(2) 0.2583(3) 0.9671(2) 0.0207(4)  hainite-(Y) 0.041 (6) 27
Xem 0.8841(2) 0.2569(3) 0.9671(2) 0.0182(3)  bortolanite 0.022 (7) 30
Xom 0.8810(3) 0.2568(6) 0.9660(4) 0.0206(10) bortolanite Lovozero 0.044 (8) 31

Xoa 0.8869(2) 0.3062(3) 0.4761(5) 0.0189(4)  gotzenite Fohberg thiswork 2
09,F 0.890(2) 0.313(3) 0.475(3) 0.007(4) gotzenite Mt. Shaheru 0.045 (1 5

F9 0.8856(2) 0.3062(3) 0.4759(2) 0.0187(4)  gotzenite East Greenland 0.012 (2) 15

F1 0.8888(6) 0.3059(11) 0.4757(8) 0.019(1) Zr-rich gotzenite Umbria 0.019 3) 17
Xoa 0.8806(2) 0.2988(4) 0.4721(7) 0.0221(4) fogoite-(Y) 0.069 4) 23

X9 0.8803(4) 0.3013(8) 0.4721(7) 0.048(1) batievaite-(Y) 0.065 (5) 25

F9 0.8820(2) 0.3019(3) 0.4739(3) 0.0280(4)  hainite-(Y) 0.049 (6) 27
Xoa 0.8842(2) 0.3044(3) 0.4744(2) 0.0217(3)  bortolanite 0.026 (7) 30
Xoa 0.8834(3) 0.2978(5) 0.4746(4) 0.0231(6)  bortolanite Lovozero 0.053 (8) 31

(1) Cannillo et al. (1972); (2) Christiansen et al. (2003a); (3) Bellezza et al. (2004b), transformed according to left-hand transformation a, c, b; (4)
Camara et al. (2017); (5) Lyalina et al. (2016); (6) Lyalina et al. (2015); (7) Day et al. (2022); (8) Selivanova et al. (2024)



Table S3: Anisotropic displacement parameters (A2) of gotzenite

Wyck. Ull U22 U33 U23 U13 U12 Ueq

site  pos.

MH 2] 0.0124(2) 0.0100(2) 0.0058(2) -0.0009(4) 0.0016(4) -0.0025(2) 0.0100(1)
AP 2i 0.0134(2) 0.0217(3) 0.0092(3) -0.0026(5) 0.0033(4) -0.0059(2) 0.0158(1)
Mel  2i 0.0043(10) 0.0042(11) 0.0044(5) 0.0009(8) 0.0003(8) 0.0026(5) 0.0041(4)
M2 1b 0.0116(7) 0.0176(7) 0.0235(8) -0.0029(12) -0.0004(11) 0.0030(5) 0.0180(5)
Me3  2i 0.0324(5) 0.0114(4) 0.0107(4) 0.0014(6) 0.0057(6) 0.0108(3) 0.0171(3)
Silt  2i 0.0074(3) 0.0079(3) 0.0077(5) -0.0002(2) 0.0013(2) 0.0024(2) 0.0076(2)
Siz  2i 0.0077(3) 0.0082(3) 0.0075(5) 0.0010(2) 0.0024(2) 0.0027(2) 0.0075(2)
01 2i 0.0226(10) 0.0367(12) 0.0084(8) 0.0003(9) 0.0063(9) -0.0010(9) 0.0230(4)
02 2i 0.0114(9) 0.0152(9) 0.0174(12) -0.0031(11) 0.0019(10) 0.0070(7) 0.0142(5)
03 2i 0.0119(9) 0.0171(9) 0.0209(13) 0.0058(12) 0.0047(11) 0.0085(7) 0.0157(5)
04 2i 0.0357(12) 0.0124(9) 0.0188(10) 0.0028(13) 0.0045(14) -0.0056(8) 0.0237(5)
05 2i 0.0465(14) 0.0129(9) 0.0200(11) -0.0021(14) 0.0106(16) -0.0041(9) 0.0271(5)
06 2i 0.0139(10) 0.0199(11) 0.0165(9) -0.0066(8) -0.0054(7) 0.0064(8) 0.0175(4)
07 2i 0.0128(9) 0.0202(10) 0.0187(10) 0.0070(7) 0.0085(7) 0.0052(8) 0.0163(4)
Xom  2i 0.0107(8) 0.0164(9) 0.0156(9) -0.0002(10) 0.0018(10) 0.0032(6) 0.0143(5)
Xoa 2i 0.0155(8) 0.0182(8) 0.0235(9) 0.0009(10) 0.0039(10) 0.0042(6) 0.0189(4)

The isotropic displacement parameter Ueq is defined as one third of the trace of the orthogonalized Uij tensor. Coefficients Uij of the anisotropic displacement factor tensor of the atoms are defined by:
—2n2[(ha")?Uyy + -+ + 2hka*b*Uyy + -+ 1.



Table S4: Comparison of atomic parameters of wohlerites, listing the separation sep representing the distance to the corresponding atom in this work,
references (ref), and ‘No.’ referring to the entry number in Table 16.

site X y z Uiso/Ueq (A2)  locality sep ref No.
(A)
X1 0.34094(3) 0.24269(3) 0.05379(5) 0.0071(1) Fohberg this work 2
Ca: 0.345 0.248 0.031 Langesundsfjord Norway 0.193 (1) 6
Zr1  0.343 0.247 0.053 Barkevik Norway 0.051 (2) 8
Zr 0.34201(3) 0.24330(7)  0.05379(4) 0.0053 Brevik Norway 0.013 (3) 10
M2  0.3413(1) 0.2446(1) 0.0535(1) 0.0093(2)  Prairie Lake Ontario 0.020 (4) 18
Zrl 0.34331 0.24260 0.05357 0.00842 Los Archipelago 0.026 (5) 22
Zr 0.3427(1) 0.2432(1) 0.0535(2) 0.012(3) Monte Somma, Italy 0.021 (6) 23
X2 0.34498(6)  0.25512(8) 0.55269(11) 0.0129(2) Fohberg this work 2
(Zr,Nb): 0.345 0.248 0.548 Langesundsfjord Norway 0.081 (1) 6
Ca: 0.347 0.257 0.552 Barkevik Norway 0.031 (2) 8
Ca(l) 0.34605(7)  0.25395(13) 0.55184(10) 0.0099 Brevik Norway 0.019 (3) 10
Cad 0.3463(2) 0.2556(2) 0.5522(3) 0.0154(3)  Prairie Lake Ontario 0.017 (4) 18
Cal 0.34587 0.25271 0.55109 0.01293 Los Archipelago 0.030 (5) 22
Ca(1) 0.3469(3) 0.2529(4) 0.5526(4) 0.019(1) Monte Somma, Italy 0.031 (6) 23
X3 0.63036(10) 0.36900(13) 0.44481(20) 0.0151(5) Fohberg this work 2
Cas 0.631 0.373 0.437 Langesundsfjord Norway 0.072 (1) 6
Na: 0.636 0.369 0.454 Barkevik Norway 0.074 (2) 8
Na(2) 0.63327(16) 0.37013(20) 0.44880(23) 0.0134 Brevik Norway 0.037 (3) 10
Nal 0.6306(3) 0.3685(4) 0.4467(6) 0.0135(7)  Prairie Lake Ontario 0.014 (4) 18
Na2 0.6339 0.37054 0.44905 0.0161 Los Archipelago 0.043 (5) 22
Na(2) 0.6319(4) 0.3706(5) 0.4486(8) 0.020(2) Monte Somma, Italy 0.032 (6) 23
X4 0.36944(6) 0.86545(8) 0.05333(11) 0.0116(2) Fohberg this work 2
Na: 0.369 0.867 0.055 Langesundsfjord Norway 0.021 (1) 6
Caz 0.365 0.871 0.052 Barkevik Norway 0.073  (2) 8
Ca(3) 0.36750(8) 0.86642(10) 0.05383(11) 0.0092 Brevik Norway 0.025 (3) 10
Ca2 0.3684(1) 0.8662(2) 0.0537(3) 0.0138(3)  Prairie Lake Ontario 0.015 (4) 18
Ca3 0.36868 0.86617 0.05497 0.01136 Los Archipelago 0.018 (5) 22
Ca(3) 0.3693(2) 0.8668(3) 0.0554(5) 0.017(1) Monte Somma, ltaly 0.021 (6) 23
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Monte Somma, Italy

Fohberg
Langesundsfjord Norway
Barkevik Norway

Brevik Norway

Prairie Lake Ontario

Los Archipelago

Monte Somma, Italy

Fohberg
Langesundsfjord Norway
Barkevik Norway

Brevik Norway

Prairie Lake Ontario

Los Archipelago

Monte Somma, Italy

Fohberg
Langesundsfjord Norway
Barkevik Norway

Brevik Norway

Prairie Lake Ontario

0.184
0.028
0.048
0.053
0.056
0.056

0.221
0.100
0.039
0.019
0.064
0.060

0.513
0.227
0.021
0.035
0.083
0.070

0.399
0.095
0.034
0.030
0.045
0.070

0.174
0.019
0.030
0.021

this work

this work
(1)

(2)
(3)
(4)



015F4 0.21728 0.84485 0.2255 0.0177 Los Archipelago 0.018 (5) 22

0(16) 0.2178(8) 0.8444(9) 0.2273(15)  0.018(2) Monte Somma, Italy 0.021 () 23
016 0.0913(3) 0.3489(2) 0.4251(4) 0.0213(5)  Fohberg this work 2
Ol 0.033 0.319 0.386 Langesundsfjord Norway 0.675 (1) 6
01 0.089 0.350 0.425 Barkevik Norway 0.027 (2) 8
0(17) 0.0867(3) 0.3486(3) 0.4228(4) 0.0176 Brevik Norway 0.047 (3) 10
014 0.0878(6) 0.3494(5) 0.4213(8) 0.0220(11) Prairie Lake Ontario 0.039 (4) 18
016 0.08994 0.34326 0.4246 0.0256 Los Archipelago 0.059 (5) 22
0(17) 0.0865(9) 0.3450(9) 0.4241(15)  0.028(2) Monte Somma, Italy 0.064  (6) 23
017 0.5229(2) 0.0798(2) 0.6407(4) 0.0157(4)  Fohberg this work 2
oIl 0.567 0.066 0.152 Langesundsfjord Norway 3.589 (1) 6
02 0.527 0.080 0.645 Barkevik Norway 0.045 (2) 8
0(18) 0.5230(3) 0.0776(3) 0.6400(4) 0.0139 Brevik Norway 0.023 (3) 10
013 0.5223(5) 0.0795(5) 0.6374(9) 0.0175(10) Prairie Lake Ontario 0.023 (4) 18
017 0.52382 0.07783 0.6391 0.0175 Los Archipelago 0.027 (5) 22
0(18) 0.5268(8) 0.0778(9) 0.6404(15)  0.022(2) Monte Somma, Italy 0.048 (6) 23
W3,F 0.7617(2) 0.3434(2) 0.2579(3) 0.0131(4)  Fohberg this work 2
Ou 0.777 0.336 0.279 Langesundsfjord Norway 0.200 (1) 6
Fiz 0.760 0.344 0.255 Barkevik Norway 0.024 (2) 8
F(15) 0.7607(2) 0.3427(2) 0.2565(3) 0.0115 Brevik Norway 0.014 (3) 10
F 0.7598(4) 0.3435(4) 0.2536(8) 0.0091(8)  Prairie Lake Ontario 0.031 (4) 18
F3 0.76137 0.34272 0.25659 0.0141 Los Archipelago 0.011 (5) 22
F(15) 0.7618(7) 0.3430(7) 0.2555(12)  0.018(2) Monte Somma, Italy 0.020 (6) 23

Note origin shifts: No. 2: (0, 0, 0,); No. 6: (0, 0.0578, 0); No. 8: (0, 0.0502, 0.5); No. 10: (0, 0.04642, 0); No. 18: (0.5, 0.2128, 0); No. 22: (0, 0.04585, 0);

No. 23: (0, 0.0436, 0)

athe O:F ratio in the W2 site depends on the Nb:Zr ratio in the X6 site. Here, ideal composition is assumed yielding full occupancies by Nb and O,
respectively.

b (1) Shibaeva and Belov (1962); (2) Golyshev et al. (1973); (3) Mellini and Merlino (1979); (4) Chakhmouradian et al. (2008); (5) Biagioni et al. (2012);
ICSD 187604; (6) Bellezza et al. (2012)



Table S5: Anisotropic displacement parameters (A?) of wohlerite

site U1l U22 U33 U23 U13 U12 Ueq

X1 0.0060(2)  0.0084(2)  0.0065(2)  0.0001(2) 0.0015(1)  0.0010(1) 0.0071(1)
X2 0.0108(2)  0.0118(4)  0.0152(3)  -0.0020(3)  0.0033(3)  -0.0029(2)  0.0129(2)
X3 0.0148(6)  0.0157(7)  0.0155(7)  -0.0006(5)  0.0060(5)  -0.0015(4)  0.0151(5)
X4 0.0106(4)  0.0138(4)  0.0099(4)  -0.0008(3)  0.0026(3)  -0.0010(2)  0.0116(2)
X5 0.0191(7)  0.0149(9)  0.0227(8)  -0.0054(6)  0.0078(6)  -0.0074(5)  0.0187(5)
X6 0.0091(1)  0.0061(1)  0.0087(2)  -0.0005(1)  0.0031(1)  -0.0009(1)  0.0079(1)
X7 0.0097(3)  0.0113(3)  0.0095(3)  -0.0001(2)  0.0024(3)  0.0013(2) 0.0104(1)
X8 0.0085(2)  0.0097(3)  0.0085(3)  -0.0007(2)  0.0023(3)  -0.0020(2)  0.0090(1)
sil 0.0076(3)  0.0066(3)  0.0078(4)  0.0007(3) 0.0019(3)  0.0005(3) 0.0075(2)
Si2 0.0075(3)  0.0064(3)  0.0096(4)  -0.0004(3)  0.0028(3)  -0.00004(29)  0.0078(2)
Si3 0.0078(4)  0.0078(4)  0.0080(4)  0.0000(3) 0.0019(3)  -0.0004(3)  0.0080(2)
Si4 0.0086(3)  0.0065(4)  0.0081(4)  0.0007(3) 0.0019(3)  0.0006(3) 0.0079(2)
o1 0.0115(9)  0.0086(9)  0.0130(11) -0.0003(9)  0.0018(10) -0.0015(7)  0.0116(4)
02 0.0107(9)  0.0089(9)  0.0130(10) -0.0015(9)  0.0021(10) -0.0023(7)  0.0113(4)
03 0.0149(10) 0.0073(9)  0.0171(12)  0.0022(9) 0.0015(9)  0.0009(8) 0.0140(5)
04 0.0131(10) 0.0094(10) 0.0256(13) -0.0041(9)  0.0085(9)  -0.0008(8)  0.0155(5)
05 0.0097(9)  0.0147(11) 0.0192(12)  0.0002(9) 0.0047(8)  -0.0007(9)  0.0146(5)
06 0.0099(9)  0.0178(12) 0.0152(11)  0.0025(9) 0.0004(8)  0.0026(8) 0.0152(5)
07 0.0143(10)  0.0101(10) 0.0145(12) -0.0017(9)  -0.0006(9)  0.0012(8) 0.0143(5)
08 0.0162(10)  0.0093(11) 0.0227(14) -0.0012(9)  0.0109(10)  0.0009(9) 0.0150(5)
09 0.0135(10)  0.0111(10) 0.0127(11) 0.0018(8) 0.0009(9)  0.0010(8) 0.0133(5)

010 0.0167(11) 0.0177(12) 0.0191(11)  0.0028(9) 0.0077(9)  -0.0056(9)  0.0174(5)

011 0.0099(9)  0.0304(15) 0.0137(12) -0.0007(12)  0.0025(10)  -0.0045(9) 0.0184(5)

012 0.0082(9)  0.0160(10) 0.0139(11) 0.0015(10)  0.0004(10)  0.0029(8) 0.0135(4)

W1,013 0.0170(11) 0.0106(11) 0.0159(11)  0.0007(9) 0.0026(9)  -0.0023(9) 0.0152(5)

W2,014 0.0149(12) 0.0137(12) 0.0193(13) -0.0045(9) 0.0063(9)  -0.0041(9) 0.0158(7)

W4,015 0.0171(10) 0.0100(10) 0.0163(12) 0.0005(10)  0.0065(10)  -0.0024(8) 0.0142(6)

016 0.0330(12) 0.0211(12) 0.0116(11) -0.0017(10)  0.0099(11) -0.0072(10)  0.0213(5)

W3,F  0.0138(8)  0.0114(9)  0.0129(9)  0.0004(8) 0.0026(8)  0.0004(7) 0.0131(4)
The isotropic displacement parameter Ueq is defined as one third of the trace of the orthogonalized Uij tensor. Coefficients Uij of the anisotropic displacement factor tensor of the atoms are defined by:
—2m2[(ha*)?Uyy + -+ 2hka*b* Uy, + -+ 1.




