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Table S1  

Table S2 Electron microprobe analyses results 

Sample 

Weight% Formula normalized to 8 oxygen 
Composition 

SiO2 Al2O3 FeO CaO Na2O K2O Totals Si Al Fe Ca Na K Totals 

7133 

63.451 23.415 0.075 4.359 9.029 0.438 100.767 2.788 1.213 0.003 0.205 0.769 0.025 13.003 An20.5Ab77.0Or2.5 

63.194 23.506 0.057 4.436 9.076 0.477 100.746 2.780 1.219 0.002 0.209 0.774 0.027 13.012 An20.7Ab76.6Or2.7 

62.879 23.300 0.090 4.325 9.031 0.476 100.100 2.783 1.216 0.003 0.205 0.775 0.027 13.010 An20.4Ab77.0Or2.6 

62.998 23.400 0.042 4.352 8.857 0.567 100.216 2.784 1.219 0.002 0.206 0.759 0.032 13.002 An20.7Ab76.1Or3.2 

Gem29 

61.385 24.323 0.097 5.641 8.552 0.301 100.299 2.722 1.271 0.004 0.268 0.735 0.017 13.018 An26.3Ab72.0Or1.7 

61.219 24.261 0.053 5.634 8.417 0.295 99.878 2.724 1.272 0.002 0.269 0.726 0.017 13.011 An26.5Ab71.8Or1.7 

61.206 24.328 0.137 5.489 8.233 0.293 99.686 2.726 1.277 0.005 0.262 0.711 0.017 12.999 An26.5Ab71.8Or1.7 

61.530 24.271 0.028 5.621 8.559 0.305 100.314 2.726 1.268 0.001 0.267 0.735 0.017 13.016 An26.2Ab72.1Or1.7 

61.804 24.195 0.106 5.476 8.504 0.306 100.392 2.735 1.262 0.004 0.260 0.730 0.017 13.008 An25.8Ab72.5Or1.7 

62.019 24.134 0.112 5.442 8.520 0.322 100.549 2.739 1.256 0.004 0.258 0.730 0.018 13.006 An25.6Ab72.6Or1.8 

89GM69 

57.257 26.458 0.090 8.421 6.841 0.022 99.089 2.587 1.409 0.003 0.408 0.599 0.001 13.009 An40.4Ab59.5Or0.1 

57.110 26.813 0.056 8.732 6.724 0.021 99.456 2.573 1.424 0.002 0.421 0.587 0.001 13.010 An41.7Ab58.2Or0.1 

57.817 26.521 0.044 8.586 6.922 0.037 99.927 2.591 1.401 0.002 0.412 0.601 0.002 13.010 An40.6Ab59.2Or0.2 

57.368 26.614 0.015 8.499 6.776 0.034 99.306 2.585 1.414 0.001 0.410 0.592 0.002 13.005 An40.9Ab58.9Or0.2 

57.753 26.897 0.090 8.577 6.935 0.037 100.290 2.580 1.416 0.003 0.411 0.601 0.002 13.013 An40.5Ab59.3Or0.2 

57.448 26.915 0.168 8.814 6.742 0.033 100.121 2.573 1.421 0.006 0.423 0.586 0.002 13.010 An41.9Ab57.9Or0.2 

SK90- 

49-1 

57.869 27.316 0.470 8.964 6.230 0.371 101.220 2.566 1.428 0.017 0.426 0.536 0.021 12.998 An43.4Ab54.5Or2.1 

57.405 27.335 0.451 9.225 6.179 0.342 100.938 2.556 1.434 0.017 0.440 0.533 0.019 13.004 An44.3Ab53.7Or2.0 

57.204 27.088 0.445 9.133 6.168 0.364 100.401 2.560 1.429 0.017 0.438 0.535 0.021 13.004 An44.1Ab53.8Or2.1 

57.414 27.208 0.435 9.243 6.026 0.371 100.699 2.560 1.430 0.016 0.442 0.521 0.021 12.996 An44.9Ab53.0Or2.1 

57.378 27.300 0.354 9.310 5.971 0.361 100.673 2.559 1.435 0.013 0.445 0.516 0.021 12.992 An45.3Ab52.6Or2.1 

57.571 27.198 0.472 9.183 6.100 0.374 100.898 2.563 1.427 0.018 0.438 0.527 0.021 12.997 An44.4Ab53.4Or2.2 

56.352 27.736 0.428 9.901 5.712 0.330 100.460 2.525 1.464 0.016 0.475 0.496 0.019 13.001 An48.0Ab50.1Or1.9 

57.942 27.092 0.444 8.812 6.120 0.453 100.863 2.576 1.419 0.016 0.420 0.527 0.026 12.991 An43.2Ab54.2Or2.6 

57.115 27.794 0.363 9.024 6.116 0.394 100.806 2.545 1.459 0.014 0.431 0.528 0.022 13.001 An43.9Ab53.8Or2.3 

57.652 27.422 0.502 8.998 6.029 0.382 100.985 2.562 1.436 0.019 0.428 0.519 0.022 12.991 An44.2Ab53.6Or2.2 

57.376 27.802 0.470 9.396 5.848 0.336 101.227 2.546 1.454 0.017 0.447 0.503 0.019 12.989 An46.1Ab51.9Or2.0 

57.140 27.376 0.524 9.219 6.032 0.326 100.616 2.551 1.440 0.020 0.441 0.522 0.019 13.000 An44.9Ab53.2Or1.9 

56.803 27.465 0.377 9.409 5.885 0.385 100.324 2.544 1.450 0.014 0.452 0.511 0.022 12.997 An45.9Ab51.9Or2.2 

57.056 27.725 0.440 9.322 6.034 0.379 100.955 2.541 1.455 0.016 0.445 0.521 0.022 13.003 An45.0Ab52.8Or2.2 

57.404 27.299 0.402 9.191 6.007 0.386 100.689 2.560 1.435 0.015 0.439 0.519 0.022 12.994 An44.8Ab53.0Or2.2 

56.935 27.804 0.340 9.497 5.913 0.365 100.854 2.537 1.460 0.013 0.453 0.511 0.021 12.999 An46.0Ab51.9Or2.1 

7144 

57.108 27.145 0.074 9.058 6.444 0.074 99.903 2.563 1.436 0.003 0.435 0.561 0.004 13.002 An43.5Ab56.1Or0.4 

56.867 27.192 0.080 9.369 6.185 0.088 99.781 2.556 1.441 0.003 0.451 0.539 0.005 12.996 An45.3Ab54.2Or0.5 

56.976 27.290 0.037 9.011 6.419 0.110 99.844 2.558 1.444 0.001 0.433 0.559 0.006 13.003 An43.4Ab56.0Or0.6 

56.916 27.102 0.127 9.087 6.564 0.069 99.865 2.558 1.435 0.005 0.438 0.572 0.004 13.012 An43.2Ab56.4Or0.4 

57.021 27.050 0.031 9.157 6.405 0.135 99.799 2.562 1.433 0.001 0.441 0.558 0.008 13.004 An43.8Ab55.4Or0.8 

57.173 27.152 0.078 9.135 6.325 0.081 99.943 2.564 1.435 0.003 0.439 0.550 0.005 12.996 An44.2Ab55.3Or0.5 
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Figure S1 The displacement modulation of the split M sites of the other two samples. (a) 

sample H4-04-2 (An44); (b) sample 91413b (An49).
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Figure S2 Sections of the other five modulated structures refined in this paper projected 

along a-axis. (a) 1974 (An32); (b) sample 91315c (An35); (c) sample SK90-49-1 (An42); (d) 

7144 (An44); (e) sample H4-04-2 (An44). The modulation wavefronts are marked with red 

planes, indicating the inversion twin boundaries within the structures. To emphasize the Al-Si 

ordering, all oxygen atoms are omitted, and Al are shown as dark blue colour and Si in 

yellow. Ca and Na occupancies are represented by red and green respectively. 
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