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[bookmark: OLE_LINK2][image: ]Figure S1. Magnified XRD pattern of the product from biotite in the blank system after 90 d (Bt-H-90d). At least seven typical reflections suggestive of kaolinite were observed in the XRD pattern, despite the presence of some relatively weak reflections.


[image: ]Figure S2. FTIR spectrum of the product from biotite in the blank system after 90 d (Bt-H-90d).



[image: ]Figure S3. The morphology and composition of the original Bt. TEM images (a), HAADF image and EDS mapping (b), and EDS patterns (c).



[bookmark: OLE_LINK1][image: ]Figure S4. TEM image (a), HAADF image (b), EDS mapping (c, e, and f), and EDS pattern (d) of Bt-Al-90d. 

[image: ]Figure S5. Schematic diagram showing the influence of various metal cations on the transformation process of biotite.


[bookmark: OLE_LINK15]Table S1. Ionic radii, hydrated ionic radii, charge-to-radius (Z2/r) values, and hydration enthalpies of various cations.
	
	Na+
	K+
	Mg2+
	Ca2+
	Al3+

	Ionic radius (Å)
	0.97
	1.33
	0.66
	0.99
	0.53

	[bookmark: _Hlk172066512]Hydrated ionic radius (Å)
	3.58
	3.31
	4.28
	4.12
	4.75

	Z2/r value (1/nm)
	9.35
	6.99
	61.54
	36.70
	147.54

	hydration enthalpy (kJ/mol)
	-398
	-338
	-1820
	-1580
	-4468


Compiled from Refs. (Nightingale Jr, 1959; Tansel, 2012; Volkov and Deamer, 2020).

Table S2. Chemical composition of the original Bt in this work (wt.%).
	
	SiO2
	Al2O3
	MgO
	Fe2O3
	K2O
	TiO2
	Na2O
	CaO
	MnO
	F
	L. O. I.a

	Bt
	37.87
	16.54
	15.55
	15.33
	8.83
	1.73
	0.26
	0.29
	0.15
	0.5
	1.87


a Loss on ignition.


Table S3. The solution pH values of different cation systems after 30 d of biotite dissolution experiments with an initial pH of 2.
	
	Control experiment
	K system
	Na system
	Mg system
	Ca system
	Al system

	pH
	2.53
	2.30
	3.53
	3.55
	3.94
	2.63




Table S4. Positions and assignments of the FTIR vibrational bands for the samples.
	Wavenumber (cm−1)
	Assignments

	3698, 3670, 3649, 3620 
	Al–OH stretching vibration of kaolinite

	3561
	Mg–OH stretching vibration of chlorite

	3445
	Stretching vibration of interlayer water

	1109~1001
	Si–O stretching vibration

	913
	[bookmark: _Hlk34666912]Al–OH bending vibration

	790, 754, 699
	Si–O–Si(AlVI) stretching vibration of kaolinite

	707, 684
	Stretching vibrations of Si(AlIV)–O and Si–O–Si(AlIV) of biotite 

	538
	Si–O–AlⅥ bending vibration

	470, 432
	Si–O bending vibration, Al–O bending vibration, OH translation





Table S5. Mössbauer parameters of the original biotite and the products in the various cation systems.
	
	ISa (mm/s)
	QSb (mm/s)
	BHFc (T)
	Area ratio (%)
	Assignments

	Bt
	1.09
	2.15
	-
	24.23
	Fe2+M1

	
	1.12
	2.60
	-
	38.71
	Fe2+M2

	
	0.36
	0.87
	-
	37.06
	Fe3+M1+M2

	Bt-H-90d
	1.15
	2.24
	-
	5.03
	Fe2+M1+M2

	
	0.35
	0.87
	-
	29.03
	Fe3+M1+M2

	
	0.37
	−0.19
	47.50
	65.94
	Hematite

	Bt-K-90d
	1.10
	2.47
	
	61.36
	Fe2+M1+M2

	
	0.41
	0.82
	
	38.64
	Fe3+M1+M2

	Bt-Na-90d
	1.14
	2.33
	-
	13.57
	Fe2+M1+M2

	
	0.35
	0.94
	-
	56.33
	Fe3+M1+M2

	
	0.35
	−0.17
	48.53
	30.10
	Hematite

	Bt-Mg-90d
	1.14
	2.22
	-
	15.87
	Fe2+M1+M2

	
	0.34
	0.93
	-
	58.18
	Fe3+M1+M2

	
	0.41
	−0.22
	47.93
	25.96
	Hematite

	Bt-Ca-90d
	1.20
	2.32
	-
	18.32
	Fe2+M1+M2

	
	0.34
	0.93
	-
	61.28
	Fe3+M1+M2

	
	0.38
	−0.23
	46.77
	20.40
	Hematite

	Bt-Al-90d
	0.34
	0.82
	
	23.53
	Fe3+M1+M2

	
	0.38
	−0.20
	50.49
	76.47
	Hematite


a Isomer shift, b Quadrupole splitting, c Magnetic hyperfine field.
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