Appendix 1_analytical methods and procedures

[bookmark: OLE_LINK2]LA-ICPMS Trace Elements of Carbonate Minerals
Hand specimen were cut to make rock chips and impregnated into a 2.5 cm diameter epoxy mount and polished. The sample mounts were thoroughly cleaned with MilliQ water in a sonicator, and dried overnight at 45-60°C on a hot plate. Samples were then mounted to a sample holder and placed in the ablation cell. 
Trace elements of calcite was conducted using a Thermo Scientific quatraple iCap TQ inductively coupled plasma mass spectrometry (Q-ICP-MS) coupled with an ASI Resolution LR 193 nm ArF excimer laser ablation (LA) system at Micro-Origin and Spectrum Laboratory (Sichuan Chuangyuan Weipu Analytical Technology Co. Ltd.) 
The laser was operated with He carrier gas at 280 mL/min, and the 1.03 L/min nebulizer Ar gas from the iCap TQ and 5 mL/min N2 (sometime use no N2 for samples with high trace element content) for enhanced sensitivity were introduced into the funnel to mix with He carrier before transferred to ICP torch.
The iCap TQ was tuned to optimise for sensitivity, acceptable oxide rate (usually less than 1.5%, less than 1% in this experiment) with NIST 612. A 50 um line is ablated with repetition rate of 10 Hz, at 3 J/cm2, and scan speed at 3 um/s. The sensitivity is achieved with >900k cps for U which is equilibrant to >24k cps/ppm. ICP conditions were: coolant gas, 14 L/min; RF power, 1550 W; aux gas, 0.8 L/min; neb gas, 1.03 L/min. 
The laser timing for the experiment was set with 3 s surface cleaning, 7s washout, 15s background, 20 s (sometimes 14-18s for thin section) of ablation, and 5 s washout, at 15 Hz (sometimes 10HZ for thin section) repetition rate, and with a fluence of 3.0 J/cm2 (sometimes 2.5 J/cm2 for thin section), and sample spots of 120 um. We used NIST 614 glass as a primary reference material bracketing carbonate reference materials and the unknowns at every 5 intervals to correct for the second reference (NIST 612) and unknowns by IOLITE1 with internal standard 43Ca(or ICPMSDataCal2 without internal standard).

Sphalerite Rb-Sr analysis
[bookmark: OLE_LINK1]Seven pale-yellow sphalerite samples from Limei deposit were selected for Rb-Sr isotope analysis. Samples were crushed to 40–60 mesh for handpicking under a binocular microscope to guarantee the purity of single mineral separates (>99%). All mineral separates were crushed to <200 mesh in an agate mortar. Then, the sphalerite samples were washed with ultrapure water in an ultrasonic bath three times in order to remove salts from opened fluid inclusions. Each sample was then spiked with mixed isotope tracers and digested in Teflon capsules using ultrapure 6 mol/L HCl and HNO3 in a hot oven (~260 °C). After drying, the samples were redissolved in ultrapure HNO3 in an ultrasonic bath. Separation and purification of Rb and Sr were performed using AG50W×12 cation exchange columns. Isotopic measurements were carried out on a Triton mass spectrometer at laboratory of Tianjin Center, China Geological Survey. Total procedural blanks were <5 ×10−9 g for Rb and Sr. International standard NIST SRM987 and an 87Sr/86Sr ratio of 0.710242±0.000008(2SE) were used to correct for instrumental fractionation of Sr isotopes. The measured value of 87Sr/86Sr ratio of BCR-2 (international rock standard) was 0.705015±0.000009(2SE), which was used to monitor the reliability of the analytical method. The relative errors (2σ) of 87Rb/86Sr ratios were less than 0.5%. Regression and age calculation of the Rb-Sr isochron were performed using ISOPLOT software3.
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