Supplementary Table captions (Tables S1-2 uploaded separately)
Table S3. Main Raman vibrations (cm−1) of organic matters and minerals in the seep carbonates. (Frezzotti, Tecce et al. 2012).
	Minerals
	Main Raman Vibrations (cm−1)

	organic carbon
	~1340 cm−1(D band), ~1580 cm−1(G band)

	calcite
	~280 cm−1, ~1088 cm−1

	apatite
	~428 cm−1, ~960 cm−1

	monazite
	~464 cm−1, ~619 cm−1, ~970 cm−1, and ~1056 cm−1
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Figure S1. Authigenic carbonate samples from Site E (A), Haima (B) and Site F (C).
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Figure S2. XRD spectra showing the mineral composition of the carbonates from three seep sites. A, apatite; Ar, aragonite; B, biotite; C, calcite; K, kaolinite; P, plagioclase; Q, quartz. 
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Figure S3. Positive linear relation (R2 = 0.9848) between P2O5 (wt.%) determined by XRF and total phosphorus extracted by sequential extraction method of all the carbonates from three seep sites.
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Figure S4. SEM images of organic matters and their corresponding Raman spectra from seep carbonates. (a, b, c,) SEM images of biofilm-like organic matters from Site F (a), Haima (b) and Site E (c). Scale bars = 10 μm. (d) Representative Raman spectra of organic matters from Site F (red spot in a), Haima (black spot in b) and Site E (blue spot in c).
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Figure S5. SEM-EDS analysis of organic matters from Site F (Figure S4a), Haima (Figure S4b) and Site E (Figure S4c).
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Figure S6. SEM-EDS analysis of detrital-P from Site F (Figure 6b), Haima (Figure 6c) and Site E (Figure 6d).


