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Text S1.
Study area
Huainan coalfield lies in the southeastern margin of the NCC, and is marginal to Tanlu fault to the east, Fuyang deep fault to the west, Qinling-Dabie Orogenic Belt to the south, and Bengbu uplift to the north. Drillhole data indicated that there are 37 coal seams interbedded within four coal-bearing successions 


(Li et al., 2013; Sun et al., 2010; Yan et al., 2014) ADDIN EN.CITE .  Upwards along coal-bearing successions, the Taiyuan formation (100–120 m) is composed mainly of laminar limestone, mudstone, and sandstone with seven to nine thin coal seams. The overlying Shanxi formation (60–70 m) comprises fine sandstone, sandy mudstone, claystone, and siltstone with one to three thick coal seams. The Lower Shihezi formation (100–150 m) comprises mainly sandstone, mudstone, and siltstone with 13 to 16 thick coal seams. The Upper Shihezi formation (600–800 m) is composed of sandstone, mudstone, siltstone, and limestone with three to five thin coal seams.
Text S2.
Solvents and chemicals
The solvents including n-hexane, acetone, and dichloromethane (all with HPLC grade) were purchased from Thermo Fisher Scientific (Pittsburgh, PA), and they were used without further purification. Neutral silica gel, alumina, and sodium sulfate were purchased from Merck (Darmstadt, Germany). Anhydrous sodium sulfate was activated at 500 ºC for 4 h and stored in a desiccator. Neutral silica gel and alumina were activated at 180 and 250 ºC for 4 h, respectively, and then deactivated with 3% Milli-Q water and stored in a desiccator. PAH standards were purchased from AccuStandard (New Haven, CT), Chiron (Trondheim, Norway), or Toronto Research Chemicals (North York, Canada) (Table S1). The n-alkane standard mixture (n-C10 to n-C40) was purchased from AccuStandard (New Haven, CT). Surrogate standards of PAHs, including naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and perylene-d12, and benzo[g,h,i]perylene-d12 were purchased from Cambridge Isotope Laboratories (Andover, MA, USA). Surrogate standards of n-alkanes, including hexadecane-d34 and tetracosane-d50 were purchased from Chiron (Trondheim, Norway).  Fluorene-d10, pyrene-d10, and dibenzo[a,h]anthracene-d14 (AccuStandard), and triacontane-d62 (Chiron) were used as internal standards.
Text S3.
Quality assurance and quality control
To avoid any organic contamination, all glassware was pre-cleaned with distilled water, acetone and methanol, and then was baked at 450 ºC for 5 h before use. Laboratory quality control includes field blank, procedural blank, spiked blank, spiked matrix and duplicate tests.  One procedural blank was processed in the same manner in every batch to check for interference or contamination, and no target substance was detected in the blank sample. The reported concentrations were blank-corrected by subtracting the average of the method and field blank concentrations. One replicate sample were processed for every five field samples to test the reliability of the method. Duplicate sample analyses varied (1.3–7.2%) within acceptable limits. The limits of detection (LOD) (defined as three times the signal-to-noise in field blanks) were ranging from 5.4–10.2 pg g-1 for n-alkanes and 8.0–36.5 pg g-1 for PAHs. Target compounds with the single to noise ratio (peak area) less than 10 were not quantified. The recoveries of naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, perylene-d12, benzo[g,h,i]perylene-d12, hexadecane-d34, and tetracosane-d50 were 56.1±10.3%, 70.6±12.1%, 69.5±12.2%, 83.9±10.3%, 73.4±14.6%, and 70.2±12.5%, 79.4±9.7%, and 81.3±11.1%, respectively. 
Table S1. PAH congeners that were screened in the samples.
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	Structure
	Compound
	CAS
	Company
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	Naphthalene
	91-20-3
	Accustandard
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	1-Methylnaphthalene
	90-12-0
	Accustandard
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	2-Methylnaphthalene
	91-57-6
	Accustandard
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	Biphenyl
	92-52-4
	Accustandard
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	2-Ethylnaphthalene
	939-27-5
	TRC
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	2,6-Dimethylnaphthalene
	581-42-0
	Accustandard
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	2,7-Dimethylnaphthalene
	582-16-1
	Accustandard
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	1,7-Dimethylnaphthalene
	575-37-1
	TRC
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	1,3-Dimethylnaphthalene
	575-41-7
	Accustandard
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	1,6-Dimethylnaphthalene
	575-43-9
	Accustandard
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	 SHAPE  \* MERGEFORMAT 



	1,4-Dimethylnaphthalene
	571-58-4
	Accustandard
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	2,3-Dimethylnaphthalene
	581-40-8
	Chiron
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	1,5-Dimethylnaphthalene
	571-61-9
	Accustandard
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	1,2-Dimethylnaphthalene
	573-98-8
	Accustandard
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	Dibenzofuran
	132-64-9
	Accustandard
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	 SHAPE  \* MERGEFORMAT 



	Fluorene
	86-73-7
	Accustandard
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	 SHAPE  \* MERGEFORMAT 



	1,3,7-Trimethylnaphthalene
	2131-38-6
	Chiron
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	1,3,6-Trimethylnaphthalene
	3031-08-1
	Chiron
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	1,4,6-Trimethylnaphthalene
	2131-42-2
	Chiron
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	1,3,5-Trimethylnaphthalene
	2131-39-7
	Chiron
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	2,3,6-Trimethylnaphthalene
	829-26-5
	Chiron
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	1,2,7-Trimethylnaphthalene
	486-34-0
	Chiron
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	1,6,7-Trimethylnaphthalene
	2245-38-7
	Accustandard
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	1,2,5-Trimethylnaphthalene
	641-91-8
	Chiron
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	1,2,4-Trimethylnaphthalene
	2717-42-2
	Chiron
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	1,3,6,7-Tetramethylnaphthalene
	7435-50-9
	Chiron
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	1,2,4,6-Tetramethylnaphthalene
	66577-21-7
	Chiron

	30
	
[image: image28]
	1,2,4,7-Tetramethylnaphthalene
	16020-17-0
	Chiron
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	1,2,3,7-Tetramethylnaphthalene
	51958-56-6
	Chiron
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	1,2,6,7-Tetramethylnaphthalene
	99486-63-2
	Chiron
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	1,2,5,6-Tetramethylnaphthalene
	2131-43-3
	Chiron
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	1,2,3,5-Tetramethylnaphthalene
	13093-32-8
	Chiron
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	Dibenzothiophene
	132-65-0
	Accustandard
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	Phenanthrene
	85-01-8
	Accustandard
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	1-Methyldibenzothiophene
	31317-07-4
	TRC
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	2-Methyldibenzothiophene
	20928-02-3
	Chiron
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	3-Methyldibenzothiophene
	16587-52-3
	Chiron
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	4-Methyldibenzothiophene
	7372-88-5
	Chiron
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	3-Methylphenanthrene
	832-71-3
	Chiron
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	2-Methylphenanthrene
	2531-84-2
	Accustandard
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	9-Methylphenanthrene
	883-20-5
	Chiron

	44
	 SHAPE  \* MERGEFORMAT 



	1-Methylphenanthrene
	832-69-9
	Accustandard
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	3-Ethylphenanthrene
	1576-68-7
	Chiron

	46
	 SHAPE  \* MERGEFORMAT 



	2-Ethylphenanthrene
	3674-74-6
	Chiron
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	9-Ethylphenanthrene
	3674-75-7
	TRC
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	3,6-Dimethylphenanthrene
	1576-67-6
	Accustandard
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	2,6-Dimethylphenanthrene
	17980-16-4
	Chiron
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	2,7-Dimethylphenanthrene
	1576-69-8
	Chiron
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	 SHAPE  \* MERGEFORMAT 



	2,10-Dimethylphenanthrene
	2497-54-3
	Chiron
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	 SHAPE  \* MERGEFORMAT 



	1,3-Dimethylphenanthrene
	16664-45-2
	Chiron
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	 SHAPE  \* MERGEFORMAT 



	3,10-Dimethylphenanthrene
	66291-33-6
	Chiron

	54
	 SHAPE  \* MERGEFORMAT 



	3,9-Dimethylphenanthrene
	66291-32-5
	Chiron

	55
	 SHAPE  \* MERGEFORMAT 



	1,6-Dimethylphenanthrene
	20291-74-1
	TRC
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	2,9-Dimethylphenanthrene
	17980-09-5
	Chiron

	57
	[image: image55.png]



	1,7-Dimethylphenanthrene
	483-87-4
	Chiron

	58
	 SHAPE  \* MERGEFORMAT 



	2,3-Dimethylphenanthrene
	3674-65-5
	Chiron

	59
	 SHAPE  \* MERGEFORMAT 



	1,8-Dimethylphenanthrene
	7372-87-4
	Chiron
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	 SHAPE  \* MERGEFORMAT 



	1,2-Dimethylphenanthrene
	20291-72-9
	Chiron
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	Pyrene
	129-00-0
	Accustandard
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	 SHAPE  \* MERGEFORMAT 



	Retene
	483-65-8
	Chiron
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	Benzo[c]phenanthrene
	195-19-7
	Accustandard
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	Benz[a]anthracene
	56-55-3
	Accustandard
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	Chrysene
	218-01-9
	Accustandard
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	Benzo[b]fluoranthene
	205-99-2
	Accustandard
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	Benzo[k]fluoranthene
	207-08-9
	Accustandard
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	Benzo[e]pyrene
	192-97-2
	Accustandard

	69
	 SHAPE  \* MERGEFORMAT 



	Benzo[ghi]perylene
	191-24-2
	Accustandard
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	Coronene
	191-07-1
	Accustandard
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	Dibenzo(a,i)pyrene
	189-55-9
	Accustandard
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	Dibenzo(a,h)pyrene
	189-64-0
	Accustandard


Table S2. The total concentrations and molecular indices of n-alkanes, isoprenoids, and PAHs.

	Sample ID
	n-Alkanes
	Isoprenoids
	PAHs

	
	Conc. (µg·g–1)
	n-C12–20 / Σn-C12–37 (%)
	n-C21–25 / Σn-C12–37 (%)
	n-C26–30 / Σn-C12–37 (%)
	n-C31–37 / Σn-C12–37 (%)
	CPI
	OEP 1
	OEP 2
	Conc. 

(µg·g–1)
	Pr/Ph
	Pr/n-C17
	Ph/n-C18
	Conc. (µg·g–1)
	2-ring (µg·g–1)
	3-ring (µg·g–1)
	4-ring (µg·g–1)
	5-ring (µg·g–1)
	6-ring (µg·g–1)
	7-ring (µg·g–1)

	PS-16-2
	134.8
	26.9
	32.8
	33.1
	7.2
	1.1
	0.87
	1.2
	28.3
	3.3
	1.2
	0.51
	363.4
	160.3
	115.6
	23.3
	42.5
	17.8
	4.0

	PS-13-1
	193.4
	31.8
	36.6
	24.8
	6.8
	0.84
	1.1
	1.3
	30.6
	3.1
	1.3
	0.46
	408.2
	160.0
	109.4
	46.5
	47.8
	37.6
	6.9

	PS-11-1
	104.5
	31.7
	31.4
	29.8
	7.1
	0.82
	0.95
	1.1
	10.2
	2.6
	1.0
	0.44
	472.3
	164.8
	132.7
	62.3
	59.0
	44.9
	8.5

	PS-8
	213.0
	30.6
	31.8
	31.7
	5.9
	1.0
	0.92
	0.95
	14.8
	3.0
	0.92
	0.52
	305.2
	94.9
	69.0
	37.2
	50.7
	35.7
	17.7

	PS-7-2
	135.4
	35.1
	31.2
	27.4
	6.3
	0.95
	0.85
	1.1
	16.6
	3.3
	1.1
	0.29
	389.4
	117.2
	82.6
	63.9
	64.6
	53.0
	8.2

	PS-7-1
	122.3
	35.4
	33.7
	25.7
	5.2
	0.99
	0.76
	1.3
	11.8
	4.0
	0.96
	0.33
	511.0
	122.1
	103.2
	82.8
	104.8
	85.3
	12.8

	PS-6-2
	83.8
	40.2
	31.5
	23.0
	5.3
	0.93
	0.84
	1.3
	20.9
	5.1
	1.1
	0.26
	318.3
	62.1
	54.7
	52.5
	57.9
	65.9
	25.1

	PS-6-1
	109.0
	38.1
	35.1
	20.3
	6.5
	0.89
	0.82
	1.3
	13.0
	5.3
	1.1
	0.28
	306.7
	59.2
	62.6
	44.8
	67.2
	57.0
	15.9

	PS-5-2
	68.6
	38.6
	35.2
	21.5
	4.7
	0.95
	0.79
	1.2
	23.7
	5.2
	1.1
	0.25
	285.0
	51.6
	52.2
	53.9
	60.1
	44.7
	22.5

	PS-5-1
	151.3
	38.3
	36.2
	20.4
	5.1
	0.92
	0.94
	1.1
	13.7
	5.1
	0.88
	0.27
	374.5
	95.9
	73.0
	59.5
	68.2
	54.3
	23.6

	PS-4-2
	125.9
	41.1
	32.2
	22.4
	4.3
	1.0
	0.89
	1.2
	19.4
	4.8
	0.96
	0.24
	342.1
	84.2
	77.7
	63.6
	54.4
	35.9
	26.3

	PS-4-1
	135.3
	39.4
	29.2
	26.8
	4.6
	0.95
	0.88
	1.3
	18.9
	3.9
	0.73
	0.39
	482.1
	162.0
	103.2
	55.0
	58.8
	37.6
	65.6

	PS-3-2
	236.5
	37.2
	29.3
	27.9
	5.6
	1.2
	0.95
	1.4
	31.6
	1.8
	0.77
	0.41
	319.9
	130.5
	97.9
	25.0
	33.3
	20.8
	12.5

	PS-3-1
	280.8
	22.6
	32.3
	40.2
	4.9
	0.97
	1.0
	1.2
	43.3
	2.3
	0.64
	0.59
	229.4
	109.2
	66.8
	21.3
	15.4
	10.8
	6.0

	PS-1
	223.4
	27.1
	34.2
	33.5
	5.2
	0.81
	0.91
	0.94
	24.4
	1.9
	0.53
	0.52
	363.0
	160.8
	109.3
	32.3
	30.1
	17.4
	13.1

	PS-0-1
	203.9
	21.9
	34.3
	38.0
	5.8
	1.1
	0.86
	1.2
	20.5
	1.3
	0.42
	0.66
	225.2
	96.2
	60.4
	28.4
	16.0
	16.4
	7.9

	PS-0-2
	210.7
	22.6
	34.5
	36.4
	6.5
	1.0
	0.93
	1.2
	22.0
	1.6
	0.68
	0.58
	256.4
	94.4
	90.0
	33.6
	13.3
	17.9
	7.2

	PS-0-3
	259.0
	19.3
	39.2
	35.4
	6.1
	1.1
	0.79
	1.3
	26.6
	1.1
	0.53
	0.71
	299.4
	121.6
	97.6
	38.3
	18.3
	16.8
	6.9

	GQ-16-2
	221.9
	18.5
	43.6
	30.7
	7.2
	1.0
	1.2
	1.2
	24.8
	4.1
	1.3
	0.55
	256.7
	112.7
	81.4
	31.8
	17.2
	9.5
	4.1

	GQ-16-1
	278.2
	17.6
	44.1
	31.9
	6.4
	1.1
	0.92
	1.09
	15.6
	3.7
	1.1
	0.49
	246.3
	102.7
	80.3
	24.9
	17.7
	14.3
	6.4

	GQ-13-1
	239.8
	19.4
	39.7
	32.7
	8.2
	1.1
	1.1
	0.96
	13.7
	4.2
	0.95
	0.68
	253.9
	121.6
	70.1
	23.6
	17.5
	16.5
	4.6

	GQ-11-1
	168.7
	20.2
	39.6
	33.9
	6.3
	0.82
	0.74
	0.93
	23.6
	3.8
	1.2
	0.42
	297.5
	134.8
	88.4
	31.8
	21.1
	17.0
	4.5

	GQ-8
	222.2
	18.6
	40.9
	35.5
	5.0
	1.2
	0.91
	1.1
	34.7
	3.8
	1.2
	0.61
	223.7
	57.5
	42.1
	36.2
	43.8
	34.4
	9.6

	GQ-7-2
	215.3
	19.2
	40.1
	35.0
	5.7
	1.3
	0.96
	1.4
	38.2
	3.5
	0.85
	0.55
	212.0
	56.4
	51.7
	27.1
	35.2
	30.7
	10.8

	GQ-7-1
	189.0
	21.1
	40.5
	33.6
	4.8
	1.2
	0.85
	1.3
	48.2
	3.6
	1.1
	0.51
	256.3
	103.0
	61.3
	32.0
	27.9
	23.6
	8.5

	GQ-6-2
	213.5
	18.7
	41.6
	34.3
	5.4
	1.1
	0.92
	1.2
	45.3
	3.8
	0.87
	0.53
	189.9
	59.4
	37.6
	27.7
	24.3
	30.0
	10.8

	GQ-6-1
	99.4
	19.4
	39.5
	35.2
	5.9
	1.0
	1.1
	1.2
	40.4
	3.5
	1.1
	0.62
	228.2
	92.9
	69.8
	26.5
	15.5
	16.4
	7.1

	GQ-5-2
	86.3
	20.8
	37.7
	35.3
	6.2
	1.1
	1.1
	1.2
	31.2
	3.1
	1.1
	0.56
	231.7
	99.9
	70.4
	22.0
	25.0
	8.3
	6.0

	GQ-5-1
	140.7
	21.5
	37.8
	35
	5.7
	1.2
	0.93
	1.2
	24.5
	3.4
	1.0
	0.67
	216.5
	84.9
	61.9
	27.3
	27.1
	9.5
	5.8

	GQ-4-2
	122.3
	19.3
	41.5
	34.1
	5.1
	1.1
	0.96
	1.1
	30.3
	3.1
	1.1
	0.61
	248.0
	105.6
	70.9
	35.5
	13.4
	11.9
	10.7

	GQ-4-1
	100.6
	19.1
	39.7
	36.0
	5.2
	1.2
	1.1
	1.1
	19.4
	3.3
	1.0
	0.72
	231.3
	109.2
	69.6
	28.9
	9.9
	8.1
	5.6

	GQ-3-2
	189.6
	24.7
	29.2
	39.5
	6.6
	1.0
	1.1
	1.2
	16.9
	2.5
	0.62
	0.45
	310.2
	149.8
	81.3
	33.2
	21.4
	8.1
	16.4

	GQ-3-1
	216.4
	18.2
	40
	36.7
	5.1
	1.1
	1.0
	1.4
	25.8
	2.3
	0.79
	0.76
	223.7
	95.5
	81.7
	18.3
	16.1
	5.1
	6.9

	GQ-1
	220.5
	24.9
	37.2
	33.1
	4.8
	1.0
	1.0
	1.4
	24.2
	2.5
	0.61
	0.38
	227.4
	104.1
	74.1
	25.9
	12.5
	7.5
	3.2

	GQ-0-1
	94.2
	30.8
	30.6
	33.2
	5.4
	1.1
	0.87
	1.2
	28.4
	2.0
	0.54
	0.36
	334.9
	131.3
	97.5
	41.5
	25.5
	20.8
	18.4

	GQ-0-2
	146.8
	27.1
	30.3
	37.5
	5.1
	1.1
	0.95
	1.4
	19.7
	2.2
	0.63
	0.47
	271.7
	114.4
	87.8
	31.8
	17.7
	12.5
	7.6

	GQ-0-3
	133.0
	28.7
	31.8
	35.2
	4.3
	1.2
	0.86
	1.2
	35.8
	1.8
	0.51
	0.51
	284.1
	105.4
	86.9
	48.0
	22.4
	8.2
	13.1

	XJ-13-2
	144.1
	31.5
	31.2
	32.7
	4.6
	1.2
	0.91
	1.3
	42.0
	4.0
	1.3
	0.74
	361.6
	134.9
	106.3
	42.7
	43.8
	25.0
	9.0

	XJ-13-1
	99.8
	32.1
	28.8
	33.6
	5.5
	1.2
	0.95
	1.36
	31.7
	4.1
	1.4
	0.69
	294.5
	116.6
	96.6
	27.1
	24.4
	23.3
	6.5

	XJ-11-2
	171.2
	35.2
	23.4
	35.3
	6.1
	1.1
	1.2
	1.17
	38.2
	3.5
	1.2
	0.38
	380.8
	143.2
	116.1
	51.0
	38.5
	21.7
	10.3

	XJ-11-1
	81.6
	37.7
	22.8
	34.3
	5.2
	1.1
	0.93
	1.22
	33.7
	3.3
	1.26
	0.36
	362.6
	138.5
	98.3
	45.7
	48.2
	28.6
	3.3

	XJ-9-2
	112.3
	34.5
	25.3
	35.3
	4.9
	1.2
	0.84
	1.27
	24.4
	3.7
	1.1
	0.42
	356.4
	99.4
	73.8
	64.9
	59.9
	45.6
	12.8

	XJ-9-1
	203.0
	25.1
	32.3
	37.9
	4.7
	1.2
	1.1
	1.04
	15.8
	3.4
	1.1
	0.72
	256.3
	68.2
	55.9
	49.2
	47.9
	26.1
	9.0

	XJ-8
	221.9
	26.2
	30.0
	38.2
	5.6
	1.1
	1.1
	1.15
	22.5
	2.8
	1.1
	0.66
	245.1
	68.4
	49.3
	29.9
	43.9
	39.7
	14.0

	XJ-7-2
	218.6
	22.5
	31.3
	38.9
	7.3
	1.1
	0.92
	0.96
	25.7
	3.1
	1.1
	0.72
	225.4
	54.5
	48.5
	33.4
	43.1
	37.6
	8.3

	XJ-7-1
	235.4
	27.9
	29.3
	34.9
	7.9
	1.0
	0.96
	1.08
	26.9
	3.2
	1.1
	0.43
	209.6
	60.2
	44.9
	23.9
	34.2
	31.6
	14.9

	XJ-6-2
	183.7
	28.1
	31.4
	33.2
	7.3
	1.1
	0.85
	1.14
	29.2
	2.8
	0.98
	0.49
	216.1
	59.4
	56.0
	27.0
	35.9
	27.4
	10.4

	XJ-6-1
	188.0
	26.8
	28.9
	38.9
	5.4
	1.0
	0.85
	1.25
	32.3
	3.1
	1.0
	0.38
	336.6
	131.6
	116.5
	38.4
	20.5
	18.2
	11.4

	XJ-5-2
	131.3
	21.5
	35.4
	36.2
	6.9
	1.1
	0.94
	1.17
	18.1
	1.7
	1.1
	0.64
	216.3
	97.8
	71.6
	23.4
	6.9
	10.4
	6.3

	XJ-5-1
	148.8
	20.7
	37.8
	34.3
	7.2
	1.2
	0.87
	1.46
	24.8
	2.1
	1.1
	0.71
	205.9
	82.6
	74.5
	30.1
	8.4
	7.2
	3.1

	XJ-4-2
	159.6
	18.4
	40.4
	34.4
	6.8
	1.3
	0.76
	1.05
	41.2
	1.4
	0.95
	0.82
	230.0
	107.6
	60.5
	26.9
	21.9
	5.5
	7.6

	XJ-4-1
	148.0
	18.8
	42.1
	32.9
	6.2
	1.2
	0.92
	1.37
	29.0
	1.1
	0.89
	0.64
	207.1
	100.7
	58.6
	19.1
	22.4
	2.7
	3.7

	XJ-3-1
	139.7
	19.0
	41.5
	32.4
	7.1
	1.2
	0.85
	1.16
	32.5
	0.95
	1.1
	0.67
	176.4
	82.6
	48.5
	22.2
	11.3
	7.4
	4.4

	XJ-1
	212.2
	20.9
	38.7
	33.6
	6.8
	1.1
	1.1
	1.25
	20.0
	1.4
	0.91
	0.62
	212.5
	89.0
	75.2
	28.1
	8.3
	5.7
	6.2

	XQ-18
	180.5
	27.7
	29.7
	36.1
	6.5
	1.1
	0.96
	1.29
	22.6
	4.0
	1.3
	0.44
	345.0
	140.1
	93.5
	48.0
	31.4
	26.2
	5.9

	XQ-16-2
	259.6
	30.1
	28.2
	36.0
	5.7
	1.0
	0.89
	1.31
	28.3
	4.0
	1.4
	0.54
	354.0
	138.8
	100.5
	45.3
	40.0
	24.4
	5.0

	XQ-16-1
	238.2
	31.2
	26.9
	36.1
	5.8
	1.2
	0.83
	1.08
	19.2
	3.8
	1.1
	0.49
	307.8
	120.3
	90.5
	28.3
	31.4
	32.9
	4.3

	XQ-13-2
	212.7
	33.2
	26.0
	34.2
	6.6
	1.1
	0.92
	1.36
	31.4
	3.6
	1.2
	0.43
	362.2
	136.9
	111.2
	42.7
	38.0
	25.7
	7.6

	XQ-13-1
	79.9
	26.6
	27.6
	39.7
	6.1
	1.1
	1.1
	1.22
	28.3
	3.7
	1.0
	0.57
	300.0
	131.1
	77.4
	39.9
	37.8
	6.9
	6.9

	XQ-11-2
	91.5
	23.1
	32.7
	36.9
	7.3
	1.2
	1.2
	1.28
	38.1
	2.5
	1.2
	0.66
	321.6
	119.6
	96.8
	40.5
	36.7
	23.8
	4.2

	XQ-11-1
	133.3
	24.1
	30.1
	39.3
	6.5
	1.3
	1.2
	1.16
	43.9
	3.5
	0.96
	0.41
	228.1
	94.9
	69.3
	24.6
	20.3
	12.8
	6.2

	XQ-8
	214.2
	22.1
	35.8
	36.4
	5.7
	1.1
	1.1
	1.19
	46.6
	2.7
	1.1
	0.69
	256.3
	67.4
	48.4
	44.3
	47.9
	44.3
	3.8

	XQ-7-2
	236.5
	18.2
	40.4
	35.2
	6.2
	1.0
	1.0
	1.29
	30.8
	3.0
	1.0
	0.61
	275.2
	82.3
	68.2
	40.7
	42.9
	25.9
	15.1

	XQ-6-2
	243.2
	28.7
	28.5
	37.5
	5.3
	1.1
	0.75
	1.06
	25.6
	2.5
	0.92
	0.39
	325.3
	92.4
	83.9
	53.0
	49.1
	41.0
	5.9

	XQ-6-1
	268.0
	21.6
	36.9
	35.9
	5.6
	1.1
	0.93
	1.09
	21.4
	2.7
	0.95
	0.65
	224.1
	91.0
	80.9
	20.6
	18.8
	7.4
	5.4

	XQ-5-2
	189.6
	22.4
	36.5
	35.3
	5.8
	1.1
	0.91
	1.22
	24.8
	2.6
	0.99
	0.71
	261.2
	125.1
	72.9
	32.4
	13.8
	7.3
	9.7

	XQ-5-1
	180.9
	19.5
	41.9
	32.2
	6.4
	1.1
	0.92
	1.18
	31.6
	1.8
	0.86
	0.77
	238.9
	104.6
	62.6
	36.3
	18.2
	9.8
	7.4

	XQ-4-2
	169.8
	18.7
	41.6
	32.3
	7.4
	1.1
	1.1
	1.13
	20.5
	2.3
	0.78
	0.71
	242.6
	108.9
	68.7
	28.4
	24.7
	3.4
	8.5

	XQ-4-1
	121.5
	19.1
	40.3
	33.1
	7.5
	1.1
	1.0
	1.15
	16.4
	1.9
	1.0
	0.61
	307.9
	158.9
	75.7
	32.6
	21.9
	13.2
	5.5

	XQ-3-2
	134.6
	17.9
	42.0
	33.9
	6.2
	0.94
	0.86
	1.13
	24.2
	1.6
	0.75
	0.59
	234.5
	105.8
	68.2
	28.4
	13.1
	13.6
	5.4

	XQ-3-1
	199.3
	19.3
	39.2
	34.8
	6.7
	0.97
	0.92
	1.21
	22.7
	2.0
	0.74
	0.56
	242.6
	104.1
	66.7
	35.7
	11.4
	16.3
	8.5

	XQ-1
	206.5
	18.6
	40.3
	35.2
	5.9
	1.2
	1.0
	1.09
	21.6
	1.8
	0.63
	0.65
	253.6
	107.0
	66.7
	25.9
	31.7
	12.9
	9.4

	XQ-0-1
	170.4
	21.5
	38.1
	34.6
	5.8
	1.1
	0.91
	1.26
	26.2
	1.2
	0.71
	0.76
	207.1
	95.1
	64.4
	22.0
	13.0
	8.7
	3.9

	XQ-0-2
	199.3
	21.3
	37.8
	34.6
	6.3
	1.1
	0.89
	1.13
	30.5
	0.88
	0.68
	0.72
	215.2
	84.4
	70.2
	20.0
	19.8
	15.9
	4.9
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  (Bray and Evans, 1961);

Odd-to-even predominance (OEP): OEP 1 = [(n-C21 + 6n-C23 + n-C25)/(n-C22 + n-C24)] / 4; OEP 2 = [(n-C25 + 6n-C27 + n-C29)/(n-C26 + n-C28)] / 4 (Scalan and Smith, 1970).
Table S3.  Geochemical parameters and ratios of hopanes, steranes, and PAHs estimated on the Huainan coals.
	Sample ID
	Rdit
	Hopanes
	Steranes
	PAHs

	
	
	C30 αβ//(αβ +βα)
	Ts/(Ts + Tm)
	C31–C34 22S/(22S+ 22R)
	C27 (%)
	C28 (%)
	C29 (%)　
	C29 20S/(20S+20R)
	MPI
	Rc

	PS-16-2
	1.6
	0.63
	0.35
	0.47
	13.6
	19.2
	67.2
	0.53
	0.62
	0.77

	PS-13-1
	1.7
	0.65
	0.36
	0.48
	17.3
	21.3
	61.4
	0.51
	0.95
	0.97

	PS-11-1
	1.4
	0.68
	0.32
	0.46
	19.9
	17.4
	62.7
	0.50
	0.92
	0.95

	PS-8
	1.3
	0.67
	0.39
	0.44
	15.9
	14.3
	69.8
	0.48
	0.62
	0.88

	PS-7-2
	1.5
	0.64
	0.38
	0.51
	16.9
	16.6
	66.5
	0.47
	0.93
	0.96

	PS-7-1
	1.1
	0.57
	0.35
	0.43
	11.6
	14.7
	73.7
	0.55
	1.0
	1.0

	PS-6-2
	1.2
	0.59
	0.43
	0.56
	12.6
	10.5
	76.9
	0.55
	0.62
	1.7

	PS-6-1
	0.97
	0.58
	0.38
	0.59
	10.0
	17.0
	73.0
	0.56
	2.0
	1.6

	PS-5-2
	1.3
	0.66
	0.43
	0.57
	25.4
	12.2
	62.4
	0.58
	2.4
	1.8

	PS-5-1
	0.96
	0.68
	0.40
	0.54
	14.9
	15.0
	70.1
	0.57
	0.62
	1.4

	PS-4-2
	1.2
	0.67
	0.42
	0.61
	13.8
	17.9
	68.3
	0.54
	1.7
	1.4

	PS-4-1
	1
	0.64
	0.37
	0.53
	11.7
	12.5
	75.8
	0.51
	1.2
	1.1

	PS-3-2
	0.81
	0.79
	0.36
	0.49
	18.1
	13.2
	68.7
	0.49
	0.62
	0.85

	PS-3-1
	0.78
	0.77
	0.33
	0.47
	13.6
	12.0
	74.4
	0.50
	0.65
	0.79

	PS-1
	0.69
	0.78
	0.35
	0.52
	24.4
	10.4
	65.2
	0.53
	0.85
	0.91

	PS-0-1
	1
	0.78
	0.35
	0.46
	4.2
	13.5
	82.3
	0.48
	0.62
	0.76

	PS-0-2
	0.62
	0.79
	0.34
	0.48
	5.8
	13.8
	80.4
	0.47
	0.60
	0.76

	PS-0-3
	0.74
	0.81
	0.37
	0.47
	5.4
	15.5
	79.1
	0.50
	0.65
	0.79

	GQ-16-2
	1.8
	0.58
	0.35
	0.51
	15.4
	19.3
	65.3
	0.51
	0.62
	0.77

	GQ-16-1
	1.6
	0.64
	0.38
	0.47
	22.2
	16.0
	61.8
	0.54
	0.57
	0.74

	GQ-13-1
	1.6
	0.54
	0.41
	0.47
	16.4
	18.6
	65.0
	0.51
	0.52
	0.71

	GQ-11-1
	1.2
	0.69
	0.37
	0.50
	20.3
	21.3
	58.4
	0.51
	0.62
	0.73

	GQ-8
	1.2
	0.61
	0.34
	0.51
	16.8
	13.4
	69.8
	0.48
	0.47
	0.68

	GQ-7-2
	1.3
	0.59
	0.35
	0.52
	12.7
	23.4
	63.9
	0.46
	0.58
	0.75

	GQ-7-1
	1.1
	0.6
	0.33
	0.49
	16.0
	16.1
	67.9
	0.49
	0.62
	0.72

	GQ-6-2
	1.3
	0.6
	0.36
	0.45
	6.7
	19.3
	74
	0.50
	0.68
	0.81

	GQ-6-1
	1
	0.62
	0.32
	0.46
	9.0
	10.2
	80.8
	0.49
	0.62
	0.77

	GQ-5-2
	1.1
	0.64
	0.32
	0.49
	7.1
	10.5
	82.4
	0.48
	0.62
	0.80

	GQ-5-1
	1.3
	0.63
	0.33
	0.47
	3.6
	21.2
	75.2
	0.47
	0.58
	0.75

	GQ-4-2
	1.4
	0.64
	0.31
	0.49
	6.8
	14.8
	78.4
	0.51
	0.53
	0.72

	GQ-4-1
	0.89
	0.62
	0.39
	0.50
	4.0
	13.7
	82.3
	0.48
	0.62
	0.80

	GQ-3-2
	0.65
	0.75
	0.41
	0.48
	6.1
	20.8
	73.1
	0.52
	0.63
	0.78

	GQ-3-1
	0.92
	0.74
	0.38
	0.48
	9.0
	14.5
	76.5
	0.50
	0.58
	0.75

	GQ-1
	0.64
	0.71
	0.36
	0.51
	14.8
	15.4
	69.8
	0.52
	0.62
	0.81

	GQ-0-1
	0.97
	0.76
	0.40
	0.52
	7.7
	8.3
	84.0
	0.52
	0.77
	0.86

	GQ-0-2
	0.69
	0.76
	0.35
	0.51
	10.4
	9.1
	80.5
	0.53
	0.57
	0.74

	GQ-0-3
	0.72
	0.78
	0.39
	0.50
	8.2
	12.0
	79.8
	0.51
	0.62
	0.76

	XJ-13-2
	1.8
	0.56
	0.42
	0.48
	11.7
	18.2
	70.1
	0.49
	0.63
	0.78

	XJ-13-1
	1.5
	0.57
	0.40
	0.52
	14.6
	23.5
	61.9
	0.50
	0.78
	0.87

	XJ-11-2
	1.8
	0.61
	0.41
	0.53
	17.1
	24.3
	58.6
	0.51
	0.62
	0.93

	XJ-11-1
	1.3
	0.61
	0.40
	0.53
	18.1
	20.1
	61.8
	0.53
	0.73
	0.84

	XJ-9-2
	1.2
	0.59
	0.38
	0.52
	7.9
	16.4
	75.7
	0.51
	0.68
	0.81

	XJ-9-1
	1.4
	0.61
	0.35
	0.49
	10.3
	19.0
	70.7
	0.48
	0.62
	0.76

	XJ-8
	1.2
	0.58
	0.35
	0.50
	11.1
	10.9
	78.0
	0.50
	0.62
	0.77

	XJ-7-2
	1.1
	0.64
	0.37
	0.51
	10.5
	17.9
	71.6
	0.49
	0.52
	0.71

	XJ-7-1
	1.3
	0.62
	0.39
	0.51
	10.3
	11.0
	78.7
	0.52
	0.62
	0.82

	XJ-6-2
	1.4
	0.59
	0.38
	0.49
	14.3
	13.3
	72.4
	0.48
	0.58
	0.75

	XJ-6-1
	1.1
	0.64
	0.38
	0.51
	14.1
	9.8
	76.1
	0.51
	0.82
	0.89

	XJ-5-2
	1.4
	0.76
	0.34
	0.50
	13.9
	15.4
	70.7
	0.52
	0.62
	0.74

	XJ-5-1
	1.2
	0.63
	0.36
	0.48
	13.6
	16.9
	69.5
	0.48
	0.68
	0.81

	XJ-4-2
	1.1
	0.61
	0.33
	0.46
	15.7
	14.3
	70.0
	0.47
	0.57
	0.74

	XJ-4-1
	0.87
	0.7
	0.35
	0.45
	14.7
	12.2
	73.1
	0.50
	0.62
	0.71

	XJ-3-1
	0.83
	0.72
	0.37
	0.47
	17.1
	14.1
	68.8
	0.51
	0.53
	0.72

	XJ-1
	0.87
	0.74
	0.35
	0.47
	18.1
	15.6
	66.3
	0.52
	0.70
	0.82

	XQ-18
	1.7
	0.57
	0.34
	0.51
	13.7
	22.1
	64.2
	0.53
	0.62
	0.86

	XQ-16-2
	1.7
	0.67
	0.38
	0.49
	12.9
	23.7
	63.4
	0.49
	0.72
	0.83

	XQ-16-1
	1.6
	0.61
	0.36
	0.52
	18.4
	21.5
	60.1
	0.50
	0.82
	0.89

	XQ-13-2
	1.6
	0.62
	0.37
	0.54
	15.4
	16.1
	68.5
	0.48
	0.62
	0.95

	XQ-13-1
	1.9
	0.6
	0.33
	0.50
	12.0
	26.0
	62.0
	0.50
	0.73
	0.84

	XQ-11-2
	1.6
	0.69
	0.33
	0.53
	20.2
	13.6
	66.2
	0.50
	0.72
	0.83

	XQ-11-1
	1.3
	0.6
	0.34
	0.54
	16.4
	18.3
	65.3
	0.49
	0.62
	0.83

	XQ-8
	1.4
	0.6
	0.36
	0.49
	5.7
	22.1
	72.2
	0.51
	0.65
	0.79

	XQ-7-2
	1.2
	0.66
	0.38
	0.47
	12.9
	18.7
	68.4
	0.51
	0.60
	0.76

	XQ-6-2
	1.2
	0.63
	0.36
	0.49
	16.6
	17.6
	65.8
	0.52
	0.62
	0.82

	XQ-6-1
	1.3
	0.66
	0.33
	0.50
	10.0
	19.1
	70.9
	0.54
	0.63
	0.78

	XQ-5-2
	1.3
	0.77
	0.35
	0.52
	13.1
	13.0
	73.9
	0.49
	0.65
	0.79

	XQ-5-1
	1.1
	0.64
	0.33
	0.49
	9.8
	12.4
	77.8
	0.49
	0.62
	0.77

	XQ-4-2
	1.2
	0.74
	0.32
	0.48
	14.3
	8.3
	77.4
	0.51
	0.52
	0.71

	XQ-4-1
	0.95
	0.77
	0.35
	0.46
	9.2
	9.0
	81.8
	0.48
	0.72
	0.83

	XQ-3-2
	0.8
	0.81
	0.34
	0.46
	7.1
	11.2
	81.7
	0.51
	0.62
	0.79

	XQ-3-1
	0.91
	0.69
	0.36
	0.48
	15.0
	9.1
	75.9
	0.52
	0.73
	0.84

	XQ-1
	0.62
	0.76
	0.33
	0.46
	4.6
	10.3
	85.1
	0.49
	0.60
	0.76

	XQ-0-1
	0.75
	0.82
	0.35
	0.47
	13.6
	10.0
	83.8
	0.46
	0.62
	0.81

	XQ-0-2
	0.71
	0.79
	0.34
	0.48
	17.2
	9.1
	80.1
	0.48
	0.60
	0.76


Rdit = (19-norisopimarane + iso-pimarane + 16α-kaurane) / (ent-beyerane + 16β-phyllocladane + 16α-phyllocladane) (Fleck, 2001; Piedad-Sánchez et al., 2004);

Methylphenanthrene Index (MPI) = 1.5 × (2-MP + 3-MP)/(P + 1-MP + 9-MP) (Radke et al., 1982);

Methylphenanthrene Ratio (MPR) = 2-MP/1-MP (Radke et al., 1982);

Rc = 0.6 × MPI 1 + 0.4 for coals with Rr values < 1.35% and Rc = -0.5 × MPI 1 + 2.27 for coals with Rr values > 1.35% (Radke et al., 1982).
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Figure S1.
Reconstruction of Late Permian paleogeography showing the present day North China Block and Huainan coalfield (modified after Benton and Twitchett, 2003).
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Figure S2.
Plot of HI vs. Tmax values for the Huainan coals (n = 74).
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Figure S3.
Stratigraphic variations of the relative abundances of a) Vitrinite, b) Inertinite in the coals. The symbols “***” and “*” indicate statistically significant differences at 0.001 and 0.05 levels (two-tailed), respectively.
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Figure S4.
Relationships between Rr values and the relative abundances of n-alkane of different chains, a)–d), Spearman correlations between Rr values and the ratios of a) n-C12-20, b) n-C21-25, c) n-C26-30, and d) n-C31-37 to the total concentrations of n-alkanes in the coals.
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Figure S5.
Stratigraphic variations of Pr/Ph ratios in the coals. Upper SHZ: Upper Shihezi formation, Lower SHZ: Lower Shihezi formation, SX: Shanxi formation, TY: Taiyuan formation. The symbols “***” and “**” indicate statistically significant differences at 0.001 and 0.01 levels (two-tailed), respectively.
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Figure S6.
Relationships between Rr values and geochemical molecular parameters. a)–d), Spearman correlations between Rr values and a) C30 αβ/(αβ +βα), b) Ts/(Ts+Tm), c) C31–C34 22S/(22S+22R), and d) C29 20S/(20S+20R).
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Figure S7.
The stratigraphic distribution patterns of the average values of a) Rr values, b) C30 αβ/(αβ+βα), c) Ts/(Ts+Tm), d) C31–C34 22S/(22S+22R), and e) C29 20S/(20S+20R).
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Figure S8.
Spearman correlations between the ratios of Pr/Ph and C30 βα/(αβ +βα) (n = 24).
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Figure S9.
Stratigraphic variations of the ratios of C27 and C28 steranes in the coals. Upper SHZ: Upper Shihezi formation, Lower SHZ: Lower Shihezi formation, SX: Shanxi formation, TY: Taiyuan formation. The symbols “***” and “**”, and “*” indicate statistically significant differences at 0.001, 0.01, and 0.05 levels (two-tailed), respectively.
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Figure S10.
Relationship between vitrinite reflectance (Rr) and total amounts of PACΣ77 in the coals.
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Figure S11.
Relationship between vitrinite reflectance (Rr) and a) monomethylated (C1) to tetramethylated (C4) naphthalenes (NAPs), and b) C1–C3 phenanthrenes (PHEs) in the coals.
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