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Fig. 1 3D TSF spectrogram of typical oils
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Fig. 3 3D TSF excitation-emission contour plots for partial inclusion oils from Dongying depression
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Table 1 TSF and biomarker parameters for partial reservoired oils from the Dongying depression
" # = # TSF | Amax(nm) | TSF Rz | TSF Rl ConacaS/ | Cpsaaa/ Ts/ CafEli
X B o 7w BK| Ex | Em 260nm 270nm (S+R) | acato@® | (Ts+Tm) 228/
(m) SRBE | Max | Max | (360/320)|(360/320) (S+R)
100X28 Es; 2153.9~2156. 6 331 260 | 375 6.5 5.1 0. 45 0.47 0.42 0.58
i 10-C8 Es; 2321.1~2350. 9 406 258 | 373 6.0 4.4 0.58 0.43 0.54 0.58
146 Es?’ 3089.2~3132. 3 393 | 258 373 7.5 5.7 0.47 0.47 0. 33 0.59
| #3-6 Es; 2034.5~2060. 7 315 260 | 375 7.7 5.8 0. 49 0.43 0. 36 0.58
| T4-X43 Es, 2560. 3~2673.6 378 | 260 | 375 5.8 4.5 0.55 0.44 0. 56 0.58
] 50-X7 Es; 2213 540 | 258 | 378 7.6 5.9 0. 38 0. 40 0. 30 0. 56
51-125 Es; 2614 426 258 | 373 6.8 5.2 0.43 0. 45 0.38 0.58
g {{]75-34 Es; 2416 375 | 258 | 378 7.6 6.1 0. 37 0.41 0. 31 0. 56
& F11CX129 Es; 2173.3~2177. 0 418 | 258 | 378 8.8 6.8 0. 39 0. 38 0. 30 0.56
¥120-7 Es; 2342.8~2344.0 409 258 | 373 9.0 6.9 0.33 0.28 0.29 0. 55
e 3¥17-33 Es; 2239.6~2249.1 380 | 258 | 378 8.0 6.2 0.37 0. 37 0. 34 0. 57
& % ¥48-12 Es; 2457.9~2463. 8 329 | 258 | 378 8.9 7.1 0.34 0.28 0. 25 0.56
i i & C86 Es 1975.5~1987. 3 170 | 260 | 375 5.3 4.2 0.56 0.42 0.54 0.57
* Hl12-41 Es; 1957~1963 322 | 260 | 375 6.9 5.4 0. 44 0. 38 0.33 0.57
H14X26 Es; 1866.1~1868 415 260 | 375 6.1 4.7 0.51 0.42 0.49 0.58
#87-33 Esz 2219.3~2221.3 223 | 258 | 373 5.5 4.4 0. 55 0.42 0.51 0.58
E11X58 Es?’ 3242~3254 443 258 378 6.5 5.2 0.54 0. 41 0.42 0.58
& $106 Es?’ 3377.0~3415.9 248 | 260 | 375 4.9 3.9 0.47 0.53 0. 56 0.58
$138X3 Esg” 2942.8~3142.4 248 | 260 | 375 4.9 3.9 0.59 0.42 0.56 0.58
i ¥8X41 Es;® | 2453.4~2455.6 282 | 260 | 375 5.6 4.2 0.61 0. 45 0.57 0.58
HE61X73 Ed 1599. 5~1625.4 722 | 258 | 378 7.2 5.7 0.44 0. 45 0.41 0.59
E F102-C83 Es; 2162.0~2202.5 277 | 258 | 378 6.0 4.7 0. 46 0. 47 0. 47 0.58
F24-X24 Es; 1703.8~1712. 0 429 | 258 | 378 6.9 5.2 0.43 0.43 0.43 0.58
% F3-X11 Es?’ 2608.3~2633.3 477 | 260 | 375 5.7 4.2 0.48 0. 48 0.51 0.58
H F53-2 Es;F 3311.9~3346.7 195 258 | 378 5.6 4.1 0. 47 0.53 0.57 0.58
"E70-13 Es;" 2771.6~2773.5 376 | 258 | 373 6.5 4.9 0.50 0. 41 0. 40 0.58
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Abstract

Totally 40 normal oils, 15 fluid inclusion oils and 39 reservoir rock extracts from the Dongying Depression
were investigated using TSF (Total Scanning Fluorescence) and GQF-E (Quantitative Grain Fluorescence on
Extract) techniques combined with biomarker analysis to unravel their 3-D fluorescence features
characteristically and quantitatively. It was observed that both the normal oils and the inclusion oils show
generally similar TSF fingerprints with only one spectral peak, suggesting close genetic relationship of the oils.
It was also observed that the peak-wide and maximum intensity of the TSF increase with decreasing oil
maturity. The results show good positive relationship between the TSF indices i. e. , TSF intensity, TSF R1
(=Emjonm/EMssonm) as well as TSF R2(=Emjgonm/EMgonm) and the biomarker maturity parameters, i.e. , Cy
sterane 20S/(S+R), Ts/(Tm+ Ts), which suggest that the former can be used as potential indicators of
thermal maturity. According to the TSF thermal indices, we observed the oils in the Central Uplift of the
Dongying Depression that exhibit a decreasing thermal maturity trend from the southwest to the northeast,
indicating variation of the oil sources and primary oil charging direction. QGF-E analysis of the tight sand or
siltstone extracts from Niu876 and Wang 550 wells in the Niuzhuang Sag showed that most of the samples bear
relatively strong TSF intensity, indicating existence of relatively high abundance of hydrocarbons and therefore
possibly well development of subtle oil-migrating pathways such as thin sand/siltstone and microfissure in the
Niuzhuang Sag, which is significant for the formation of the subtle cil pools in the Niuzhuang Sag by connecting
lithologic traps and deep source rocks. This study shows good prospect of the TSF and QGF-E techniques in

discriminating oil group, evaluating maturity and identifying oil migration pathway as well as paleo-oil layer.

Key words: TSF; QGF-E; spectral fingerprint; maturity; subtle oil-migration pathway
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