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Chemical fractionation during the phase separation of

hydrocarbons and its applications in tracing petroleum origins
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Abstract As one of the important geological fluids within the Earth’ s crust, the generation, evolution, and
migration of hydrocarbons are related to the formation of large-scale petroleum reservoirs. The cracking of kero-
gen to generate hydrocarbons is the primary pathway for petroleum formation. After generation, hydrocarbon

with different carbon numbers have differential migration pathways, entering different phase states, thereby
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forming petroleum reservoirs. However, no effective approach can characterize the chemical fractionation of
hydrocarbons from their formation to their entry into the gas-liquid phases, which impedes the in-depth under-
standing of phase separation and gas-liquid phase equilibrium processes during the initial migration after kero-
gen cracking. In this study, based on an established online thermal desorption hydrocarbon extraction method
for mudstone, we investigate the chemical fractionation of hydrocarbons between the gas and liquid phases in a
short-distance migration within a tight oil and gas system. The results show that hydrocarbons of the same car-
bon number also exhibit chemical fractionation between different phases. Compared with isomeric alkanes,
normal alkanes tend to enrich in the liquid phase (oil and formation water) , while aromatic hydrocarbons are
more inclined to concentrate in formation water. For source rocks, the parameters of thermally desorbed hydro-
carbons lie between the enriched and depleted phase states. A mathematical model based on the law of mass
conservation further confirms that, in relatively confined petroleum systems, there should be a linear relation-
ship between the normal/isomeric and aromatic/alkane ratios in the original hydrocarbons, oil, natural gas,
and formation water. This result, along with corresponding experimental methods, provides a theoretical foun-

dation for the study of phase separation and gas-liquid phase equilibrium mechanisms in the initial migration of

hydrocarbons, and offers new approach for direct source rock identification.
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Fig. 1 Division of tectonic units in the Turpan-Hami Basin
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Fig.2  Hydrocarbon source rock hydrocarbon thermal desorption extraction device and online detection principle
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Fig.3 Typical gas chromatogram of oil and gas reservoir samples in the study area
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Tab.1 The distribution characteristics of light hydrocarbon components and related characteristic parameters in different types of
geological bodies in Qiudong subsag Taibei sag Turpan-Hami Basin
R SR
R liRES =00A RIE/m - - - -
nCy/iC4  nCs/iC5  nCg/iCq  nCy/iC;  Benz/nCq  Tol/nC;  Benz/CCq Tol/MCCg

J7-2-3-F0 Iis 5231 ~5 281 1. 180 0. 881 0.787 1. 008 0. 105 0.511 0.252 0.288
J701 H-4) Jox 5112 ~5152 1. 174 0. 836 0.823 1. 036 0. 280 1. 031 0.376 0.431
J703H-45 Iis 5178 ~5 204 1.213 0. 833 0.727 0.937 0.072 0. 386 0.211 0.248
JTH-ER 7K Iis / 1.025 0.767 0. 690 1. 459 0. 026 0.071 0. 091 0.058
R J703H-EK Jox / 1.202 0. 787 0. 564 0. 540 0.016 0. 069 0.048 0. 031
J701H-< 4% Jox / 1. 049 0. 749 0.595 0.677 0.115 0.438 0.292 0.224
J10-<4% Iis 5410 0.226 0. 094 0.071 0.088 0. 006 0. 135 0. 004 0.019
J9OH-S 4% Iis / 0.935 0.591 0. 465 0.482 0. 024 0.029 0. 052 0.014
J703H Iis 5178 ~5 204 2.092 1.250 1. 195 1. 661 0. 105 0. 603 0. 148 0. 343
J7-2-3 Jox 5231 ~5 281 1. 980 1.237 1. 170 1. 644 0.133 0. 796 0.178 0.378
J701H Jox 5112 ~5152 2.008 1. 164 1.017 1. 507 0. 187 1.224 0.200 0. 464
il J702H Iis 5484 ~6 228 1. 854 1.028 1.003 1.326 0. 121 0. 665 0. 159 0.363
J7TH Jis 5403 ~6 113 2.071 1.114 0.982 1.277 0. 144 0.741 0.216 0. 404
Jo Iis 5610 ~5 906 2.299 0. 645 0.989 1.296 0.285 1. 507 0.230 0.502
J703H Iis 5178 ~5 204 1. 812 1. 081 0. 887 1.503 2.962 7.672 1.955 2. 106
HuK J701H Iox 5112 ~5 152 1. 873 0.977 0.823 1.268 3.336 7.586 2.136 2.245
J702H-2 Iis 5313.40 1.725 0. 948 0. 816 1.070 0. 622 3.504 0.673 1.114
J7-5 Iis 5315.50 2.372 1.619 1. 465 2. 141 1.012 6.014 1.953 3. 405
JIOH Iis 5327.19 1.393 0. 830 0. 689 0. 855 0. 609 3.707 0. 647 0. 780
SR J7-1 Iox 5 108. 80 0.953 0.873 0. 882 1.342 0.772 5.320 0.763 1.527
JIOH-2 Jis 5328.99 1.530 0. 822 0.728 0. 899 0. 650 3.861 0.702 0. 857
JIOH-3 Iis 5330. 80 1.573 0.957 0. 887 1. 108 0. 840 5.493 0.955 1. 506
J7-13 Iis 5 337.60 0.791 0.796 0. 860 1. 101 0.232 1.272 0.318 0. 660

VI : Benz "y 7 ( Benzene) , Tol 2}y 4% ( Toluene)
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Fig.7  Crossplots of aromatic / alkane ratios in different
geological bodies of deep tight oil and gas reser-
voirs in Qiudong sag Taibei sag Turpan-Hami Basin
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