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Abstract: Nanpu depression is abundant in deep oil and gas resources, but the origin of the hydrocarbon is still unclear. High
resolution mass spectrometry (negative-ion electrospray ionization (ESI) Fourier transform ion cyclotron resonance mass spec-
trometry (FT-ICR MS)) is utilized to carry out the composition and distribution of heteroatom compounds of crude oils from
the Nanpu depression and its geochemical significance for the first time. The heteroatoms, Ni,» N;O;s NiO,, N1Os5 Npy Oy
Oy, O; and O, class species, were identified by negative-ion ESI FT-ICR MS. And N;, O;, O; class species are universal in all
samples with higher relative abundance. It is found that thermal maturity obviously controls the distribution of carbon numbers

and the degree of condensation of N; and Oy class species. It is observed that parameters like Cis 20 /Cor50-DBE12-Ny , Cop24/
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Cy5-50-DBE5-N; » DBE,; /DBE;-N; and DBE;s s /DBE,-O; have a good correlation with Ts/Tm and TMNr. They could be used

as indicators of thermal maturity of crude oils in the depression, reflecting the kinetics of thermal evolution of hydrocarbons.

Significant difference was found among different layers of oils detected by negative-ion ESI FT-ICR MS, indicating that it can

be applied to characterize source rocks. After a comprehensive investigation, we believe that FT-ICR MS technique is applicable in

multiple geochemical aspects, such as maturity level estimation and source rock and relevant hydrocarbons determination. FT-ICR MS

is significant in both the compositional characterization of the NSO compounds and the application in petroleum exploration.

Key words: Nanpu depression; crude oil; high resolution mass spectrometry; maturity; geochemisitry.

A1 T2 AR R 2R A S P R A S
Prn &R BN RS YD TR R 285
HOG AR /NG — 34y GRE /DT 15%) (Altgelt and
Boduszynskl, 1994) ,{H &2 28 & F & n st R 1k 24 5
B A I (Hughey et al. , 2002; Barrow et al. ,

2010; Tong et al. ,2013; 184 W45, 2013) , % T HAE
b5 H 1) e A RS B 32 b5 PR 2R S T A A AR Ak
(BT HIR 0. FT-ICR MS [ Rk 27 BT 5% 5
FOHAE R P 8 I 0 AL TR0 B IR R i B, H
I FHFT§E TR (Li ez al. . 2011b, 2012; 25 K #§ 55,

2003 ;Pakarinen et al. ,2007 ; Stanford et al. ,2007; 2013). BT e B2 [T Tt A S a0 e 1)
Li et al. ,2011a) . J5i 46 UL 4% (Chakhmakhchev HBERIL AR T T REMFIT (B 55 1045, 2006 25 %K

and Suzuki, 1995) \ #UZE (Hughey et al. ,2004;
Liet al. .2011b,2012; 22 EHMf%5.2013a, 2013b) 45
FHRAE B ARG T B (40 GC(gas chromatog-
raphy) ., GC-MS (gas chromatography-mass spec-
trometry) , GC-MS-MS (gas chromatography-mass
spectrometry-mass spectrometry)) X} F NSO Z4 5
TG E L BT ARSI (4 95 B AR H R R (22 R A
&2,2013). FT-ICR MS(Fourier transform ion cy-
clotron resonance mass spectrometry) A] K K #h Fic
XF NSO A& 9y A5 yE L H A E NS FT-
ICR MS XJ A7 i 20 73 19 53 A, =224 v T A4k
U N E T ST NSO 2% 71 & W ek 22 b 3
TR A B A L (Klein et al. + 2006 X1 #1245

35,2008, 20115 M348 45, 2008 ; X B2 45, 2008 ; ¥4
HIFKRA M, 20095 7 AR FIZE 2 A, 2011) . H il F %
GC-MS AR BRG] L BrEFF 21 NSO 28 159
BRI AR AN 5 DR T A BE S Rt B9F 5 DX D
RIS R4S o A R k. A SCRI A FT-ICR
MS FRAE R £ M 28 I A 5 My M ER AL A AL
fE R NSO 3 IR A i 2 ER L it
FE D B AL R .

R iibEiNDiE T RL

P 8 (M1 7 T ¥ 8 925 7 M B ) B 2R AL L 2
TERRAEH 5 3R b 2 B A Az sl & Bk

B

EAT I WAL K i
Bl

Eiig7peall

10 km

0855 1035 uliag 268 e N
( ® B26-6 > Y4
2
W#‘EFH 5
%14 M B RV
EESF HE ) )x{b\w ®NP4-19
® NP1 » e
a0 5 b \% .iEE
————————————————————————— .NP203X1 A ) 3 B
= NP23-P2201 NP32-X3015°
[onpt | [muee |[ 2] . VSR o P'(:2NP32- 3212
T 2k NP23-P2009 ;
B M4 W2 NP23-P2002
(@]
PRE ARWE
AR
/7 Vs Y o b S Y
1 s (MR X 1 BT 5 SR 0 A
Fig. 1 Tectonic units of the Nanpu depression and location of the oils collected
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Fig. 2 Relative abundance of heteroatom class species in the crude oils from the Nanpu depression
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