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1
Fig.1 Location of Ordovician oils and tectonic units in the Nanpu depression
1
Table 1 Physical properties of partial deep crude oils in the Nanpu depression
/m 20°C /( g/em®) 50°C /( mPa * s) /C 1% 1%
NP283 0 3 843.5~4 025.0 0.843 1 6.41 40 19.16 0.08
NP23-P2013 0] 5074.0~5 358.0 0.837 9 8.08 37 20.86 0.09
NP23-P2008 0 4 656.2~4 920.0 0.842 6 6.06 39 23.54 0.06
NP23-P2006 0] 5 159.0~5 268.0 0.839 3 13.41 29 24.81 0.20
NP23-P2004 0] 5 083.0~5 312.0 0.8356 8.72 29 24.78 0.10
NP23-P2002 0] 4 875.0~5 150.0 0.839 4 7.25 40 24.65 0.07
NP23-P2001 0 5057.0~5 222.0 0.837 7 9.06 41 30.92 0.07
NP1-89 0 4770.7~4 953.0 0.834 7 4.78 33 16.82 0.20
LPNI 0] 4035.2~4 215.1 0.8357 7.43 39 25.07 0.02
PG2* € 5165.2~5185.2 0.790 8 — — — —
%
2 1) . . ;
11 ’ ’
( 20%) .
N 16 . 18
) ’ . .
46 ( ) ‘54 11~14 ( )
23 N o
° nCy Do~ D, Cyy N 12
D10- . GC.GC-MS
. . 72% ~90.3%
Jiang et al.(2001) .Li et al.(2003) ° " . (72% )
(6.4% ~20.2%) (0.5% ~6.5%)
3 (0.7%~9.2%) /
3.1 (3.6%~14.2%) . / (0.1% ~5%) o
\ 2 96.1%
2 o o
o 3.2
(16.82% ~ 30.92% 23.4%) (0.02% ~ ( 2
0.20%) . (29% ~ 40%) . (0.834 (nC,, ~nCy,)
7~0.843 1 g/cm’) (4.78 ~13.41 mPa * s) ( nCy,
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“ 7« 7 NP23-P2010, ( 1.53) . /
€« ” /
( 2) 15 .
o Pr/Ph  (1.28~1.77) ( 2)
[13 ”» .
— ; Pr/nC;+
nC,,~nCi5-nC, ~nCy( 2) o “ ” Ph/nC ( 2
. s 15
CPI.OEP 1.06~1.14.0.93 ~
1.07 1( 2), N N
nC,, /nC,,” 0.75~ 142 ~1 165 pg/g- 142 pg/g(
2.32( 1.05 ( NP280) 3) o
2 nCy /nC,," 2) . ( 3 N
18a( H) - (Ts) .CyTs
nC,,~ /nC,," ( 3 / <Gy /
2
Fig.2 Total ion chromatograms ( TIC) of the saturated hydrocarbons in the oils from deep burial and Tertiary horizons
2
Table 2 GC parameters for the whole oils from the Nanpu Depresion
(nCy+nCyp) /
/m CPI OEP nC, ~/nCy”* Pr/Ph Pr/nC;;  Ph/nCy
(nCyg+nCy)

NP280 0] 4 025.0~4 220.0 1.10 0.93 2.32 1.94 1.43 0.27 0.21 nCy
NP23-P2002 0] 4 875.0~5 150.0 1.13 1.04 0.72 1.26 1.30 0.21 0.16 nCy;
NP23-P2004 (0] 5 083.0~5 312.0 1.12 1.03 1.00 1.27 1.32 0.21 0.16 nCy;
NP23-P2005 0 5 141.0~5 351.0 1.12 1.03 0.96 1.26 1.37 0.21 0.15 nCy;
NP23-P2006 0 5159.0~5 268.0 1.13 1.04 0.87 1.26 1.41 0.22 0.15 nCy;
NP23-P2009 (0] 5 182.7~5 452.0 1.12 1.04 0.97 1.24 1.38 0.21 0.15 nCy;
NP23-P2013 0] 5074.0~5 358.0 1.12 1.03 1.07 1.30 1.43 0.23 0.16 nCy;s

NP2-82 0 4 880.0~4 955.0 1.07 1.07 0.75 1.13 1.28 0.23 0.18 nCys

LPN1 0] 4 033.19~4 215.0 1.06 1.04 0.75 1.19 1.42 0.23 0.16 nCy;

PG2 € 5165.2~5 192.0 1.14 1.01 4.8 3.34 1.77 0.17 0.10 nCy
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Cy 0.37~0.58.0.36 ~ 1.02( 3);
( 3). C,,/Coy (0.81 ~ 0.98)
N (1.58); / 0.57 ~
( 4 Co aaa20S/( S+R) .C,y  0.84 2.05 .
aBB/( aaa+app) 0.57 ~ Cypo—
0.65.0.53~0.55(  3) / 5 Ts/ Cyy— ( 3);
( Ts+Tm) C,yTs/Cy 0.83~0.89.0.4 (
~1.04(  3), ( ) o
3) /Cy 0.14~0.18( 3) 33
/
Pr/Ph o ( 21.55% ~25.84% 30%) .
“wrooo(3) (35.81% ~46.14% >40%) . (10%+) .
/ o ( 5o
3 GCMS
Table 3 Basic GC-MS parameters of the oils analyzed in Nanpu depression
Com/ Dia/  Cx/ St/ CyuTs/ Dia/ G/ St+Hop
/m 20S afp Ts T/P
Cpr905 Reg  CpSt  Hop CyH  Hop  CipH  (ugle)
LPN1 O 4033.19~4 215.0 0.60 0.54 0.86 0.076 0.39 0.39 0.98 0.84 0.66 0.64 0.17 710
NP280 O 4025.0~4220.0 0.62 0.55 0.83 0.055 0.38 0.38 0.81 0.57 0.40 0.36 0.14 1165
NP23-P2002 0O 4875.0~5150.0 0.60 0.53 0.88 0.059 0.33 0.40 0.86 0.69 0.64 0.66 0.15 1032
NP23-P2004 O 5083.0~5312.0 0.60 0.54 0.87 0.063 0.33 0.39 0.91 0.73 0.65 0.66 0.16 919
NP23-P2005 O 5141.0~5351.0 0.61 0.54 0.87 0.064 0.33 0.39 0.93 0.72 0.62 0.64 0.14 974
NP23-P2006 0 5159.0~5268.0 0.61 0.54 0.88 0.061 0.33 0.37 0.91 0.73 0.65 0.66 0.15 940
NP23-P2009 O 5182.7~5452.0 0.60 0.53 0.86 0.061 0.34 0.39 0.92 0.76 0.68 0.70 0.16 897
NP23-P2010 0O 5195.7~5607.0 0.65 0.54 0.89 0.075 0.64 0.46 0.89 0.79 1.04 1.02 0.17 827
NP23-P2012 0 5212.0~5510.0 0.61 0.55 0.85 0.070 0.36 0.40 0.91 0.71 0.63 0.63 0.14 879
NP23-P2013 0O 5074.0~5358.0 0.57 0.53 0.87 0.062 0.32 0.37 0.90 0.71 0.61 0.60 0.15 854
NP2-82 O 4 880.0~4955.0 0.62 0.55 0.86 0.067 0.35 0.38 0.88 0.78 0.66 0.67 0.16 768
PG2 e 51652~5192.0 0.62 0.53 0.86 0.113 0.74 0.58 1.58 2.05 0.92 0.97 0.18 142
:20S: Cyo aaa20S/( S+R) ; aBB: Cy aBB/( acat+aBB) ; Ts: 18a( H) / 18a( H) +17a(H - (Ts/( Ts+Tm) ) ; Cy1_n/Coyno—
St Cyyip/Chyng— ; T/P: / ; Dia/Reg: / 7 Cyy /Cy St Cyy /Cyg ; St/Hop: / 7 CyyTs/CyH: 18
( H) 30- (CyTs) /1C5 ; Dia/Hop: C5y— /Cx v G/CyH: /Csq ; St+Hop( pg/g) : + (pgl/eg )
3 m/z217.m/z191

Fig.3 The m/z 217 and m/z191 mass fragmentogram of saturate fractions from partial deep oils
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4

Fig.4 Maturity correlation of the deep and shallow oils from the Nanpu depression

5

Fig.5 Composition and relative distribution of the aromatic fraction in partial oils from the Nanpu depression
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Fig.6  Maturity correlation for the analyzed oils and the source rocks from the Nanpu depression
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Characteristics and Formation Mechanism of Deep Oils from

Nanpu Depression Bohai Bay Basin
LI Su-mei' > DONG Yuexia® WANG Zheng—un’
XU man' > MENG Xiang-bing' > ZHANG Peng'’

(1. State Key Laboratory of Petroleum Resource and Prospecting China University of Petroleum Beijing 102249;
2. Research Center of Basin and Reservoir Geosciences Institute China University of Petroleum Beijing 102249;

3. Research Institute of Petroleum Exploration & Development PetroChina Jidong Oilfield Company Tangshan Hebei 063004)

Abstract: Industrial petroleum was discovered from Palaeozoic deep horizons in the Nanpu depression Bohai Bay Ba—
sin which is different from the overlying Tertiary oils from view of physical and chemical properties. Conventional geo—
chemical methods were used to delineate the oils combined with geological analysis. There are two types of the deep
buried hill oils were discovered one is high waxy oil in the Ordovician and another is condensate oils in the Cambri—
an. It was observed by GC  GC-MS that the buried hill oils contain high contents of alkyl alkanes while low concen—
trations of biomarkers such as steranes and hopanes. The distinguishing characteristics of the oils are high to super—
high concentrations of diasteranes diahopane 18ca( H) 22 27 29-irinorhopane and ( Ts) and C,Ts detected in
the oils with obvious thermal cracking of homohopanes suggesting high thermal maturity of the oils. Oil-oil and oil-
source rock correlations show that the oils have close genetic affinity with the Es,,; source rocks. Hydrocarbons can be
charged into the burial hill from the Es,,, rocks directly overlying on the buried hill and/or contacted with the buried
hill reservoir through faults displacement characterized by short migration distance. Meanwhile hydrocarbons derived
from source rocks can also migrate through deeply cutting faults and Palaeozoic weathered crust into the buried hill
reservoir with relatively long migration distance. It was suggested that both the kerogen type ( Il ,-Ill) of the source
rocks and gas invasion in geological history should be responsible for the formation of the high waxy oils. The former is
liable to generate waxy hydrocarbons and the latter can be inferred from the fact that the n-alkanes with carbon num-
ber less than C,4 in the oils were commonly depleted and the relative concentration of naphthalenes are a little less
than that of the phenanthrenes. These phenomena are obviously abnormal compared with that of the shallow oils overly—
ing. This study is helpful for unraveling hydrocarbons accumulation mechanisms and deep petroleum resources evalua—
tion in the area.

Key words: Nanpu depression; deep oil-pool; high waxy oil; gas invasion; genetic mechanism



