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Abstract: To further clarify the conditions of Paleozoic source rocks and the prospect of oil and gas exploration in Qiangtang Basin,
the black mud shale of Upper Permian Paleozoic Nayixiong Formation, which was drilled into QD18 Well, was taken as the research

object. Through rock pyrolysis, elemental analysis, kerogen identification, combined with saturated hydrocarbon chromatography-
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mass spectrometry, the source quality of Nayixiong Formation was evaluated, and the development environment and evolution
process of source rocks were studied. The exploration prospect of Paleozoic oil and gas in Qiangtang Basin is discussed. The results
show that: (1) The TOC of the black shale of Nayixiong Formation in QD18 Well is between 0.58% and 6.74%, with an average
value of 1.5%. The organic matter composition is mainly vitrinite, some samples are mainly sapropelic, H/C atomic ratio is between
0.42~0.81, O/C atomic ratio is between 0.08~0.28, kerogen type index TI is between —75.25~38.50, kerogen type belongs to type
I1,-11I, mainly type III. The R, was between 1.44% and 2.01%, and the T,,, was between 455 and 544°C. Most of them entered the
stage of high maturity evolution, and some reached the stage of over-maturity, mainly condensate and moisture. (2) Biomarkers
revealed that the water body of Nayixiong Formation was a reducing environment with the characteristics of mixture source. (3)
Effective source rocks are developed in the Permian of Qiangtang Basin, and the abundance of organic matter in the eastern part of
the basin is significantly higher than that in the western part of the basin. The thickness of effective source rocks in QD18 Well is the
largest, reaching 212 m. There are four high-quality source rocks developed in total, and the accumulated thickness of high-quality

source rocks is 51.9 m, which has very good hydrocarbon generation potential and exploration prospect. It can be used as target strata

for subsequent Qiangtang oil and gas exploration.

Key words: Qiangtang Basin; Permian; Nayixiong Formation; source rocks; abundance of organic matter
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Fig. 1 Regional geological map(a), geologic schematic map of the study area (b, simplified based on Yao et al., 2011) and

drilling column diagram

i MEAL (Pyn) S =B 25 R RAFHZ . TR 4 M2
I X JHBA(1983) B T A 242 B
TR g BB IX, S PE LUK . O PR 2R & e o 45
Ty b e 3, Ry BB S SR, TOUER Je b g (0
EAR A 2 (R AR A4, 2011) . AT G H, Af 4
HEFAEBE ¥ Tschernyschewiacfsinensis FTyloplecta
¢f. yangtzeensis Wi 1> T, 7 Parananlingella laxa
Nanlingella simplex YE25 4k A 445, J@ o = BEAIK,
FRE R, BE T B R S A DR B Loy 1A, i)
R M =B TR G (A A5 424%, 2003, 2004), 7]
SR R AT . R LRI, Z ki
FiE R RS, AR AE IR AR R R X R AR
KGR (22 9% 55, 2015), I =2 S A% LA R R 12
{88 3, RITTZ TR T R & ok AR & 2 &
X LR G B SO SE R AR KRS
Jeds 18 A BN ETEE R, AL
b HZH (P | B 5 bfE4H (Pyn) LA S h & G2 Jut
EYEH (Py) . Horb, IR 25 MELH 50 BRI EL, B
PRI AS . R OG- RARTE S R e s
e D R A0 2R D s T BUa T AL

55t h— R ERR A B A s h— AR, e 22
BEIE o JEH 18 oIk 25 M 20 5 kAR 445 (2011)
ST 6 o1 H 5 A R S — g 25 5%, BT H
HH R A B ZERKAEIZE, HARW AR GRS
e, 25 32 DR A AL R i 5 ) 5 8 5 (Wb 42 A
S5, 2010), ULALAH b = A AE, ASFRUE e i 1 5
PO AR AR M, B0 5T B 3 A SE s 18 JF
TR 2 M 2E M P 3 22 AR, BT T AT g B =
£ YN KT, A KR 52 B KGE TR R, AT
TR R $h 77, 1 IS H 18 A T /Kl HHE iR
JRIX, W& 2ELa OB ANs .

2 HmRESILOHR

AW TR FEH 18 I 216~437 m HHEL Ay IR
T M2 R0 e 5 AT EE SR A, MR E 61 (IR
FEa (B 1) o BTRIEMVEEII NI TR Btk
TR AFE i, A il Je KA 52 ) o i A7 A
D3R5 76 5 Db 0 P A5 0 S8 B, B Sl A i s
TEZE 100 H, il id 21294 Sk A e B8 (il A
R A HLBR A I 5E (GB/T19145—2003 ) Y3 ke b



518 DURRS S e (3)

H 7 HLBK 5, I ZJ287 AP 0% B G A7 34
fit 43 ¥ (GB/T1 8602—2012) Y AT HE i BV fi#t 73 B,
e P& I R BORE P i R A AL oy, d6
M CAA RIS I E (SY/T 5118—2005) )i
EHPEGIT “A” G, ARG TR R4
AR 2 BT AE 1430 FH A v et . S e A = S
Pt/ LS B W R | YRR R o . b, i
FE i F HP689ON GC/5975MSD {8, 1% - 5 1% 156 1]
ASCHE O 3 - I 1 0 R A D v A
Y & (GB/T 18606—2017 ) ) k47 (4,31 43 Bt Al
J5T 3% 43 A, A B89 €838 4154 30 mx0.25 mm HP-
SMS 1A S B, B AR, IR
280°C. 3 4b, AR i T I AR 43 B O vk AR
T EAR, AR5 T 21257 ('t s A 21280

B IO BE T B G SO0 O0 T W AR I Tl 2 43 4
TE M ZERIRN 3 Ik (SY/T 5125—2014) YHIKHUR S
g ST S S SR 5 7k (SY/T 5124—2012) )ik
17T W MRS R G5 o 4 S 2383 o2 , P38 2 FLASH
EAL12 TR ML IR CHa AUk, &, A
TCEHTE:(GB/T 19143—2017) Yl E T ZE 4L

3 RIREEMN

3.1 BHURFEE

(1) FRAA LR 7 i (TOC)

e 18 FHAR 25 MELH 61 F1RE A5 B 4L
PRI TOC FIRIE ., 4558 BonaRuals 5
KRBT 225~437 m B, JBEH 212 m, TOC & &t
T 0.58%~ 6.74%, “F-BIME N 1.5%(F 1), 61 1F

F1 T I8 HPHBERTTERNKRSE

Table 1 Organic carbon content of mudstones of the Nayixiong Formation in QD 18 Well

FE & g 5 IR & /m begis TOC/% e R R & /m = TOC/%
18J-SY01 225.0 K BB AL e 0.58 18J-SY32 306.2 KB 0.95
18J-SY02 227.0 TR B AL R 0.73 18J-SY33 308.6 IR A0 R A 0.98
18J-SY03 230.2 RN 0.94 18J-SY34 310.5 IR B0 R A 6.74
18J-SY04 233.0 KB A 1.11 18J-SY35 311.2 KB H 433
18J-SY05 235.6 KA 1.02 18J-SY36 312.0 KEEPH 5.97
18J-SY06 237.0 KB A A 0.84 18J-SY37 316.0 IR A TR A 1.09
18J-SY07 239.0 K BB AL e 0.65 18J-SY38 323.0 TR 84 TR e 1.29
18J-SY08 241.8 TR B AL R 0.58 18J-SY39 325.2 IR A0 R A 1.03
18J-SY09 243.0 IR B e 0.61 18J-SY40 326.7 KR A 1.33
18J-SY10 244.7 KB H 0.85 18J-SY41 331.5 KB H 0.90
18J-SY11 2473 KA 0.79 181-SY42 3335 KEBEEE RS 1.07
18J-SY12 249.7 KB A A 1.08 18J-SY43 336.0 R EB A SRR E 0.96
18J-SY13 251.1 K BB AL e 0.97 181-SY44 340.9 KB 0.71
18J-SY14 254.2 TR B8R 1.27 181-SY45 349.7 K B AR 1.35
18J-SY15 257.0 IR B e 1.22 181-SY46 353.0 KR 0.70
18J-SY16 257.8 KB H 1.03 18J-SY47 356.5 IR0 K b U A 1.60
18J-SY17 260.0 KA 0.75 18J-SY48 359.5 KA 2.40
18J-SY18 263.7 RIK e A 1.00 18J-SY49 363.8 KRR IR A 2.36
18J-SY19 269.8 RIK e 0.74 18J-SY50 369.5 KA 0.42
18J-SY20 270.1 oK e A 1.24 18J-SY51 373.0 TR AL 1D TR e 2.50
18J-SY21 275.0 oK 0 1.20 18J-SY52 377.0 A 1.08
18J-SY22 276.2 WK e 0.80 18J-SY53 379.0 TRKERH 3.64
18J-SY23 276.8 K R A 0.77 18J-SY54 383.0 KB R A 1.29
18J-SY24 280.6 RV A 0.77 18J-SY55 385.0 KRR IR A 2.71
18J-SY25 281.6 R A 1.52 18J-SY56 394.0 WKV A 0.79
18J-SY26 288.0 IR T A 3.97 181-SY57 397.8 WK e s 1.06
18J-SY27 289.5 IRV A 3.38 18J-SY58 403.0 TR BJRH 2.58
18J-SY28 292.0 KA e = 0.84 18J-SY59 408.8 IR A 4.49
18J-SY29 295.2 K R A 0.84 18J-SY60 419.0 RK AR A 0.96
18J-SY30 300.8 R e A 1.02 18J-SY61 437.0 WKV 0.71
18J-SY31 304.5 YRR 0.70
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Table 2 Organic parameters of source rocks in QD 18 Well
. .. TOC/  H/C o/c A “A”/ S/ S/ SHS/ Tl
[ =] LE ) = Ay i I 17 max
FeEfgs A J=X0 v, EEH R % mgg' mgg ' mgg’ ©
18J-SYO07 gy P.n 0.65 1.81 0.74 0.005 8 0.0148 0.0700 0.084 8 508
18J-SY12 Ve P:n 1.08 0.75 0.22 0.0079 0.016 5 0.097 8 0.1143 520
18J-SY25 k= P:n 1.52 0.66 0.20 0.01 0.0191 0.146 6 0.1657 544
18J-SY40 gy P.n 1.33 0.77 0.20 0.007 6 0.018 1 0.1812 0.1993 526
18J-SY44 Ve P:n 0.71 1.77 0.78 0.004 9 0.0118 0.056 8 0.068 6 529
18J-SY45 k= P:n 1.35 0.49 0.08 0.006 9 0.0618 0.1560 0.2178 455
18J-SY47 gy P.n 1.6 0.58 0.14 0.007 7 0.0379 0.1919 0.2298 493
18J-SY54 & P:n 1.29 0.42 0.08 0.006 8 0.0189 0.067 8 0.0867 542
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Fig.2 Correlation analysis diagram of chloroform pitch “A” and “S,+S,” and TOC
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Table3 Mudstone kerogen mirror data from QD 18 Well
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18J-SY25 e P.n 50 0 45 5 11.25 II,
18J-SY40 Th P;n 7 0 82 11 —65.50 11
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181-SY47 s Pin 0 85 12 —172.75 11
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Fig.3 H/C and O/C correlation diagrams of QD 18 Well
(base map according to Zhao Zhengzhang, et al., 2001)
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Table 4 Source rock biomarker parameters of QD 18 Well
FEf%iS Ro CPI  OEP  nl n2  PrnC,, PhnCy Pr/Ph nE n3 n4 ns
18J-SY07 1.56 1.04 0.71 0.81 1.29 0.28 0.57 0.42 Cir Cs 045 0.22 0.51
18J-SY12 1.91 1.03 0.85 1.58 3.49 0.35 0.65 0.43 Cis 0.5 0.27 0.5
18J-SY25 1.89 1 0.82 0.92 1.19 0.16 0.28 0.54 Ce Cuy 044 023 0.51
18J-SY40 1.99 1.08 0.71 1.35 1.6 0.29 0.56 0.51 Cis 0.45 0.2 0.51
18J-SY44  2.01 1.06 0.7 0.71 1.02 0.24 0.53 0.49 Cis 046  0.23 0.53
18J-SY45 1.44 1.02 0.73 0.97 1.45 0.26 0.45 0.44 Cis 044  0.26 0.52
18J-SY47 1.44 1.05 0.76 1.12 1.78 0.19 0.38 0.5 Cis 047 0.24 0.5
18J-SY54 1.68 1.03 0.75 1.23 1.82 0.31 0.49 0.47 Cis 046  0.21 0.53

E: R BB RS HR (%) ;

CPI:OS X [(C25+‘C27+C29+C31Jr(:E3)/((:244%(:2(\4">(:28+(:30+C32)+(C25+C27+C29+(:3I+(:33)/((:2(v+(:28+(:30+
CytCi)]s OEP=[(CA6XC,,,+C,)/(4%Cy, +4xCy )] n1=YnC,, /¥nCys

n2=(nC,+nC,,)/(nCp+nCp); n=E — F WG B L

3= C,y00020S/(20S+20R): nd= Cyupp/(coiotafp): n5= Ts/(Tm+Ts)
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