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Abstract; With the successful exploration and development of marine conventional natural gas and shale gas in the
Sichuan Basin, the oil and gas explorations in new areas and new strata are gradually put on the agenda. Devonian
shales in Yunnan are widely distributed in local areas with high abundance of organic matter; however, little
drilling work and research have been done there so that the oil and gas enrichment is unknown. Through the field
investigation, liquid oil seepages were found in the Huaning Formation of Middle Devonian in Luquan area of
Yunnan Province. The organic geochemical analysis shows that oil seepage had a good relationship with marl in the
third section of the Huaning Formation of Middle Devonian. The marls in the third section of the Huaning Formation
of the Middle Devonian were generally deposited in a strong reduction-reduction environment and were in their
mature stage. Hydrocarbon generation materials were mainly algaes and other lower aquatic organisms, and higher
plants did contribute too. They had strong hydrocarbon generation ability, equivalent to that of type II, source
rock. The Devonian marls in the western margin of the Kangdian ancient land once produced oil and gas, and the
crude oil produced were mainly saturated hydrocarbon and aromatic hydrocarbon, which has certain potential for
shale oil and gas exploration and conventional oil and gas exploration under good preservation conditions.

Key words: Luquan area; Devonian; oil seepage; biomarkers; shale gas
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7, 2018 FAZESE, 2018), XU A M X I AH b
JEARIEAT T R RABE A b S5 40 A R SR AN BT T
B (BKIBBRSE, 2009; #ITHESE, 2016), X LEHF
RELED T FRMESE HIEH—TERBS% S E
RN R FER G AT A4 WAL, W% X R X
METUEIN, REFZERORIS (B I7%,
2009; E M8 74, 2012, JEMESE, 2014), Hod,
o TR GE e vUA i i A Tz, AL R
e o AR AR DL A0 ) T R AR 2 b R R
F, MATIERZ W AT B, A 4k e 2
REMZ AW Wi, TRESE FE NG M
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Sty o, rpovE R b X M A XS 2%, W
m&ﬁﬁﬂ&ﬁﬂ/,ﬁ%ﬁ KRS,
JEFE—RE—HI— KA X A A XA (MR
A 2009, FME T4, 2012; FHILHES, 2016;
SUIEE  2017)

= F L DXCRIF Y R o s, BN O TARIR A, B
T A TAESL, R?&ﬁﬁmﬁﬁTﬁi
A, BB, WA 7 O I AN B A
YF o, b E R AR R AR R A P L T
2018 4F 9 HEf X mmi i K R AL R B E T 28 — 1 4
Bl —— T 1 I, A TR - R A
HRE 2 2 1 W AL I B2 IR 1500. 68 m
(HKFWAE, 2019), RKHE THEMER (50 m) |
FRAG RV EH (570 m) . PRSIl EEA
(480 m) , HRAGL K F4H (360 m), TS
RINEEZE (40.68 m AK%F), 2019 4F 6 J], KL
Uy, Ko FE, ool gk L B R oK A T
4 (1007~1380 m) SMMERMAKE, *HF2kH
HWAE 1.5% ~ 11.95%, B3 i Hr <3k 3.25 m'/t,
JRI T REE ARG T R XA R R

YRR SR R DU SR ) (AR, 2017)
VLR AE 25 7 A %) i X HR I 4 4 46 7 41 4R B A ) T
RIT W R, 3% XA Al 2R A
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(E 1), KN EELEF RIS A4 512,
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&, 2000; X|Cut 4, 2008; Z& P4 2006),
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HEA R A IR ETR T, B ER A B
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Fig. 1 Sample collection site and schematic diagram of the field section (the base map modified after Liu et al. , 2008)
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Fig. 2 Photographs of oil seepages

(b) MHB

Y HrHE B (SY/T 5119—2016 47 Rl A HLY
KIS G o7 e A ) AR e, RRTIE B 1k G W 2 R
Fie B8 (GB/T 18606—2017 < AH {0 % — i 1% 32 I 5
DU A s h b A AR AR ) R T (R KK
JEE RN B By 4y, 2005; ERAEE ), 2016; i
N BT 4R T R R 0 R i R R A [
FAMELE B &, 2017)

2 #XRE34%

2.1 BHHRAK

ST A S B R IR A G, AN TR R R 1 R
ME A AR A R, T A B RS =
55.89%, FFEHRBHER21.75%, FRER 12.59%),
Wit B 6. 14% ; M B AU AR 5 i 37.24%,
TR T 26.65%, AR E A 18.12%, Wi R

Tt 15.94% 5 AHXFT R, MRS T OY A R T i
w, ARRRRI T A A RN (R 1), W AW
LA AR YRR S i 16.80% , S EHE IR T A
16.40% , AR &R 19.37%, Wi & & 42.39%
M B ARSI R i 14, 42% , O
HRER 19.77%, EREE 24.72%, Vih RS
HE22.65%; AR L, UE ORI RN DY R A A A
L, {RIME A JEBA A Al AR b T A
W B IR A AT Y 20% . W A R B % BRI
MRS D5 B e & i s T s A 4R
T 5T 2 & /0y, 30 s as 7% 3] 24 4%
it A FLIR B o B o W AR I KAy, AFIT
BF, WA R,

R HESEREGHEVRASEKR

Table 1 Composition of extracts from oil seepages and matrix
rocks
o WhK, SER ER, VT R/
% % % %
A 55.89  21.75  12.59 6.14
WH B 37.24 26. 65 18.12 15.94

Mg A A AEY  16.80 16.40  19.37  42.39
W B ETA AWMy 14.42 19.77  24.72  22.65

2.2 EWHREMERKGR

TE R 958 K T T I A R A B A P AR
HoAY A (25 A5 R AE P DAAR B 1 B2 WA B 5 B o Ok U5
AURCEARE J7 AR B, AT LA SR U5 b 9 3 22 S 4K
(RISEHE, 2008; FhunF 55, 2015; £ #F5%, 2018;
oK AAF, 2019) PSR A R )2 B
Wi ke, Ptt, BUAEE 225 AR K, Ml A Fl
B R HLHE A A 1 J5L i 1 e e 5 4 S 8O L ok R
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(%2, BI3), MH A ST A MY 0 E 8 Lk
() 43 A W 7R 4 B 5L P B R R AR DL C,
F, OEP (# L% ) A 0.851, IEKEEREMK L
S nCy, /2 nCy, A 0. 314, FELAT TR B A 5 A 35 A BH
B EBOLSE ET B LT A B 1 1AL e ke
) o3 A e 7R B L R B R R AR DL 5 h
F, OEP (#MIL#) A 1.038, IEKE/EH Eik L

R2 HESERSAMRYEMREEHSH

¥ nC,_/ XnCy, h 0.177, FA 8 1 2 5 A 3 F1 W]
WA E BRI A R B AR T U A
RYIRUL, FREBK S, RS, —Jrim
PRBL T I B8 B4 SO0, 3 — T T UL A] 4 3% T
W A R B A AR R R 25 5, e A TR
KEEIERE IS C—C Wy 2210 18y Hh—J % IE 44 Joe e %
BZ, RMEZR/ N TREE,

Table 2 Structural parameters of n-alkanes of extracts from oil seepages and matrix rocks

i B 37/3 OEP Pr/C,, Ph/C g Pr/Ph 2nC,,_/XnCy,,
WA Ciy 0.999 1.424 0.618 1.697 1.973
M B Cys 1. 056 1.852 1.125 0. 863 0.423
WA LA AR Y Cy, 0.851 1.119 0. 844 0.071 0.314
W B A ALY Cys 1.038 1.110 0.767 0. 186 0.177
)7C22 nczs
nsz
”C“‘Pl ncleI
/
(a) W AR A A TR Y (b) W HBEFUE A iR Y
nC,, nC,,
Pr "Ciy
"Cor | Iph
nC"‘Ph
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J“WM
(c) WA (d) B

W3 v b s s MEN R EEE

Fig. 3 Saturated hydrocarbon chromatography of extracts from oil seepages and matrix rocks

RS ke Pr/C,, FPh/C o (H R
WFEEE 2 A DAL B MR (KA
BR%E, 2009), Pr/C,, fil Ph/C,, BY2E 25 P B b i ik
A FUHE B REFORIE RS BAHML (& 4), A
FH—FRWIAH . Pr/Ph 248 7R U100 T 3R 458 1 A R0 4R
Fr, MRUERIS3FRME: Pr/Ph<0.5, 58305 5 U0

HEE; Pr/Ph=0.5~1.0, BJEHEE,; Pr/Ph=1~2,
P[RR —5E LM, Pr/Ph>2, fRELL, W &
WM VE P B B —I DAY Pr/Ph>2.5, BRI 4K
ZMJZ ., Pr/Ph BRI A LR A AR Y .
B 3 A A Y A B Y k58 I R —if R TR
WIREE, MM A 55 R — 55 E AL TR R
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2.3 TEkEF0E ke
MR REENEYIRELEY, B

R3 HESEREGHEVERSH

LR XT S50 (X2 A S5, 20075 XIJEHE,
2008; FhAEE RS, 2015; PGSR, 2011; #XIS 4,
2020) , WFFER B C,y 20S/ (20S+20R) F1 C,, BB/
(aa+BB) /NTF 0.25 FyARBh, 4T 0.25~0.40
ZE B ARG, KT 0.40 19 EGH (Peters et
al., 2005; f5 X5 Aok f, 20085 B SC I, 2016),
2B R A AR A T AS TR E G, 208/
(20S+20R) fH7E 0.45~0.53 Z [, C, BB/ (aa+
BB) fH N 0.49~0.56, & Fuih (£ 3), Jf
EE A M B OB T A A R
Y, [, WP A R A JEFCA AR YT Ts/
Tm 435147 0. 10 F1 0. 08, 7 B M B A A
ARYIH Ts/Tm 43514 0.52 F10.44 (£ 3), PH
THE B FIH T B R A i i o v — sk

Table 3 Biomarker parameters of extracts from oil seepages and matrix rocks

C,y 208/ C / HE 65 4 C,+Cyy) T/
T 20 R » » BB Ts/Tm iﬁﬂm&/ o Cay TeT/Cyg TT (Ca*Ca)
(20S+20R) (aa+BP) (R 5 e + 0 HE 155 90 ) (Cyy+Cyy) TT
i A 0.45 0.54 0.37 1.92 0. 65
ME B 0.53 0.56 0.33 3.18 0.49
W A SETUS AR Y 0.45 0.49 0.35 2.40 0.35
WM B BUA AR 0.50 0.53 0.36 3.84 0.36

. Ga/CoyH—AMI i b/ Cyp FEBE; Cpy TeT/Cog TT—Coy PUIRBERE/Cog ZIRMibE; (Cyo+Cyy) TT/ (Cpy+Cyy) TT— (Cyhy+Cy ) =M LE/

(Cps+Cy, ) =FRibbE

o HE {5 be 32 T A L P R R
XFF U A — R R B (EmELAE,
2017), — KAy, A AL AL R B AR A R Ak
KA B HE e B A, W AL B R H R A
AR e (R e+ AR bE) 1
H#H A%, £ P 0.32~0.37 2, H C, 208/
(20S+20R) F1 C,, BB/ (aa+BB) SHERHIHT
Wb F R Y B, iR B b Ul A g A A R AL
KAK

Cyy Cop F1Coy B B Y A X 55 ek %0 Ok VR A AT 1R
AR R PER, TR C,, L C,y 55 o8 8 R TR 9 28
AR KA R, T C,, B bE ORI A,
P, % C,y . Cup B Cyy 143 A T 25 58 39 51 5K
P, AT He, W A FMET A BT Al
PP EAR B C, HORF, W B AUME B LA
AW BRI G, AR (B 5), X R BT
B AEZI SR ARSI, TT (=i
BE) ok B A, P R B R AL K R BRI
YA TT F R E; TT AR AR e
e, S EY R RAERGR, &
TRAF B A PR L S0 (5 U Rk B, 2008) . il

W B HIVE B A A AMIEY (C,+C,) T/
(Cp+C,,) TT 1 C,, TeT/C, TT £ K S Ui 55
B ARk 3.18~3.84, 0.36~0.49, THTE A
WM A A AIEY (C,+C,,) TT/ (C,,+C,,)
TT #1 C,, TeT/C,, TT & HEAL (F£ 3), BRI M
BB AT B AR A R R T A R E W
i YRR 1 A5 A A0 1) TR

3 HFEEX

gi TR, I, A AR Y g
gy MRV S W s K s L EDCR B, TS
RS ETH BENMRKAFRELRRY, &
A M4 X v 8 4 4 A 4 = BRI IR K A R UL
MERA R —AR R, O FlRANm B, £
B RO SR SR K A Y, ok A B IR
o A G TTRK, A R R 28 B R PN a2 RS
Jei DA AN A5 A e ok

FH 23 0 1 BOCR [ [a) — 310 1 0 o I 7 4 4R
TARA K AR T AR R (SR
G5, 2007), W 6 B, B PR AL B G T
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Fig. 5 Biomarker characterization of extracts from oil seepages and matrix rocks
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RS A R ERRIE, A E (FRE
JRARBCSS A VR, =1.06%) , H i I 2 J8 7™ R 1] 3k
360 mg/g-TOC, 2 i ALK BL, Az i T2 ke 4k

Sr R RS, Y VR, =2.30% 1, B R
ik 380 mg/g-TOC, Al UL, e & gefe 7 I KA B

AR ERRE T, AR5 0, BEREA
MY (ZESI%E, 2018, DR R4 2020),
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~ 300} s
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He zw&EMPRESLMARK
R (OHiEa A%, 2007)

Fig. 6 Experimental results of thermal simulation of low mature

LR LD G

marls from the middle Devonian of Luquan, Yunnan (Data from

Li et al. , 2007)

I U T A1 ) T S T 0 R B
PO R Ve KA A o AR <ot 8, BHAORE &
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B — 8 W SO AW 1, 78 R 3 A A 5 1Y
SN IR ACIE &7 S U R W (R B R e o
WU AR R i = TR IR B, e A5t 2 b vy b e
VLRIV A7) 25 430 1 7R B B 0 B T B — AR IR UL | IR
A TOC E¥ N 3.67%, @A RIS,
R ¥ Hid 2%, C#HATAB B (FM, 2017);
A, AR TIE R KR ERIKE - s A,
b B FE A6 )2 B DL U8 4 G0 I A A R £ A AR
N, PRI A - B A s )E, A
MRIAE T ZWAE, WK — BRI LS
G Horb, JEER Y T AR W8 A R b I B R
WEAEE, MEWE D, &% WA R 5%

Xy RO TREBE, BMAMENALE, #
PR A K HRERBI A EERA, EEFH M
TR A R g B (FEAR, 2017; ERAE
2000; FREZHE, 2012)
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