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Theory of petroleum geology at 10 000-meter depth : Challenges of hydrocarbon
exploration depth limits and resource potential
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Abstract: The successful drilling of well Shendi Take-1 has opened a new era in the petroleum industry, marking the
beginning of 10 000-meter deep hydrocarbon exploration. Consequently, investigating the hydrocarbon exploration
depth to its limits and the boundaries for hydrocarbon occurrence has become a hot topic in the geological community. In
this study, we present a systematic summary of the discoveries and geological theory of hydrocarbon exploration at a
depth of 10 000 m. The hydrocarbon generation potential of the Nanhua, Ediacaran, and Cambrian source rocks is
quantitatively assessed. It is demonstrated that the depth threshold for preserving liquid oil extends up to 9 000 m in
basins with low geothermal gradients, thereby enhancing the potential for ultra-deep oil exploration. Mechanisms
responsible for the preservation of large-scale oil reservoirs formed 250 million years ago are identified, supporting the
exploration of ultra-deep ancient hydrocarbon reservoirs. Furthermore, it is proposed that carbonate reservoirs exhibit no
definitive lower depth limit. Additionally, a new type of fractured-vuggy oil reservoirs, formed by complex seepage
processes and characterized by multiple oil-water interfaces, is identified. This discovery reveals the mechanisms by
which secondary geochemical processes modify the properties and phases of hydrocarbons. Ultra-high oil and gas
columns are discovered in ultra-deep reservoirs, revealing the enrichment and distribution patterns of hydrocarbons in
high-yield and high-efficiency wells. These findings provide theoretical support for achieving major hydrocarbon

discoveries in ultra-deep reservoirs and for reshaping hydrocarbon exploration strategies. Furthermore, they also open
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the new frontier of hydrocarbon exploration at a depth of 10 000 m, marking a new era for the petroleum industry.
Additionally,, we analyze major challenges in the geological theory of hydrocarbon exploration at such a depth, propose the
concept of limit hydrocarbon exploration depth, and examine the boundaries for hydrocarbon occurrence. It is therefore
essential to accelerate efforts to bridge the knowledge gap created by the high temperature and high pressure conditions in
the Earth’ s interior, thereby enabling free hydrocarbon exploration within the limit depth range. Such progress will help
position hydrocarbon resources in 10 000-m-deep plays as a vital component in safeguarding China’s energy security.

Key words: well Shendi Take-1, hydrocarbon occurrence boundary, limit hydrocarbon exploration depth, 10 000-meter-

deep play, Nanhua System, Sinian System, Cambrian System, deep oil and gas exploration
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Fig. 2 Total organic carbon (TOC) content profiles of the source rocks formed during the Nanhua interglacial period in South China and the

Tarim Basin
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Fig. 6 Simulated deformation of dissolution pores in a 10 000-m-deep carbonate reservoir (modified after reference [57])

a. PIIALBR ISR s b, 7 i fLIR LA DR IX T3 A 5 . b LB LS 2 B 20 A1

BAK AR AAEIR T B WOE R 8h s e B R G R
RIZALE R (A VAR RN IR LA PR B i sh 2
BB S 0 0 MR R B AL T A A N TR L
WLl , R, XL BN 2 5, T8
T —7K 5370 52 04 1 458 R B S B RRAE , ol LB R -0
[11] JC 45— 343 55 118) R T AR 2 bR 4 1) 7R 90l g T B A4 ARE 2
(HbFE T - 2 IR BRR ) o SRR AT R S
S SEARBET K TE R A0 RN 2 B AR AR A . M2
R 2 T R I A 2 4 Y R T IR AR S
FERR 2 i R Y i 2 S 280k - K =
AN S 2 SR = AR A H K R A A AE S
2 BN RIEAEEG — R -K S, — I,
I - -ZK B 22 R K . 48 MLl A e A
R IR R A R P ) R 7, T K AT B S T
TER R Z M A LB R h | 52 i A 2 AL RS Y Ik 1A
YL 32 300 PR S5 A X Bk B s e il SR iE it
T Z B 122 55K, B K A A S 5
MG EIA KA, BAETRIZ0RR 5k 25 4 1 < b 3=
BAFIC R e ARG — M- K T . AR AE T
TR PRT R A T ORI AR U S8 T AL 415 At e 4k
THERIE w7 Al A S T T R
DX AR Z AR, 75 5 T I B BRI 1) R 2 K e
et BB PR S8 1) 5 KR 2 | 1) A4 T AR A5 AR o) AR} X 34
W DX R M J 4 J#% L 767 000 ~ 10 000 m T4 5 B — 22 41
AR R B, FT0E T Buller Z8 52 H A AR “ 15 4
HEHEE R BRI A A R o

2.5 REMSELMBEELILE

B HUR G M %2 i ORI A AR B R 2 HL
=] 1 =R SR 32 T i SR T IR £ o

BEAT TS Z Al SRS AR i HL AR TR
PEAR AL R0 |53k 5 R Az Bk Ak 24 4 XM APE RS
AHAS BB A G, G IELE BRIRER Vb 238 S A E
(TSR) EWIRE M ASUR R

o) A 0 % A 2 B2 A TR A DR AR ) T )
R i AN SRR D, 38 AL X R/ FH 22 e A 7 oy iR
PR A v LU B A AR B B, R BB IR I B
BT o AR 5 AR A B v R A R i 3 T N 1R 34
Fea 1) R AR DX S, 73k S Xl , by v 52 3 I J2 AR
Sz, BAETM ARSI AR (B 7)o b IX i T
b I 5 v LSRRI, T IR e E R R AR
JE TSR TSR W) 322 UL 35 b b X, JRUI e 2
55 12 R B R R AE R R AR R AR TSR IRV, A AR
1R AL S KRR A K B R AT AT T
i PE N ] 2 b ] — 2t 8 AN ) e XA A DA A e —
T s R A R A s R 3 T — b DX a8 — > T
SO TP AAAE R TR UAEAE TR E B 53D W, SR
7, 7R3 BLR G — Kyl ARG i b L B A= R i)
7 e 5 A A SARAE TR 1 O AR B A7 S0, iR
TSRIJE B 7 Ak &S0 PR TE i) TR
LA S A T 32 WA i L DR A 58 G R R TR 2 T T
N (= VN O NG B~ LN L S x (LI NV B v e H |
— M

G WIoE 254k B 1 R0 i vty 4 5% VTR G, Bl 4
JE B A AT AT I 4 W e 5 3
X4 WAt 2 H: 22 F1(4=MD+3-MD ) J2& 5 JT 114 J52 1t J57 3
SRR B ST A RN T A SR
SURRRIETEM . 7EE AR G IR 2 R R I — 28
5 & NIGe 2549 -+ o3 ALY 6B & W etk & 9 7
2537 " E PR A TR N S v R .



52 1]

AOCA A5 . TTRTRIZ I 2 B -5 1 BRI R R JEE APk B B s 377

LG38

~C,
\_\_\_\_\_\ /6@ - “g

75.3%
\

FHAr I )= 25 WRRKEAEGE B
AE{HZ (m)

WA E MGk SUTBI AR X FER Rl BTl K

(IS NER =4 AKX X

K7 B R LA b At DX URAE R (B SOk [ 28, 34 112130
Fig. 7 Gas invasion model in the Lungudong area, northern Tarim Basin (modified after references [28,34])
C. AR F ;0. W R ;0,0 WY R BRI 0. B RIEAIRICA 0,0, BIR—RIBA 0,y W REILH LB,
07" YAME R 41T Bt

H 2 FE R B4 M g 2R 81 b 7 S BE 2 FE A L4 I ot B 1
() F R = B RIS B o LIS K, O LR 4
I E R 2R 90 1) 5 S /N o 30 e R R A ST A
rh AT TR VRO S 90 UE S, SRR T 2 IR 4
WIGE B A2 1, X 2R A B Y BA 5 S NI BE 2R LA AT 27
AT 2Ry, AF A0 A v 1 ol A B b S e R 3 o R
R 8 A [ FH 25 9 S0RURE i 9 A e i, SR v 23 [
S WIE A RIE  1-MA(H L4 RIGE )+2-MA . 4-MD(H
FEWL 4 W% ) +3-MD LLKS /A e (GOR) HA BT (1 1F
FHICIE R B S T A A W R 24 il R A i 20 B
I, A DA kg ity 2 N7 T T R A A R R A A 1
P IR I (B 8) |, AR Bl oA R Ak & 1) B 4%
ST UM o A M2 AT i AR A A A

2.6 BRAGFFGHSEESHEZHSBREFNE
T ORCAS IR 2 — b 3 ) BRGSO REfR

fE2 A UM F IR A 2K 7 XORNEENHIE
IR Miller S5AR 5 A BR A7 i Ak it S Lm0 A, B
T A BRI A AR R 29 Mal ™ I 75% A T
JETET5 Ma LA SR BGEY . Macgregor A48k 3501~
R HE g b i AR 0 AR HEAT TS R B B
— 26 DA (18 R R IR 2 5 T B, il S
{HAFE %A 35 Ma, PR EAAAR IS R 55 Ma ™ o RLIG,
Az AR R A TR 11 T R 43 ) 4 IR T
=77

B B 0 2 B0 A 9 il I 45 R il
FH 70 BT V) 77 30 8 T AR 2 36l T AR, IR K-
Ar [ 28 GE 4F Bk — 4k [ 157 22 5 4F R 1 0 22 A 45 51
I, T8 2 b AL R R AR R A, B R A
WGV D B ( S W ) B AT 8% AE 280 ~
250 Ma' ™', X HEIS A R ok S A B M R TR Y
Ty A B R R A R R R R N L R ik



378 A H R KR %47 6
2 000 4000 6000 10000
200 — 1 200
HEERT SO |
\ '4 165
@ LG383 ®
150 |- [ ./0
O SB1-4HJI: \
osst-gg= T - = - = #‘.* - — -9
L \
® 1226F 100 / |
-85
900 1000 13500
® 262620k 60 — J.. \
@ o)t R .» !
@ L 1 45
\ ©) 1500 2000 2500
45t S 440
\
L el
L \
30 e | 130
0 10 100 300
15 T T T }D/ ‘
TH1 R \
al | Fas L 1
‘ .(. 400 600 800 1 000 .
| AN & /10 %
9F <15 14 ]
[ /D s T pil
***** = = = — mﬂ | R
6 & 110 g ! 4
o/ \ =@~ —t - - &
3+ \ s N \ E
/ \ % [ Y
0 1 | 1 N | jérﬂ_
0 10 100 600 1-H AL M+ &
1,3- RS NIbE & /107

B8 35 HUA S i V2 St st AR SR P R (4 SCRR [ 72 &)
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