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Preservation mechanisms of ultra-deep, giant, ancient carbonate oil reservoirs
over ultralong timescales: A case study of the northern Tarim Basin

ZHU Yanqing, LI Xi,ZHU Yaling,ZHU Guangyou, WANG Ruilin, HUANG Yue, CHEN Siyu, LAN Wanyan, YANG Zhe

(School of Geosciences , Yangtze University , Wuhan, Hubei 430100, China)

Abstract: The conventional “Golden Zone” theory restricts the stable preservation of liquid hydrocarbons to shallow-to-
moderate burial depths and a limited temperature range. However, major discoveries of ultra-deep ancient carbonate oil
reservoirs in recent years have challenged this classical understanding. The preservation mechanisms over ultralong
timescales have become a critical scientific issue constraining the evaluation of deep petroleum exploration potential.
The intrinsic controls on the ultralong-term preservation of ancient oil reservoirs in the northern Tarim Basin were
revealed by systematically analyzing their petroleum geological characteristics, hydrocarbon accumulation stages, and
post-accumulation alteration mechanisms. As indicated by the research results, (1) the favorable configuration of static
geological elements provides the material foundation for preservation. High-quality source rocks of the Lower Cambrian
Yuertusi Formation supplied a sustained oil charge; multi-stage karstification coupled with faulting created large-scale
fracture-cavity reservoirs; and extremely thick Upper Ordovician mudstones formed a multi-level regional sealing system

with high breakthrough pressure. The perfect spatiotemporal matching of these three elements laid the inherent
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foundation for the formation of giant oil reservoirs. (2) The coupling of a “cold basin” thermal regime with “late-stage
rapid deep burial” is the dynamic key to preservation. The basin in this area has maintained a low geothermal gradient
over a long geological period and is characterized by a burial history of sustained shallow burial in the early stage
followed by rapid deep burial in the late stage. Although the reservoirs were ultimately buried to a depth of more than
7 000 m after the main accumulation period at approximately 250 Ma, they were exposed to high-temperature conditions
(>160 °C) for an extremely short duration (< 5 Ma) , resulting in a markedly insufficient time-temperature compensation
effect and fundamentally suppressing the thermal cracking of crude oil. In addition, the coupled effect of high-pressure
and overpressure conditions further reduced the risk of crude oil cracking. (3) Weak post-accumulation secondary
alteration is the key guarantee for maintaining the liquid hydrocarbon phase state and geochemical stability of the
reservoirs. The reservoirs experienced only weak late-stage alteration, including thermochemical sulfate reduction
(TSR) , biodegradation, and gas washing. As a result, the geochemical properties of the crude oil remained stable,
showing the typical characteristics of “early accumulation and late-stage deep-burial preservation. ” In summary, this
study establishes a preservation model for ultra-deep ancient oil reservoirs over ultralong timescales and reveals the core
mechanism of time-temperature-pressure coupled inhibition. These findings break through the limitations of the
traditional “Golden Zone” theory and provide new theoretical guidance for evaluating the exploration potential of ultra-
deep liquid hydrocarbons in ancient cratonic basins and selecting favorable zones.
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Fig. 1 Comparison of temperature distribution between ultra-deep oil reservoirs and the traditional Golden Zone
a. AFRILVR> 5 000 m A VRN 5 P RBOMAT s b, Bt 5 RIHRIA A1 V6 PR P2 s At DORVR 2 MR MR VR S A
(Budfiok A 3CHk[18,27-30])

M TR, B A - ™ i A B R A DL
RV L 3 BRI U, S 3 RSB i 4 18 A D A
P ) 5 TR T I 228 I 1) 25 28 e A T e
HAEHI R E 4578 5808 " B N AENLEE o 75 1 R Al
b G R R T TR TIR £k I R A N PR PR
PRI, B B AL . IF S R AT B R AL 5t
CHGAE T EE BN AR R, Dt 2 e 1 i TR =
WS TR B IR 1P 55 A ) DX DI T2 £ L oRT 4 B

1T
1y S OB A AR

TR JZ T A R R TR RE A% S B R A IR R £
7, BT B A PO A il - TR S R A A
XL AR G SRR, LR IR AR I
AL D S SR RS IR A B TSR AR
PASE UK G AL T X A B, 22 40 B i FE R G ke TR
B R AR B BB R AR DRI, fe s T~
23 VEBE SR 2 S IS ORI PRAT ) M S

1.1 JRiEEFFE : AR Y R IE

BHEAZMTEELEET FERSE ARR-Z&ER
M=BR-KY R3ERNE A . H o0 TR K
B XA T R G R Tl B A U SR b
XL AR AR R R 6 ~ 25 m Y, L
AR VI ), AR () TRk ] T BER A A A
BLBT = B 7, A LB 5 i (TOC) Fie i AT 35 29. 78%
(K 2a) , 2 [ H AT E & B TOC Fe i 191 A1 2 U5

F HERIEATE R BN, TR LR A Y AR ke
BT 32 Bk R ARSI 5 PR A= 9, DURR T3k SR 2R
Bi (B 2d) 5 T B AR G R 48 AL Wnbr i b A Wi fE 3
[l /R oA MU ZERILA T, 08 = (18 2b, o) s BRI
BRI T 1. 5% ~ 1. 7%, 40 T BGEENT i 1<
BB

Xof 8 A BRI PR AE 1T 5 AR TR IR A 1
AP R, HARR L iR R ) SR R T R 6
L AMBSE R W, BRI R AR T £
BB A, R U b AR i B AR g ) AV
B0 BRI IR 35 B DX R R R S i A
Az Jk e W, A BRI S A R P A Vi R R B
T R S AR KSR . (221 05 iE sh
Ay s — AR R ), 30 FE T BT A 2 R IR, £
DLRE A 5 5k 100 . B 0Eas b il bl
B M X R DT, T JR ek T 4R VR PR e A KR
AR R B, T A IR A B FE T R TR 2 T
FETE B BE 2 T RS Y RS ARED . B DRz sh
DL, B A0 M X AT A FE 1 3 o AR SRS £
BIRANEBRESS . PRk, W VG I 0 2 35 b X L P
FRIM T B AR R S R, B O E A, AV
Rt 30T A LA SR, B FEL R 2 A S0 A R (R ot 305 A P S 5
B EIELE T R AR RS p G AL R
AATRAT R B A v

1.2 fEEFHE:- SRS SHNERE

FETRZ B IR o 2 B, T - g, TR LB
ZGRIUWIR B FALBUE 5808 R B AR



4 A 5K AR R R

20

a Ll =
M= SR | A TOCI% R /% Pr/Ph b
= 4 m T 2
A A 3 005 1 15 2 5101520 30/° 2|0 I
] T T : 1.6
R -
1 1 I
s 8 605 : : I 12k * m
=
JL
NV === =
8610 - [ T
— . 08}
I T
[/t
8615 — [ | o
T 04]
[ e
| | o I——— o
8620 — [ e
[ 1
i I I e 0 ! I ! I
i 0 0.1 0.2 03 0.4
8625 —__| | = o/C
- e
[ | ! c ,/ /’ //
8630 — | . 7 // ,/
e 10y o
H 7/ 4 7
— 1 N VA
8635 : . 3/~ , ’ ’
[ | L7 %”// P .
8640 -] ,lf| - ,/ L, /%\/, //
. (-=J 2 ,/ 7 /\ /s
- Lo = 7 4
ii; £10p.7 LA P ’ //é
E ES ’ ’ L LAY
ES P 8645 — --I-T — >, A, , , X
-1 - e < A
i; T T , 7’ ’ V
: == , Vs
8650 - | - T —e 7 . 4 7
8 N N AL
== Ve b3 Ve
—— « oLz 7 .
8655 .|_| T - 0.1 1.0 10.0
1 Ph/nC,
- .
8660 I — I — d ® :
ST -] 8620 ® 1
[-T- : : : P ? ®
— | ' 86301 o P
I g 86407 o8 :.
. > ® R N
8670 . é 8650 [ e x .: e K
8660 | .° 1o
B °
8675 8670 ‘. e
I o
— 8680 | o ¥
e 1 ®
§ 680 o 8690 °!
34 -33 =32 -31 -30 -29 -28 -27 -26
8685 ° e T ﬂﬁﬂé/%o
b BB OEE O
‘?:T‘]’ 8690 [ I I
wo| HERKE AREFKE BAKAZE
B s (T=T-]
% L = T=-11
i T 1
il RIF I WOTUE RO

K2 BEIbH X IR 1O R 2 e YU M BR Al 2 Al
Fig. 2 Comprehensive geochemical characteristics of source rocks from the Yuertusi Formation in well Luntan 1, northern Tarim Basin
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Fig. 5 Composite stratigraphic column of the northern Tarim Basin (modified after reference [60])
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Fig.9 Conceptual model of hydrocarbon accumulation and evolution of ancient oil reservoirs in the northern Tarim Basin (modified after
reference [15])
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