55284 &34
20234£9 S

| BIREN

DOI:10.3969/j.issn.1672-9854.2023.03.008

i3 [AEURE FE g g 1T

HBHAm S MR 301

XEHS:1672-9854(2023)-03-0301-10

3Ny LA B R (T

B G A

i

CARL BREBA MK, EH MG R BFRS

1 WL R AABE 5 2 H A I Il A IR T R F 92 B

W E ERYBEIEHLETRE

CRBER B HERT CEEARE HEHALGRETN_EATERT

HHEAEAFERET CESHE. AL KRS HEXNRARCEE, 2R EEEEREH Y —BEFHH#

A, B
kmf%—’ﬁmﬂﬂi * Wz

%iﬂz}’ AR AR B B R TR

HEREN:BLER LIS E K REA R ARSI
KA TEARY MR R KA REI — R £ F A 130~150°CHE B W, D B R

HE; LG %iﬁi’&fﬁ%’%f*%ﬂ%fﬁd TS5% RBEHAPRERAL  RARERER T KT R, A8 G EH

AHLHEXRUEEZTHEARAAKRBRERAZ . L FHTHERHE
Ef}iﬂ,%‘%)%%—:ﬁ*%l%%iﬂzéﬁ%%#%,%#ﬁé’ﬂwﬂt)ﬁiﬂz}%ﬁﬁ)\#ﬁéﬁé@:%%@'*%ﬁ%}%,%

4 EPAEA TR

B ARKTBPMERRE . DA

BiE R E AT — B R . MR AR AR R FU IR A R, B 6 B A e, B BB B AR R B AR I A A, B R T
EEEHFE. BERRKUAREHREBRERFHAT, HERRS T MET T HANERT H.
KB WEK; KT BB R TR BRI, & F; BLEEL; THHH

FESES:TE122.1 XEAARIRED: A
O Bl &

T VS A B S T LA R 2 R R S
T ToRAE LG SE S AR L DA iR
Z@%%%ﬁm%m%%@Uﬁ&%iﬁ%ﬂ%
AR B LR A R AR A — B AR
ﬁ%&ﬁa?%ﬁiﬁ%ﬂﬁi@mﬁ%&f@
T, R T S SEE ot AR SRR AR . B
WA RS R AN L, B R N A a4l
AR ENEMRIZR, KB LT 2B 2L, i
TR . 2018 AETE L EVEIL YCL I & R
b s PO (I 30.2 m/d, A< 8.01x10% m*/d)
YG1HAE T A & T4 T b a2 v R A5 & = HL
AR AH B ER 2 R A R v, H PR 1x10°
m’ LA E AR, HP2K5k 46 m®, B AL EAU R 5~7 g/L.
YG1 I Ao 1 0 42 B0 i 5 AAT 0 L v <R e 5
FONFIAS R AR — 2 2R A0 LK AR

SR H Y. 2022-06-24; 2 lAl H 391 :2022-11-21

TRABN A3 A s IR RS R R 11 2 K L B
B G UREL S IE AR O, MZ I AE 4 789~4 874 m kil )z
B Ko AL A L se BT, B AR 1 5 b
JZKE AR o R K A B A A S R HZ K
AR Y B A R A AT
H T AKAE Ry B A A — L) R
NS R W a4 R i R UK 7/ L N =2 3 (VA
e BEAFAE D) T 5 R i A A H o 7K SCHb BT REAIE S b
T K b EK A2 P 5T RE % S T ST B R Y
m%muJﬂWﬁﬁZﬁﬁﬁﬁﬁﬁﬁ%ﬁ%
o ARSCH X 5 B E I A R HL)Z K
ém%%&ﬁmww%%ﬁﬁ%ﬁﬁg%m%%
B B R AR B R K A DL R S R
BCARR  C R o

1 Hefts
5 T 5 W L 37 T S A B L T AR 1 £

AR S0 v A I AR A A BIR A B0 AT X 3 BR R B 5 & T 5 (S5 1 2021DJ5501) v LA il A il TS )
T51 H R DX T R L 2K MR A S 2R A (45 - D60) e

Fo— AR A TERR WL, R K SO )y T S AR L AR Mk - 316021 W VLAE S LT i KT A 145 W R

VEFBE ; E-mail: W17863929559@163.com

A AR A BRI
SR BEHTBE ; E-mail: louda@petrochina.com.cn

IMNARINE  ORIGSGIN PETROLEUWUW/MMN S GEOLOSGY,

Y TRV, 2 SR IR IE TAE o A7 Mkl 300280 R AL T Y62 ¥ iy DX I TS 77 R vk vl FH U T 2 F



302

TERTTRUEA (B 1a) JE BT B, & SR Ak
P AU IR R R T AR IA 350 ks T 1L
& H T & IR S5 U 245 F4) DR A7 A58 50 B 1 AR o7 " Tk
&Y, B R T A& THLEB )RR S 5T

WA 2023 4F 45 28 4 45 3 41

SR VI R ZR AT A EAR S NE GE [ B 4 B
W ARCRIE R R R R TR A (8] 1a)
WA 22 32 5L 52 NE NNE A& [, Herb gk i =807
KB BRI

I
\

®
&
B
=

\

=
s
k=

=
=

2N

=3
&
Pl

115

b
=
KF
e

)2 HOZ || Atk (R sea
- { S TR S
WA G| Y| m | HE (A DLBABRAE
gﬁ 4200
ﬁu,r? Psh| _E= HHZ 5
= £ il 4400
4 16— 4600 —— s b
=lpy | E= === SN —— ]
) % ? Px FEEIR e
Pl 4800 — s s
4 — e M
E— === ] ——1
P JeRR b
E3 T 5000 s —
R0 P — IR =] =
i L MERlE A
5 j( 5200 B =<1 A
J;ja P — T (AR _w —
Ve Y WERE WA
)| W ol [ 5400 .
Bl || e U —
e, oo KA
ﬁ”é 5600 '_-I'_- = 3
i 1oy == o
e ail S RHKE  HARE
ﬁ i | s | -
F@ I L\ﬂ,{_]‘ SR =2
{‘Ji t =] iz T.)z
#|g: | %o,
' Ik i Osm 6 000
41 K

(a) IS DXL 5 B A 3 0 22 ]

(b) A ARG AERIA

E1 SOEBUMERER S EFMEERE G CR7-9])

Fig. 1 Structural outline and Paleozoic stratigraphic column of Wumaying buried hill (cited from references [7-9])
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Table 1 ~ Chemical parameters of formation water in Wumaying buried hill

WEOHE BEm THRE(/L) CEFR/(yL) HCO, FR/(yL) WMEARKS MHEAK® BURE®  TERAH®

TR WIS 13865 6.1 2.4 1.1 1.3 13.5 3.7 -5.1
W2 28785 30.7 18.1 0.3 0.9 1.7 120.3 9.9
W3 28210 35.5 20.4 0.5 0.9 3.5 65.6 5.9
W4 29070 322 18.8 0.2 0.9 3.3 163.1 32
W5 24375 34.1 20.0 0.7 0.9 0.9 49.0 4.6
W13 29175 27.5 15.5 1.4 1.0 0.3 19.4 0.9
wWig 31970 12.6 5.3 1.4 1.3 17.4 6.3 -15.2
HILR  WCl 32230 342 20.1 0.3 1.0 2.1 107.7 3.5
WTI  2961.8 345 18.4 2.2 0.9 3.9 14.4 0.3
4842.0 6.7 3.5 0.6 1.0 0.5 9.1 -0.1

Y102L
5144.5 322 18.8 1.1 0.9 0.9 29.8 0.5
Y107X1 37854 6.8 35 0.6 1.0 4.6 10.2 -0.3
Y110H 49874 7.3 3.6 1.0 1.1 1.0 6.0 -0.5
YG2 37305 13.8 7.9 0.4 0.9 1.1 26.9 14.4
4582.4 61.1 26.2 1.3 0.5 40.6 35.2 0.8

UER WTI

4582.4 41.0 22.0 1.3 0.4 12.1 30.2 0.7
49777 15.7 6.9 3.2 1.1 0.0 3.7 -0.9
TEAR S OWTL 49777 5.2 1.7 1.5 1.4 13.2 2.0 -2.9
49777 48 1.6 15 1.5 8.0 1.8 -6.1
4749.0 4.6 1.6 1.6 1.3 0.0 1.8 -14.1
4831.5 6.2 2.1 1.6 1.4 15.0 2.3 -32
—&Z 0 YGlL 48315 7.3 2.7 1.5 1.3 16.0 3.0 -4.7
48315 5.6 1.8 1.4 1.4 22.0 2.2 -4.3
4831.5 5.8 2.1 1.3 1.3 13.4 2.7 -2.1
45507 5.9 2.3 1.1 12 10.6 3.6 -0.6
45507 8.1 3.9 0.9 1.1 5.0 7.1 -0.4

—“&Z YGOL
45507 7.6 3.5 0.7 1.0 12.5 8.9 -0.1
45507 7.5 3.6 0.9 1.0 3.7 6.6 -0.2
5478.0 82.6 49.6 0.7 0.6 2.1 116.5 10.2
BEFR  WSI 56275 55.1 47.9 0.3 0.1 22 244.9 342
57229 30.9 14.2 0.3 1.0 29.1 79.9 0.1

1 O E R B =y(Na*)y(C1); QAR R =y(S0,2)x100/y(C17); BERL R E=y(C1)/(y(HCO, ) +y(CO,2)) s DA ZH=(y(C1")—y(Na*)) y(Mg**),

5 CI >HCO0, >80, e
R AR AR e, 22 AR

K2), kel bR ¥R A T A& T4, TA T AR AL B AR LR AT T M 5 300 AR K 2 1) M Bk b 2

B2 b ZE KA 3 I T 10 o/L, CLk BE AR HE. llﬂj BN AR R A R TSR T B

16 1.6~3.5 /L, HCO, W EEAE P 1E 0.9~1.6 g/L, BAF  Z—"0 KRWHIFERE T YC1.YG2 WS1453 I

AL AR CIVR B 55 HCO, VR B2 I RRAE ol A%éﬂ R AR 22 0 XA S A
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Fig.2 Vertical distribution of salinity of formation water

in Wumaying buried hill
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Fig.3  Microscopic images of Permian sandstone in Well YG 1

(left: monopolarized light. right: cathodoluminescence)
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Table 2 Deuterium and oxygen isotope composition of formation water

in Wumaying buried hill
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ﬁ% Z% #»’8 iﬁ_‘éﬁﬁﬁlﬁ/m ﬂi")?\‘ %o %o
YG1  HiIJZ/K YG1 4789.00~4 874.00 T%Eéf -84.3 -3.7

WT1-1 HiE/K WT1 4577.87~4586.87 AR -68.0 0.2
WT1-2 HbJE/K WT1 4577.87~4586.87 AR -675 -3.1

WTI1-3 #Z/K WT1 2959.50~2964.00 fLIE4 -68.4 0.7
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Fig. 8 Origin identification diagram based on SD-8'%0 relationship
of formation water in Wumaying buried hill

(template is cited from reference [17] )
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HEER

Chemical characteristics and petroleum geological significance of the
Permian formation water in Wumaying buried hill, Huanghua Depression

WANG Miao, LOU Da, ZHU Rong, CHEN Xuegang, HU Wei, WANG Hui,
ZHAO Yonggang, LUO Rong, GONG Shouhan

Abstract: The formation water salinity of Wumaying buried hill, a continuous deep buried hill in the southern part of
Huanghua Depression, is generally high, indicating that the formation is well sealed. It is worth noting that the formation
water of the Permian Lower Shihezi Formation is of NaHCO, water type, with the characteristics of low salinity (<8.0 g/L),
low CI' concentration, and high HCO; concentration, which are obvious different with Well WGI1 in nearby
Wangguantun buried hill. By testing the hydrogen and oxygen compositions of the present formation water, analyzing the
lithofacies, homogeneous temperature and paleo—salinity of fluid inclusions, the origin of Permian formation water and its
petroleum geological significance are revealed. The results show that: (1) The distribution of hydrogen and oxygen isotope
compositions is far from the curve of atmospheric precipitation, indicating that it is weakly influenced by the present
atmospheric precipitation. (2) The peak value of homogenization temperature of hydrocarbon inclusions is mainly
distributed in the range of 130-150°C, indicating that it is mainly formed in the late stage of reservoir formation. (3) The
initial values of paleo—salinity of formation water in some inclusions are less than 5%, and there is a significant decrease
in the accumulation period, indicating that the formation water has undergone a desalination process. (4) At the end of the
Late Cretaceous, formation water desalination was mainly influenced by infiltration of atmospheric water. After that, the
impact of atmospheric water infiltration gradually weakened due to the continuous deep burying of strata. During the
sedimentary period from Shahejie Formation to Minghuazhen Formation, the Carboniferous—Permian coal measures strata
were compacted and drained, and the drained low salinity formation water entered the adjacent Permian sandstone
reservoir, which led to further desalination of the reservoir formation water. (5) Formation water desalination promotes the
formation of secondary pores, improves the physical properties of the reservoir, and forms carbonate cement locally,
which enhances reservoir heterogeneity. The desalination process of formation water is synchronized with the migration
and filling of oil and gas, and the flow direction of formation water indicates the direction of migration and accumulation
of oil and gas.

Key words: formation water; hydrochemical characteristics; mudstone compaction water; formation water desalination;
Permian; Wumaying buried hill; Huanghua Depression
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