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Fig. 1 Comprehensive geological map of
northern Chepaizi ( NCPZ) area, Junggar
Basin
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Fig. 2 Characters of carbonate cements under thin section of N ls: in NCPZ area, Junggar Basin
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(a) The Well P602-1, 490.5 m, with strong carbonate cementation, point contact and non-contact between particles, single polarized light; (b)
the Well P601-p192, 602.2 m, with strong carbonate cementation, particles “float” in the cement, single polarized light; (c) the Well P601-4,
510 m, No obvious crush cracks are seen in the debris particles, cross polarized light; (d) the Well P611, 491 m, No obvious crush cracks are
seen in the debris particles, single polarized; (e) the Well P607, 277. 4 m, Constricted throat and flaky and curved throat, good connectivity,
casting thin section, single polarized; (f) the Well P602, 526. 1 m, without carbonate cements, with well-developed primary residual intergranular
pores, casting thin sections, single polarized; (g) the Well P611, 491 m, with well-developed primary residual intergranular pores, carbonate
cements developed only in the southwest of thin section, casting thin section, single polarized; (h) the Well P607, 277. 4 m, with primary
intergranular pores filled by carbonate cements, with moderately developed primary residual intergranular pores, casting thin section, single
polarized; (i) the Well P602, 526. 1 m, with strong carbonate cementation, the primary intergranular pores are basically filled by carbonate

cements, the primary residual intergranular pores are poorly developed, only the secondary intergranular dissolution pores are seen, casting thin

section, single polarized. PIP—primary pore; SIDP—secondary dissolution pore; Cal—carbonate cements
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Fig. 3 Calculation of carbonate cement by AxioVision image analysis of le: in NCPZ area, Junggar Basin
(a)—(e) AHE 611 I 487 m BRIRFERIKELE W) & B 1 IS S B, A3 A RIBRAL I 2 5 7k, WU AR P S (E T2 M Bk RR R I 45 W & i, (a)—
(e) MUARBRIR LIS A5 9 2 B 53 3 A 27, 19% (31, 54% .30. 75% (28. 16% 1 26. 82% , % HE i SR ERL IS 45 1) & 54 28.89%, () —(i) Flk
602 H: 526. 1m BRI ERICAE Y& i i 7, S AN RPN 5 4 0, () — (i) BRIBBR IR R B 45 10 33 #2390 0 19. 5% (13, 68% .23. 51%

10. 33% , %KL MR TR L I 259 & w2 oh 16.76%

(a)—(e) is the determination process of carbonate cements content of sample at 487 m in the Well P611. It was measured 5 times in different

visual fields, and the content of carbonate cements in this sample was calculated by the arithmetic mean. The content of carbonate cements in figures

(a)—(e) fields are 27. 19%, 31.54%, 30.75%, 28. 16% and 26. 82% respectively, and the average content of carbonate cements in this sample

is 28.89%. (f)—(1) is the determination process of carbonate cements of sample at 526. 1 m in the Well P602, which was measured 4 times in

different fields, the content of carbonate cements in figures (f)— (i) fields are 19. 5%, 13. 68%, 23. 51% and 10. 33% respectively, and the

average content of carbonate cements in this sample is 16. 76%
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Table 1 Calculation results of carbonate cement by AxioVision image analysis

from the Neogene Shawan Formation in northern Chepaizi area, Junggar

Basin ( part of the samples)
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Fig. 4 Distribution of carbonate cement and cores of some wells of le: in NCPZ area, Junggar Basin
(a) BRFRER I EE Y & T AT 1 5 (b) HE 610 FF (7 FAEE KK, 412. 3 m, IRERERICEE ) & 1t 24. 86% , IRA5VE IS8 , A2 5 (o) HE 601-F-
191 I A T X, 572. 5 m BRERER I ZE W) & 1 10. 97% , JBe 25 /8 F 55— 45 2 il 5 ) B 1k TR e 2 8 BE 2 S i S AR 48 sk 5 () i
601 31,490. 1 m, BRERELILAE Y& 4k 3% , A1 IS , 5 i
(a) Distribution of carbonate cements content; (b) the Well P610, located in green area, 412.3 m, carbonate cements content 24. 86% , strong
cementation, no oil; (c) the Well P601-p191, located in blue area, 572.5 m, carbonate cements content 10. 97% , weak to medium cementation,

oil-bearing level is heterogeneous with the difference of carbonate cementation; (d) the Well P601, 490. 1 m, carbonate cements content 3% , weak

cementation, rich in oil
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Table 2 Comparison table of the results of carbonate cement
between conventional core and AxioVision image analysis
from the Neogene Shawan Formation in NCPZ area,

Junggar Basin
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H5 (%) SAHRIE (%) AixtiR2E | xR
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HE 609 Jt: 24.7 18.93 -5.77 -0.23
HE601-F 1 | 7.71 6.74 -0.97 -0.13
204 -2.65 -0.14
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L, F-HI1E 6000 ~7000 mg/L( 3 3) , ARIFHEX Ca® iy
RO, B R ME 5 B/ ME AT DUAE 22 80T
o AL F 5T X PEE R HE 610 JF Ca™ % it & ik
10000 mg/L LA I, 3X 5iZ ik BR £h e 45 1) 5 =t e Al
W4 P AL B 423 1-1, HE 607 JF Ca™ F & f ik
6500 mg/L Lk I+, 1% FH X ik R 8 8 45 W) & 2 7E
28% L) | TR HE 605 I Ca® & i N 7804 me/L, %
IR TR & 7 KT 20% , IR 4515 Fl o s B B A9 HE 606
H Ca™ H N 1343, 4 mg/L, ZH-BRIRER & 2 7E 8%
~12% EE5AE 59 (36 3) 38 a 57 Ak R ki
s Ca” HE R R, KM E R0 IEA
etk (F 5) U ZEILHBIX N, s, fift 2 BRAR 6 I 45 )
R E SIZXHZK Ca® B UIH O, 2K Ca® &

R 3 EBREMELME N,s, HEKER

Table 3 Properties of formation water of lei in NCPZ area, Junggar Basin

2 S E T IRIRER IS5 W i A i 22 ek £ 8
() Ca® NBRIR LAY K B R B T WSO, A
U WF5E X2 0K i T 388 s, Bl IX
5B K ANV, B A PELF IR A0 R TURR ) [ 45
JIE P B MK 5 B4 2 K PR AR B K
T R A R R R 6 S 45 1) o A0 78 R Y Ca™ b
2 MR Z KR Ca™ W BEAA /IVREAR XE Ji A i i
FRAERICEE IR o R, 2K Ca™ 5 1 22 5
XPRFSE X R BRER A5 Mk T R B AR

R4 EBREMELIME N,s, BEKEEBFILER

Table 4 Main ion ratio of formation water of N ls:

in NCPZ area, Junggar Basin

R T UL r(i?i )| o)
r(Cl7) | #( SO, -Cl7) r(Mg™)
EE -1 294.5~296 | 0.25 -0.01 25.99
¥ 1-8IF  547~553 | 0.45 0.00 78. 14
1 320~322 | 0.28 -0.06 148.23
HE604 H 680~681.5 | 0.43 0.00 30.73
HE 605 Ft: 405~408 | 0.42 0.00 57.00
HE606 I 615.5~617 | 0.61 -0.06 34.07
HE607 H 274.7~276.2| 0.26 0.00 353.62
HE 608 Jt: 259~267 | 0.42 0.00 1115.33
HE610 HF  404.6~411 | 0.27 0.00 89.38
FH(H 0.38 -0.01 214.72

4.3 HREK Ca® ERHmHIEHIEH

HuJRIK Ca® 5 1 22 S P BUIE 9T DB R R i
L5 2 SR A R A IR A i L2 K Ca™
T 25 5 1 JE R R AT 4l BT G SCHR, Ca™
FEE AL DL iR AT : OFL BN R A M2 K
W Ca® (WkiR A4, 2011) ; Q45K £ 19 7 i
(Chowdhury et al., 1996); @ % + & ¥ 1) % 1k
( Longstaffe, 1987 ) ; @) 4
BE R £5 9 14 K A A ]
(Klein et al. , 1999);®

s B () K'+Na®| Mg¥ | ca® | HCO, | a1~ | SO | Mo fup K
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)

ZEH 1-1 3 294.5~296 |5435.36| 638.9 | 6758.7 | 107.36 | 22042 | 125.53 | 35054.1 |CaCl,
i 1-8 3 547~553 | 14642 | 232 5411 67 32771 87 53150 | CaCl,
¥R 1UIF 320~322 | 4949 86 5974 96 17697 971 29772 | CaCl,
HE 604 I 680~681.5 [13969.2| 598.03 | 5176.3 | 71.27 | 32345 | 60.91 | 52221.02 |CaCl,
HE605 H 405~408 |9989.7 | 246 7804 | 28.12 | 24012 | 13.17 | 46894.41 |CaCl,
HE606 I 615.5~617 [21277.6 396.19 | 1343.4 | 114.03 | 34774 | 2015.1 | 59919. 85 | CaCl,
HE607 3 274.7~276 | 7450 60 9909 34 28667 49 45869 | CaCl,
HE608 3 259~267 | 12117 15 5768 131 28847 71 46844 | CaCl,
HE610 H 404.6~411 | 8637 262 10172 0 32055 0 51156 | CaCl,

TRIR AR5 B 1 U TTE
YER (BT 45 ,2005) ., BF
G DX 5 A B R ] AL
95%L) I, A kA
MV R LG, BT LLER ) ~
@Fh Ca™ R IFLERFFTIX AR
DR, I HIE RX — 28
TRIRER 45 ) =22 g W 0
iR R 45, R4, 7
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o . X AL N RAF R HBZ K Ca® 22 A AR 51—

I e ~ o SRR, SRR K Ca® % 7 R IE
g30f FH BRI A5 40 T PAVELE KA B e (1
. JEER B T T AL K R 5 B Ca™ 2 CaCo,
ﬁm‘ UUTE ) KA 37 i (R Ak B, 2008 5 T 46 55, 2015)
%% 18 i AR, T A A ALK N s OB
@ 107 AR EAR I AR R AR A R (B 6) . PEAL
L] HHE 607 HE 608 AL, %I K MR K Ca®
% 2000 4000 6000 8000 10000 12000 WA, Hrp R 607 3 Ca™ 5 9909 mg/L HE
HEKCa &R’ (mg/L) 608 I Ca® & i 5768 mg/L; A F il AU HE 606, 41

P 5 ME R A ALK N, s BRRERIRES Y 1-9 %5 1 Ak B AIG, Hovh HE 606 1 Ca™ F7 5 1343. 4
Gl Ca AR m/ L, VAW 7 5048 1 73 0 31, Ca®* ALK

Fig. 5 Relationship between carbonate cement and Ca" of 0 vy M S0 ) s R ARG A 07 B, Ca™ B e/ | R I iy i
N,s! in NCPZ area, Junggar Basin ST X HJZ 7K Ca® 1Y 25 5 20 A 3] = 245 il

Mo AHABAAAE S AL, BNk 610 H, HAL FHFSEX

W PR BE (m)

-100

=200

T T T TN

=300

[

K =¥#

YR TT 1)

souce direction

|

e L
KT 43 i iE
subaqueous distributary
channel of fan delta front

|

W AR VT = £ 3T ¢
KR 43 PR 3E

subaqueous distributary channel
ofbraided river delta front

[ ]

KT 43 i 1] v MEIUAH
subaqueous beach-bar facies
distributary bay

|

1000 2000 3000m

Pl 6 ISR A A2 AL HBIX. N s, DUBRG o e g el

Fig. 6 Paleogeomorphology before N lsi deposition in NCPZ area, Junggar Basin



10 B T T Y 2 2021 4
259 n=114 ¢=43.5% 10+ n=72 K=4280X 10°um’
K=0.5X 10”um’
— 0, \.
204 9=4.1% = 3.
154 \ 6
B B XL
# e
104 44
5 \/\_/ N A
a
0 ( ) O (bl T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 0.04 0.16 064 25 10 40 160 640 2560 10240

LERE (%)

BER (x10°um)

Pl 7 HEME R AT AEJL IR N s, B2 A FLBREE B35 SRS B 7 1)
Fig. 7 Porosity and permeability frequency distribution histograms of lei reservoir in NCPZ area, Junggar Basin

(a) HSLBRBER AT BT I 5 (b) BB SR A 7 1]

(a) Porosity frequency distribution histogram; (b) permeability frequency distribution histogram
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Fig. 9 Characters of cores of lei reservoir in NCPZ area, Junggar Basin
(a)flE 601-4 J,514. 1 m IRBOMEE | HSTLBUE 44. 8% B354 7070%107° pm?® | BR AR LRS54 & 1 10. 68% , £ 8, B it v i
(b) HE 601-5 H,532. 3 m, FME QSRR A A FLBRIE 36% 15355 4340x107° wm? | BRFRELIRZS W) & B 7. 37% , 5 WA B, S el ; (o)
HE 601-F 1 3F,488. 2 m, KB EHLED 4, LB 42. 4% 1855 20300x 107 wm? | BRARERIELE W) & 5 7. T1% | #r W, 2 a5 (d)
HE 609 3,231, 4 m, JK S HRIDF, 28 6. 8% , £ BiB% 5. 22x 1070 wm? |, BRERERICSE W) A 23. 6% , s B35 il PE % ; (e) HE 605
I,407. 8 m, KT EARPER A S FLBRE 6.9% , B2 1.39x 107 wm?® , BRFREL 45 W) & & 32. 2% , 4 05 B3, &t 22 () HE 607 FF:,
276.6 m, KA ERMERE, A FLBREE 3. 5% 8% 0. 103x107° pm?  BRFRERIC S Y &1 37% , i B ol 24

(a) The Well P601-4, 514. 1 m, coarse sandstone, porosity 44. 8% , permeability 7070x10-3 p.m2 , carbonate cements content 10. 68% , loose,
good oil bearing; (b) the Well P601-5, 532.3 m, brown gravelly sandstone, porosity 36% , permeability 4340x 10~ um? | carbonate cements
content 7. 37%, loose, good oil content; (c¢) the Well P601pl, 488.2 m, coarse sandstone, porosity 42. 4%, permeability 20300 X 1073 ;Lmz s
carbonate cements content 7. 71% , loose, good oil content; (d) the Well P609, 231.4 m, gray gravelly sandstone, porosity 6. 8%, permeability
5.22x107 wm?, carbonate cements content 23. 6%, tight, poor oil content; () the Well P605, 407.8 m, gray sand conglomerate, porosity
6.9% , permeability 1. 39x107wm?”, carbonate cements content 32. 2%, tight, poor oil content; (f) the Well P607, 276.6 m, porosity 3. 5%,

permeability 0. 103x 107 wm?, carbonate cements content 37% , tight, poor oil content
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Table 5 Table of oil test data and carbonate cement

content of lei in NCPZ area, Junggar Basin

o FE ]| | RERER R o
3 () | (' PRI Wi (%) gts
¥ 1t | 18.03 |768.25 | FhAKE|  27.75
W 1-1 5| 11.96 |588.99 | &iiKZ|  34.95
HE1-8F| 0 11.3 | K2 17.35 |k HZT
HE601 - | 83.89 | 23.74 | Wh)E 8. 86
He602 3 | 10.5 | 33.3 | E 16.76 Hy= &4t
HE 604 H: 0 |50.76 | K2 18.75 KA HEZT
HE 605 0 |35.03] KE 20. 39
HE 606 - 0 146.9 | k)2 9.27 |iKHEZT
HE 607 0 79.2 | KJE 27.85
HE 608 Jf- 0 [115. 11 KJZ 22.84
HE 610 H 0 [55.59| KEZE 24. 86
6 4t
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Differential distribution control factors of carbonate cement from the Neogene
Shawan Formation in northern Chepaizi area, Junggar Basin

ZHAO Xiaodong" , YANG Shaochun® , JU Xiaoyu” , CHEN Ganggiang'’, XU Tao"
1) School of Petroleum, China University of Petroleum ( Beijing) at Karamay, Karamay, Xinjiang, 834000;
2) School of Geosciences, China University of Petroleum, Qingdao, Shandong, 266580
3) School of Arts and Sciences, China University of Petroleum ( Beijing) at Karamay, Karamay, Xinjiang, 834000

Objective; Through thin section, AxioVision image analysis, conventional core analysis, formation water
testing and other methods, on the basis of clarifying the types of carbonate cements, multiple methods were used to
calculate the content of carbonate cements, we were discussed the controlling factors for the different distribution of
carbonate cement in the northern Chepaizi area of Junggar Basin (NCPZ area), and revealed its influence on the
physical properties and oil—water distribution.

Methods : Core samples were measured by gas porosity tester, gas permeability tester and carbonate content in
rock tester, respectively. The detection environment temperature was 20 C and humidity was 60%. The slices are
dyed with alizarin red solution, and the carbonate cements is determined by using the AxioVision image analysis
software of Zeiss Company. The main method is to use the image analysis multiplication method to mark the image
points of carbonate cements through multiple scans, calculate the distribution content of carbonate cements in
different visual fields of the image, and then calculate the content of carbonate cements in the sample points by
numerical average. And at the same time, the casting thin sections were used to carry out the reservoir space
analysis. The salinity, ion content and water type of formation water samples had been tested in Shengli oil field
Company of Sinopec. The detection basis is oil and gas field water analysis method SY/t5523-2006.

Results: Research shows that a large number of early carbonate cements developed in the reservoirs of the
study area, and filling part of the primary intergranular pores unevenly, showing strong heterogeneity. On the basis
of convent calculate of carbonate cement in core, AxioVision image analysis with multiple times and multiple fields
of view was used to supplement the calculation of carbonate cement content, and the relative error compared with
the core measurement result was —0. 14, which effectively compensated for the lack of core measurement data
points. The content of carbonate cements has a different distribution characteristic of “high in the north and low in
the south” on the plane. Carbonate cement is formed in a reducing environment with good sealing and alternating
stagnation of water bodies, and directly precipitates in the pore water of sediments. There is a good positive
correlation between the Ca®* content of formation water and the content of carbonate cement. The difference Ca’*
determines the difference in the distribution of carbonate cement, and the difference Ca®* is mainly controlled by
paleomorphology. The water body in the palaeotectonic plateau is shallow and easy to accumulate Ca™ , and it’s a
good place for CaCO, precipitation. Microfacies play a certain control role in local well areas.

Conclusions ;: The difference in carbonate cements results in the “double peak” characteristics of the reservoir

properties in the study area, and creates a complex oil—water distribution relationship in high-viscosity and super-
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heavy oil reservoirs.

Keywords: Junggar Basin; Chepaizi area; Neogene Shawan Formation; carbonate cement; differential
distribution; Ca®* content of formation water
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