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Abstract: The Fengcheng Formation in the Hashan area of the Junggar Basin develops two types of lithofacies: silty

dolomite facies and dolomitic siltstone facies. Due to the influence of paramagnetic minerals such as pyrite, the accuracy
of oil saturation evaluation is limited. Based on nuclear magnetic logging and nuclear magnetic experiments, the oil
saturation of two types of lithofacies reservoirs is obtained, the conventional logging sensitivity curve is optimized, and the
logging response model is established. The results show that a new method of NMR T spectrum correction based on pyrite
content is proposed, which effectively restores the T, spectrum morphology. The T, cutoff values are determined to be 8
ms and 24 ms, respectively. The average relative error of oil saturation calculated by nuclear magnetic logging is the
smallest, which is 4.86% and 3.87%, respectively. Based on the two-dimensional nuclear magnetic resonance interpretation
chart, the oil saturation of silty dolomite facies reservoir is accurately characterized, ranging from 40.68% to 76.21%, with
an average of 54.11%. The oil saturation logging response model based on lithofacies division has a determination
coefficient of more than 0.8 and an average relative error of less than 8%. The research results provide technical support
for the evaluation of tight oil reserves.
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Fig.1 (a) The tectonic position of the Hashan area in the northwestern margin of the Junggar Basin; (b) The comprehensive stratigraphic

column of the Permian Fengcheng Formation
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Table 1 Comparison of different lithofacies characteristics of Fengcheng Formation reservoir in Hashan area, Junggar Basin
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dolomite lithofacies; (b) Dolomitic siltstone lithofacies
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9 JEIR T LLX HS7 S IR fi 2 B S A BE PP R, S5 SRR, AR E it A B S8
ARG RAF, ZAGEH B RUIZINHmE SR GE 08 A RTNAT 78 XAk = S A . HS7 X
B HARIFBL (5002m~5106m) Sl EEAE A 22%, 73 3 BURZMIG, WM H P 3.4m®, Rt 98.04
m’; W B HRFB (4400m~4715m) SITEAIEZIIE N 48%, 7 6 BURARGIE, W4 H ™M 20.04 m, 3R
T 280.96 m®, IRIMACRAF, BSAIE 7 S IR L e AR (R o

43 NMRSEBISH

I bt R A S U RS R, o e L Ly X RIS AL 2 5 i LA B AT T VP 10 JRZR T HS6
I T AR IR B TAN A3 21 1 25 I VR B2 5 e RS B S AT FE 0 L2 R, AT DA %
W T a5 RS T RN B S A ) ST, AAiadh—3. Dl ariltmisE (1 49%) JFB (5431
m~5588 m) JYHEE, X HS6 HSiiti o VU B Rk, WEfE H il 24.41 m®, RE40 254.2m’, Bl BCREST
0 N P s 35 e PR TR U H i EASS TR GBI 78 DX A 2 2 o VLA B2 AT R B P R AT AT Y o

AC ft CNL (%) & A3y R/
i gy | g SN LI J}z@ég,ﬁatﬁﬁﬁ&
@ | B | m& | % i
DEN (g/em’) RT (Q. A /i
1962 7 396 | 01-— S 10000 | S EMIBRE %
= E
4800 | == i TR g,
= ¢ = -3
- 3 =&
05 _;; "?_‘.’-..'—
= i =
4900 — == ==
- 5 i:
) S ?g—
R | TR 5000 _— __-;3._..; =
- —_— e
= A= |
= | ____= N
5100 . =
13
5200 ; R -,
iR 3
=7 S -
5300 Z 3
5400
B
R—E 3
i — 2
5500 &
I
—=
TIEEL | 5600 .
——
—:’_
5700 =t

10 AERE /KA 1 LB IX HS6 FH XN = i A B P 45 R

Fig.10 Logging evaluation results of oil saturation in Fengcheng Formation reservoirs of HS6 well in Hashan area, Junggar Basin

13



it USSR FH P 2V VLR B S0 R At TG R, 1 Lt DX S0 T s e (RO A S 3 1 T 5
ORI . S LRI SEBO RN RS HERAE, A L X IFRERE . KPR Bk X R s R L T
HAR S
5 4518

D B T RIS 7). G PRI A 2 AR A = O R AR i 2 B A A P s, 48
N7 VA A B RS A MR B AR K5 2 2 TR R ARG R, WA AR AN y=1.04x-0.12 F
y=0.79x+0.13, #2577 B REERT & B AN To WHRIEFTE, A Er i A R R AR SR A T IREE

2) B THEAZRE T, R IR S B A S AR AR B S R BE AR R 2E IR PRARA R ZE /N
To B IR To AR, T A 8 ms A1 24 ms IAFEIIRII I 1 225 AN 1 2 JTOR b5 A 2 T L
R URZEVE 73700 0.28%~11.96%F11 1.29%~8.11%, FHXTIRZEFIIER /N (4.86%F1 3.87%) , HRESIAS 1113
DX i AR FE A LS

3) JEF HS6 FFHHD I = ARG 2R UG S WA Al ORE S AR IRE RS, @ T L
X “AERZBESEAR S A B R IR . B T AR IO T IR D 5T 1 2 A 22 o R il
FIEE (40.68%~76.21%, A 54.11%) , Jy &I gt at 7 4 k.

4) 1 By O BURR h 2245 BN T IR D R 1 2 AT (1 2 TR DA i 2 T PR P o o A5
T, P 2 (RY HI7E 0.8 UL, BIRIEHINHRZE N T 8%, FET-IHm R AL T 37, %I T
P E SR Z AR — B R B R AT, e Ll b DX S i S SR TR RO B R i R
S

1&& STERE 15t A
T BdRE R, B, BEEIR, A=k E, TIREE, ST Bowk. SdREE, WL,
VAR PN BUREHE, WAL, HE, skihaE. BdEEEL WE, )T J5k, Rk MER: Tk, BH

R ER WE, BIHETL

S
RS A (LR A A A TS % B0 R MM S KRB T T RIS, MR 5
PRI E SORL, TESOAE

M| 2 A2 A= PR
P e AT ATFAER 2 .

14



References

Cao, Z. L., Zhou, C. M., Gong, D. Y,, et al., 2024. Tectono-Lithofacies Paleogeographic Characteristics and Source Rock
Distribution of the Middle-Lower Permian in Junggar Basin. Acta Petrolei Sinica, 45(09): 1349-1371(in Chinese with
English abstract).

Cao, Z. F,, Lin, J. Q., Wang, X. H., et al., 2024. Calculation Method of Oil Saturation of Mixed Shale Based on Lithology
Classification. Well Logging Technology, 48(01): 35-45(in Chinese with English abstract).

Chen, L. C., Zhang, Z. Q., Zheng, J. D., et al., 2024. Application of NMR Logging in the Evaluation of Gulong Shale Oil.
Well Logging Technology, 48(01): 110-116(in Chinese with English abstract).

Ding, Y. J., Li, J. G., Zhu, W. F,, et al., 2020. T;- T> Two-Dimensional NMR Method for Detecting Oil-Bearing Property
in Shale Oil Reservoirs. Mud Logging Engineering, 31(S1): 48-53(in Chinese with English abstract).

Du, X. Y, Jin, Z. J., Zeng, L. B., et al., 2024. Development Model of Natural Fractures in Continental Shale of the
Pingdiquan Formation in the Shuangjingzi Area, Eastern Junggar Basin. Journal of Earth Science, 49(09): 3264-
3275(in Chinese with English abstract).

He, W. Y., 2022. Discovery and Significance of Nano Pores and Nano fractures of Clay in Gulong Shale Oil Reservoir in
Songliao Basin. Petroleum Geology & Oilfield Development in Daging, 41(03): 1-13(in Chinese with English
abstract).

Jia, F. J., Wang, J. W., Guo, R. C,, et al., 2025. Oil-Bearing Property Evaluation of Fengcheng Formation Shale in Hashan
Area of Junggar Basin. Petroleum Geology & Oilfield Development in Daging, 44(01): 25-34(in Chinese with English
abstract).

Jiang, Y. J., Liu, H. M., Chai, C. Y., et al., 2023. Logging Evaluation of Shale Oil in Jiyang Depression. Petroleum Geology
and Recovery Efficiency, 30(01): 21-34(in Chinese with English abstract).

Li, C. L., Yan, W. L., Wu, H. L., et al., 2022. Calculation of Oil Saturation in Clay-Rich Shale Reservoirs: A Case Study of
Qing 1 Member of Cretaceous Qingshankou Formation in Gulong Sag, Songliao Basin, NE China. Petroleum
Exploration and Development, 49(06): 1168-1178(in Chinese with English abstract).

Li, Z. M., Xiong, W., Wang, B., et al., 2023. Fine-Grained Sedimentary Characteristics and Evolution Model of Permian
Fengcheng Formation in Hashan Area, Junggar Basin. Petroleum Geology & Experiment, 45(04): 693-704(in Chinese
with English abstract).

Liu, G. P, Jin, Z. J., Zeng, L. B., et al., 2024. Natural Fractures and Their Effectiveness in Deep Continental Shale
Reservoirs of Permian Fengcheng Formation in Mahu Sag. Journal of Earth Science, 49(07): 2346-2358(in Chinese
with English abstract).

Liu, H. M., Wen, H. G., Zhang, K. H., et al., 2024. Geological Characteristics and Exploration Prospects of Alkaline Lake
Shale Oil of the Fengcheng Formation, Hashan area, NW Junggar Basin. Journal of Palaeogeography, 26(05): 1017-
1036(in Chinese with English abstract).

Liu, Y. H., Wang, C. Z., Liu, Z. H.,, et al., 2021. A Logging Method for Evaluating Oil-Bearing Property of Jimsar Shale
Oil:Case Study of Sag in Junggar Basin. Natural Gas Geoscience, 32(07): 1084-1091(in Chinese with English
abstract).

Mao, R., Shen, Z. M., Chang, Q. S., et al., 2021. Evaluation Method of Reservoir Oil-Bearing Property by NMR Logging
of Permian Lower Wuerhe Formation in Mahu Sag, Junggar Basin. China Petroleum Exploration, 26(04): 162-172(in
Chinese with English abstract).

Pang, X. J., Wang, G. W., Yue, D. L., et al., 2024. Advances in Well Log-Based Assessments of Fine-Grained Sedimentary
Rocks. Oil & Gas Geology, 45(04): 954-978(in Chinese with English abstract).

Qin, D. C., Tang, J. G., Hu, M. L., et al., 2023. Micro-Pore Characteristics and its Main Controlling Factors of Shale in Sha
1 Member of Shahejie Formation in Nanpu Sag of Bohai Bay Basin. Petroleum Geology & Oilfield Development in
Daging, 42(05): 47-56(in Chinese with English abstract).

Si, X. Q., Pang, Z. C., Guo, H. J., et al., 2024. Characteristics and Controlling Factors of High Quality Deep Conglomerate

15



Reservoir:A Case from Lower Cretaceous Qingshuihe Formation of Gaoquan Structure Zone in Sikeshu Sag, Junggar
Basin. Journal of Earth Science, 49(10): 3576-3588(in Chinese with English abstract).

Song, Y., Tang, Y., He, W. J., et al., 2024. New Fields, New Types and Exploration Potentials of Oil-Gas Exploration in
Junggar Basin. Acta Petrolei Sinica, 45(01): 52-68(in Chinese with English abstract).

Song, Y., Yang, Z. F., He, W. ], et al., 2022. Exploration Progress of Alkaline Lake Type Shale Oil of the Permian
Fengcheng Formation in Mahu Sag, Junggar Basin. China Petroleum Exploration, 27(01): 60-72(in Chinese with
English abstract).

Sun, L. D., Zhao, W. Z., Liu, H., et al., 2023. Concept and Application of “Sweet Spot” in Shale Oil. Acta Petrolei Sinica,
44(01): 1-13(in Chinese with English abstract).

Wang, J. D., Zhang, G. L., Zhuang, X. M., et al., 2024. Research Progress and Potential Directions of Oil and Gas
Exploration in Key Fields of Junggar Basin. Petroleum Geology and Recovery Efficiency, 31(04): 24-41(in Chinese
with English abstract).

Wang, X., Han, J. Q., Zan, L., et al., 2024. Logging Evaluation of Shale Oil in the Second Member of Funing Formation
of Qintong Sag, Subei Basin. Reservoir Evaluation and Development, 14(03): 364-372(in Chinese with English
abstract).

Xiong, X., Xiao, D. S., Lei, X. H., et al., 2023. Response of Well Logging and “Sweet Spot” Rapid Evaluation Technology
for Shale Oil in the Lucaogou Formation of Jimsar Sag. Special Oil & Gas Reservoirs, 30(04): 35-43(in Chinese with
English abstract).

Yan, W. L., Zhang, Z. Q., Chen, L. C,, et al., 2021. New Evaluating Method of Oil Saturation in Gulong Shale Based on
NMR Technique. Petroleum Geology & Oilfield Development in Daging, 40(05): 78-86(in Chinese with English
abstract).

Yan, W. L., Zhang, H. B., Zheng, J. D., et al., 2022. Digital Core-Based Modeling Method and Application of Oil Saturation
in Gulong Shale Oil Reservoir. Petroleum Geology & Oilfield Development in Daging, 41(03): 91-102(in Chinese
with English abstract).

Yu, H. Z., Wang, Y., Zhou, J., et al., 2022. Sedimentary System of Permian Fengcheng Formation in Hashan Area in
Northwestern Margin of Junggar Basin. Xinjiang Petroleum Geology, 43(04): 396-403(in Chinese with English
abstract).

Zeng, Z. P, Liu, Z. Q., Zhao, L. Q., et al., 2023. Shale Oil Reservoir Characteristics and Controlling Factors of Permian
Fengcheng Formation in Hashan Area, Northwestern Margin of Junggar Basin. Lithologic Reservoirs, 35(01): 25-
35(in Chinese with English abstract).

Zhang, K. H., Sun, Z. L., Zhang, G. L., et al., 2023. Shale Dominant Lithofacies and Shale Oil Enrichment Model of Lower
Permian Fengcheng Formation in Hashan Area, Junggar Basin. Petroleum Geology & Experiment, 45(04): 593-605(in
Chinese with English abstract).

Zhang, K. H., Wang, Y., Yu, H. Z., et al., 2024. Difference Analysis of Geological Characteristics of Continental Shale Oil
in Eastern and Western China and its Influence on Enrichment Law: A Case Study of Exploration Area of Shengli
Oilfield. Petroleum Geology and Recovery Efficiency, 31(04): 42-59(in Chinese with English abstract).

Zhao, X. Z., Zhou, L. H., Pu, X. G., et al., 2022. Theories, Technologies and Practices of Lacustrine Shale Oil Exploration
and Development: A Case Study of Paleogene Kongdian Formation in Cangdong Sag, Bohai Bay Basin, China.
Petroleum Exploration and Development, 49(03): 616-626(in Chinese with English abstract).

Zou, C.N.,Ma, F,, Pan, S. Q., et al., 2023. Formation and Distribution Potential of Global Shale Oil and the Developments
of Continental Shale Oil Theory and Technology in China. Earth Science Frontiers, 30(01): 128-142(in Chinese with
English abstract).

RS IR

WOEAK, R, SEMEE, A%, 2024, HEER AR — T S GG -A A A BRI SRR AT, AT AR,
45(09): 1349-1371.

16



HERE, WA, TR, 55 2024, A RINRAN USRI THE VR, MISEEIR, 48(01): 35-45.

BRI, sKICHE, AR, 55, 2024, AZREILIRMAE S o TCEMPF S, R, 48(01): 110-116.

TR, R, AMFE, 5 2020, T1-T2 4ERZMSER TUA MG SR 2 S PRI v, SIF RS, 31(S1): 48-53.

FETF, &2 %), MK, 25, 2024, #EE R ARG -Hb X P SR A Rl AH DU KRR R B AR, HhEkRLE,
49(09): 3264-3275.

AT SCIH, 2022, FAIL 75 e DU il 2 3 T R AR ALK GE 1) R I A L3 . KPS 71K, 41(03):
1-13.

TN, T, FREGHE, 45, 2025, AEM R A L X A TU A S PP, KA IR 5T K, 44(01):
25-34.

Hnds, XER, S, 55,2023, GrRHMIRE sUE M. AR S SRR, 30(01): 21-34.

2R, ERAR, RS, &R, 20220 B R L UUA MR E S A TR A —— DAL S T R H R
th T EH—BOAB. AR ST, 49(06): 1168-1178.

ZRE, Refh, Tk, &, 2023, MR A LI X S R IR AR S AL . A il Sz ae b R,
45(04): 693-704.

XIERE, 42 %), WECH, 55, 2024, I 8 5 XIREIR ZREAH DUA 2 R IRRAGE S HA M. HhERRLE,
49(07): 2346-2358.

XIHEIR, SCHEE, skZEME, 55, 2024, e /R 7 PG LSRG L X XU ZH BRI DT i PURHE S ER R 2R, bz
=4, 26(05): 1017-1036.

XIFEER, FA &, XIEA, 5 2021 —FPPA TUA TSI RS 52— AEmE /R 2 25 AR AR MG 5. R
SR HERRL2E, 32(07): 1084-1091.

B, BT, ERKA, 2 2021, HENER ZBEDEIVIRG TS R N S ORI RIS k. R EA
TR, 26(04): 162-172.

Pe/Ngr, F513C, KT, G, 2024, ABRETTRE PRI et . A5 R T, 45(04): 954-978.

AW, bt BISEER, A, 2023, iR A g BRI YT T 24— BRI A O FLRRRRIE S L 3R R R, RIK
AL S TR, 42(05): 47-56.

FOR, R, T, 55,2024, IRIZRITEMERE il ERAIE A SR E: DAVERES 7K 78 DU AR 16 1 SR AL I Y
F 3 RGN, HhERELEE, 49(10): 3576-3588.

KK, JEE, FICE, 55, 2024, HEME /KRB SEPRB AU B BRI 7). AR, 45(01): 52-68.

KK, MRE, SCE, S5 2022, WERE R G ED I VT R — B 2R IR ZE AR 74 T 2 ek Bk g . b A ek B,
27(01): 60-72.

A, BXSCR, X, 45,2023, TUATH “Ef” MES LN IS, AilER, 44(01): 1-13.

T&8E, KO8, BB, 55, 2024. ) R 75 B 5 A0k v S Eh BRI Uk FE A T 1A). Sl AR SRR,
31(04): 24-41.

Fik, whgom, &R, 2, 2024, FrAbzE M G R T A B UUA I . ARG ST R, 14(03):
364-372.

REME, BT, TAEHE, 252023, T ORHER RGP B A A TSR A s PRIEPENEIAR. KPR,
30(04): 35-43.

EAR, SRIREE, BRI, &, 2021, BT RAIEIREOR () e UE Sl A BB . R 5K,
40(05): 78-86.

EAR, Ak, AR, &, 2022, BT A ORI R USSR AN BERR AR VR RN . R T
5K, 41(03): 91-102.

TUEM, R R, 45, 2022, HERE R ZHLPEILZS (LI — B R XIADIRIA R, Hras A, 43(04): 396-
403.

MET, MIREIR, BXURDR, 45, 2023, HENE/REHIPEILSAE 1L HIX 8 RN DUE il ZRHE R . &
PRI, 35(01): 25-35.

17



THSEIGHT, 45(04): 593-605.

TkZEte, TR, TR, 28, 2024, Hb 7R DU R A DU v BRI 22 S o A B L B SRR A B e —— DA R
PRIX M. A HLT RIS, 31(04): 42-59.

BBEIE, NI, AN, AE, 2022, WIAHTUA BT IR AR R AR 5 S —— DA 2 e AR MR
1 RALEE B AR S TR, 49(03): 616-626.

AARe, S, WRIAYT, 4%, 2023, ARRTUE MR AN 7 Ko EE AR TUE IR HOR . HE T2, 30(01):
128-142.

18



