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A new method for rock classification and sample selection based on
dual-energy CT and MaipSCAN: A case study of shale oil reservoirs
in the Mahu Depression
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Abstract: Due to the insufficiencies of traditional sampling and quantitative characterization methods for oil shale
formation, this paper proposed a new approach for rock classification and sample selection based on the study of the
shale oil well section in the Mahu Depression. The approach combines dual-energy CT and MaipSCAN mineral
scanning electron microscopy data and takes into account rock density, photoelectric index, and mineral identifica-
tion. Clustering analysis is utilized for the classification. The proposed method is then applied to identify prevalent
formations. An innovative representative rock sample selection method and process are introduced that considers

macroscopic heterogeneity. The results show good consistency between the photoelectric index-density classification
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and minerals, and the clustering classification method is capable of further fine sample selection. Layers with high

plagioclase content exhibit better oil and physical properties and can serve as geological and engineering sweet

spots. The proposed classification method and sample selection process are reliable and provide new ideas and

methods for the systematic evaluation of oil shale reservoirs.

Key words: dual-energy CT; photoelectric index/density; mineral identification; rock classification; sample

selection method
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The structural position of the Mahu Depression and stratigraphic characteristics of the Fengcheng Formation

(modified from Li Zhaofeng et al. , 2021)
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Fig. 2 Core photograph of the 7th interval of the Fengsan member in the well MYIH (the red triangles indicate sampling

points )
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Fig. 3  Microphotographs of the 7th core thin section of the Fengsan member in the well MY1H
a—HEI B S VAR B D4, 4 561,28 m, IEZEMiDE; b—UIBEIRE, 4 562.73 m, IEZEMOG; e—=EEFTE , 4 564. 13 m, 1IEZEMG;
d—UTBEK A, 4 567. 14 m, IESEMY; e— B MREITA , 4 570.25 m, IEMG; I—BEKFRERUE , 4 57217 m, Hft
a—fine-grained tuffaceous argillaceous lithic sandston, 4 561. 28 m, crossed polarized light; b—sedimentary tuff, 4 562. 73 m, crossed polarized

light; ¢—dolomitic siliceous rock, 4 564. 13 m, crossed polarized light; d—sedimentary tuff, 4 567. 14 m, crossed polarized light; e—argillaceous

dolomitic siliceous rock, 4 570.25 m, crossed polarized light; f—tuffaceous siliceous rock, 4 572. 17 m, plane-polarized light
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Fig. 4 The full diameter dual-energy CT scanner (left) and Maipscan automated mineralogy electron microscope (right)

2.2 SEEREE RS E IR

5 FE DG R SR TR 8 U2 0 27 vh i T R
ANEESH AT U T R A o 2 AR 6 6T
Yo EANTR) PRI T LS o ) 9 B K AT 0 )
PO, DG MBI R RO R 0 X X SR E y G
LIMCRE S1 , AN 10 ) 19 IR ACE O A T] PR sk, T
LA 0 654 2 6 02 WS T i AOR A T U

— BRI X GTAEIN S 2 5 B AR T A
TE 3 FRASONE, BTG F A0 | 35 1550 10 R, 5 X 2K
N o MOETFRERE hvo<100 keV B, LOGHEUN H 3
hvo 7E 100~2 000 keV 2[RI, LUREFE WU 0 A 3
hvo>2 000 keV B}, LLHL X240 24 . Wellington
H1 Vinegar (1987 ) & 4t 42 i Ks XURE 1T ML 2 4 46
(DECT) B2 Wy % v TR LA i 2 b J2 37
fli TAEG AR, s A i Yo Bt 7 3F o B2
Yo T H, J5 Ok Landry 4% (2011) , Haghighi %
(2011) ,Alves %5(2015) , Jussiani F1 Appoloni (2015)
XFEBCARGEAT T HH O, A AT Sy — o JC 4 0
Tk AT ADEAR A0 103 0 25 8] 3 A, O RE A% ) it )2
w AT E T

IR BURAALS X LT R AER, — K
R, R BB R, 2 7 B iR | el S0 A AR
AR BT LU i S5 5T U0 S A ROk T
( Grieken and Markowicz, 1993) , Jfi & 38 R S0
e LA o i %% i LA o 2k 1 o 08 R #L, Ketcham Al
Carlson (2001) 7E2K F CT 94 Hy FiAEA I, 23 ) 1

AR B A3 WA RRCE RS JT] X SRR 91 T P 1 2 1 S ik
FE(EIS), B S BRT A% ERA A e
AT YIS RO L. A ANE R A
BEREARH AL (2. 65 g/em® 1 2. 59 g/cm’) , {HTEAR
RBET , o T KA P AE AR AR X A v R A R 7 B 1) Rk
R T A WA X TR R A3, AT =8
RO EL, I HAE R Z) 125 keV 22 X, BE 2 5] 34
125 keV JEEMLF LXK 5 (B S5) . Jifdf e
JERSR H A EMIE KA R — 2 (2. 71 g/em’)
A TS A AAAE , sl B 5 T | 7 e o 2k 2

100 £

:l —
~~~~~ 158 ]
——— Jifith

.............. Phism

=
T

plem™!

0. I 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
E/keV

5 4 FUA T YIRS R KO X SRR A E AR

Fig. 5 The relationship between linear attenuation coefficients

of four diagenetic minerals and X-ray energy
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Fig. 6 The clustering analysis results of Pe (a) and the proportion of classification (b) of MY1H well
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Fig. 8 The results of mineral quantitative analysis of the well MY1H
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Fig. 9 The comparisons between the results of mineral quantitative analysis and the rock classification of the well MY1H (the

rock class 1 and 2)
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The comparisons between the results of mineral
quantitative analysis and the rock classification of the well

MYI1H (the rock class 5 and 6)
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