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Micromechanical characteristics and classification of the grains of lacustrine fine-
grained sedimentary rocks: A case study of shales in the 7" member of the Upper
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Abstract: Fine-grained sedimentary rocks contain abundant hydrocarbon resources. To examine the microscopic
structural and micromechanical characteristics of their grains, we explore such rocks in the 7" member of the Upper
Triassic Yanchang Formation (also referred to as the Chang 7 Member) in the Ordos Basin. Using scanning electron
microscopy (SEM) and nanoindentation experiments, we delve into the geometric characteristics and micromechanical
properties of the grains of these rocks. The results indicate that based on five characterization parameters, namely grain
size, flatness, angularity, hardness, and modulus of elasticity, the fine-grained sedimentary rocks in the Chang 7
Member can be categorized into six major grain types: grain size and angularity predominating; flatness and angularity
predominating; flatness, angularity, modulus of elasticity, and hardness predominating; modulus of elasticity and
hardness predominating; angularity, modulus of elasticity, and hardness predominating, and grain size, angularity,
and modulus of elasticity predominating. Five types of grain assemblages can be further identified based on the relative
contents of the six types of grains. Additionally, the coupling relationships between the grain types and mineral types of
the fine-grained sedimentary rocks are determined. The proposed scheme for microscopic grain classification of fine-

grained sedimentary rocks assists in understanding the microscopic structural characteristics of fine-grained sedimentary
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rocks and predicting the spatial distributions of geological sweet spots, thus holding great theoretical and scientific

significance for the hydrocarbon resource assessment and efficient hydrocarbon exploitation of fine-grained sedimentary

rocks.

Key words: scanning electron microscopy (SEM) , nanoindentation, classification scheme, grain of fine-grained

sedimentary rock, shale, the 7" Member of Yanchang Formation (Chang 7 Member) , Ordos Basin
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Fig. 1 Sedimentary facies (a) and cored well locations (b) of the Chang 7 Member, Ordos Basin (modified after reference [33])
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Fig. 2 Box plot (a) and ternary diagram (b) showing the mineral composition of fine-grained sedimentary rocks in the Chang 7 Member,

Ordos Basin
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Fig. 3 SEM images showing the microscopic morphology of the grains of terrigenous clastics and authigenic minerals in the Chang 7
Member, Ordos Basin (modified after reference [30])
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Table 1 Morphology definition of the fine-grained sedimentary grains in the Chang 7 Member, Ordos Basin

(modified after reference [15])
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Fig. 4 Schematic diagram showing the dynamics simulation (a), parameter calculation (b) and indentation point distribution (c) of shale

nanoindentation experiments in the Chang 7 Member, Ordos Basin
po BT, mNs AL BOIEAES HCR AR, wmsh, TREE, wmsh, HoSk AGRRERT POHEMIRRE . pm; S, SPEEEMRRIRE , GPash,. 582 HIBR 5 H
iR dE, nmsh,, . KO, nmsp,, . KRELT, nN
CRENEIR A Z BT BE A 10 wm , SEHC10x 10 (914 7750, — 2k 10048450

JERBRPERG R SE I AT T 12 2R MR . 9
K AR R T R B A D7 30 (10x10) , AR
2R R 3t AR A [R] 240 OB AEF- 17 L A SO T 222
B AitE i (B 4e) o

3.2 LIHHER

TEWEAEL AT 2% 200 mN B 258 T IAS T8 40 0K Y
PAOU g 2 P S, S 96 IR 530 /s 0 ) O B0 g 2

BICARAERLRE i - B A A P 2507 T S B A 22
S, 0 A e A B AN s i 2 R R R,
AU TORERLEE i - A B S A
SAZHANFEA R 73 o0 . AB0R T A 3] 74K
ORI HEAYE BT A S, SR 5 >S50
RLAN A DX 557 o PR, SR P T VA — A g D D x4
ANSRCGFATIC R AL PR, SIS 9 45 Le A 4 5, 300t
Bl A ARRHE R R [ A1) 1.

VT B R 3R ), kU 0 3 v - XK, "
BRI, SO A9 AT 5 R b T X K

09, B LA WA ALY AR R /. B LAY
A RS SR AL , Bk OURE A B A K,
YOS K AT TN o A1 S, B R
Wy FIAT BB B /N (3R 2) o

4 AHPURIZE AN K HAH G 2R oy

4.1 ZABRIEEVSE

Ao R A 19 R B WL, 4 R A B AR A (14 45

K X, HIEH— IR BB, X R R G B X, X
53 R T S ) e KA Rl e/ IME, Y T R4

HRAE AUk BRI H — A S8, SRR 217 2 i
K7 Bedm ok i 2 A Al AR A3 6 25 (18] Sa—f) .

1) B — R7E+B F Y

2) KA B b R

3) T = J T B AR AR 4 R Y

4) TP ; PR AGE -+ 5 TR

5) ZEIU T AR+ PR+ A Y

6) FSRITN RLEE + A+ PR A

R2 FBREGAMKTRTWBRARANFESHE

Table 2 Micromechanical parameters of mineral grains in the Chang 7 Member, Ordos Basin
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Fig. 5 Schematic diagrams showing the classification of grain types based on five parameters (a—f) and grain assemblage types (g) of
shale in the Chang 7 Member, Ordos Basin
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Table 3 Relationships between mineral grain types and mineral components in the Chang 7 Member, Ordos Basin
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Fig. 6  Cross plots showing relationships between proportion of grain type and mineral component content of the Chang 7 Member, Ordos Basin
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