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Abstract: In recent years, shale logging has played a crucial role in the grouting reinforcement engineering of the floor
limestone strata in “North China-type”coalfields. However, existing shale logging techniques are limited to the recogni-
tion of physical indicators such as color, particle size, and morphology. This limitation makes an accurate stratification
challenging, and the “along-stratum rate” in borehole design is difficult to be ensured. These constraints hinder the effect-
iveness of water damage control in the floor limestone strata areas. This study, based on the elemental geochemical differ-
ences in the Carboniferous Taiyuan Formation thin-layered limestone and its clastic interlayers, selected the Taoyuan Coal
Mine in the Huaibei Coalfield as the research area. Some vertical core samples were obtained from drill holes in the upper
part of the Taiyuan Formation, including L, limestone to L, limestone (with L; limestone as the grouting control target lay-
er). Using the X-ray fluorescence spectrometry (XRF), the major elemental background values of thin-layered limestone
and its interlayers were quantitatively determined. Also, a major elemental geochemical identification model was estab-
lished for thin-layered limestone using mathematical statistical methods such as cluster analysis and factor analysis. Simul-
taneously, major elemental testing was conducted on shale samples from directional drilling horizontal branch holes. The
identification pattern validation was completed through shale stratigraphic source analysis based on the established geo-
chemical identification model. The results showed that high CaO content and Loss on Ignition (LOI) value could serve as
characteristic indicators for the target layer L; limestone in grouting and reinforcement. Abundances of MgO (0.5%%),
MnO (0.03%=), and P,05 (0.08%=+) could be used as recognition indicators for the overlying marker layer J;. The cluster
analysis identification model effectively distinguished the Taiyuan Formation L, to L; limestone. The model established
using element factor scores effectively differentiated clastic interlayers from thin-layered limestone in the Taiyuan Forma-
tion. The Fisher discriminant equation obtained by running the model with rock geochemical background values achieved
an accuracy rate of 100% in the source analysis of cuttings from grouting target layer L; limestone. Based on the above
findings, the feasibility of applying the elemental geochemical source analysis method, aimed at ensuring the “in-layer rate”
in horizontal branch hole cuttings, was demonstrated. This, in turn, led to the proposal of a ground directional drilling “in-
layer rate” control technology scheme. This study, grounded in elemental geochemical theory, identified the target layer
stratification through characteristic geochemical information carried by cuttings from directional drilling. With the support
of on-site rapid quantitative testing techniques, the technology offers new insights into addressing the challenge of grout-

ing and modification at bottom limestone water hazard areas in the North China-type coalfields.
Key words: abundance of major elements; geochemical identification model; bedding rate; thin-bedded limestone of
the Taiyuan formation; control of floor limestone water hazards in the region
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Fig.2 Illustration of lithological profile in the Upper Section of Taoyuan Coal Mine’s Taiyuan Formation
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K,0 0.898 0.046 0.104
P,0s —0.044 0.885 -0.136
TiO, 0.983 -0.129 0.037
Na,O 0.580 —0.028 0.438
LOI —0.987 -0.070 —0.084

FRAEAH 6.07 1.81 1.62

J5 2 BURR /% 55.18 16.48 14.72

Bt 2 5T % 55.18 71.66 86.38
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ML SR —EE RS . MBS X 38 2 745
Fr R ICT 3 AN AR T, RERBIROR G, s xT
JEEIX AR A C2 5 C3 AL, SRR
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Fig.6  Factor score characteristics of Taiyuan Formation limestone and clastic rock samples
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Fig.7 Background of factor analysis identification for major elements in the Taiyuan Formation
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SEIZ IR, IR EROR
AR &, A B Y Ca, SigoHE FESZ FH4E
b JZ 045 M T 8 TR G, DRGSR 4 380 3] 4 A 2 T,
WIBREE 5 Z R YL Ca, SiJtER . HEHGE A,
FUEFEFHTE T Fe,05. MgO, MnO, K,0, SO;., TiO,
S5y iEAT Fisher FIAI 0T FIBIATEs R 0L 3,
3, Fy~F, 50 3Ros FU A i i 7 A
IR HAE F TR E R AN . FRIEE
52 5tkE L, Fi~F; G 99.7% 1)
TUBRR, Horh Fy 19707 25 STBRERIA B 95%, Rl B RRAE
(B AL /o7 T LA 0 3] R B, R K0 S0 R A T
PR Bk AL 25 B, P LUR LR A U 3 53 B i
R 551 PR
F) =—25.812w(Fe,0;) — 163.875w(AL,03) + 58.713x
w(MgO) + 1 910.420w(MnO) + 313.557w(K,0)+

177.830w(SO5) — 722.387w(Ti0,) + 86.848x
w(LOI - 18.169) (1)

Bl B LA R 8 4, 1~8 A4l — K
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Table 3 Fisher discriminant analysis results for major elemental components of rock samples

WiH F, F, Fy F, Fs Fq Fy
Fe,04 -25.812 67.363 50.202 54.395 -1.389 0.998 —53.940
AlLO; ~163.875 —66.635 56.091 ~5.069 ~4.499 -14.778 28.862
MgO 58.713 -121.266 12.814 146.877 ~117.545 131.016 183.206
MnO 1910.420 1012.407 382.722 ~71.925 168.801 -243.721 265.580
K,0 313.557 233.337 —489.009 74.231 65.334 -0.190 —49.984
SO, 177.830 105.355 11.974 —42.536 -1.425 28.398 23.178
TiO, 722.387 3213.418 1164.249 997.513 340.539 1844522 ~87.740
LOI 86.848 52.364 31.802 23.626 10.117 33.722 11.418
(H i) -18.169 —25.265 ~14.607 ~11.880 -3.112 -15.030 —6.082
FHIE(H 717.452 22.079 12735 2312 0.123 0.108 0.075
5 %1% 95.0 2.9 1.7 0.3 0 0 0
BR% 95.0 98.0 99.7 100 100 100 100
148 -25.515 -1.097 -3.847 1.571 0.064 -0.348 0.154
244 20.808 1.537 1.734 2364 -0.162 0.087 -0.276
34 ~5.401 8.572 2.623 —0.679 0.115 -0.150 0.134
448 20.704 —2.149 0.204 0.276 0.027 0.342 0.452
54 -35.327 ~4.469 4.803 -0.360 -0.058 0.089 ~0.064
64 19.848 -2.738 —0.387 —0.794 0.594 -0.124 —0.189
T4 -15.317 2242 —4.412 -0.917 —0.084 0.424 -0.191
84 20.199 -1.899 -0.719 —1.461 —0.497 -0.320 —0.020
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Table 4 Cuttings stratification results based on major elemental fisher function
J=IDA i3S Fisher] |45
— KT (T2-1~T2-3) 1 1.1, 1
L, K(T2—4~T2-6) 2 2,2.2
L, ~L,JeZ2J,)(T2-7~T2-9) 3 3.3.3
L, K(T2-10~T2-12) 4 4. 4.4
pllEr e
L,~L;3%)Z(J5)(T2-13~T2-15) 5 5.5.5
Ly JK(T2—-16~T2-18) 6 6. 6.6
Ly~L, R J2(1)(T2-19~T2-22) 7 7.7.7
L, /K(T2-23~T2-24) 8 8. 4
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Fig.9 Horizontal branch hole “in-layer rate” control technology plan
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