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Responding mechanism of macro-micro characteristics and water abundance on

Jurassic sandstone in Northern Shaanxi Province
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Abstract: The water abundance of sandstone aquifer is the basis of mine water prevention and control. With the gradual development of
the Jurassic coal resources in northern Shaanxi areas, the study of water abundance of Jurassic sandstone aquifer is of great significance to
ensure safe and efficient mining. However, how its heterogeneity affects water abundance, that is the influence mechanism is still unclear.
Taking Dahaize Coal Mine as the research area, through the division of sedimentary facies and 38 typical sandstone samples casting thin
section image analysis, mercury injection, nuclear magnetic resonance and so on laboratory tests, combined with the results of borehole
pumping test, the sedimentary facies, micro pore structure and its relationship with water abundance of Jurassic Zhiluo Formation and Yan’an
Formation were studied. The response mechanism of sandstone microscopic pore structure on water abundance is revealed. The results
show that the lower Zhiluo Formation in Dahaize Coal Mine mainly develops river sand dam and flood plain sedimentary microfacies of
river sedimentary system; The third section of Yan’an Formation mainly develops distributary channel and interdistributary bay sediment-

ary microfacies of delta sedimentary system. The river sedimentary system is generally more water abundance than the aquifer of delta
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sedimentary system. The water abundance of channel sand dam dominated by coarse sandstone and medium sandstone is stronger than that

of flood plain dominated by medium sandstone and fine sandstone. The water abundance of distributary channel with large sandstone

thickness and sand ratio is larger than that of interdistributary bay with small sandstone thickness and sand ratio. The microscopic pore

structure could be divided into four types by physical properties, lithology, pore distribution, connectivity, which are type I for large pore

and coarse throat, type I for mesopore and middle-fine throat, type Il for keyhole and fine throat, type IV for small- microporous and mi-

cro-fine throat, and the pore structure becomes worse and the water abundance becomes weaker from I to IV. The macroscopic sediment-

ary facies and microscopic pore structure of the sandstone jointly characterize the water abundance of aquifer. It provides a new idea for

the characteristics and scientific prediction of water abundance of sandstone aquifer, and provides theoretical basis for mine water control.

Key words: Jurassic sandstone; sedimentary facies; microscopic pore structure; water abundance; units-inflow of drilling; water preven-
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Table 1 Aquifer division and its parameters in the study area
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Table 2 Statistics of terrigenous detrital composition and content in formation of different ages %
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B F B R A] FL-Rr (B LA AL, Al
B, A RILER G 1 2 LB Rt —
g, B % 27.900x107"° ~ 132.000x107"° m?, 1L
B 6.15% ~ 19.64% .,

2) Pl AL (0 28): J8 FixFp 28 B A
FEA 8 He, BAEE S #h 2 AT 45°E IR A X [71]
B 6 (242 T 07, HESKE 48 T 28 FLBRESHIRE K, HEDK
J£77 0.019 ~ 0.899 MPa, “F-34{A 0.208 MPa, “F-34fL.
Ik 2 42 0.082 ~ 4.616 um, " {8 £L Mk 2 42 0.772 ~

172

4.068 pm, 153 vk 288 1.563, [ 8 S T S FLER 454
PR R MR . A A R RLRL, R AIDREAD
FLBR A A 2SR 3= AL (] FL R (B L+ A AL,
A5 & B AL, K9 Sy BB 415 3 2 2 R g AL
PRILHY T, 3% 70 A7 Rk S ALBRZE TR 53 T, 1061
PESEE, R LA K . BA LB
HIEB B 1.130x10 "0 ~ 16.800x107"° m?, FLER %
1.84% ~ 17.21%, fLIBHPEAXT AT

3)/NFLANMERS (M2 : J& FixFp 2R AR E
9 B, BRI 6 47 o7y, SRR, HELK
R 1. 2R R E R, i KT 1 MPa, “F-3#4L
M2 5 P E AL AR N T T T 2RALIR S5 HA
FE, HoSE R AL AR 0.022 ~ 0.131 um. & 10 M1
FKALBRES AR R BUR . AA 2 dikiab
o, FLBRAL AR T T 28380 T4 B s fL, L
B, B KT T, i 07 B AL T ALIR A5 5%
B, LR A/ . ZBILBRES 1 R B iR
JNT0.500x<107"° m?, SE LR 14.03%, 41 19 1L
BREER 2.

4) /N—TRFL— AR (IV ) Jgd T A2 i
HREA 18 3, BAE R A T K 6 A LA,
2RI 25 S BESIR, HESRE J1 34 (E ik 9 MPa, -
Bl a2 5 LA /8T 0.050 pm, [#] 11
RV LR ZEA E AR IR R R . A EE 2
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Table 4 Results of microscopic pore structure characteristics and classification for some sandstone samples in the study area

HFE R e LB BaER/ et HESR  SPEAL P EALME Sk BREORAT TLATPEY fLEgs
s e /% 107" m? FEJ)/MPa 2E48/um 2EAR/um REC KA /% (HFT)/ms #5325
ZL-10  JC2021116A012 HF 4L 6.15 41.600 e 0.087 2052 1406 1.842 — — 12
JY820-02b  JC2021116A044 FEZ2H 19.64 132.000 A JB KAT ORI & 0.019 4507  4.018 3.804 — — e
ZL-10  JC2021116A011 ELZ'#H 15.06 27.900 KAHA 0.117 1368  0.143 1315 — — 12
ZL-10  JC2021116A016 ELF 41 13.50 13.000 KA 0.087 2012 1401 1510 — — 1S
ZL-10  JC2021116A017 ¥ 41 11.76 8.260 KA s 0.101 2106  1.204 1.602 — — IS
ZL-10  JC2021116A029 ZE44H 13.54 1.130 KAME SRS 0019 4613 3.463  3.708 — — 2%
YS1-2(1-2)8-A JC2021116A064 ELF 4 17.21 16.500 Kagnbd 0.053 3384 4068 2410 333 39.4 2
JY820-02b  JC2021116A043 iEZ2H 14.54 16.800 FEE S Ay 0.137 1378 0825 1.101 — — 2
JY820-02b  JC2021116A045 44 17.01 3.630 Kagnbs 0262 0730 0772 0.612 — — IS
JY820-02b  JC2021116A047 %4 1612 6.940 K kiab s 0.109  1.647  1.063 1.506 — — IS
ZL-10  JC2021116A035 {EZ4 1.84 2.380 iy g 0.899  0.082 — 0053 — — IS
ZL-10  JC2021116A015 HLZ 41 18.10 0.129 KA 3.037  0.049  0.032 0.033 — — e
ZL-10  JC2021116A028 EZ4] 8.19 0.154 KA AwEgs 2778  0.041  0.020 0.030 — — &
ZL-10  JC2021116A036 SEZ 41 12,63 0.248 KA frge b a 0.830  0.131  0.109  0.095 — — e
YS8-4(8-2)2-B JC2021116A066 FEZ2H 16.68 0.240 KA A 7.027 0031  0.031 00151 748 47 mzs
ZL-10  JC2021116A032 #EZ2 12.89 0.228 Kagwbes 1990  0.072  0.036 0.052 — — mz&
ZL-10  JC2021116A037 EZ2 10.26 0.134 K froe b 1.169  0.108  0.046 0.071 — — =&
JY820-02b  JC2021116A040 FEZH1 1555 0.417 HIEEA RS 1.198  0.089  0.043  0.063 — — e
JY820-02b  JC2021116A041 TE%4H 14.16 0.327 Kb 1.666  0.090  0.052  0.059 — — &
JY820-02b  JC2021116A042 FEE41 17.83 0.363 G RA PR S 14777 0.022  0.021  0.009 — — e
ZL-10  JC2021116A010 ELZ'4H 745 0.021 SRFEMEKAAEE 11386 0027 0.019 0.0117 — — V£
ZL-10  JC2021116A013 41 331 0.035 FUR TR A 5939  0.037  0.018 0.018 — — S
ZL-10  JC2021116A021 HLF 4L 1.13 0.024 HIB A 18.960  0.020 —  0.008 — — \ES
ZL-10  JC2021116A014 HF 4 397 0.038 Wi Ee) 7537 0.033 0017 0.015 — — V%
JY820-02b  JC2021116A038 FEZ4L 332 0.039 Kb 7.028  0.035  0.020 0.017 — — S
JY820-02b  JC2021116A039 ZEZ4 6.90 0.011 P 4974 0.038  0.029 0.020 — — N
YS1-2(1-2)1-B JC2021116A063 SEZ2H 497  0.064 itEe 6363  0.030  0.020 0.015 74.4 1.5 \ES
ZL-10  JC2021116A022 #EZ4 1.81 0.018 HIB AV 22134 0.018 — 0.007 — — \ES
ZL-10  JC2021116A024 3EZZ 2.08 0.024 HIB A 17.522  0.019 —  0.008 — — S
ZL-10  JC2021116A025 EZ 4L 537 0.003 KAa B A 4572 0042 0018 0.023 — — S
ZL-10  JC2021116A030 FE% 4] 9.94 0.053 KA a2 8.649  0.025  0.019 0.013 — — \ES
ZL-10  JC2021116A031 #EZ4 7.40 0.040 KAMAERMGERE 7816 0030 0029 0.013 — — N
ZL-10  JC2021116A033 SE4Z2H 988 0.021 KA EIMEPFIESE 5332 0036  0.027  0.019 — — V£
ZL-10  JC2021116A034 SEZ2H 4.61  0.009 EYiey i) 7872 0.028 — 0014 — — \ES
JY820-02b  JC2021116A046 SEZ2H 11.93 0.056 Wb 5748  0.033  0.026 0.017 — — IV
JY820-02b  JC2021116A048 FEZ41 13.32 0.004 K4 9.643  0.028  0.029 0.011 — — S
JY820-02b  JC2021116A049 FEZ41 9.09 0.007 Kb 4913 0.037  0.031 0.018 — — S
JY820-02b  JC2021116A050 ZEZL 6.99  0.025 Wb 4681  0.038  0.021 0.022 — — IV
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Fig.7 Casting thin section of type I pore structure rock samples
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Fig.8 Casting thin section of type II pore
structure rock samples
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Fig.11 Casting thin section of type IV pore structure
rock samples

5 & KM (001 L/(sm) < ¢g<0.1 L/(sm) ) .
PR K PE(0.1 L/(s'm) <g<1.0 L/(s'm) ) | 3 & /K
P (1.0 L/(s'm) < ¢<5.0 L/(s'm) ) . & 58 & /K 7%
(¢g>5.0L/(sm)),
41 GFRWENRESEKENRXR

ST X R TR 5 /K 2 B K R R AR Z,
b, OB () AR S 70 R L J A R e 1 02 Tt
e K2 R B E S 2 MR E A, Ao T
IK & SR FKAG IR S5 () B B R R R

3 A 6T LU T RRURH 28 Y 5 4 L B T 7K B RV,

IR E DA 72 ARAE 5 & K2 B KRR E R,
W3 s,

M 5. 16 2, & 3 AT, DLEVAR SR AR TR, T3 6
B3| BT AL @ 2 R VT AL 1 K o s R B
TR 48 43 78 (B0 V8 O RUBR R ' /K ki, il T A0 401
FEUCHED 2 b T, T LA b
HwbA kA, FLITE R0 RS Hh b 55T i MR Hh LR,
SYTE RN AR | 0 LA TR IS A R | 1
ik, i, ZL-6 5 P25 gL b 34 Ry Tl i AR A
Z, DU A & A SRS I, Ji5 25 SR imT 1, 1T
i (ZL-6 B FLAEDH LA 0.635) KT )5 # (P25 4
FLEPHLLE A 0.401), & /KPR CRFLEAALIR K 5
0.271 0 L/(s'm) ) KT J5#& G LERALA/K 4 0.073 3),
HrE A EZOH A | b b, JRE AT
F R ab A ZK30-11 5 ZK33-17 £l =
TR R, DR AT & A 0 TR RS, J5 & R
TLE, E R AR | b L (ZK30-11 By fLab =
JEJEN 17.69 m, BV M EL R 0.337) /N TF 5 & (ZK33-
17 5 FLI0 5 T K 95.47 m, WhHiLEL Hy 0.698), & 7K
PR BE LRI ZK &R 0.009 5 L/(s-m) ) /N Ja &
CEEFLEARLIR /KM 0.058 0 L/(s'm) ) .

x5 MRXEFERKENRBERAMBKE

Table 5 Sedimentary facies and drilling units-inflow statistics of main aquifers in the study area

5 HifL S UIBWRR  UUEEAH Fayi JERE/m  HMEN % BB fikEBE AFLEARIEKER/ALs T m )
ik 423 35.93
1 ZL—6 b WA A 37.64 31.98 0.635 HPA 0.2710
YA 37.78 32.09
ik 6.66 10.28
2 P25 ba AT hEbE 53.37 82.37 0.401 HPA 0.0733
YA 476 7.35
o . Sz 12.19 68.91 .
3 ZK30-11 = A/ IR . 0.337 FEZ 0.009 5
b 5.50 31.09
o L TPEE S 3651 38.24 .
4 ZK33-17 =fam AR TRCIBUEN . 0.698 JEZ 2 0.0580
e 58.96 61.76

DBV AN [A], 0] 3 AR 28 TR RRH 5 ot 4
A MPTRUR R OGO & K s . Bl 4N, ZL-6.
P25 ZALATIRITRYAR, B LR /K 0.073 3 ~
0.271 0 L/(s'm), & KPR 55— 4%, ZK30-11, ZK33-
17 &5 L = MM DT &, Bl L B0 7K 3228
0.009 5~ 0.058 0 L/(s'm), & 7K Ayt 55—55 , T
DURUA R B 7K R = M TR A 2R B 7K PR
42 GREFRWERMIAEEHNEEKENXER

A MACAFERE AT . oK | R RS TO0

LR g0 M R 5 B AL B T K i, IR SR
B AW A HOWRE S5 BRI R, W3R 6.

H 2 6 AT, b5 THOUAL B 25 44 43 3BT,
W FE RO, K2 S KRR . A R b ) B A
JC2021116A064 ¥ i 5 JC2021116A010 # i, i &
TORALBR G514 73 2900 (OWAL BR A5t 25 8 ) 11 2%)
T JE# GO AL BRI B IV 2K, A& A KA
R, S5 8 & P PR AR A 4, T e K P
(B FLBANL Ik B ¢=0.041 7 L/(s'm) ) 85 4 & K%
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Table 6 Classification of pore structure and units-inflow of drilling for the main aquifer in study area
ERE S RIgns  HURRHE HAES FLBRSEH 532 ALBRR/% BEH/107° m® ALK AL s ' m ") BifLgi 5
YS1-2(1-2)8-A JC2021116A064 EL%H KA A I 17.21 16.500 0.0417 ZL-9

=

YS8-4(8-2)2-B JC2021116A066 %4 Kagbs

% 16.68 0.240 0.0012 ZK27-15
ZL-10 JC2021116A010 HPA FREMUKAAE \ES

7.45 0.021 0.0117 ZL-10

(CEHFLEALIIR K B ¢=0.011 7 L/(s'm) )5, F2 82 Jii [ 2 fL ZL-9([# 2, 3% 4 F5FE 1C2021116A064 ) 337l /T
ArE WA FLBUR B BB LR EN 17.21%, BiEF UM AL FL ZL-10( 8] 2, 36 4 5 FF JC2021116A010)
N 16.500x10"° m*) 25 # (FLBRR N 7.45%, BiBF MIFLBRAE BB, WK, B LI 17.21%,
N 0.021x107"° m?) K, Fil & kAR (e ARiA% 0.35 mm, BB H 16.500x10 " m?, J5 ZE LR 7.45%, BB %
FERIAR 0.07 ~ 0.25 mm) /5 4 (R Kki42 0.29 mm, 0.021x10°"° m?, JRRAEFRIE N KA 5, FEN
FERIAZ 0.04 ~ 0.20 mm) K, 7 & L5 (452 A R TR BRI KA 7 (35 6), AT MO AL BRZ5 #4) 4
FLBR A4, PR & /R 12%, Uk 2 1] Sk s —4k RGN (2, 3£ 6 A FE JC2021116A064) I T )5 &
T M) ¥ 05 3 (R A5 268 R FLIR e 4, TR Y) & i (IVE, % 6 5HE 1C2021116A010) , Fi & & KM (4l
K 18%, Tk 2z 8] Ay s 4% i) 22 o ASTa) b 2 s AR LA K B g=0.0417 L/(s'm) ) ¥ J5 & & K bk

JC2021116A064 #5415 JC2021116A066 £ 5, Tl (CEEFLEBANT /KA ¢=0.011 7 L/(s'm) )5,
TOFL PR 25 4 23 2 00 GO LR 25 # 25 R g T 2%) ZE LA, A m R aSBR(FLER) L KRR T

T )5 & (ROALERZ5 A 2 R g T2 ), /i & 7k ik HKIZHUZ, sy Z5F A R AT e — RE DRI BE
CERFLEADITR K it ¢=0.041 7 L/(s'm) ) 385 & & /K1 T2 UIRUE L A £ 4145, TEAN TR R DTAR BRI 4%
(B LA 7K B ¢=0.001 2 L/(s'm) ) 3, 5 2 Ji R J2: T IERAR TR, b a A adla A,
Hi# LB A BB AR (FLBR AN 17.21%, BB % = KPEAR], BN R & R PR 2 R AE; W0
2 16.500x10°"° m*) 555 # (FLBR %K 16.68%, 815 PR A & S ALBR S H e E T FL0E S E 1, 8
K 0.240x107° m?) K, 1l B RRLAR 5 R R AR RN E AT E ARG | FLIR oA SO
W 035, 0.41 mm, Jij# = ZRAREE K, HK M SE TR AR L IO KR KA, RIS A fL RS

47 0.07 ~ 0.25 mm., 0.05 ~ 0.21 mm, P B 45 Fe B 43 B KPR HOR AL . A DT . RO FL B
VT, FLERR S, SR & &N 12% ~ 15%, Uk 2 7] SEMAHE AR . A E R, T RA HLG—1k, LR
H R HE B K

4.3 kT REE R - NEHE S = KN R H

AR B CRRAR COUBUROAR ) t AN R 1k S H &
W R DURYERDE B, A REAE A o 2 H D BRALIR S b s KM 22 57 K, i ad DURUAH
A AR OO AL L IR R/ SR E P, A RGO Q053 1 RO FLBR A4 I e b 2 LA
FLBRGE R IUAR], kD ZR M2 AR R/ | HED) TAOWAL B 25 R R AL, 1565 Bl ALt 7K a6 AL T K &
A SF R A LB b T K A e 5 4R, 4, B8 T HP UL SELHRY 5 KZ DR O ALEE
H1 T a5 M A A 1A FLBR 45 F4 52 Ak, BORE R 19 S5 K5 E KPR e LML, BEAE Db S KR B K
o R R K G E | H R KA IR AR RUE PRI S5 8™ HACE B iR TR S A .

5 & it

LU, b 2 R BOR R A 2 70 8 2 , FLBR A T REREAR, 2) 38 i UARAR S 23 ml L, NI B R
B AL LB A3 AR 1 MR K e B BB B WG UTARAR AR, {0 i 30U A 8 RS AR
DT RZ A 55 7K )2 ) g 2K o oA, SE 222 = B E R H “MMTIRURR, Jriii

WFSE X L% 2 2 T D SV URH 5T 8 i TTURR At AE A3 TR T OB GORH 3 % G Al FLBRAZ R 7K B TACH,
HERPESR, LB B ERK, irE O a A T2 TR 28 3 ik B = A I DUBUA R SR 2= B R
HURLRE AP | R, IR B A R B R 5if, UMD | oR b SR AT I 0 30 & K AR A
RS, B e AR R R R, O L B 454 b ARD A D T AT R R R R R, R TR
IO o 1N, 152 L A AR AOR Bl W0 b FUBR B8 23 S T S R e J5 | 0 M RN Y
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(I28)  /NLARMERS (I3 ) | /N —fRl AL 200 ik Y
(V) ZEPURE A, A T 2RBNIV 2, FLERES IR
22, TKZ B K PERR S 3, KL EEHAS .

4) LR RME W IR 1R B 2 B J2 5 DT RRUARRAIE |
WO WOV AL R 28 1 55 B FL A K 3 B 57 3 7K R
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