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Genesis, controlling factors and geological significance of low resistivity in

Late Paleozoic transitional coal measures in Eastern North China

HOU Zhongshuai'?, LIANG Zhao', CHEN Shiyue’
(1. Hebei Key Laboratory of Strategic Critical Mineral Resources, Shijiazhuang 050031, China; 2. Energy Institute, Hebei GEO University, Shijiazhuang
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Abstract: Low-resistance layers are common in Late Paleozoic transitional coal measures in eastern North China. To clarify their genesis
types, controlling factors and geological significance can fully reveal the geological information contained therein, which is of positive sig-
nificance for the evaluation and exploration deployment of oil and gas resources in the relevant layers. Taking the low-resistance layers in
the Taiyuan and Shanxi Formation in eastern North China as research object, their genesis types, controlling factors and geological signi-
ficance were investigated based on the comprehensive use of cores, thin sections, SEM, carbon and oxygen isotopes and logging data. The
results show that low-resistance layers in the Late Paleozoic transitional coal measures in eastern North China are mainly developed in the
Tai 1 Member and the Shan 2 Member, and the genesis types include thin interbedding of sandstone and mudstone, high bound water
volume and the development of conductive minerals, sedimentation and diagenesis control the formation of the low-resistance layers. The

low resistivity of the Tai 1 Member can be attributed to thin interbedding of sandstone and mudstone and high bound water volume, tidal
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stratification and abundant micro-pore caused by tidal action promote the formation of low resistance in Tai 1 member under the barrier

coast background. The low resistivity of the Shan 2 Member can be attributed to the dense development of siderite, stably reducing envir-

onment in water column and diagenetic evolution of sedimentary organic matter jointly control the formation of low resistance in the Shan

2 Member under the delta background. The low resistivity and high capillary bound water volume of the Tai 1 Member indicates tidal flat

deposition, suggesting that the sedimentary evolution of the Taiyuan Formation is a process of regression, which is in response to the rapid

expansion of Gondwana glacier and rapid global sea level fall in the early stage of early Permian. The low resistivity and high photoelec-

tric absorption cross-section index of the Shan 2 Member indicates deltaic front deposition, suggesting that the Shanxi Formation consists

of one phase of delta deposition.

Key words: interbedding of sandstone and mudstone; high bound water volume; conductive mineral; abnormal low resistivity; coal
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Fig.1 Comprehensive histogram of Late Paleozoic coal measures in Eastern North China

&, 5K 2 By s ny th GIB 8% el i (& 1) .
L1 2 B B 2 A0 AR B I BE A R i, A BEL oy
LILEE R 1 BARBHZ AL, SRR, 511
By BRI RIE S B A B 25 (B 1), @il
FEAH G J2 Bty v BHL 3R il 2 $0(E, & BB Z Be iy vl
RH 255 AN 10 Q-m

3 REEEERE

WY ENRREERR

i 3 20 AN R K R B, AR AR R 1 B
BELJZ v v il R )2 AR R R F, A 4G i BRIk 2 B
(&l 2a) . JR)ZHL(E 2b) | BiCIRJZEE (AL 2¢) F77
WEEE, AHERZEHPRRAEEEET R
JEZ R, AT WA TR AR 0.5 ~ 2 mm BIRD T A%
R B A B, T LB SR 2 B (5] 2a, 2d);

31

S A A SRR A b SO 2 AR I T2 A R A A
FEWE KT, B HZMRELE 5~ 9 om, B
M SR P R 2 TR H ) 2 N I R A PN =
(& 2b); [RIBFL AT WLJEERE 2 ~ 8 em HYRD 2 5 )5
J& 0.5 ~ 20 mm (IR FIAH B2, ARk Z (1A 2¢.
Kl 2e) o ANIA] RUBE b Jie o i B2 e e ] A0 A2
AL, K 1 B BEZ B L LA i R b Ui
WO R AR R R .

FRLBHL 3R EL AT — 2 B A 1 4 Y, b
2 LD SR RN 2 B R EE AR/ TR
I HALES B GN ) 3 FE R, i I 2 A 400 i L% el
ANHE S WMl 2 1) LS 0, 38 I A H B R OR
T 42 B2 A B RT3 R 0 v E S0 A
AN 1] 73 B3R 0.6 m, A ) 300 = LA B [ 4] g v 3 =
T 43 BT LR R 3] 0.3 mPHP, AR L AR

161



2024 4F5 3 14

#EHFHK

552 %

(c) BICIRJZ2E

#2200 um
J

(d) Vet B BLR D R 2 (e) B P IR 2%

B2 K1EIREEEEE
Fig.2 Sedimentary and lithological features of Tai 1
Member

1 BEGREZ AUl 22 21 50 J5T R 8 5 18 2 A B 44 3t
JNT 0.3 m, E AT 0.1 m, 3 B HARNT TR 2 B

T AP A RRIE (B 1, B 30 B 4), g -5
FEEME G, TR 2 Bl FE R et 3),
3.2 EREKGER

R ACRARE— A7 22 M EALBR AN ]
Th kP, sRak 32 i B AN A A K R R R
4K 2 WA, BAE R AR ER T EHE RS
(AEAE Y A, 3 2200 B A SN B 204 v AR
A b s R AR SRR 4 B T 3R 1A 3 01 B9 AE AT
BATE SE KA A FLRE b 0 stk 1 K P, a4 A B+
ZID v T £ R bR S B s ) 6 N e e w6 T )
KB TR A 0 3 A K T A AR R £
TR, MO RS AR K 32 R B AR AR AR R
K HA B SR RE ), R KRGS ], S
filE 7 i, DT A8 1l 2 A1) b BELS3R I AR B2 2

T o X AR AR A A T A A T R L R0 S A
T B B3 BT AT 240, g o K A R B 50 oL B [l st
AR R 1 BRI 27, Fe e ) LR B R 4r
MR G C R (K 4), 8R4 m R KR FRAER 5T X AL

GR/API
150 s

RT/Qm)
0 50

DEN/(g-cm™®)
1.2 3.

0 CN/%

AC/(usm™) [0
450 150

2170 [ =« =

N 2180
1
B’
2190
K
|| 2200
J&
2210
4
* 2220
2
B

2230

2040 =+

A

(Ei N "\

i PN ST e

o
e
S

!

i
i

.‘HH;“ ‘

1

an
"\

oo i

shA

2207~2228n

[c=-]

[==c]

B [

ks BEEbE A

Bies mRles R WA

fRFHZ B

B3 K1 8GR 2 B [0 A i GO At

Fig.3 Comparison of resistivity and imaging logging between Tai 1 Member and Tai 2 Member

162



Perb A AU AR TR T A A PEEAREE R M2 ARBELAC AT | 42 ] PR 3R M i o

2024 455 3 1A

HiZ 7 ‘ e | &bk R
GRIAPL | e RTAQm) | ko | KiERU%  fo
il =0 150 /m 0 50 |0 100 10 LA
2310
2320
*
1
B
2 330
*
2 340
5
i 2350 §
x
5 2360
B
o <£§fi:::::
2380 5

= B Il L]

woE

=

K ARBHZE

B4 KBS A2 B B 3F Aol H AR AE AT L
Fig.4 Comparison of resistivity and NMR logging between Tai 1 Member and Tai 2 Member

SR R BH A E R N — o B AL RGN
Mrigss, K1 BIRRELZ 9 B 4045 sR K AR R &
TR 2 B, Mg R A KRR AT B, BAE R
SEAKPRFRY S 2 T e i OR 1 BOAIRBE)Z i R Al K AR
PR & TR 2 B (& 4),

K1 BARBHIZ AR 2 BrALBRE5 A i A 35 ot o
T ZHERAAKEBNER . BAR T, 0% B R
K1 BARBHZE 0 T, 1% oA i B S 9 T K 2 B, AL
T, 15 09 4 A7 T AR b v 7oK 2 B, $87R 8 K 1 B
RELZ LB EE RFLAR A A Y S 3 TR 2 Beo [RIA
K1 BARBHZ T, 352 LAAS X BRI il e AU 7R Ay
F, MR E R 1 BARHZE P AL E 2 i fl . X
SRR ZEA TR R | BURBH)Z X TR 2 BR A A
R E AIFLER, SR 1 B RBHE th B4 R
KRR B TR 2 B, B AT EOKR 1 BHIRL)Z
I
33 SBRYTYHNEE

YA A Y R, DIRCA TR KA | A
T A S Y Rl Y AR B S, S
PR LA PO, (8 20 M2 b B — S LA S e Y

W), Hik3—E & I 2 R RBUERA R 7 A i, w
RE A% 70 b 2 T 1l ey 5 L AR, S 350 2 1 LR
IR

ZP R W B B ), HAE
AR AR A A A R 2 R oA )iz, H
AR EBEHWFEEMEEEARA e 2R, M
I U WS I, AR AL R TG Ty A A A AR b
EHESRT R B MZEBC L 2 B (K 5), fE1l 2
Beiressh, 228 R R AR L OB IR,
i EE N (K] Sa, B 5b) . S iREES 2
IKE=E K435, JREETE 0.5 ~ 4 em (& 5a, €] 5b);
BRI PIRREARSME (8] 5b) . Jesa i
RS, 5 EIETE X (8] Sa. 4] 5b).,
FELL 2 Bemb A v, ] DL AR 21 6 1Y 28 R Ok S 5K
FCIR 3 A, WURLRE A2 2E AP, 78 SRy T L& A W
B AR (] Sc), [RIBtn mp LA £1 €8 ) 22 4% Joih 2
S R ER A (E 5d) o 28R TER A T I
Bs oAb IR AP SO A B (K] Se. K 5d) .
L R SR R B, Ve R R S5 % £ B R
2PN ORLZH I, Horb i e b R b O K A

163



2024 4F5 3 14

# £ # F H# K 5550 %

(a) Ve MBIt (b) e AR
SR I BIRZE

RIEESRINEES

(d) bA 2440k
IS TR

(©) 7 FESRAOR
Y]

v L E
oo P e el s i

%S K I R () Wb A 5 (g) W E T AYRZE A 5
HUREA IR 5 TR 8 % A TR 8 % A

B5 b2 B G & e
Fig.5 Sedimentary and lithological features of Shan 2 Member

TSI SE R, AT IR A A R (] Se);
Wb Y ZE R 2 LUK ff 22 e L He e 30
w5 R R Y e SR (B SEL B 5g) .

I 0BT LRAE 2 22 Bk i & B AR
JERA AR, T 2280019 PE (A O H o
S50 M 14.69 ~ 1451, W& T AIEH 1.81 FiE A
M 1.76 ~ 31357, M 2 35k K R B, &8
FHERMZR) PEE. BF5EIXIL 1 BEY PE fHE20
AAE 2.7 ~ 3.9, {UAE Ry il )2 B R B AT SR IR 7y v 1L
15 i 2 A 2 L 5 S (&1 6)5 1l 2 BE PE
I T B, B2 3.1~ 4.7, HlfiZ 8
IRITE S5 RS0 60, RS IEFETE (K 6); X
SRHEFE R Ll 2 BOh SRS R BRI B T
1 B, HEE0 Fe 2 i i A e 35, il 1
BOP AU R Z B s AR T 2% 1 2 BehEE
B i KR & ) st S b 2 o B R B 0 R )
TR ERRE, AR ARSI TH(EL) &
AT LAFE 7% 2 vl Bl VR S i A B iR R P, B
AL 2 BERY TH #5552 2R B W AR T i 1 B
(K 6),

STIRURTR Y/ Py SR iIF: 182 &7/ BL IS BA 2 I ST
2 B PSS £ S IR & BRI R A A
HREAE 6), fEmE 2R M RE AT EE ML 2
BARBHAY R o 1l 2 Bebs mless v 4 & 22
P T — AR S M %, e S E0% 2 BEAE
FE A PR AT 1 B

164

4 REERAZENEFHNEER

LA AR AR ARG o A AT VAR AR R M 2 IR BE 2
BEAY M T AR AIE 5 R R 2, DA BH 2 BOE B 32
R ERETIBRERARCATER
4.1 mFRER

DUBUWE R 6 T 0 5% IX o 2 rh DR . FL PR
ST IR, HIRBLZE R &
HIRE

Wit DML, K 1B ARE TEER
WS Z B (& 2a—&] 2¢), 8RR 1 B BRI
TRERE VG A T A P AR . RS oK 3 T 4%
11 e A BT N SR SO S A AR Ak, TR ) E R D 8
A E)ZE, TR TR 1 BARBHAIE AL

F T SRR S 8 BT TR AE FH A2 30 BR i 1)
o IX, B H R YK B0 S s, v iR
PR B B o A E L 2 iR o v ¢
ATULR 1 B PR B 2 b S A B2 e
(&l 2¢), [RIAS FH T 5T v 2 78 DURR B 52 2] J) 1 44 3
WK GAE RS, Horp b kB A B F & W
UG B R AR JE P 5T (1] 2d) o 3R aD BT e o
HIR DU A T Ui FLBR B & &, 82t S99 f B
WEEAT IR 1 B Hh Bl I s ok: 5 26 -0 14
i ST R R B A AR AR FL IR (& 7a), 1
K 2 Bl s h b Buie 2% 0y F2 B2 W1 s 55 (&1 7b), Te
AN LR B B R (1 4) o v PE



Perb A AU AR TR T A A PEEAREE R M2 ARBELAC AT | 42 ] PR 3R M i o

2024 455 3 1A

- . DEN/(g-cm™
WE| Griapr g s RT/(Q'm) PE THI0S | N
e 1s0| = 0 35|15 552 20 ACsm ) 0 60
3540 ?
3560 v v s
i —
B
it 3580 = |
" =
] 3600
2H
3620
1
2
B
3 640
e /= =
=== Na=
MED s WRkESE BE REER

B6 W1 B52 Bl 3k p AR 4E 5 1

Fig.6 Comparison of logging responses between Shan 1 Member and Shan 2 Member

D gm ey £

(a) A B b O e (b) KB b KR
ek Wk
A7 K1IEBESK2EREM

Fig.7 Comparison of mudstones between Tai 1 Member and
Tai 2 Member

SRR AR LI 2 AR B I OK 1 B R A K A
R 5 TR 2 B, et 1 oK 1 BB AYIE Al

2 Berp oS Bk 10 ' 4R 5 3 ) 0 A (R A 2
TosE KA 5530 RS, AU Ll 4L ORI
TR B REFEGTT 5CF M Eok = A ieple, Hh =
N AT BT P AT ARUE I BDK 5538 IR, Tl
RN BYIE R BE R AL A o v LS R B,
T e Hib R Pe A b, 1l 2 Boh 2280 S
JB 2B B A B AE (18] Se—1&] 5g), $n
THBDZRA R B SCHE. FI 4 Bl 2 Bz
B AE AL T AR R AL 00T (R 1), KRR

52 B [a] 37 2 0 ) PRI v & B, TRS2 28 50000 A 7 76
FABRBRER A AR LA Y a8 DX ek, ] s o £ 390
FA MU R LA P A XN (51 8), 8786 22
B e S B A VURA I S S . =MD
P UL ML 9 4 7 32 DURRUE ), i1 P 2
DUBR, 7 T = AR DI Al 2% L Ui (7 B A9 = A P Jt L
W) R B, e SRy R DX T LUE e 5 TR 8, N
=NATZ PR R E R F AR ORI, =AY
BB A B A A T PR KRR S
=R TIR, 22 19 TR AL T W Tl
25 LR, IS K = AN pg DR SO L 2 B

F1 2 REGT RERMELNE
Table 1 Carbon and oxygen isotope data of siderite in Shan
2 Member
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Fig.8 Carbon and oxygen isotope characteristics of siderite in
Shan 2 Member
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