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of the Jurassic Kezilenuer Formation deep coal rocks in Kuqga depression
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Abstract The Kuqa Depression hosts extensively distributed Mesozoic coal-bearing strata, charac-
terized by substantial coal seam thickness and relatively abundant deep coalbed methane ( CBM )
resources. This study focuses on the Jurassic Kezilenuer Formation coal-bearing strata of the Kuga Depres-
sion. Relative to shallow CBM reservoirs, deep coal seams exhibit markedly complex geological charac-
teristics—including well-developed partings, heterogeneous coal matrix structure, and coexistence of
adsorbed and free gas phases—posing significant challenges for reliable logging-based gas content
evaluation. Integrating core observations from deep coal intervals in the study area with conventional
logging, borehole imaging, and nuclear magnetic resonance ( NMR) logging data, this work systema-
tically investigates the geological characteristics of deep coal rocks and develops a robust methodology for
quantifying their gas content. Deep Jurassic coal rocks in the Kuqa Depression consistently display low
natural gamma radiation, low bulk density, high electrical resistivity, high neutron porosity, and large
acoustic transit time—distinctive petrophysical signatures corroborated by imaging logs, which reveal
bright blocky and speckled textures. Macroscopically, coal seams of the Kezilenuer Formation are pre-
dominantly semi-bright to semi-dull, classified as medium-fixed-carbon, high-volatile, medium-low-ash,
and ultra-low-moisture coals. Coal seams No.2 and No.3 within Member 4 of the Kezilenuer Formation
represent the principal target intervals, with average thicknesses of 4.5 m and 6.2 m, respectively, and
mean burial depths exceeding 4000 m. Imaging log analysis indicates that these deep coal rocks largely
retain primary (undisturbed) structural integrity. Leveraging empirical correlations established between
laboratory-measured gas composition/ contents and corresponding logging response parameters, a region-
specific logging evaluation model was developed for estimating both compositional parameters and total gas
content in deep coal rocks. Calculated total gas contents range from 5.95 to 10.95m’/t ( mean:
9.5m’/t), comprising an average adsorbed gas content of 7. 12 m’/t and an average free gas content of
2.38 m’/t. Complementary analysis using the T,—T, cross-plot derived from NMR logging further reveals
that higher gas content is preferentially associated with intervals exhibiting elevated resistivity, higher fixed
carbon content, and structurally stable coal matrices. Synthesizing coal seam identification, maceral and
industrial component analyses, and quantitative gas content estimation, this study establishes an inte-
grated evaluation framework—combining conventional logs, borehole imaging, and 2D NMR logging—for
jointly assessing deep coalbed methane and shale gas potential, thereby supporting resource assessment,
reserve estimation, and exploration decision-making.
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Kuqga Depression
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Fig. 2 Characteristics of the Jurassic deep coal rocks in Kuga Depression
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Table 2 Calculation formulas of the Jurassic coal

industrial component in Kuqa Depression

Tolk 4 5y SR/ R?
[fH 52 e FCad=5.5386x1gRT-17.6842xDEN+74.7583  0.6213
L Vdaf=-0.4073xFCad+54.836 0.6574

R4y Aad=-0.9623xFCad+71.334 0.9302
K4 Mad = 1-Aad-Vdaf-FCad -

PLIEAT AL TF R 32 25 R, TR Bt 2 B R OF
FVH S ) O S R (FE R SF, 2005) . B F
AR Tl 4 4y . st oy . AR Sh # A=
SEEWHEAV R 25, a4 CNC, DEN, GR
FTRT &8I0 il 26 5 0 & A i Z 1A ¢ R
(& 8), ik H Al SC M e dr iy I H- 2 Bk 37 £ T
MUETFEBR, SCBRZHEE SRR AR
T B R T R TR )2 JRE 2 DU e g 1o, 2 0 R R R e T
S AR R, S RS R R S A CNC



‘(1M K

28 % 43 SR RS R PO S IR AR B R TR AR 5 A R D AN 1191
—ORKEm T~ ONC%__ 5y e RS K5
MU 2R | _CAL/in. _ | woreom DEN/g-cm’_ 4 g o Aud%  ofe TCadl ele Vaalh els  Mad% e
6})5' / 6 16 10.2 000| 1 3 %ﬁ’ﬁ I"‘E’H‘ 0 100 | O 100 | O 100 | 0 100
| /m GR/API M2R3 DT/ps-ft /% Y % Aad/% FCad/% Vdaf/% Mad/%
0 5000 2000 140 00 00 [0 500 00 [0 w0 000 000
T J - T T
| [ | | |
< | — iy .
<
5
1420 z
14
,
Y - . _

1430 <

\Va i
\ A\

H 1440

AL\
\

Y rAW
\

P

S

},%\\\\

1450

S S

V|

I}

=
{
\

T 1AL
A\
| W J)’I\\Jl

0 T

VN (WO

* Hisio]

Sy/ely
Wy

1520

B
NN
AR A M S VA AR == A | |

TN T TUR

3 D>
]
S - |
L1530 P TR |
i 4 |
q I‘: d é'//f‘g ‘
L 1560 > > o> S
S -
~~ - I ;
E AL
K5 HE T 5 B a5 (DTIH 3)
Fig. 5 Prediction of coal industrial components and coal macerals (Well DT1H)
FIRT I SHGFFRR (3 1) o in My
V,=3.0527+4.5031xIgRT-0.0677xCNC (1) p =P (P =P (A%) (3)

AL, V—HERE, '/t
MWE TR LA S, BB A R s S
KBS WA ERL (R 35 0.7326),
3.2.2 BMSEEBESEEITE
1) WA B b 0 e R BN A AT
DA 3 22 AR BUR A I (0 2) o 2R S R
PR A F b 3 282 57 B4 22 G [ 0 5 A 7R 3 47 5 00
THE . [A B b2 R 77 B Eaton J:3HE TR (X 3) .
W B A
P xV,
V.= P+ P
X, VO E R, mi VO SRR,
m'/t; PAMZIES), MPa; P, R4 [KIES), MPa,
fLBE Sy P, -

(2)

A, Ac I SEBR I B, s/ fus Ary HIEE A
Y& X LAY P P 22 M HAE, ws/ 5 Ar, it
e 5 R 0L Y T B A A 75 Ny 22 DAL, s/
P, MR EECE AT P ORI E IR SALBUE T
MPa; « & Eaton Z%{; n & Eaton 35%k

T 3o 3 BT R S D S o 7 2 845 4 i R R 52 56 i
PR (V) 2R (P) T8 AR DG %
(E9), St 22 [ BURE 5GP Joc i 1) % B2 A
H BEL A s o A R i, 5 22 IRE A M B
FIRY 75 5 PR 22 R R BEL AR O i Sy B s AR 22
IR AN 22 Q) B oy R A i, S 4l o =ik
722 TR 22 IR ) i B 3153 (3% 3)

2) WER. WERAFESEITEAA N
(4):



_

1192 + W 7B F K 2026 4 6 A

M7R 0 % =
% | v LG FMI-HASER | PMI-ShZS IR g
CALlin M’Byﬂm DEN/g-cm” AL
G2 | /m T 1o T T
M2R3 n,,, O[S M RN M 5
150]0° 140 00 90 180 270 360( 0 90 180 270 360
il
| /
i
|
I
i

|
k4353 }
\
\

i =SS —

tm
=
—

[
1
1
I
1
A

|
|
/|
L4354 |
|
|
5 \ |
E{ » =l -T yu-l-l ‘. —
tl
Hl ||
ﬁj -43551[ x i
%% % —— --/ - —
% i )
m Fassede ] |t \ | ) v
HH { 1 20/30
i \
e

4357

4358 \
|

LA

K6 BARGH MR R (A 25 H B )

Fig. 6 Logging identification plate of coal structures (Primary structure coal)

AR

|
|
| |

| 1
| I\
| IR

a 2 U ' LRX/Q. CNC/% =
SR | g e e St PMI-HESER | PMIhsE G _—
w2 m TH/ug o CALfin M R(,gm [)H\ un HDEA
2 P EO 06 6
2382225 5 "Juee™ | ‘GRiapl MoRyO M| Drssn” [N E S W NINE S W N
=======2|10 o0Jo 150 fo> 140 200 90 180 270 360{0 90 180 270 360
i o
y /
L4410 { /
\
\
j /
{ I
|
|
4411 i
!
% } ’
# l |
| i
L]
F4412
%
/R
4 P
g i
q
F4413 3
B €
3
3}
i
:
F4414 1
|
!
\ A\ "=
W
{
\
\
\
!
F4415 +
£ \
|
H I
! : {
i I \

B 7 B EE RER A B R (05

Fig. 7 Logging identification plate of coal structures ( Tectonic coal)



‘(IM K

28 % M3 BRSL % R BAIR Y R 008 55 /K IR )Z BEE b BURRAE 5 & AP T 3R fr 1193
Is 15
12 F (]
} :_ ° - ~ H
r -~ . - Ik o ~
=, --_ & ~° .
= ° - —. o ~ R
; o S~
%Lj 6 y=-00771x + 14311 d % ° ~ ~
g R =02544 7
ol Y
3 -
0 : 3
40 50 60 70 80 50 60 70 80
GR/API CNC/%
15 15
12 [ ]
o
- y=5.1293x -2.267 /. 4 . 2 [ /.
,E , R=0.719 _ _ ”:E yzlle.}(log%(;?n }
iﬁ ~ ° i @ o -~ -
£t} o~ T ~7° b
z 5 -
ks 3 . . e
0 : . . 3 :
1 15 2 25 5 7 9 11 13
1eRT/Q'm ZIt A S /m -
P8 A S AU I T i R A T
Fig. 8 Logging interpretation model plate of total gas content of coal rocks
IR 2021), I CMR-NG RG2S/ T, -T, 3%,
Vi=V, =V, (4) WIEA K T =T, SRR Y 22 5 00 R0 KBk

A, V=B &R, m'/y VRS R,
m'/t; V—IFE R gaE, m'/t,

PRE R LA S R A2 BEAE R R EH R
BAES5.95~10.95m’/t ZE], FHEH 9.5m’/ ¢,
W A 7 12m /R Rl
2.38m’/t, B A OO P A B R KR A
6.08~12. 1m’/t 6, FEHME N 9. Tm’/t, W[
KEEFEH R 73m'/t, WEATEFEHHN
2.4m’/t,

3.3 “HhBETmEsask

A W S A 0 AR R S A LB b & Y 0 A
FRAE R U I A iy 28 0 Ko 5 B, AR T I
WHT72:, BBl it a, AR X o)z T
AR SR AR (Dunn et al., 2002; 98 5355,
2023; Lai et al., 2024b) , — 4k #% g 3% 0 3 38 1
D K 43 B A 1) st BB ) (T ) o 9k )t B[R]
(T,) Ry #REE (D) FZ8, FHA N A K
HIRAF RS AR S] (Kausik et al., 20165 F 8%,

SRS, A ASHE I 40 o 2 K 9 2 T AT 38 75
WEJZ & R B RS IE (Fu et al., 2017; Wang
et al., 2021 ; RRE, 2023),

KR YTUH R BUIE | 15009 L b 3t
R R 245 SR A0 T (P 10) L M4 76 3 B
JE RATIREY =@ P ROREE s 6 RIS
R RO | SRR, R R B R S BT
RS | 2R e IER T, 3% 1 B
5 SR () SU A A, AR 1 e, I 7 A
W1 O R L% (9K 54, 2025; Zhao et al.,
2025b; F ks, 2026)

ST 4B R T, T, S Ly
Rk, o LR A Rk . Wi
BEAIRE A s eI —ASHUR b, B2 v LA B
Vo siak, PO, 34 SHULZE B (A AR L1
TR BT R | T, —T, L4 el
BT B 5 ol BEL S (P 2 L T o i A
BRI, T, T, WATRCE I, BLUE R A R
B FAERE e AR LR L R A s L



‘(IM K

1194 + o 2 F R 2026 % 6 A
14 ;
A 6
12 A A ~ : A
~ y=-4.5076x +17.323 ~
R2=0.7355 A A
. \\ A o 5 ~
iy A A =] A SQ
g10 = Y 4
Ny A S ay, S -
S - y:.o_ggggxé;lf.zw T~
R2=0. -
8 ~
A ~ 3 A A A
~
a
6 2 . . .
1 15 2 2 90 100 110 120 130
DEN/g-cm” DT/ps-ft'
14 ;
-~
A -~ 6 y=-0.0062x +5.4976
A - - A 4 R2=0.6838
- A .
Troa ra =
A - A e~
A 5 ~
- A P © ~
Al - % A ~ A
g A - = EN
= »=0.0082x + 8.9962 & ~ t
R2=0.5452 4 ~ o
8 A A S -
A 3 A ‘ So A
~
5 . 2 .
0 100 200 300 400 500 0 100 200 300 400 500
RT/Q m RT/Q m
14 4
A ¢ A
12
A o A A {A
- -
- a ~ Pt 5 7% A
k| AA A A = .7 a
£10 4 & A -,
= y=x-lE-13 PN = & y=x-1E-14
B R*=0.7883 - o4 Pid R>=0.7364
P s A
8 s Z,
4 A 3 LAt o
-
A
6 . . . 2
6 8 10 12 2 3 4 5 6 7
VY /mt! iH5.P,/MPa

V=2 RAER, m’/1; P —22RIES), MPa; DEN—EEWIF, o/ em®; DT—/ B, e/ ft; RT—HIFLRMWIFME, Q- m

B9 TRIZBEE R

B a0 - g A T ]

Fig. 9 Logging interpretation model plate of adsorption gas content of deep coal rocks

*3 EEMEGTREE=ZRERA, ZREHHELARK
Table 3 Calculation formulas of Langmuir Volume and Lang-

muir Pressure of the Jurassic coal rocks in Kuqa Depression
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