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Characteristics and evaluation of marine-terrestrial transitional source rocks
in the Longtan Formation in the Dafang area, Northwest Guizhou

LAN Ye-fang, REN Chuan-jian, PAN Shi-hui and REN Shu-ming
(School of Mining Engineering, Guizhou University of Engineering Science, Bijie 551700, China)

Abstract: The Longtan Formation in the Dafang area of Northwest Guizhou is characterized by alternated shale,
coal seams, and sandstones, with typical characteristics of marine-terrestrial transitional facies. On the basis of pro-
file measurement and sample collection, combined with XRD analysis of whole rock and clay minerals, determina-
tion of total organic carbon (TOC) measurement, rock pyrolysis, kerogen macerals, and vitrinite reflectance (R,)
analysis, the development characteristics of hydrocarbon source rocks of the Longtan Formation in the study area are
studied and evaluated. The results indicate that: (1) The minerals in the rocks of the Longtan Formation are mainly
clay minerals with strong adsorption capacity, but there is a significant negative correlation between clay mineral
content and quartz content (R>0.8), especially the clay content of over 70% in shale and the lower brittleness index,
which is very unfavorable for fracturing development; ) The abundance of organic matter in the Longtan Formation is

significantly controlled by lithology. The coal seam has the highest TOC content (average 42.9%) and hydrocarbon
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generation potential (average 2. 68 mg/g), indicating strong hydrocarbon generation potential of coalbed methane;
The hydrocarbon generation potential of shale is less than 2 mg/g, but about 80% of the samples have TOC content
exceeding 2%, and the shale gas resource potential is less than that of coalbed methane; Silty sandstone has the
worst hydrocarbon generation potential, with an average hydrocarbon generation potential of 0. 13 mg/g and a TOC
content of 1.4% ~5.6%, indicating a certain degree of tight gas potential; 3) The macerals of the Longtan Forma-
tion kerogen are mainly composed of liptinite and vitrinite, with type Il kerogen being the main type and type 1I,
being the auxiliary type. They have a high degree of thermal evolution and are in the stage of high-over mature dry-
gas generation; (4) The middle section of the Longtan Formation, where coal seams are more developed, is a favora-
ble zone for joint exploration of coalbed methane, shale gas, and tight sandstone gas in the Dafang area.

Key words: marine-terrestrial transitional facies; Longtan Formation; unconventional natural gas; source rock;
Northwest Guizhou

Fund support: Guizhou Science and Technology Program Project (Qiankehe Foundation [2017]1407); High-level
Talent Research Startup Fund Project (G2017006); Guizhou Province Youth Science and Technology Talent

Growth Project (Qianjiaoche KY[2016] 283); Innovation and Entrepreneurship Project (5202210668115)

K EN R A TR RIS, A TR
MR 1/4(ESLFSE, 2020), & R
AR E AR IS )2 R0z, E2A LT
A R D 2 Rl VR A AR ) R s R L I
KB A R AR 2 Y B R R A A (N
2020; HEA 2020) , AT HAgE AR LT
KBy BB A DU ST R W R L A v R
AR AR 5% 5 B0 48 F 2 FE A I ( XB AL &E, 2022)
ki AF BT 25 Tk R B o A DU AL T TR R B Bt
(ARARESE, 2020) , ¥ il ek I8 AR 5 ki AH 50U S 58
T RN Tl Al A 77 2 St [ 0 SO AL & Ji 1
B (KRR, 2016) , AR, W i 8 AH v
ST R T Ak | o ik A Al LR DGR
Bt T 1A 7= LS, A FE AL ki S AR SR IR 22 S 2 a1
T N R mated A Sk K G DL K T T
b DX A LAV Bl b A S B2 I EE B AT
(508 T+ 4, 2018; Z= 614, 2021; #H A B 4E,
2021) , JUHAE DU 2 | SRR 22 4 235 1 46 0 AH DU
ST LB B L 1K Vi i 2k Y AR A S AR R
P KGR (k4145 20215 5 IESE, 2023)
UNSRIR 22 17 73k b At X vt i 2 90 R O S P 7 TH
FEHERTH S ERETE 3.50x10* m® (B8 9%, 2023) ,
PSSR A A DU )1 4 b 2R T 0 D i 1 DX
BT RS —YY1 I, BRI B R
B TSP B2 4 000 m*/d (i BERA%E | 2023)

FMNE T2 AR By, B R AR
LA R0 B 25 AR . Bl o, S
T SR IR R 1k 13, 54 JTACSr oKk HEA

A 3 7 (FhIc ik, 2021) M T RME
KB TUA IR T 7EB AL &0 2 44 8 X 23R
128 R A TUA R REZ MR A S
K EREEESE, 2020) , PG 0T 1 I ARAoT 1 I,
T RAEV T IR EA NS ENT EA 0.6
~19.2 m*/t REFERERR (RSN, 2021) , TU%
SOBEERRBUR D A SR O AR SN R
SRABEA IR Z A e, SR, 5155 KRR T IR T
RABLE, JE R AR ACE B o e TR (5% i A
2011; SAMGEESE, 2019) , L HAE A HLB IS AU S 2
HAERKMPE R RG-S DUA T AR
BBEFN T AFEROR 25 57 . BOORTE VBl o0 Y2 A b )22
TR BT /D R AR T A A 0 2R = I (A A
RN SRR 0 AR B ol A R A
PR (BRIGE 5%, 2020) , 5 22 iE— 25 1 %) v i 3 9 AR
e MR SR EIE 5 2 AL £
P Z ABSEZS [ B B Ak | L5 i S e 2%
A A DK BRI AN S N B AR R AT
516 HCES VG b K bl X Vi 2 e ol o 96 4 b )2 SR A
FENTGE GG B AN T T AR RS g0 o A 45 2R IR
VYL it i 22 BAR e VR AH AR B LR IR A R R E
Hi T S5 A 5 B R 0, LA BV b b DX R R RS
BT KA 2%

1 X iy 5t

AN S YA a4 | O ARl i s g
(Fl1a), KINFESEAIBZ KT (F1E%, 2015), 2



854 H oA W ¥ k& o542 %
< 104°00°00" 105°00° 00" 106°00° 00" 107°00° 00"
S T FRERT b L
‘E "J- )(_ O
:_-:ﬁ /-,-\'
o \-\ !
; ( 4
. s21
2 XN : Byeh i /Gl
8 o i
& B4 g o] RE  paeilii /7
o 2 S - JEwE i
73 2 HERl! -E’h o 3 g
s AT
..... _ o
NN, W 2 o i | 1 SR s
& R AT R T )y
ot -~ FA
g L g WEEE s A B il
cn ey B RN sod = |
= (m] T b N A b2
D B
F ¥4 P4 A “ : \
=] H i W yoope ' :
il T o S Nt <
. : _ -
= h i il Bl IR B WCrr e —
g JIE?. % ¥ ] L.m . 4
2 g s [ | Wi ri ]
L 5209
100 200 km 3 E sl i ® . 0 10 km

BT L S AR XA s o X [a, 4 Eh0 (2021) (B0 | FIRAE ) (2 1# (b)

Fig. 1 Structural map of Northwest Guizhou and its adjacent arcas (a, modified from Ma Xiao, 2021) and the location of

sampling profile (b)
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Fig. 2 Sedimentary facies map of the Upper Permian Longtan Formation in Northwest Guizhou and its surrounding areas

('modified from Feng Dongjun, 2023)
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Fig. 3 Stratigraphic column of Longtan Formation in Longfeng profile of Dafang area, Northwest Guizhou
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Fig. 4 Field macroscopic photos of Longtan Formation in Longfeng profile of Dafang area, Northwest Guizhou
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a—the boundary between the Maokou Formation and the Longtan Formation; b—the boundary between the Longtan Formation and the Changxing For-

mation, showing several coal seams in the Longtan Formation; c—the lower part is a rhythmic bedding composed of gray black carbonaceous mudstone

and gray mudstone, and the upper part is a rhythmic bedding composed of soil yellow mudstone and muddy siltstone ; d—plant fossils ( mainly Gigan-

tonoclea largrelii) are developed in the shale; e—the Gigantonoclea largrelii and Rhopidopsis panii are developed in shales; f—small crumpling ( ben-

ding) developed in the Longtan Formation; g—siltstone and mudstone are interbedded, and horizontal bedding is developed in mudstone; h—inter-

bedded appearance of muddy siltstone and mudstone; i—the extremely thin layer of gray shale developed at the top of the Longtan Formation
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Fig. 5 Microscopic characteristics of the rocks from the Longtan Formation and its upper and lower strata in the Longfeng
profile of the Dafang area, Northwest Guizhou
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a—the bioclastic limestone developed at the top of the Maokou Formation, with bioclastic mainly consisting of monoclinic foraminifera and benthic fora-

minifera, and small amount of echinoderms, LMOOI, ordinary thin section, single polarized light; b—the bioclastic limestone developed at the bottom
of the Changxing Formation, with foraminifera in the center of the photo, LM044, ordinary thin section, stained with alizarin red S, single polarized
light; c—silty mudstone with bioclasts such as foraminifera, bivalves, and ostracods, LM004, ordinary thin section, single polarized light; d—reticu-
late microcracks developed in the coal rocks, LMO10, ordinary thin section, single polarized light; e—argillaceous and carbonaceous siltstone with
horizontal bedding, alternating dark and silty layers rich in organic matter, LMO19, ordinary thin section, single polarized light; f—iron sandstone/
siltstone, LMO020, ordinary thin section, single polarized light; g—silty carbonaceous shale with high organic matter content, LM026, ordinary thin
section, single polarized light; h—argillaceous siltstone, LMO032, ordinary thin section, single polarized light; i—mudstone with microcracks,
LMO35, ordinary thin section, single polarized light; j—silty mudstone rich in organic matters and microcracks, LM036, ordinary thin section, single
polarized light; k—a small amount of quartz developed in the coal rock, LM023, ordinary thin section, single polarized light; l—stratified distribution
of silt grade quartz is developed in the coal rock, LM030, ordinary thin section, single polarized light; m—the bioclastic limestone developed at the
top of the Longtan Formation, LM040, ordinary thin section, single polarized light; n—patchy pyrite developed in bioclastic limestone, LM040, ordi-
nary thin section, stained with alizarin red S, single polarized light; o—Dbioclastic limestone with brachiopod fossil fragments in the center of the photo,
LMO042, ordinary thin section, single polarized light; p—Dbioclastic limestone fragments of brachiopod fossils and foraminifera undergoing selective
dolomitization, LM042, ordinary thin section, stained with alizarin red S, single polarized light
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Fig. 6 Histogram of mineral composition of the Longtan Formation in Longfeng profile of Dafang area, Northwest Guizhou
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Longtan Formation in Northwest Guizhou and adjacent areas
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BATHLRR (TOC) & 12 TUA SUY UM s 4 104
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W% B i 77 ) B B 2 &K (Ross et al. , 2009; He et
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# TOC FFR AT LR F] 1% ( Curtis, 2002; Jarvie et
al. , 2007; 484 HESF, 2010)
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1 809 BT TUAKE S TOC & H Mt 2% , B HA 3K
IR B B ) DU R IR T, A AT
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VR AR T R B2 S A, R A IR oy
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MUSTE B, Horpr | S| AR B 2 R IR 281 I ih
IR 1y, S, B T R i85y, A&
WEM T 2 mg/g R EAAEBRKERIWE I,
2~6 mg/g WHTERIE A6 mg/g VU I IR A
(A EE, 2016) , HRPEAIFSEIX U8 U0 A RE i 1Y B
IIMTEE R (R 1) HAR R (S, +S,) AE 1L TE 0. 06 ~
0.24 mg/g Z 0], /N 2 mg/g, Wk i JE T i 45
DU RIRS A AR T A R A R
$40.9~4.0 mg/g, F-HIME 2. 68 mg/g, N FIEE
B R AR IR T e 2 A R R A



2255 B PU AL R M X e TR el o AR A R SR 861

%6
45
a
40+
st
0k
= st
9
E 20}
15k
10k
5 -
N N
itk s U

c

zjli

[ P e

TOC%%

30

S+8./(mg-g™")
&

.

(D

oL N
s BRI

0.9

0.8

0.7F

0.5

S48/ (mg.g™)

04

03

HdE N

LBt B FB

Kl 8 RS VGAE Ayl X e AL AN R A2 BEA BILRK (TOC) &5 i A S (S, +8, ) A B 5 A

Fig. 8 Histogram of total organic carbon content (TOC) and hydrocarbon generation potential (S,+S,) in different lithologies

and intervals of the Longtan Formation in the Dafang area of Northwest Guizhou

0. 13 mg/g(E 8b) , ANIRA A ISR A i 45
FFr iR AR R 1 5 TOC A3 M4l S — =i (&
8a.8b) , JAInIAS [F] 25 1 4 & B 11 28 Ak R AE A4 0 1
AHRLAERAE (18] 8¢ .8d) , Rk, WA HLRFERF,
T TR h B )27 i BRI 2 B
4.2 BHRER

SRR A LT A 2 R L T AR R, B2 TF
Wil B R R I M EE S, AR A LR
HARF WA MR T, ST BAF =Y, —
FRAE T 1% AR 0 2 A0k HL R 4 o0 T ARSI A9 0TI A,
3 T AR A S AR A3 T, DA X R ALV T
) PR 3 PR 7 T4 B B A R SO 2 A, UL
PASE B 2 AR A o 2, R R B VR A A e
(B9 K 10a) . @t BB B A, R TR AL
BUBTZEAA 1T, - IR TR AR (3R 1), BEARER e vl
B I, BT RRAR R A, (2 SR LTI 2 1 AR Ay

T R HA P BRI T = A, A i )
NN T

R A0 1) B 53 A, A 48 $( S,/ TOC, i #x
HI) RZ/NT 10, BRI H G A & EAR, & T Hg
A TR BEARARRAE (3 1) o A RIS T I AR HAY
AN 6] B A J v 3 RS [] B 7 400 3% 5 A BL BT 199 2H B
MEHIAR (Pu e al., 2015) o Gl o 28 A4l
LY 2 S0 O [ AU AR B AN W) A s 1 1
ASCHE IR, RS FE AL T AR ( ILAY) LU e 28 T i AR
( T29) SR AASE (B 10b) , T B4FN IR
(75 HI) T EAR b 10/ 10 &S I A (fi HI) HA 3K
(9 FH e W R BE 7. (B T AR Ry ToC, I AL AT
PLLE T B T 2w fff B 22 4 F e, Xl g5 &L+
AR % = 1Y fL B AR B OC ((Chalmers et al.
2008) . PRI, XA 2R UE, e T4 A T AR
R A FX R AR AR RA —E



862 A" oA T W ¥ & E Bk

ak ."' o '; 47 Y 3
l..\“o.‘:' 4: ‘5:' -5 * E
“ ‘} .,‘: L ‘..‘ il -
% . -i!‘ ~ L - s ., 3 .
A v ettt
3 _“N‘ 35 .y . P »
I . R ] 1

- ¥ e &
!\ ‘t.. », ¥ i '? &
. o - .. :
e . ". E e : « @
X LA T -
‘s - o a B um
. T | i
ic il X L o, q
by L e
. -~ ¥ »
" vo i % q‘*
‘__‘ »
£l a
- - .
o T ¥ .
. ‘. w 2 g ‘ -
(] T A
o ’ - g "' 3
'\ ) 4
e - . - ‘ . i ~
[ ‘ ‘. 50 = N . ~
E} '-. ¥ ’ % a pm 4 .#_ 78 ‘$-‘ ‘ 50 pm
3 »f e ! »a - e . -

9 BPEAL RO IX e i AL Tl AR A o B
Fig. 9 Microphotos of the macerals of kerogen from the Longtan Formation in the Dafang area of Northwest Guizhou
a— T B AR AL 5 AFE B4 (JCSE JEAA) I T2 (22 00k ) Ol - IR R R B Al (5 IR ) 5 b—RAR B S AL L Bk 5 5%,
HU DGR FNTCLE RGBT L 2 v S5 AR A A IR P8 53 BURR AL T AL I 22 J0 0 5 e— IR P LSRR RIS S48 ( TE e AR ) o 25, DL it
LRRE  d—IRA T L TR R AR (T T ARIE ] 2B ] B B
a—the macerals of kerogen are mainly composed of chitin (amorphous) and inertinite ( filamentous) , while vitrinite ( structural vitrinite) is also de-
veloped; b—the amorphous forms dominated by the development of chitin, followed by structural and unstructured vitrinite, as well as filamentous
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Table 1 Kerogen macerals, vitrinite reflectance, organic carbon content and rock pyrolysis data of the Longtan

Formation samples in the Longfeng profile of Dafang area, Northwest Guizhou

R CYeE .U g/ﬁ’; fﬂ’q“ /"’j/ln E/E; i lggiﬁﬁ Ry/% S/ L S L g4 L s|+52{1 TOC/% HI Pl ty,/C
£ £ E = (mg-g) (mg-g ) (mg-g )(mg-g )
LMO03  ¥yfber 38 56 6 -29 ] 2.95 0.0037 0.0149 0.1406 0.1555 5.56 2.53 0.10 586
LMO04  MEbF 2.22
LMOOS  Ye(v)A 34 59 7 -34.3 | 2.80 0.0038 0.0119 0.0783 0.0902 2.00 3.92 0.13 586
LMO06  ¥Eb 32 61 7 -36.8 | 2.42 0.0037 0.0213 0.0499 0.0712 1.90 2.63 0.30 528
LMO07  Je(b0) A 0.0036 0.0194 0.0560 0.0754 1.07 5.23 0.26 513
LMO08 (TL) 7 62 32 6 1 I, 1. 11 0.0035 0.0105 0.0376 0.0481 0.54 6.94 0.22 522
LMO10 2 17 74 9 -56 m 2.26 39. 40
LMO11 2 19 70 11 -54 | 2.92 0.0077 0.0468 3.9356 3.9824 0.01 587
LMOL1-1 2 23 68 9 -48.5 | 2.99 0.0047 0.0376 3.6429 3.6805 54.80 6.65 0.0l 588
LMO12  ¥tber 0.0052 0.0128 0.1473 0.1601 1.69 8.72 0.08 587
LMO13  J(U)A 69 27 4 10.3 I, 1.22 0.0036  0.0080 0.0544 0.062 4 0.13 546
LMO14 (T 7 41 49 10 -26.3 Jii§ 2.65 0.0037 0.0148 0.4616 0.4764 4.8 9.50 0.03 587
LMO15 2 25 68 7 -45.5 | 2.70 60. 90
LMOl6  Ye(Ti)A 48 43 9 -17.3 | 2.62 0.0036 0.0300 0.7252 0.7552 8.56  8.47 0.04 587
LMO17  Je(vi)A 43 47 10 -23.8 | 2.50 0.0046 0.0148 0.3752 0.3900 5.19 7.23 0.04 588
LM020  ¥tbgr 0.0036 0.0155 0.0520 0.0675 0.83 6.30 0.23 582
LMO21  Je(u)A 41 51 8 -25.8 I 2.85 0.0037 0.0245 0.1574 0.1819 2.43 6.48 0.13 583
LM022  J(TU) 7 61 33 6 -0.3 Jii§ 2.92 0.0036 0.0167 0.1644 0.1811 2.97 5.54 0.09 583
LM023 2 48. 60
LM024 2 41 49 10 -26.3 | 2.70 0.0044  0.0251 0.8922 0.9173 13.50 6.61 0.03 583
LM025  Je(vi)A 46 50 4 -18.5 | 1.30 0.0036 0.0250  0.2040 0.2290 2.78 7.34 0.11 584
LM026  Je(vi)A 47 46 7 -18 itk 2. 66 0.0039 0.0404 0.3415 0.3819 4.64 7.36 0.11 584
LM027 2 48 44 8 -17 Jii§ 2.90 0.0042 0.0257 2.8521 2.8778 0.01 584
LM028 2 41 42 17 -28 m 2.88 0.0043  0.0223  1.8993 1.9216 31.00 6.13 0.0l 583
LM029  Ye(vi)AE 71 25 4 12.8 I, 1.02 0.0079 0.0289 0.1081 0.1370 1.85 5.8 0.21 586
LMO030 2 48 45 7 -16.8 1 2.72 0.0052 0.0507 2.6398 2.6905 52.20 5.06 0.02 585
LMO31 (B0 & 32 60 8 -37 | 2.02 0.0040 0.0173 0.1477 0.1650 3.09 4.78 0.10 586
LMO032 Wb 45 48 7 -20.5 1 2.98 0.0035 0.0153 0.1354 0.1507 1.42 9.54 0.10 584
LMO33  Je(v0)FE 72 25 3 14.3 I, 1.16 0.0036 0.0091 0.0448 0.0539 0.30 14.74 0.17 507
LMO34  Je(T)A 83 15 2 28.3 I, 1.19 0.0034 0.0194 0.0404 0.0598 0.41 9.85 0.32 512
LMO35  Ye(v0) % 70 26 4 11.5 I, 1.30 0.0037 0.0134 0.3633 0.3767 3.24 11.21 0.04 472
LM036 (v 43 49 8 -23.3 | 2.66 0.0050 0.0157 0.3577 0.3734 4.35 8.22 0.04 586
LM037  Je(Wi) A 46 47 7 -19.3 I 2.89 0.0051 0.0129 0.1279 0.1408 1.71 7.48 0.09 593
LMO38  R(TO) A 4l 50 9 -26 | 2.95 0.0050 0.0141 0.1253 0.1394 1.81 6.92 0.10 589
LMO039  Je(u)A - 61 32 7 -0.5 1 1. 11 0.0038 0.0254 0.3924 0.4178 7.52 522 0.06 589
LMO41  Ye(T0)A 47 45 8 -18.3 | 2.52 0.0040 0.0191 0.3456 0.3647 3.8 8.91 0.05 587
LM043  KyEbE 49 46 5 -15 1 2.68 0.0038 0.0369 0.1582 0.1951 2.13 7.43 0.19 588

TI— TR IRIE R Ry— BRI R, Sy— A O FRIZ(CL~CT) &t S, — A PR R SR (I Sy I, R LE CL~CT 18) 3 S—H A P2 IR & i,
Sy—A AR U CO, fib, ARIFEATRESAE 600°C T R AE R M AR A A HLBK , ARIFSH ST B ; HI—ZF880 PI— %488 TOC—EA BLRK & ik

oSy IR
MR RE F7

4.3 BURBEE

C A BRI & St 58 IR A T A LT
() AATE AL AR BE (BIAE DL B ) VPN AR SR g
1S BRIL S 80 (Jarvie et al. , 2007) . AL
B BE AR M 7= S0 7 5 0 S B g T (5%
MG FE5F, 2009)  FifiE PO 3G 0, AR S I B
I AR SR B RE 3G 0, LR B 5 v Ry 0 A
MR RS % (Ry) 4 2. 42% ~ 2. 98% (“F-F4{H
2.76%) ,JEEFER Ry HN 2. 26% ~2. 99% (“F-¥{H
2.76%) , il ( v1) e a Al R, BN 1. 02% ~
2.99% (“FIME 2. 07%) , i KRZH 25% Wk R,
EHATF 1.0% ~ 1. 3% Z 8], Ay 75% A4 RS R,

EH¥IKT 2%, Y b, AREA TR EREA LB
BRI R R R R B T M R R R B
R, FIMEMIH 2.05% 2. 42%F1 2. 95% , % T4
Al PSR R PGEfE 22 5, T AR I, T AR 4 R,
TER A 1. 1%, T, BUATI 2 F RS MR A R, FFR H
0.9% (&l 10b) . JelE 4 TEEAR R 1, BUF0 LAY,
R, (EFR VIR TR 2 K258 KA 43yt — 3 U B
PE AL T T8 10 (Luo et al. , 2018) , B4 T
Bomnh B B B R g A 08 0, BT B AR R
TS5 . AR A IR ARAT 0 B, e TR Y
WAL ¢, AELTE 472~593°C Z [0 (£ 1) , KBRS )
Lo THR T 500°C , J& T - AL B B, X 5 5%
A S SR A ST 25 02— B0 . A LT R Y
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