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Abstract: The Permian Longtan Formation is one of the most important shale gas exploration strata of
marine-continental transitional facies in Sichuan Basin. Based on drilling core and thin section observation,
X-ray diffraction analysis, scanning electron microscopy, organic geochemical analysis, porosity and permeability
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testing, in-situ gas content analysis, and Langmuir adsorption isotherm, the characteristics of source rock and
shale gas potential of Longtan Formation in Shibao mining area, southeast Sichuan were studied, using Well SD1
as an example. The results showed that: 1) The cumulative thickness of shale in Longtan Formation was
approximately 47.74 m, which interacted with coal seam and fine sandstone, and was mainly deposited in
microfacies of inter-distributary bay and marsh. 2) The shale was characterized by high clay mineral content
(49.7% on an average); was rich in siderite, pyrite, and anatase; and lacked feldspar and other carbonate minerals.
3) The organic matter was mainly composed of vitrinite. The 6C of kerogen was concentrated in the range of
—22.8%o t0 —24.2%0. The Longtan shale had a high total organic carbon (TOC) of 7.37% and contained type 111
gas-prone organic matter. The thermal evolution of organic matter was in the over-mature stage, indicating good
hydrocarbon potential. 4) The pore types mainly included microfractures and organic matter, dissolution, and
intercrystalline pores. The porosity varied from 3.05% to 4.35% with an average of 3.79%. The permeability was
about 0.486 pD, far below 1 mD. Therefore, Longtan Formation had an obvious ultra-low porosity and ultra-low
permeability reservoir. 5) The in-situ gas content of shale varied from 0.61 m®t to 4.70 m3/t, with an average of
2.16 m®t, indicating relatively high gas content. Saturated adsorption gas content was greater than 2.00 m®/t,
indicating good adsorption performance. Generally, the comprehensive study showed that the shale gas
development potential of Longtan Formation was great in Shibao mining area, and the C,4,~C;; carbonaceous
mudstone/shale with coal seam assemblage in the middle part of upper Longtan Formation and the C,;—Cy4
carbonaceous mudstone/shale with coal seam assemblage in the upper part were the main exploration sections.

Key words: Longtan Formation; marine-continental transitional facies; hydrocarbon source rocks; shale gas;
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Table 1 Distribution of mineral contents /% in shale of Longtan Formation in whole rock using XRD
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WEZACE B, A /N2 JE BB, 1)
Biiteam . ekt 2E, AR IR TR B AL BT
W25 Bt /N 2T LA, DA A (TOC 3 3
>206) I HE(TOC 3 >40%)2H 40 3, FETMZ . 25
G . HZEE . b SE PITERHIE . AN

wIIRA A A FZ B (E 7). F BRIP4
BT Cip E CyplH], JEJE 30.44 m, FHES &
g 5.83 m¥t, ik 18.29 mi/t; th B IR IERP LA fF
F Co & Cyo FBM], ESE 36.7 m, FHEH N
6.7 m*t, ik 17.51 m3/t, B T il 2k P A A

R ERNR, BHAA e 4] 1B Cu—Cy
i a SRR AP B Coo—Coq BRITTIE

EICHRR, AH IR, TCETREED
B CSRART W CHBURR

a—FEMAPIBRCR T, KEAVR ST W ZRMAE, 4298 0.066 ~ 0.732 um, SD1 -, 1407.4 m;
b—Hf it WA A LT, T EAFTERY LB ZE R N WORSE I W LB, AL R T . MERSERE, 4878 0.071 ~ 1.005 pm,
Bk — B WAL N RARER S RN AL, 22 AR, 2 . SD1 H, 1409.94 m;
c—IMBILE R, BT 0.041 ~ 1.351 um, HIEMERLT, SD1 J, 1413.94 m; d—MZI4E K &, 495 0.087 ~ 0.611 um,

B PERCEF, SD1 JF, 1446.86 m; e—HE G E A LB, WAMLBLER L F, LB/ A 0.200 ~ 1.879 um, SD1 JF, 1406.69 m;
f—REM A LRECR T, LA T REEERZE, WARAYUEALE, K/hJy 0.046 ~0.509 um, SD1 Jf, 1421.59 m;
g—HERE PR R E, WA P LR, ik R P AL, SONHUIIR, 0.047 ~ 0.410 pm, jEiE M2, SD1 JF, 1446.86 m;
h—F LR BT, BB ML T, AR o) A AL B P A1 SRS LB 2 -7, (Rl l DL e R 7

#%%% 0.026 ~ 0.091 um, SD1 J¥, 1396.04 m; i—ix kW S FLER, K/NA 0.055 ~ 0.157 um, SD1 JF, 1492.9 m,
a—the organic matter was well developed, with micro-cracks (0.066~0.732 um wide) between organic matter and minerals; Well SD1, 1407.4 m;
b-small amount of organic matter in the samples. The main pore types were microfractures and mineral dissolution pores, but the organic
matter pores were not developed. Microfractures were formed (0.071~1.005 um wide), and they possessed general connectivity. Dissolution
pores were mostly dissolution pores in carbonate mineral grains, which were irregular and had poor connectivity; Well SD1, 1409.94 m;
c—well-developed microfractures (0.041~1.351 um wide), good connectivity; Well SD1, 1413.94 m; d—well developed microfractures
(0.087 ~0.611 um wide), good connectivity; Well SD1, 1446.86 m; e-rich in organic matter, and the pores of organic matter were developed
(0.200~1.879 um); Well SD1, 1406.69 m; f-the organic matter was well developed, but the pores were poorly developed. A small amount of
organic matter pores (0.046~0.509 um); Well SD1, 1421.59 m; g—the organic matter was well developed, a small number of mineral dissolution
pores, mostly intragranular dissolve pores (0.047~0.410 pum) in carbonate grain, with irregular shape and poor connectivity; SD1 well,
1446.86 m; h—strawberry pyrite, intercrystalline pores were developed, organic matter or clay minerals were often filled in the pores between
grains, and microfractures (0.026~0.091 um wide) were also observed; SD1 well, 1396.04 m;
i—pyrite intercrystalline pores (0.055~0.157 um); SD1 well, 1492.9 m.
E5 JIFRmMAEBEERNARES BB RIFE

Fig.5 Reservoir space types of mud shale in Longtan Formation, southeast Sichuan
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Fig. 7 Distribution of favorable intervals of Longtan Formation in Well SD1 (see Fig. 2 for the legend)
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Fig. 9 Evolution characteristics of structure-burial history in the study area (modified from TANG et al., 2021)
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Table 3 Comparison of parameters between Well SD1 and other areas in marine-continental transitional facies

L , ,
HIX HE RIEEIE) m* TOC/% Ro/% HRIm SRR M ALBRIE%  feimit) BRI
IS =
2 SanJuan #iH KPR Lewis il 0.45~2.5 1.6~1.88 914~1829  152~579 3~5.5 0.41~1.24  Luo et al., 2018
BN Je4l  SYLI 11,1l 2.06~38.12 1.86~2.21 3092~3182  87.67 2.67~9.74  4.08~6.14 KioR4E, 2020
LYiiisle N B il 0.35~26.99 1.1~2.74 1300~2500 55~157  1.39~5.05 / Luo et al., 2018
ks %, 2019;
LYkl d pEA 451 11 1.30~9.58 2.17~3.26 706~787 120.96 2~4.2 2.17~4.46
4 e G H TSR, 2020
LYiiisle M T L il 0.4~17.58 2.68~3.48 402~581 148 1.1~4.2 1.24~9.42  FHB4E, 2015
JIEE Jewd  SD1 It 11 1.23~-26.6 2.63~2.93 1396~1525  81.91 3.05~4.35  0.61~4.70 AR
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