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Fig.1 Paleogeographical map and stratigraphi of the Middle Devonian Jinbaoshi Formation in the

northwestern Sichuan Basin

(a) global paleogeographic map of the Devonian (modified from Scotese, 2001); (b) lithofacies paleogeographical map of the Lower
Devonian in the Sichuan basin; (c) sedimentary facies map of the Middle Devonian Jinbaoshi Formation in the norheastern Sichuan Basin;

(d) stratigraphic column of the Devonjdn,in the northwestern Sichuan Basin (modified from Zhang, 2022)
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Fig.2 Stratigraphic column in the Gejiaba section of the Middle Devonian Jinbaoshi Formation
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Fig.3 Macroscopic and microscopic photograph sandstone in the Jinbaoshi Formation, Gediba section

(a) medium-thick-bedded quartz sandstone, 209.5 m; (b) cross-bédding, 193.2 m; (c) symmetrical wave ripples, 221.8 m; (d) siliceous
cementation, overgrowth of quartz grains (red arrow), residual intergranular pores, 73.5 m, plane-polarized light (PPL); (e) limonite
cementation between quartz grains, 57.5 m, PPL; (f) crude oil filled in the pores between quartz grains, 71.5 m, PPL; (g) calcareous

cementation between quartz grains, 60/5,m;\h) bioturbation and burrows (yellow lines), 68.5 m, PPL; (i) corresponding to the burrow in

Fig.3h, 68.5 m, cross-polarized li -
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Fig.4 Stratigraphic column of the concretion layer in the Gejiba section of the Jinbaoshi Formation
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Fig.5 Photographs of macroscopic and microscopic concretions in the Gediba section of the Jinguangshi
Formation

(a) concretions in the Jinbaoshi sandstone developed along bedding, layer C in the upper part of the Jinbaoshi Formation; (b) a spherical

concretion mold after weathering, layer B; (c) a single concretion, collected from the concretion layer B; (d) cross-section of a single
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concretion showing concentric layering, collected from layer C; (e) quartz sandstone within the concretion, with well-developed pores
and grains in point-to-point and line-to-line contact, nodule layer B, plane polarized light; (f) limonite cementation between quartz grains
within the nodule, filled with crude oil, nodule layer C, PPL; (g) limonite filling between quartz grains within the nodule, presenting a
golden color under reflected light, nodule layer C in the upper part of the Jinbaoshi Formation; (h) SEM image corresponding to Fig.5f; (i)

crude oil infill between quartz grains within the nodule, nodule layer C, PPL
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Fig.6 SEM images of concretions and host rocks of the Jinbaoshi Formation in Gediba section
(a) siliceous cementation, overgrowth of quartz; (b) authigenic microcrystalline quartz grains; (c) limonite, reniform aggregates; (d)
needle-like columnar single crystal of limonite; (e) kaolinite, sheet-like embedded in quartz grains; (f) solid bitumen, with visible
circular-elliptical pores, porous; (g) filamentous microbial remains; (h) silicified bacterial colonies (red arrow); (i) bacteria aggregated

into clusters, corresponding to the red arrow in Fig.6h
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Fig.7 Energy spectrum analysis diagram of concretions in the Jinbaoshi Formation in Gediba section

(a) siliceous cement between quartz grains, with cement exhibiting granular morphology; (b) EDAX analysis of dot in Fig.7a, showing
high peak of silicon (Si); (c) crude oil filling the spaces between detrital grains; (d) EDAX analysis of the dot in Fig.7c, showing a high
peak of carbon (C); (e) black metallic minerals filling the spaces between detrital grains; (f) EDAX analysis of the dot in Fig.7e, showing

high peaks of iron (Fe) and oxygen (O)
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Table 1 Element content of concretion

Bt T A 0/% Si/% Al/% Fe/% C/%
@© 23.70 15.49 0.78 0.00 2791
LI R A5 ) @ 6.73 12.93 0.37 0.00 25.84
® 17.40 14.78 0.47 0.57 24.12

@ 27.13 0.68 0.39 34.34 0
BRI W) ® 14.41 0.63 0.24 36.43 14.42

® 22.94 0.47 0.14 35.88 0

@ 23.77 15.05 10.68 1.90 0

LIRSS
18.45 6.90 9.13 0 20.58
©) 5.36 0.28 0 0 52.58
JE 3 5.75 1.01 0.36 0.00 51.29
(@) 6.73 0.26 0.13 0.00 52.10
4 Wik
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P % LIS LN (Schieber, 2007; Cuadrado efal., 2012) , U1 JE RS AL TLAR ]
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AT ALK L RS (Sarkar et al., 2008) , AT R BUE M BAR 2R 5 B A2 40 7 it
HP2H CO2y CHa M HaS 2554 (Logan et al., 1974; Skyring et al., 1989) . T R
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SAEARI R, BERES (Vp) @ EEVIRWIRE KIS (Pw) I, SR I A
THIE NBGRAL B & A LB i) Bk, fEMBSRAL, SRR S & A Uk 2R
BUKARHIRE, I BRI R E W LR RS B 4iE (Lan and Chen, 2012) (&
8¢) o I 8c FraniIE BEMIET L2 51 FH H Gerdes eral. (1993) WIZSUATTT, H “BEY
Ji 5 P R — IR RSB A B, AU T 2 5 R R SR A T ks

BPAN S MG R K B BRI T R 12

Ca) [1G 1] 230 5 3 55 e 401 FBEHE AP TN MR, 5, AESHENTR: (b)) SEAATEME
*ﬂmﬂgééi)%ﬂ&‘éﬁ()%ﬁt%%ﬂ SMBZEA, 5 (o) SEMEEBGLRE (5 Gerdes eral., 1993 X0
Fig.8 Field characteristics and the formation process of dome structures in the Jinbaoshi Formation in Gediba
section
(a) macroscopic characteristics of dome structure in the Jinbaoshi Formation, distant view, indicated by the white line; (b) close view of
dark laminae and light laminae are observed arching upward in the dome structure, resembling stromatolites in form, indicated by the

white line; (c) formation process of dome structures (modified from Gerdes et al., 1993)

42 EeEABEWEEZBE

fE R A S BMEBGL R, SR A R BCE M BRSNS, B AR
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ek O RRE J18 SORL AR B 52 A W R, A A 4 A LT R A 0 43 Y ) A R
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TR ARFAE T R A A KRR R, 26 1B 52 K BN e BE T 45 = ( Garlick, 1988
Schieber et al., 2007) . E[IE IR #E Chorhat b4 2 (Sarkar er al, 2006) , E[1JE FE45A
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Rittenberg (1952 i i fek 5T FT R B HLBT, IR PN AE 16 Jo 3% T A AL o < A b R SR T ol 24
Tk B R HAFAE A DS, XKoo B LR o 5 ) B K A ik P4, R VA i — Ui il A A
oS

MR A SCRERE AT h AT I BB (C) + Bk (Fe) imyife LUK o T AR ) BBk % 4 I 3%
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o DU PR 7 SR R L TIE S R A . OFE R B BOR AR REARER, £ CO,.
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Jr B e A BSAZARAR , R 5] SEER Y4 A (Knoll, 1985; Simonson, 1987) . £E
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H, FEIEE Y BR B A IR R AR 3 TE T Z R I DTIE , [FIB TAE ik i — P S EGE k
WK (B 9c) , TEEIItAT E iR ERA BMNE R Z R TR B WG E e skril (B

9d) -

kg
£

EEES

ZIIEEN

Bo 1T AEES el < A AR R (4 Singh et al., 2013 1250
(a) PURAPIFRTH AN 3B ERE M ASESE RO AE IR . (b)) BB RUE IR 5 i =R AR R (Vp) , M &R SR 0L
AWK ) 3 B A BT RN B BRI, (H 2 B B A B AR TR AR T KR ) (Pw) AU REHE
H S EUREBRREA:  (o) AN BERRS, BABKEERYHGEX (SRZ) , @UEERBYRGRX (SRZ)



M A IPEAEHE X e 5t < 5 A0 ALY 5 AR AE B R B L

[ pH A FEAR, (bR S : () B THFSEESEM, JIRMEX (SRZ) [EZIFH A
Fig.9 Genetic model of concretions in the Gediba section of the Jinbaoshi Formation, northwestern Sichuan
(modified from Singh et al., 2013)

(a) laterally discontinuous microbial mats exist both on the surface and within the sediment; (b) decomposition of buried microbial mats
generates vapor pressure (¥p). When the vapor pressure exceeds the sediment hydrostatic pressure, it leads to upward vapor escape,
forming small dome structures. However, in most cases, the vapor pressure generated by microbial mats is lower than the hydrostatic
pressure (Pw), preventing gas escape and resulting in localized particle sparseness; (c) the relatively high permeability of gas expels pore
water from the sediment rarefication zone (SRZ). The high gas pressure lowers the pH in the SRZ, promoting silica cementation; (d) the

SRZ consolidates and forms concretions due to continuous compaction
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Abstract: [Objective] The origin of concretions in sedimentary rocks reveals the depositional environment and
also serves as key evidence for studying diagenetic evolution, holding significant importance for research on pore
evolution in sedimentary rocks. [Methods] This study focuses on the Devonian Jinbaoshi Formation in the Gediba
section of the northwestern Sichuan Basin. The characteristics of concretions in the Jinbaoshi Formation were
examined using detailed analysis of rock thin sections, scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS), and their genetic mechanisms were explored. [Results] The quartz sandstone in the Jinbaoshi
Formation of the Gediba section exhibits high maturity and well-developed pores, with numerous ellipsoidal
brown to dark-brown sub-spherical concretions distributed along the bedding planes. Microscopic analysis reveals
that the quartz grains within the concretions are consistent with the surrounding sandstone in terms of morphology,
size, sorting, roundness and texture. Unlike in quartz sandstone, the quartz grains in the concretions are sparsely
arranged, primarily in point contact, and are predominantly cemented by silica, followed by iron and clay minerals.
Residual pores locally filled with crude oil were observed. The concretion-bearing intervals exhibit small-scale
dome structures and bioturbation, with filamentous microbial remnants and silicified bacterial colonies identified
under SEM. [Conclusions] Comprehensive analysis suggests that the fermation of these concretions is closely
related to microbial mats. Gases produced by the decomposition of organic matter migrated upward, forming dome
structures on the sediment surface. When the microbial mats were too thin to produce sufficient gas for upward
migration, localized sparse distribution of detrital grains occurred, accompanied by early siliceous and ferruginous
cementation. These concretions resisted compactionduring subsequent burial processes, maintaining their
spherical morphology, and turned brown due to oxidation after being uplifted to the surface. This study establishes
a genetic evolution model of the concretions, which Willprovide an insight into the diagenetic evolution and pore
structure adjustment of the quartz sandstone in the Jinbaoshi Formation, and which has important geological
significance for hydrocarbon exploration.

Key words: northwestern Sichudn Basin; Jinbaoshi Formation; quartz sandstone; concretions; genetic mechanism
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