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Abstract: In order to study the origin of organic matter enriched siliceous shale from Wufeng — Longmaxi
Formation in the Middle and Upper Yangtze region, and its relationship with shale gas accumulation, rock
features, mineral composition, micromorphology, structural characteristics and chemical elements were
analyzed by X-ray diffraction, scanning electron microscope (SEM) and energy disperse spectroscopy
methods. Quartz content was found to be relatively high, mostly above 45% and 88% being the highest,
while clay mineral content was relatively low in the Wufeng Formation and lower section of the Longmaxi
Formation. Abundant biological residue and debris can be seen in the siliceous shales under SEM, they acted
as skeleton particles and bound tightly with the mineral matrix, resulting in a highly compact rock structure;
clay mineral enriched shales, whereas, developed horizontal beddings. Under SEM, the observed circular
layered growth structure and needle structures of the biogenic materials clearly showed the characteristics of
radiolarian morphology. The chemical compositions of these structures were shown to be mainly consisted of
silicon and oxygen elements by energy spectrum analysis, further providing proofs to their radiolarian origin.
Moreover, surface distribution of elements indicated the terrigenous input and hydrothermal activity were
very limited, implying silica was mainly from radiolarian skeleton. Altogether we now have sufficient
evidence to support a biogenic origin for siliceous shales in the region. High soluble silica concentration is
prerequisite for radiolarian enrichment, it creates an environment for algae proliferation which leads to
organic matter accumulation. Biogenic silicon was also favorable for the preservation of primary inorganic
and secondary organic pores. Enrichment of biogenic silica, therefore, plays an important role in shale gas
accumulation in the Wufeng and Longmaxi Formations.

Key words: biogenic; silica; quartz; radiolarian; siliceous shale
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Fig.1 Photographs of outcrops of Wufeng — Longmaxi Formation in Middle and Upper Yangtze region
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Fig.3 Microstructure characteristics of siliceous shale Wufeng Formation and lower section of Longmaxi Formation of well JY-A
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Fig.4 Microscopic characteristics of siliceous shale Wufeng Formation and lower section of Longmaxi Formation of well JY-A
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Fig.5 Radiolarian characteristics of siliceous shale Wufeng Formation and lower section of Longmaxi Formation of well JY-A

A AR PN S IR A TE] B AESCIR A A A H DU 52 K
BRG] B AR WSS MR AE .
BRI RETG 7 M R W X 88 A W) 25 M T JE B AR A
P 2R N SR Y OOk 25 S i 4R 2 FhoT
A BEH T 1) 32 2 41 92 (SiO2) 2R [l ik
AR R RRIT R, W B S AR Y TR G
R 26 A M2 Ky 5 A AR AN B P S B 2 i
B AR AR AR LR 5 H W BT 2 A
A FH B R J A A S P SR e s e . LA
REAGERIE A I SRR o TS HL R S BE o P S 1 A il
SF SRR SRR S JBCS PR AT 4 235 4 D) g T3 S HR A IS o
SRR IR TR B SR S5 R 2 — R — 2R X
SERFAEE S A AT AN BOWEE, e LR IR ARAE L 14

http: //www.earthsciencefrontiers.net.cn

PRI 2 B[] 80k 2 A ) 0 0P R 5 48
PRI T RN T R BRARAG 1, A7 1) SR NG JERE L A
AR DNIAN S5 e BE P fh . LA ) o0 A8 R 22 S A0 1)
ey SR, Sepg i Al s = R DA B RLG S
FEEATERE M YIE], Sohn Z 5 e, Z A ]
JLCIE Sead) o I Ja T S 1 4 s IO ER A 3 » T S R
TN BUA N AR R AR B R

A RETE X P A5 O BUROUL A A4 2#EA 7 41 4 20
Mo 181 6 s i 45 P OTE B T o A R AR . PR ST
R LR AT Re RN RE R R A58 L E
SR Bl (4 3 P IR E5 4 s FOCER A R S5 AR )
TE L5 e VA Jo] L ik 5 JE 45 00 o o 8 K N 5 g
RS s ¢ 0 3R ) 2 0 A A TR AT H B A PA ] LAk Jot

W%, 2018,25(4)



232

Filp KB, S, 4/ kb F T4 (Earth Science Frontiers)2018, 25 (4)

D

'9 Fo } - 7 ! S ; TR
Si
C Al
Mg Ca

M6 EMANLBAGALEATERAEERAETZE 24 A
Fig.6 Elements surface distribution of radiolarian enriched siliceous shale of Wufeng Formation and
lower section of Longmaxi Formation of well JY-A

JEEE Y SRS AR O AR U UL R AR
A 2 250 A A S B A B L B A A B EOIR
5 IRES Y A A A — S L N Rl TR R AR SO B
— [RILA BRI LAY o 0 0 3R AR O B A R
JCI3 A7 o Uk W i 0 400 Jo R S B A e AT ke T LA
A AT MR A ) i S 4 Sy IS HRE B B ok
W BROT R B2 B AR B D, 2 WD I PO
(G SN A BR

T — e THIR AT Bt o v O O s A A
SRR S 7R & o 5 e R R A )T R
TR TUA AN HUE A Wi S (1 98) Oy 3
AR ) S HE A 2R ] I ol 18 15 ) 5 R AR EL g

JEE RIS BN A PR & 15 P A S5 v ) ke i 2
TR S5 A s S LR TR i I R i T
ATIPGBG B A5 R » 3012 BT 1 A W) IR 4R
BT R EARIEE

X R T DU R B AN 1 AR R
DX T2 — o EH R 2H T T ik A 7 T ELAE 1 g
ARAC ARG AL 3l XL 28 8147 1 4 DX (Bt s XD
W2 RE S AE O R IO SR A v b e
TS R A A A AR W A DU 2 B
FLUEZE AN IR B AL T BE 2 6004607059 i g
B E YU N b b4 7 X% 2 i o
VAT B o 32 2 S R AL

http://www.earthsciencefrontiers.net.cn 35 74 ,2018,25(4)



FElE K, E T, Y, B #F FT 4 (Earth Science Frontiers)2018, 25 (4)

233

4 U B TR

FEWIFFERE it P OULEE B A T U315 36 STk
HEAT HEXS  BFSE BT TR AR » B 2R i H A
WA B R AR SR L R doh AR
B N FE R I — B TR B BAR , o5
HURBCR R —2F L b BT LRI AU 3
F, Hrh R M AR A Hoh s ]I 3 5 A /b
FLAFRE A He . B 7a K R HAL A REF R
BT IR B8 (Stylochlamydium aequale) s 33 i F
A AL T AR AR W W, B — BB B O 1Y
HCAK AP 28 0o A% 52 285 R R[] O PR HE
G BLCRA BRI AR fr e SR i . T
I3 T BUAAERT BB R A T A M m  Blifk . DT
BUEHE DML AH R BE R — MR A IR TR K AR P15
AREE S ECE TR AY IR 18 7h 2R R H A
HBFF 815 B (X phatractus xiphydrion) . 318
SZERTE M B — D ERIE O BRI L TR
()L A ) A o 30 BE AR X 7 50, 22 52 B JE i R
TRl AR A A — X B BB AR R RNV
[] , HOARHE AR B T X FR . [ Te A i B 25 7
HUBMK) 25 % B (Inaniguttids ) » A5 AS B 00 BR T 4
PR — AR B S AR AR A AN i o ) g
Al ERAE 2K T AR EOR F B
TG RNERIR . BT iR BB A A A R
Ab A HAt— LTk A A 2 S A TR L dn e
ARLA SR L |23 R R = Al A A

T80 7R P i e O i T T TP TS R R T R A
o o ARSI X s S B — , AT 25 1 7R 0 S FE W AT
(P 5) o HEAT 1l — 1 Bt IR BE ACGT a 4 A 280

S, e
a8 L 37 ¥
o 1
. b

f—BERFAE . IHE A 3K S IO HA A 3 K A R
J H i B U A I AR A B PP AR T L 7 T X
F vy e LS A A T BT A R R KR A B
R %A LB AT AT 8 AR T35 7 B TR K A 13
MEPREE L 255 AW UF ST X AT REAL T 100 m A2 457K
RGP R R AT Ky DU T R
X — I G A2 SR B A T 8 vt R B 1 o
o RERARLEE T IR 1 47 TR R —
A e IR g 7o A SR PG S o K S R U
TERHED 2725920 LRI A+ W 2 T DX I 2
JB R AK AN » KR 22 5 O BT B )
DRI —EL

5 AWRHEE RS A R R R

VAR 0 o A 0 R DR e A A7 AR XD T R A
KEAEELW, MWETT A g fe R4
TUHANBR SRR & R R E , HIGA A BRA
TETUARES A TOC & 545 & 52 01 W E A0
KRF (B ) Hofth 2735 7E T 7R e b X A 92 th 45
T — B g SR R TUE R R PR
R B O ) 2 B R A LA 1 e (B I R
RIRAMEBEES . ORI IR T 45 Rt
FRHAE R S AR iR A R R
JZEBR A LR (TOO) & 8 3% ~ 13%, F 3 K
3.2% M REE B TOC Sk 4% ~18% . - K
7106100 Hr A5 06 4 7 e Ay B R A0S RN i 4
AR R AR PR i 7R e X I N Sk
SIMTEE R N TR e TR T Bk i A 1A
BILRR B 3l = TR A 2 BT e i e A )2, HLA

AT T IR ARAAST- X 24 1 4006, 2 4 DXl b 5]

o

a— FLIELL 5 I ThIR AL R BOEE IRk s b LR 5 0 T SRR T BRI s o T 5 e TR AL R B
M7 BNA#RGASEDRAT R RIS FHA 2 2R

Fig.7 Radiolarian type of siliceous shale of Wufeng Formation and lower section of Longmaxi Formation of well JY-A
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Fig.9 Organic pores in radiolarian of siliceous shale of Wufeng Formation and lower section of Longmaxi Formation of well JY-A
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