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Early diagenesis characteristics of biogenic opal and its
influence on porosity and pore network evolution of siliceous shale
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Abstract ; Opaline siliceous shale from the Nenjiang Formation in the Songliao Basin and siliceous shale from the
Upper Ordovician Wufeng Formation and Lower Silurian Longmaxi Formation in the eastern Sichuan Basin were
selected to study the diagenetic evolution of biogenic siliceous shale and the characteristics of shale physical properties
and pore structure changes during this process. X-ray diffraction, helium porosity, nitrogen adsorption, and high-
pressuremercury intrusion were used to analyze mineral composition, total porosity, and pore structure characteristics.
The dehydration and recrystallization of the biogenic opal occurred early, and the transition to quasi-crystalline opal
CT and crystalline quartz was completed at the early diagenetic stage. During the conversion of opal-A to opal-CT, the
total shale porosity decreased rapidly from more than 75% to around 30%. During the conversion to quartz, the rate of
pore loss decreased rapidly, and the decrease was only about 5%, showing two stages. At the same time, the pore
volume distribution of different types of pores also changed significantly. The loss of macropores was larger than the
loss of micropores. The composition of pores gradually changed from macropores and mesopores to mesopores and
micropores. In the early diagenetic stage of siliceous shale, the mechanical compaction and pressure solution occurred
synchronously and had a strong effect on shale transformation, which reduced shale porosity, increased hardness, and
enhanced the support and resistance to compaction, reducing the transformation and destruction of the early to middle
and subsequent diagenesis. The characteristics of rapid diagenesis of siliceous shale in the early stage of biogenesis are
the important controls for maintaining high porosity in the middle and late stages of diagenesis.

Key words: siliceous shale; biogenic opal; pore structure; diagenesis; quartz; diagenesis evolution

rfm B 7. 2020-02-03 ; f&1T H #3:2020-04-22,,

YEE R S € (1977—) 4 B R T RG2S IR Ak 2 AR B B A M T 5E . E-mail ; lulf.syky@ sinopec. com

E4TE: HFE AR ¥4 (U1663202,41972164 Fl U19B6003 - 02) | [E 42 i1 4, 5 4 3 ( 2016ZX05036002 ) F1 Hh [ 7 46 Bl 4% 75 551 H
(P15097 ) BeA eI,



- 364 -

LRV E

KEP L7 X R 5 Fg g MR & A
Gk HRA T AT — &4 R ot
U EA RRERR A LK LB R
PEAY“ DU RRAE ) R TUA S R B E R AT
R ZE . MBI A 5T & O
A K EE BRE T A W) —— 0RO 2B R )
FgR AR TR MR 1) A P PR H N TR A R Y i
HYURBUE I B . ook A 1, b e X 24 11
B B E WA L X R T AR R ) T O
JZU R A R R R O U R E ARG
FMWCAEY), W 3 HA W Y SR

BCEAE IR LB B IR B T A R R A A
FEW N BRI SHE A B WP LR &
P P sz ) AR R AR H R AU 2 0 U A
Bah , FLRAFLBR B R K LR & BRI A2 45 F
PRI RE A R TR U A RERE A LR A DT
wAREEE IR R TR ER TR O RAE T
R AFL IR A EL AR MR A FLEBRES # T L A
PR T —— 26 A2 — 2R Bk AR A, s
FETERRAI, Bl A Hb 2 8 R A5 PR 0 AR AR T RS B
YARA AL, SR, B ATC T R — R Ak By
BEYRE BT oA oA g B AR ) B LA AT R 1Y
IR DL Rz BT DU WM S LB 5 R 1 5 e B
FEIRI D R AT AR OC B T Ak 5 52 i BF 5 %
TRATAIREE T DUA FLBR AL ) A B R 2

R E R R — e SR TS A A
HALBY B HAR i e e R AR A BR
TRHZE YR B BT S MRS LR R S AL
PR ATR T, 38 2k 22 4% ) T 7 326 198 B 22 IR b
W B () £ 2 1 A ek B A R A S R
YEFS R AR A0 A AR AR 5 R A i Rk
Fr U LR & B A i AR A & O 5 e v Ak ot
FHEETX EE, A3 b R A AR A RN TS v 5 LR
ARG R UNRIE AL RRE , A5 o i ARk o v LB
AL AR R R T I A B B Pk LB &R
SR L B i R MERE 25 B e BRI i
1 HES ST

AR T A R B R R RS A b R LR
TOTHLIX 2R ST i — B, A At
LY B 0 2 — i YR A A 5 DA AR R DT
A HE T Ll DX H2A D AR i

AT WIS T AEAEE A 50N H] D8 AD-
VANCE 2 X S AT 5L 158 e, 72 25 C A
X 50% 444 T, iP5 SY/T 5163-2010 Fx

WEHEAT MK, AR 25 PR Cu B, X B4R 48 WL R
40 kV HLJR 100 mA , FHHEE 4°(20) /min, 3
9t 0.02°(20) , kAL RAE IO Y SR TR TS
FERETE 2 200 H, B 5g 7247 IR A Y5 B RE ok
K RFIER IR I UEAT X ST 30T, &
W W RE BT 7E Rockquan 2012 24 & 521,

SSALBREEAE S—Pore 200 71 35 5T £L I B2 W 52
A AT G AR B 0.089 kPa, K i & AR FH
950 em® , FLBREKE ST 0.2 kPa, FLE I ol
0~40% ., FAHAWAFAE A BB RER, E s
A SRS E BRI ROR AL, B ICE AR
N 2.5 em, KEHN 10 cm B ZERE S, BOAREFE N
FE 105 CHMIHET 24 h LI L EIEE ICE TR,
DT AEHEATRE = S B RBWRE SR 5 A
FERERIARE i Z 18 A SR S A B[R] 7
30 min VA |,

R IR B RS A |) JWBK -200C | ik
15, W B R N, o A B i T A8 WA=l v A7
JRAFAL S, i ASTE 150 °C 1Y N, 3REE P47 | S
FE 1A se s il , W BE B FLAR A0 AR 4 BT S BE Ak i
B, AT E A REIE R 0.1~ 133 kPa, i Ry H
2 BshEF, EREF B Brunauer—Emmett—Teller
(BET) RS, BALIEF A P/Py=0.995 11
R B et e e Ry W R AR, AL B 43 A R AIE R
FH#E Bz BRPEIE 775 (QSDFT ¥5) A5, XA%
MUAERE . LR T AR A < £1.0% , T AL FL A2 D
#<0.02 nm,

15 R R SR 7 22 328 F] Autopore 1V 9520 Y J&
KA b3k A7, #E 5K & 77 [l 0.003 ~ 413 MPa,
TR AR AT KGR 0.1 L, FLARI 75
10 nm~1 000 wm, B 76K 00 B e 2 3 ~
5 emAE AT RS, IOABEAR N TE 110 C 500 F LT
24 h Db, BCHRR SRS VRS 20, B R CE R
LR AR T R 0% B S B TR Bk T4
BT, WA 25 250400 107° kPa,

2 R5E

21 AYERRAHEETSHERNAERHRAEEL
X SR AT s A o | AN [R] ) T A9 R o
GUAS R RO Y 4L R, HoAth i 4 5 2 AR
TE10% VAT, Xk 2N EAA-A HHA -
CT FIAJE 3 AP 2R AT A AE X 5 2 76 45 1) Ir
FETERCI 8 2500 ATV T A6 B ) T AR B ) T
GUA(MH QT Fl NJ FEG R ) MEH A -A S &
R EM35% D E, HAA-CT555% L)



53

Flg A AR LA RS A R AR BN e B LB S ALAR S R - 365 -

b AT RAE 10% LT, & FK W i (JIG
FEfRY)) A -A FRTE 10% T, A A-CT
1E 35% ~50% Z[A] , £1 9 & FAE 40% L) b, Sl
Wk AT T B (NH T YIC RS R 30 ) RE A o
Tl 85% U L EHA-CT 1 15% T, A5 &
FA-ACE 1), EAA-A FEAA-CT WAALE
8 7R 25 BT DU YA TR ) A A b B, 4%
o SR 4 ) AN [ RE X B U b s A1 ] v R
NWEA AN [RGB S S AR IR 45 R s
BATH R E 0.3% ~0.5% 2 18], IR F B EATR AL
BEBMMHMAZES

ME 1 0] LIS R A AR A A e
FHIE AR g 1) AR A e A B B R
Sl EA-A A A -CT A3 K 3 R
A B, I FEAA-A JEW AFE W2 A st
IR E A A -CT #4k, X — B B R & H A -
A CHACHEAA-CT AR E A A -A T4,
[ 25 A7 A0 /0 i ) A S S 5 B A 1 1) Ak 82
17, B A ZE A -CT R e A 2 R A L7 B
Bz B A -A e E A4 -CT, 20
o A -CT e b A e i ik (B IR A A -
CT Ry F8 55 =B Bk A1 9% AR B — W AH A7 AE
BBt , 8 (A -CT @ik o ik a e, 501,
FERE S AR Y B R E A DUR W R 19 0 4 B Bt A= )
F AT AE A -A B, I et A
FEA-A FEAA-CT WA AL ZE D B

RIS 9% /ops

v

0 30 40 50
L8200 (°)

TASCHTHEGE HRE i B 2807 T — 2 AL, BT Ak )
SRR E I 3 MEALHT B, A4 B TE— R
BT — SRR AR A AT AT
HHA-A P ETT, P R ICE R 45
1)K AR SR BURE BT Bt , g5 #0h Sio, - nH, 0,
HE A —CT D2 p AR IR 0% e AP IR 7 A e 2
SEREYWE I — AR HE DR TC T TE 25 T R 15 1) 1 A e I
T M AVURHR ) B HZ R R
(A3 TN B CRRAR A MG, AR W AR A PO it B
KRB, 5 B A1 K, MOARERE B
TREEFFR R A - A 3820 )k 27 % AR (RLH 45 )
WRATF REBREE SN WAHE A -CT i
b, gt — L MK (S5 & S A o AT ik
SR AT ) . B e R R AR
A FRRE U AE B B B 45 v n i, BT
TREE B R FNHE IR A 1 O B e = R
TEBAERN TR TP E A A -A MERA-CT &
A= I N & HE I IR B AE 30 ~ 50 °C Z ] ( X g HE
B K ) i AE 2212 ] & 4B 7F 10~20 C
JLRRIP S SR U RLIREE R, X B AL TR i
SR B 4 CZ N IEARY, BEAA-
CT [n]f g AL IR B2 W 8 m , KZAE 60~80 CZ
]2 R A -CT [ gAY 5578 o 3R 5 30 B %
DIRHOG , B g v fL A, BLATT 457 ) s2 58
R, 7E 100 C B, X AT 2 40 ka, 1M 7F
50 °C I, X i 25 A AR g B 24 Ma By I [R] BT

A
RAA-ARMAL
EAA-ASERALA-CTHAIAES
EAfA-A. BEAA-CTHAE=MILES
£ CT

HAA-CTH A RIS

BT AR E A A REOUR X SRS i

Fig.1 X-ray diffraction pattern of biogenic opaline siliceous shale
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Table 1 Porosity, pore volume and surface characteristics of opal siliceous shale

BRGE RA REFO 0 B wmoes R AL (jL il (“fffm;"?“)
MH-1  Kyny  EEA-A EAA-CT MAE=AMILES 2.72 0.3 55.01 0.258 92.39
QT-4  Kyny  HHAA-A FEAA-CT AR =MILFES 1.62 0.3 51.43 0.289 83.89
NJ-3  Kony  FEEA-A FEHA-CT Ff 5 =M 3.07 0.3 50.57 0.194 80.94
NJ-1  Konp  EHAA-A EAA-CT MAE=MILAES 3.79 0.3 46.36 0.171 76.59
1IG-6  Kyn A -CT A A 3.39 0.4 44.52 0.098 68.42
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Fig.2 Pore size distribution of biogenic opaline siliceous shale and siliceous shale

in Wufeng—Longmaxi formations, southeastern Sichuan Basin
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Fig.3 Sequence of biogenic opal phase transformation and pore evolution characteristics of shale during diagenesis
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