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Types, genesis and significance of quartz in shales

MEI Junfang'? LIANG Chao'® CAO Yingchang'® HAN Yu'?

1 National Key Laboratory of Deep Oil and Gas ( China University of Petroleum ( East China) ), Shandong Qingdao 266580, China

2 School of Geosciences, China University of Petroleum ( East China) , Shandong Qingdao 266580, China

Abstract Quartz is an important part of shale, making it crucial to clarify its genetic mechanism for
the reconstruction of shale diagenetic process and the formation of shale oil and gas reservoir. The genesis
of quartz in shale is complex, with the main types, including terrigenous detrital quartz, biogenic quartz
and diagenetic authigenic quartz, identifiable through ordinary thin section observation, scanning electron

microscopy, energy spectrum analysis and cathodoluminescence. The main sources of diagenetic authigenic
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quartz silica are clay mineral transformation, felsic dissolution and biosilicon dissolution, and volcano-hy-
drothermal activity. Terrigenous detrital quartz is mostly silt-grade and strongly emits light under cathodolu-
minescence, typically displaying a two-peak spectrum. Micron-sized biogenic quartz does not emit light,
and clay mineral-derived quartz is predoninantly found around or embedded within clay minerals, such as
illite. In addition to the morphology and occurrence characteristics of different types of quartz, there are
also differences in geochemical elements. Quartz affected by hydrothermal activities is rich in Fe and Mn,
while terrigenous detrital quartz is rich in Ti and Al elements. Detrital SiO, and Zr are positive correlation
as does biogenic quartz with TOC content. The biogenic quartz Fe/Ti ranges between 0. 4 and 20. Diagene-
tic authigenic quartz is formed in multiple stages, which is closely related to the burial diagenesis process
of shale and affects the properties of shale reservoirs. Diagenetic authigenic quartz is mainly formed in early
and middle diagenetic stages. Terrigenous detrital quartz and biogenic quartz are conducive to inhibiting
compaction and protecting primary pores. Processes involving diagenetic authigenic quartz, like clay
mineral transformation and felsic dissolution create dissolution pores and organic pores, with quartz filling

some pores, thereby reducing porosity. Identifying the origin of quartz in shale is of great significance to

the analysis of shale sedimentary environment and the prediction of favorable reservoir distribution.
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A S TUA A R, A SRR R
ST RE G PR R EE B PR T, 7E ) KA Y KR B ]
W, AR IUA A9 2ok A R R (Blatt and
Schultz, 1976; Milliken, 1994; Schieber et al.,
2000) . {HITAE R BF 58 K B, TEAR 2 & H i il s
oA AR A Y R e, i S8
Eagle Ford T 7 X W 85% 1y 7 # oy B A= A7 B ( Mil-
liken et al., 2016) ; 7E [ 1Y )1 4 #b T s — g &
BHIC AT, AEAR ST EAL S0% (B EE
% 2016; Ye et al., 2022) . Wfsx EWH W Hh A
YA Z MR R E A s, Bk A A K A B
A8 25 WAR TR B A 3, i ek KU 9 9 4 7 =X 3
AR DU AR I A 3, Bk BT T 4 B
BE LRI U R L A K B I K R R R St
T8 B AR v A W b BT 58 R — R 8 AN FRE /Y
A -A W B EEH A A -CT ¥, &K
e M4 v (Williams et al., 1985; Zhao et al.,
2016) ; WiEdfEH, BT WAL, RS K
B KA ot 7 DL Ol — R B TR
W= Si0,, SARCA H A A 9 A iR At Bk

Ji (Van de Kamp, 2008; Peltonen et al., 2008;
White et al., 2011; e HEZE, 2013) . ANJE LA
AT YAE UE T B R R B 28 R AF R A, AT
TETC R Hb BR AL 27 55 J7 T 22 5%, W BURL R/ o B AR
ROCHRE I Si. AL R =%, R 2
YRS RE TS 2 A A B A O S BR T
%, 454G MR AR % J0 R R AR AF SR AT A 9 28 A A
il

3 A A e A SRR R GRS, AT LTl
T 1S A7 S S e ) e S XA SR B2 L o3 b A P i
JoT AR BE T S B B BB A AN R L A DU M
WA AL R, R AR T AR A R R B Y 3
# KA, (Schieber et al., 2000) , A FEAE K A
M B RN, W IUE R R R R,
e ORLVE S e PE BT Wy 38 n DU PR SERE O, HOB
JI A R A LB AT A Sy O i R B i A A )
(XURF AL A5, 20115 Z2AE 45, 2014; 4 4 rp 4,
2021; EdkESF, 2022), BHH0UA oA e R R
TR A AR T R A R L
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ARk, EFATE A TS L E Barnett, Wood-
ford | Marcellus BT % Fl th [& & ol < %5 b 00
( Bowker, 2003; Loucks and Ruppel, 2007; Hart
et al., 2013; Xu et al., 2021; F T4, 2021) k&
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10~50 wm, #BJ 14 5§ A S JURLAF A2 A IR BL 4
(K 1-B).
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Fig. 1 Quartz characteristics in different genetic types
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A A BRIT R e B A -CT #4k, )5
BT N R E YRR R B, B MM A e (R
WA, 2010) . A= 1 B A7 5] WL 2 o I A7 R AE
—FOR AR T AR R IR S5 SR, AT S R
BAEE AR R (B 1-C, 1-D), AEYAKid
PR I Si0, 41 A B i KA, FE TS 35 PR A7
(RAEE T, 1999) 5 55— Flo J0 A8 9 405 40 14 e i/
RO PR AR, AW B R & K-S R
T2 45 SRR B A AT (91 A,
2019; skHE4E, 2022), HIGH B AYER, £E
i3 3 i O B R A R e A A A

1.3 REBERHE

Wk LA I i Y5 A T A A A kPR A B 2 A )
Ab, mA R RE BOTE S A A AR AR, R
T A LR LR R E .
1.3.1 Ftwiikik

ERNCA B Z i, BB TR R 1 i AN R K,
B0 a kAR, ARG Y — R
ERBA-H/ZRE-FHN A, mkAa->HHA
(EFHFE, 2014), K% 70°C % 100 C zZa), 5
it A B 52 T )2 e AR SRy AP R A B v DR A
PEIRZE . BRI AL — A S J2 3l ) 2 45 1 R
et e B T B, R 2 HOk B K 5
J 3k R AT 5 R . Semctite + Al + K = Tllite + Si**
(Hower et al., 1976), G+ F| £ f #E 17 3] 85 {1t 25 #E
K, SRR R T 130 CRIFBAT U, s
o] (M 41 564k (Bjorlykke, 1998) . i T 514 & &
RMAR,  TUE Rl 0 5 A R T R A U 8 e AN
REE R T s MY 8, e R T e, Rl L ki
FEUEAT, BRI K R S AR L /N IR
RESMMA R ARAEETE L W2 (B 1-E,
1-F) ( Metwally and Chesnokov, 2011; Liang et al.,
2018) .
1.3.2 KERBM

KAR—FRAREN S, KoY RIAR
Be T R A, R DL R A RN A v e
A, A 2KAISL O (H K ) +2H
+H,0 = ALSi,0, (OH), ( &4 f7) +4Si0, (K ) +
2K"; 2NaAlSi,0, (4h K &) +2H" + H,0 = ALSi,0,
(OH) (& V& 1) +4Si0, (i Jit ) +2Na" ( IS B £ 55,
2001; #EFZ 2009) .,

TUAA LB AR, A PSR R VR AR K
REFHLER, FHRBEH CO,, K A v i 52 {1 i 7 25
BO(SROKBESE, 2021), [A] B A i bt ] DLk 266
T A B B R R KT, R R L Ak,
A2 R B F AR A0, R AR A B R R LR
P e KA (B 1-G) (Fk A, 2022)
DIUO ] & A i, rT AN el kB
s AAEA S, ok 286 10 W5 K A W0k,
FWrsESE (2022) I\ A oc il 22 AR 07 i A 1 RE
JoTS2 R A A A RN A sl R R (R 1 -
H, 1-1), B8 A 9 76 0P e 3R BT o) & 2 i
T, JURL R TH B S T A AL B, SR Tl R U
AR, A BORE Ve B2 AR A IR AT T UE DA T R A B
AA AR FEE (5T KRS, 2014)
1.3.3 RL—#iEiED

K B AR TR B AT L 8 B R O AR )
BT o kUL el ok BE K Wy Bt (K 2-A), Hodkl
PN WMATREY B, AUVTRMEEGE BT, SEA
Bk, B A g | K SR BURL RN 43 dE S A
) AL RE (B 2-B) (B2 5E, 20095 181 5%,
2015) o 228 [ A A g B O 0 IR o AR ) B RE S R
HSi/AUE N 7~9, 5 L HuigpSi/ A —5, Kk
T KRB 5E HSi/ AME (~3.8) (& 2-C) (X 18
4, 2016) . & SiO, I A TR EE K BT 0L B
TSR SB35 B AR B Bk AR (18 2-D) B SRR T B
M) A o e T A B G A e (] 2-
E, 2-F) . WRHENE 3052 0 T HZ 5 DU 48 R 1k
T, WERZ M A e K 4K 70 W B A
A R I A b R I 2 ) 2R R
A B 48 %%, 20195 # 57 [, 20205 £E & %,
2021)

2 AEEBAEIRAN

2.1 MHEBEBAE

T T R T A B A 2 AR A G Ha 9T 3 45
M5 S VIR R URUE R, W B By
B R, £ R Wk fACR— R (5 A,
2020) o FAMR & CHFAE S X 43 A 3 B PR 2 8 A 5%
FB (Ye et al., 2022) , B R ICHRAE 5 BE2A 2 A
FIE R 2 15 0 il B S R O, SR T AR A
(>573 C) MAKDESEORE; RETERS
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Fig. 2 Quartz characteristics under influence of volcanic-hydrothermal activity

(300~573C) WAL E ., BEAKE; kA
DU (<300 C) M AR LG (RAMAE,
2003; MFM A, 2021), Bl JE 4 97 SEM-
CL FMR R AR AL (K 3-A 2 3-C), HI &t
eIk — WA 2 Ak, Hoh F 7R 620 ~ 650 nm
b, R AE 420 ~ 450 nm 4b (K] 3-D) ( Peltonen
et al., 2008; BEMLL 2016) .

TEMGE FPCRGS R b, A S B0 3R T ] LR AT
AN TR) b 523 TR AR O BRI A G, TR G 3 et 4 B
FAAS A B RORE , WL 5E 3R TTREAE R0 43 AR B2 AT LA By
HMztld (Vos et al., 2014) . HAIBEIE BT . B
RATCYT . RR s slRR THT 55 R AF 2 S 780 (%) XUBLRRAE 1
KR BESGI BB S o I SRR SR K T RS B AR
(K 4) (VLB eSS, 20035 704, 2020), #
JB A S RAR 2 R as A BT . Rz B ) o 55 MR 5
Wal , B RS [A] B 55 T 0B s B A A il 2 (1] 5 -
A) (Sun et al., 2002) . DLV 7 75 Hb 46 8 108 & ok
i), i YRR I Ay Sk R ARt 2 5 v I B e LTI
TR KL BE AT A th ZE AR (& 5-B) , B A KUk iz
REFERAIE, M9 M 2 WU o A, A A P A AR X AR
AR, E W BAE 32~63 pm Z[H], £ 7E 4R
2~5 pm ZbHBRES 2 NI

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 3  Morphology and cathodoluminescence characteristics

of terrigenous detrital quartz
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Fig. 4 Schematic diagram of evolution of surface characteristics of aeolian quartz particles and sedimentary environment

(after Tang, 2020)
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Fig. 6 Characteristics of silty quartz in the Devonian shale of New Albany, USA (after Schieber et al., 2000)
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Fig. 7 Scanning electron microscope and cathodoluminescence energy spectrum characteristics

of the Late Cretaceous shale authigenic quartz in North Sea, USA (after Thyberg et al., 2010)

Al/% o THEEE X
B 02100 A4 B A
PRLCIIE =i
Ty R4
4 ik
TR T
SRR 2 T A,
40 60" i u{EE
A AR R
60 )4 40
10 7 . 3 .
) — BRI £ISi/AIZ 80 MpRIA
e Jr AR R
0 L L L L ! 100¢ L ' L L 0
0 : N Al/% 0 s Fe/% 0 20 40 60 80 100 Mn/%
240k C o EiEA M D AR X A B
° P! AU R - R AL
2000 o8 12r A KM LT 4 A
1ol R £ M A ST B
&8
g
e or
4.
2-
0l I | A | A 1
10 20 30 40 50 60
H Y%

A—BUH Si-ALMICPERRE W Bk fE (45 Rowe et al., 2008, &, KRN Dong et al., 2019) 5 B—Al-Fe-Mn =i yo [, MG 86 5307 % 5 E
PR 5 A BB (# Yamamoto, 1987, &, Bk WA X E 1, 20195 #hFk, 2021; Tan et al, 2021); C—uUd P73 3 it 5
Zr SRAZEE (EarpaE, 2021); D—IUAHASE RS TOC 2 BE (FdikIRIF B)

P8 I T R A 2 T 3 3 A 3 R

Fig. 8 Discrimination of quartz genesis by geochemical elements
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Ti % JC &, M AL, Ti 5 RS A A K
Al/(Al+Fe+Mn) {8 AT LA R X TR b /4 40 3
IR AT R 5y (2445, 20005 2847145, 20205
Tan et al., 2021), Yamamoto (1987) 1A by 4l #4 ¥
Al/(Al+Fe+Mn) <0. 01, AR B AR T8 A 080/ 17 44
i, CHEEKRT 0.6 B, AR NAEME LA, FFh
W ALhAE T A ) BRI ik PR 5 AR RO A A B Y Al-Fe-
Mn =4f ) 5 E fi# (K 8-B), Bostrom % (1972)
IR Fe/Ti fHA T 0.4~20 Z[H], % H)&E TIE
AR Y R E BT Y Fe/Ti>20, — 32 BVl 5
Wi, #i [ (Fe+Mn)/Ti>25, f§ 75 A d B A oK
DOERW .

A Si0, 5 Zr 22 8] i AH S n] DL AR 7R i ok
FIRE IR s 30 2 AR (K 8-C) , Rl I 8 L RUIE
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