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Texture, water content and formation mechanism of agate

TAO Ming and XU Hai-jun
(School of Earth Sciences, China University of Geosciences, Wuhan 430074, China)

Abstract: Agate, universally popular with infinitely variable appearance and color, contains a variety of silica
polymorphs, amorphous and nanocrystalline silica, chalcedony and quartz. It is characterized by distinctive
banded texture, and usually displays special rhythms with associated repetitive textures and compositions at dif-
ferent scales. Very often agate is simply defined as ”banded chalcedony”, and for most practical purposes this
should be sufficient. However, microstructural and spectroscopic observations reveal that most agates, depend-
ing on their genesis, are mixed from fibrous chalcedony, wall-banded chalcedony, horizontally-banded chal-
cedony, microcrystalline quartz and euhedral crystalline quartz. X-ray diffraction and electron backscatter
diffraction (EBSD) analyses indicate that most nanocrystalline and microcrystalline quartz in agate tends to grow
with a-axes perpendicular to the growth substrate, typical of length-fast chalcedony. Fourier transform infrared

spectroscopy (FTIR) analysis reveals some molecular water and silanol group water in agate, with lower total water
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content in crystalline silica than in amorphous silica. Although agate is abundant worldwide, controversy sur-

rounds the genesis of its characteristic banded textures and the consensus has not been achieved. A representative

hypothesis suggests that the bands in agate are either from precipitation from siliceous hydrothermal influxes or

by in situ crystallization of a silica gel. However, most of the recent literature indicates a viable model for the

growth of chalcedony in agate based on diagenetic cycles reflected in the degree of crystallinity, crystallographic

orientation and water content. Quantitative information on microstructural observations and micro-scale analyses

with petrological experimental results will improve our understanding of the origin and formation processes of agate.
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Table 1 Nomenclature and characteristics of amorphous and microcrystalline silica minerals Cafter Florke et al., 1991)

mik gk Fhak W3k bi e bid-4 Bk
HRA% >50 um
BEFRAKE HaARR BERAME
AR 20~50 pm
alip S HOR 5~20 pm
0.5%~2.5%
SRV P LARLF YR (FFatE) 50~350 nm
MRAK B
KSR HSTERBLR (Fuoki) 100~200 nm
EEHE AR YR (EStE) 100~200 nm
Opal-C G HER R (ot 10~100 nm 1%~3%
mAEAR ESFER A4 (GEAMED 10~100 nm
Opal-CT 3%~10%
RiREER BUIR, BRIR 1~10 pm
REAR 51 K BIERRHERR
ERREER Opal-A 1~8 pm 10%~12%
FREAR RS MR R HERR

Ay AESAT IR HERR . Akt £ A 2R s R
ST I T FR Opal-Cr 25 /K& 1% ~ 3% » WUEFE 10
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LRI - A e 2 B A TR DR AR A TR
GRS TS T e O Ak 2 R N I B U e A TA T & R
AT DL T B0 S5 X 7. SR A R B A SRR
HIIRE] 552> A Opal-AOpal-CT~Opal-C 3 FEE, 1]
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A o3A, ) J2 B RN SR AR [F] o OB ) 4 ke
B T DL S /b B E R R AR S )
P, JLFANT BRI (Heaney er al . » 1994 ), T £E [/ /0
s O, At h 2 AL R B A B B A R
RCE 1B 2a) 0 IXFh 33 40 2 T 88 2 A B SLIT B
TEATHE I AR AR A, A4 BT K RUBE ) 1 (Heaney
and Davis, 1995), "I LAE R M. EAZwICH T,
TRELTAEAE AL BE b DL— R A0 A Sk ol ) ) 5
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BRI s TE 38 56 B 20 550 pm (Heaney et al . »
1994).
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Mo ACTEAT B WAL AT T 5 B2 s — 28, ]
DUYLER B 400RL A 0% 2T 40 88 R A BRI 3L
'E SIO, 7 WIAH(Moxon et al . » 2013). 5 [FOH A
LU, K45 TR AT W 2 o R v, DR B AT R U 1935

1 HEEEH R EEE Florke et al. » 1982) N 7J<¥%z%%5E/D%%ZI‘H?EJL)i’Eéiiﬁ?E, t
Fig. 1 Sketch of agate nodule Cafter Florke et al.» 1982) " EARIL G G L5 4 G0 1T A9 O 3R A K1 215 55 [

CH-wlﬂ/DETﬂjtﬂiﬁiﬁ; CH-£*7J<E%’?%%£‘E&’E: o TR PR ik 350 57 A7 I ] DA DL 20 kI % (I 2006
FQ i A19%; Qo0 dh 41 3 A K SE 4t : L
CH-w—wall-banded chalcedony: CH-h—horizontally-banded Moxon %( 2013 )lJ\ j‘j /J(:F‘% el E,:J ﬂé EE %: 5'6 3: H I %

chalcedony; FQ—microcrystalline quartz; Qz—euhedral crystalline "ﬁjt , fg - %L ]‘Eﬂ Eﬁ 1, l%l jF[] ;Z’é",/ﬂib\ jfﬁ ﬁi 3‘!% % %% HH ; B ‘]‘% o

2 P RSEGAE IR AT O ' S BT 1 S 2T AR TR PR IR TR Bl Ay SR [ TR A A 0

Fig. 2 Micrograph of Brazil agate in thin-section showing fibers of chalcedony and growth bands of chalcedony, microcrystalline

quartz and euhedral crystalline quartz
a— T B T 4 AV R P B ) A% 0 S IBCEIR AR K, IR G AARAE s b—TBOR R SR RREFR AR AE KA /KP4 ik KRR
BRSO A 98, A 553 LA 1
a—fibers of chalcedony growing on agate wall, showing typical banded structure; b—growth bands of wall-banded chalcedony: ¢—banded

structure of horizontally-banded chalcedony and microcrystalline quartz; abbreviations as for Fig. 1
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X B2 AT 5 3% X 7 AT 5 Cselected-area electron
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BIERTT In), S AT R 6. B AT B LS
RN, XL LT YE S B b2 A 2 Tl A0 0 A 4k
LT HERIE S AR, dobKE 2 — /N T 500 nm (Flork
et al.» 1982; Heaney and Davis, 1995; Lu et al.>
1995; Cady et al.» 1998). i 21 4 ol i A 9% 4E
KI5 1) B ¢ B R SR AT A 9 <1120 >
o < 1010 > #ll ( Correns and Nagelschmidt 1933;
Braitsch, 1957; Frondel, 1978). {H &, AS[F] & ki 1)
S8 2R AN — B AR AR 5 S FE 1) 22 (Heaney
et al.» 19945 Wahl er al., 2002). WAk, KHEA 4
200 ML 5 ZERFAE, TE B BOIRTE 2 o 3 X HL 1 AT
SR TEM WU I, .86 N EAE AL VE 2 DK ZRE ik
PN R ARSI SR S il A N R v
(Graetsh et al., 1987; Heaney et al., 1994; Cady
et al.» 19980 ME AT LU LA [A] 0 3 MK - 24
i (B IR AL A 22 5 (Miche et al.» 1984):
KAV BRI (1) T B A HH A X % A S A 1 BRORE 4k,
BRAL SN £T 4RI, O WA T A5 ¢ Bl 41
AT D5 [R)C By b 1 8 2 A 2D B il B AR A
Z EPATHOIR LT 4E, O 5 W N A 9E ¢ AN 1
YA 1n) 7 AR, P AR R DI DE (E 2a0 .
Cady 551998 K i X S LATIH AT TEM W 5idR
H SRR S i R A P XA, B 4T £
AR A G ) R AT R TR R e A it &5 Ay 5 AH R BN S

ARumdB e M — A KT Lhr b, B =
Wl 2T 2 S A g ), 45 0 8 Ok Rr B RN 2% T 0 2%
HREL AT F 9 P B AR 4K R AiE ( Heaney and Daviss
1995). B, e e F MBI o, wg i Al S
IERREAMAEHL A4 O, M M 2T 4 9 Al & &
XL Cady ez al.» 1998). B, —Le2235 70y
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TR AT fie 55 R A7 i 5 2% J5T FH B9 - %5 D) AH € (Frondels
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IEZE P £ 4 (length-slow chalcedony) fiij #% 1E &
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TeBs TR ION IESetE. 5yt KiEM L, IEX
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MV 358, VW5 ik TR) 07 LG8 ik ) s b ASCIR (Wahl e
al.» 2002, Witz [0 LA 5 TR I FLBR(Cady et al .
1998 w2 P& I LB (HRTEMD B SR 3L, 1E &
HEAE S B R B R B % AR PR 1A A (Cady et al . »
1998: Xu er al., 1998). JXFi & 74 XU ik Al LA fF
oA T AT LATRTHE B 1 R, AR T e Y1+ 5L 5 3 i
AR A VAR A PR A AR T AN H S
AR A A AR TR (X et al . 1998)5

Tt Ay 9 T EILAE K 2% Bl RO B Y R
(] 2¢,3a, 3b), R SRR B AHDIREE A A4, BkE
JEAR A AL B8R 1 230K 2% . EBSD Wl 2 45 3
BRI B G AR BT R R I 2 A A 0 IE T A
(Michibayashi and Imoto, 2012; French and Wor-
den, 2013), BIAT 9% o Bl B IR A7 BE ¢ BPAT KBE
N 7 ) BEATL 23 A1 T R B P4 (L 3D 0 3 4 Kby
R 5 A R I AR A R 5 T A
W) 2 TR AE — 2 T W, Slde A 9 ¢ 7 m) P AT
T4 5 A 5 JIUORE 38 17 ( Frenchs, 20125 Worden et al .
2012; French and Worden, 2013). It4h, 48K 4R
F 3G LA LI, 7E AL AR B R B A A R A
(] 220, B KR K 3. A SCH) EBSD W
45BN, IX L8 S OIR A gt B A I A 2
eIk J7 6, 22 84 9 ¢ 7 AR AT FLIR BE . di
i, Michibayashi 55 (2012 ) F 7% Z& [5 £ e it i He A5
FSCHE BN R AR BB T R AR K S5, R IR O R
TV BSR4 5 485 s 2 AR T A RN TR A& I J7 A 52 475 T
WIUE A I b AR B ) o b 5 SR SR B, 38 3 b 4l R
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Bl 3 ELE DR A A o 4h i 2 I 7R B BT (2 E French and Wordens 2013)
Fig. 3 Crystallographic orientation of banded microcrystalline quartz in agate measured by EBSD (modified after French
and Worden, 2013)
a— TR A YA s b— R REFA A P B A SR R s BB A 5 ¢ BRI o S A DL T AT AR SR R B

a—banded structure of agate; b—schematic diagram showing microcrystalline quartz within chalcedony bands; ¢—low hemisphere equal area

projections showing the ¢ and a-axes orientations of microcrystalline quartz in agate
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Wtk ], 33 585 ~3 590 em !B T R B WAL UG
WLgh 7K, 3 240~3 430 em ™ Ak B8 2% 1 06 2 22 e i
9K B SIO, TERCE T WA, HAT AR 1)
G5 it JBE UKL PS5 RN 2T 2 5 R R 41T, o) W 21 40 I i i
AW % 7 (Flork er al.» 19825 French and Wor-
den,» 2013): AE 5 BT SIO, i I 5 2% , WD 06 o, Jz Tk
HERBZ 0 FKME K KRS LSS W
L SIO, T e AFABL, AR A R AT 5 B2 B b PR A1, s e I
S5 RN T B0 AR TN B S VA T P 27,
WA W S 43 7 7K RN 4 4 7K AT 0, e W P S K B
HIK.

% FFIK3 430 em AW B
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0.7 [-3 585~3 590 ca!___ 7 BREATS 240 ' A MK
0.6 cennnenn BIESIO
3 ----En
05 —Ex
g 04}
B H SETIERRL
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(#% French and Worden,2013)
Fig. 4 Typical absorption spectra of different silica phases in

agate measured by Fourier transform infrared spectroscopy
(after French and Worden, 2013)

Graetsch(1994) A I, Wi FH A1 . 1) %5 5 MK &5
A AU, B KR b A R 1 T
FARCE Sa). BHEE/KEBAR, — < 2% BRI
KRS AR K, A 1.5% ~9% Z i BRH
Fo 4 B RS BRI 2 & 40 0 Opal-C 3 FE 28 (3R
D, 2 Opal-A 1 Opal-CT % 7K & B 2 %= T Opal-
Cs BB 7 7K 35 B A R B 45 4 e 2 1 T BRI
. Florke %5 (1991 ) X B H K 5 FGLS A7 9 rp 25
KK 54y F K& &I AT T gk b, RIL—#FH 2
(A ) S (R AH SR Sb) . Bl 1K & &A1
0.5% ~1.5% 20, 45 /K& EAE0.2% ~1.0% 2
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Fig. 5 Water in micro- and non-crystalline silica minerals
a— R H VR B8 (1 7K 2 12 5 286 % [P Y. 58 R (B Graetschs 199405 b—RKH T KHER T A 98 45849 7K 5 77 /K 198 2= (J Florke ez al . 1991)
a—densities of non-crystalline opal, microcrystalline opals and microcrystalline quartz versus the total water content Cafter Graetsch, 1994);

b—concentrations of molecular water and silanol group water in micro- and non-crystalline silica minerals Cafter Florke ez al., 1991)

i), 73 F /K & sl A T A MK B . I RS
5 FKE G K S A Y, HR K & — AR
TE#E. Opal-C 0 F/AKEELL1.0% ~3.5%
i), 2R K & Il < 0.1%; Opal-CT H1 45 7K &
HAE 5% ~ 1% 18], 587K & B0 H <0.3% M5
T Opal-Co #HEEZ T, Opal-A 173 T /K& HAE 4%
~7% 2 [0], G5 7K R I H A 0.5% ~1.0% Z 1],
H R AKEN T Opal-CH Opal-CT 2 [/] < 2L 41
T A A, BB R KB 1% ~2% 2
[i), AL B 7K & J SLIR AR RS 15 GOy 45 40 %5 DA oK
(Florke et al.» 1982). LG 7K 25 18 5 b &5
s JSE R RIURE 184 T vy B AR, - FL B P 35 24 7 &5 4 e
WL R PEAR AL . French 25(2013)7E B — 3y il
Sl R 5 B S - A CE SRR R 40 K i A A
) — L HE-MQU A7 98— 2 i A1 9%, R I ik
FEB K B i IR B AR B o 1 il I AR 8 2K iy
AT G v B A A O A i () TG i A 5 A B AR
B2, AT e 3 B0 E K S A R A8 v 1 32 ZE SR AL (Florke
et al.» 1982; Graetsch et al.» 1985). HIEA] I, 7K
SEH Y S R RN R 2 —, IR T e H S
553+ S SO HGR IR S5 M 10 T B

5 ML
BB 51 NV 2 A T 9 R B S 4

He) s MNPATHR SO 2 S Bl 5 38 vl 7 S BB JRE S S e A
WL B ILEIHAPE AR AE . AR LA 4 3 B ik

JE G, X T HOP AL AT 58 2R & D W] aE ) 2
18 42 (Briickmann, 17730, 3T 40 K, 2 A1k
JIIERSE G B )2 N 3 2 5 A DG gt 2
WR T REGA YY) R A 7[R AL 2R K
R R s R S s (Florke et al .5 19825 Fal-
lick er al., 1985; Wang and Merino, 1990, 1995;
Heaney, 1993; Merino et al.,» 1995; Heaney and
Davis, 1995; Moxon, 1996; Cady et al., 1998; Xu
et al.» 1998: Gotze et al., 2001a, 2012; French
and Worden, 2013). 2R, 24 K e dais 2 B0
R RIATL AR T B A2, o6 LT Bl B MR A4 A 2 4
JEEIEATFAE G
5.1 RE

FSEAH OCHIE T S T Gl 5 3 2K A — AN O I
o —FOA A, B EGTE pll BE 5 T IR AT K.
DORBE T BB R T8 BOn] e S A AR S T8 B0 B2
BAR (Fallick et al.» 1985; Harris,» 19890, K ili:
FLIIR B 22 BT v B 356 1) BGRT BE W S G A T T B
Wi B 5 i (Moxons 199600 —S8SERGRIF TR IR, 3 24
E7 TR -2 € 1 S NG s 1o g K 7 | )5 P
56 (R s 2% F 20 531 - 400°C £ 0.034 GPa( White and
Corwin, 196105 > 400C (Florke, 1972); 100 ~
300C~0.3 GPa(Oehler, 19760 1My, N T 45 5K
B AR AT 5 R e P AR vt M A K R, AT 4
RIS 56 i ), Py LA bR S K i B2 AR AT ORE R
(Heaney, 1993).

RN T8 B A2 AE 8 52 %, H 80 & 308
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Bt FE AR H R AE . Gotze 55 (2001a) 73 Hr45 H: K fif
sedE VA S, AT AL E VAN IE s B T
A1 SR W] BE YR T AR e BV VRO TR A A A 08
T A9 ALV, DR B Ya [ E 50 ~200°C , 7]
PLITAAR R FDHE T i S o SR A B — P N
R 5, AE B ESHE 98 b 2H R . B, Fallick
S5(1985) LA™ B 7 A 2% K Ll v 0 3 3G R WF 50N
G, o SR R AT 2% HEWT R R E AR S0°C At .
Gotze (2009 K4 T 3£ H 5 K44 MM Dryhead Hi[X
DUBLE P B P 3, T8 46 R A7 2= 9t 5, #E W L% it
[E<120C o Gotze F(2001a) RGKAE T 2B 18 1
7R (R B B i TR D R R M rp R R ok
o ARSI P T SE AL B A DY A, e AR e A A A
FAIL, 87 B  TE Beil BE G L 50 ~250°C -
5.2 Rk
AN BB Y B R DA O, 1
s 25 R AR AT B IR T 5 Ak ARG I 4 A T (Florke
et al., 1982; Fallick et al., 1985; Heaney and
Davis 1995; Gotze et al.» 2012). 3EH & 5 A
BRI T A AR A R AR
FER, BEH AR L 2%, 22 D A5 HO-CO,
A HF(Gotze et al . » 2012). Horr, A4 Jy v fk 32 %
843 s By /K CELO) REES # 7K (Si-OFD . R A7
SIERZ 1% ~ 2% (Florke et al.» 1982). Fallick
£ 1985 )R] i == Ll i A 1R B 3 T REIE 5T, R I
Fh ¥ 55 Kl LA B A AR 3R B A AE AR B e 2
S, U B B 3G b R O R AR R RE A2 21 K 1L B i AR
IR TBFEIK LRG0 . Gotze 55 (2001 B
FUFR L, VF 2 Kkl o= 0 B 3 5 L A A AR
(R - 70 28 o AR A, U0 W B 1 25 3 1 4 o 3 ok
H R . ZEAM 6% I & 5 2R W, B 3G P K
O W B G 4 P N ORL FE 38 0 f F I, B P B
PN A Y & A e B A P AR AL (Florke ez al . »
1982; Gotze et al.» 20120 —FHEREIA A, JE &R
FEE R i M 20 Hp LA AR R 8 1 1) 7 AR 45 1)
B A i B, DL T 2% 5 TR A B 2 7K (Florke et al .
1982; Graetsch et al. 1985). % iT, French %%
(2013 5T K& BLAE & J0AE AN 40 K —TOK i 1A f 95 2
AAHL) H,O F1 Si-OH AR LG 2, 1 BH 45 & B2 54
HAN 22 W FE 25 R 7K TR I 7 A B 22 A (0 4, Rk
ST U FE B P IR I A S AR I AN 2 p 5 ) K 1] L B 4
MK FIRHFFEE I, T b I R o 52 4%, ¥
Z PR, AR ARG 2 5 Y I 45 0, AN S LR

AR AR AR -
5.3 MIEHERER

S TR B HG AE M S5 )2 a0 A, AR A4
SR S AT AR TGV L B 0 HG R ERTL ) 0 T ek
FEEAFAEAR RS — R RO, B3 2
MNHCH A T PUUE T B (Florke et al.» 19825
Heaney and Davis 199500 3 Pk R 15z F 7 o it
A M E TR & ERA R ER, A
() ek Jo A 0 2 T Y 5 A AR i I 5 481 e A 2
XS ALK 3 0™ A AL SR B i A A7 S 0T, e A
JEE A v (R 8 ) T IS AR it A e s o — P AR
MR Ay, B2 A S SR I Dl i A
LR J7 AR B o B 2 W 4 it A KT (Wang
and Merino, 1990, 1995; Merino et al., 1994,
1995). X H AL Cself-organization ) A 48l 15 - 1
TERS S AT Lo U3, Bea WAl A AT
ORI 22 e 45 i A2 A DO s 2% i IR &5 4y, 1 45 4 i
2% 2% JoU I B (R PR A KT AR RR S AT R &
o B DX B 7) I s S, R s 3R A D B Y
R G PO A O A, 7T A A 2B B A
(Nicolis and Prigogine, 1977). #4n, & % 354 &
G5k ¢ T R 20K A S RISk B KR A 9 5L 7 9 P Ay
G347 JTE I Ostwald-Liesegang 45 sn i3, Ho o ik i
JUE A I R o A, JTAE 3 MR
JEE e 73S oK, G o IR RUE Jod 91 0 JE K 2531, 6o i
T R AL 700 om, 335 56 L8 ¢ RURE J) 4124
0.2 pm(Heaney and Davis 1995). Wang 4% (1990,
1995, A I FE B P9 38 7 /K B A 22 oy g il B
AHORME, I LB 400 o S Rp A, 3 o 1 e B 2T 4
Al B A, AR S RELT4E Al 75 & A
k. Moxon %5(2013) VEAIXTEL T B3 K- 44 55 [
RS TR R AT 1 SRR B DL R OK B B, RIK
SV 2%t T R A R K S O A, T R RERL B2 K
TR o A ARRE N I B K AR R A A AR
T A 1) s 8 5 4k, [ I 3 SOREE B &5 0y 1043 S8 Bt
H I AN G0, Fak— 20 3 3 TR et 742 v Ik
Hl>RHE A — Rl — A 95 AL 5. Merino 55
(1994, 1995) ¢ It B G e+ 2 P AR &, o o nle
I3 ARUE T Y o B, T 1) %0 B LGS
G E N TR N R VA U F i € TR TR
B T G R AR T e 52 21 ki Bl e AR I B R
RAFEKIZE G W (Fallick ef al.» 1985). Moxon
22006 A DL, H G KK AE R R ) 400 Ma
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WaRAEFREMEER HERCE 0.4% £ 4. It
A, LI NS A RN g R AR SR, TR ER AT LK
SPRA iy R FLT o A g B ORE K /N T K A
HWHEZERE LB 2). Xu ZE1998) 5 i, 14
TEG PN S AR B A 2 AR T AP AR
B A AR AT RE T T I RN AR A R K s A
e iy 5 DU 2 3 S A 5 B ), AR T RE TR T S S 59
PR A A R KR . — S8 22 3 r BEA h , B ES PR
T A A (1 T8 1 S2 S AR s 5 B A1, P O A I
ARANJE CATE 1368 S 1 ) A 30 a7, 0008 W0 I 22 i A
HEANFE(Flork et al.» 19825 Lees 2007). ikt
FER, HG T ) AR T Re A& Z I B, ¥ e %
WIS R .

ARSIy s SR R, 2 T P HG R A R I
ARE ML e s B B (B 6) 0 B 1 W o 3= 2
A & S AR K S W, B0 R 5T R A e
JiE AT, [ s 2 A Bk B R A B B 2 PR T
F(E 6a). MR T (50~2507C ), A it — 4 ik
Tk 7K G 388 T I 7K, AR AR A /I, % BERS R, — 4L Ak

IKEEHOR B AR, Si0, 1) BE ia # I DL Ak KE
by HE B AV i DR 4 R, B AT 4R R AR A A
LIk A, — e hh oo 2 B 1k A B ALY i O
DUVEAE AT YA 5 S Ay, 2L R iy 254 (18 6b) o
HUH, R B SIO, A7 df AR A% 83K 4 i R
PR /N R B 22, T BB R R O R R R
BELT 4 5l KP4 5 IR BB W 30T, 35 36 Py 35 T g

IRALI, — oA 5 v LI BE ARG, T8 BOK i 3
R EAECE 60)0 RO 1 8K CF 204 T il i 7
B SIO, HEPREOE FE, 2T O TGV R A
SiO, HAEI, 4h & 11T SiO, WeBE TN %, Wlit% i 2
BAEAG R S AR K o A e B 9 2> 5 AT T AN [F) 45 i
JEEFIASUR 2 1R 72 3% A7 (B 6d) o 78l PR Az 2B K1)
REFR AR O BEARAR R B B fE, KA A L Ky ) EE
A AR ¢ B, T RS i 20 IE T A R B A&k Ty
PECE 6e)o 88, P IS B2 52 W0 U6 A 24 4 B It
P IR BERITE ) %5 2 PP IR 25 255 5 i, LS Bs T8 i
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Fig. 6 Schematic diagram showing possible formation mechanism of banded structure of agate

a—H I IRY) R 2 Al R AT K S5 b— AT R S K RETTH 01 I R4S T AU B RE B 45 5, S BUIPIRAE I [H)

I P AL ) 0 B KT 2t B I c— I B BB A 3 s d— T

WAty g5 0 H AR T8 S R 78 7% B (B French and Worden» 20135 e—35

FEER Y G54 TP R A S T 45 T A R R BB (B A Worden er al . 52012)

a—amorphous hydrous silica as precursor of agate; b—during early diagenesis, silica minerals such as chalcedony growing radially around wall of

agate, forming wall="banded and horizontally-banded structures; c—typical banded structure of agate; d—schematic diagram showing growth

mechanism of individual and multiple bands in agate Cafter French and Worden, 2013); e—model showing crystallographic orientation of microcrys-

talline quartz within banded chalcedony in agate (modified after Worden et al.,» 2012)
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