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Ho HMFolk et al.» il IF EHEFIK EHE L%
W ZAFAE BB, ik B ) 2R B AR 48 s DUARER
BABCA AT TG R 7Tz A,

HEAART YR WA EN, & A AR R 45
A BE AR ZER S K B . Jones et ol "ARHJE XRD HE
e S0 BT A AR S K A 8T o i =
Opal-A , Opal-C, F1 Opal-CT. Opal-A FZFERE B
Pyt B, BT DO ARSI IH o Opal-C AETL
TR DL, Opal-CT 2 2 1147 43 A1 e 3t A 6
Yy, H A5 BE S K G AN b A JC e BE T 5™ 73
a0 A D S R — T — A
W FE(IRFR A AL, aging) , Fe A8 A9 A
I AN R R R I ) R I B ) R B, T R VR K A o R
R,

TIURLAR it o3 R BT 8™ 40, AR A0 A A4 RN 20 2R Bl
At A7 9¢ (microcrystalline quartz <20 pm) FlA4E fi 7 25
(megaquartz >20 wm) . Maliva et al."" I\ K52 i A 5
FEAN T A A0 S Bt I (] R RS B 435 ™ A, T 2 AR
REUR G S R P B . B IR A YRR
Bt BT, AR e~ SRR ) A G R T O
P2, “chalcedony” —1i] % 45 i (ZEHE) F 4, 1IE &
# (quartzine ) 2448 1FE SE 4 48 , 7K 58 (lutecite) £
LAR LT AE 5 S - lAH 22 30° 1Y EAE , Z B KA
(zebraic chalcedony ) 3B 245 2 IR 58 Z etk
W ERE. EBEIAFZE 58 B KA = R B AE
—EBKR  RIESCTCIMR L R L B W E A E e
11 £ B8 (chalcedony ) , Bl P 5 & B 2 £5 5 Mg 9 21 5%
FEEHIEEMMMZFR LR I, BT
— 2K b BTRE BT PR A A KK A7 8 “microflamboyant
quartz” , A T HURLAT JERLFHEIR A S Z [A],
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logif IR BR 2

1 1
J7 fl Fi i iR BE Nlogy mCa™
VAR BE/ x 107
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Bl 1
Fig.1

1000

500

Solubility curves for the silica phases with respect to pH*" and temperature

RHiE A (moganite ) & A7 9% 1Y 7 A2 B ARMAS 4 1Y
) BT S AH . RHEAT 5 A AR T ARMEX 43, v] LA
i Rietveld CE ) XRD 2347, s 17 S M G IR 7
BriXgr. kA 509k A e vl DU E G
HOBFEZE R AL RHEAH 5 Magadi-type J% 41
FFEA:  Heaney™” A RHEE A1 & B /K2 FERERN A1 1 A%,
EFARY) , Bustillo™ WA Ry b A v] L a5 B 52
B A AT

FERLTE A AL

— B [ SR AR AR R AR AR T B ARG, IR K I
T K AR RE R BE A T 10~60 mg/kg, K TE 1~
2 mgfkg 2[RI, 30 B i i 7 IG5 A I 1 T A
WAL . WG B, ARk SRR A BB AT
St I E KR TP RE SRR S, R, AR
KA, WY 7K IR K S ARME TR B & T
o P N T R DL A A T BN 3 A A £ 1
FERUE AR AR e S i

IR AR R SR i R pHL IR R T B R
TR DX 8 — P VR B YT, D g A X ek S i
FERIFE MR LT 0] ZBEANTE . pH RS K AR Hp ik g
fife— T 1 i L B R, Y pHUAE 1~9 Y8 [l N 28 4k
B, B B R LT pH AR 4B TE 6, 4 pH>9 B, i
oI5 A JRE TR B o (18] 1a) o PRI, 76 pH A 1Y
WK, Ve G SO D SR T A 5 RN LR R ST
W T, T2 pHBRAG Aok 5 ) 2 B & AR TTE
Gk T T U IS R A A, ek Y e o 7 L 34
e S AR I (& 1b ), 5 5 ORGS0 K B fiE
) Vs i B2 T TR AIE 10~20 %, S AR AR, 5 850k o
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PR AR BT, A0 4 /D ICSRT HL AR | A T
I 3 3R T v R B R 1) 32y = (B
TEIE v A= W 0 R %) A B e LA Jo A ) e 2 A
M o X TR A A SO RE AN B
TR AT ¥ R R UTIERY . Laschet™ B 45 T 7K
PR RE T BB DTTE MG 0 - 1) 5 RE IR AR 9 25 % vk
45 2) S A AR VR A 5 3) BRI B A U A R
5 4) 3 0 & RE IR AR 15 AR E 5 5) CO, = A fA7E
SR BRI 5 6) v R AR AR R B TR
) B BB e O v ) AT B o BRI 4D
R SR B 4 < 1) H At 4 4 A S AL 5T X i JB A 1
W5 2) B Wb A R s i i A R

3 RliARE A 00 B RGA A

Rt AH KR PR EE 4 pHL I3 K 2B R AR e
R REA BB AH TR R 2%, AR AT UL 20
N AR LR R S AR AR U
3.1 EREEA

Y] A % A 48 7R AR R B Hh R AR,
LI K & ) (Opal 5% /K kR ER ) 7ETTIE =
K SR AN AZ TR (R 1) o
3.1.1 Magadi-type 5% &

H Eugster™*7E 15 JE WA E 244 Magadi #1119 B
BT Y b e AR R W AR A LR, 20 &
T80 2l 22 v il B el 1 S AR A, G Y RO A
Yerrida ZH0 7 70 i Bt Killara 2H A9 Bartle B2, B 1<
AL FE R AL Officer L™, Fpif 2 AL 2 A4 Old
Red B A" 28 KA L3 —. & 22 Bolzano 7] i AH )2
P, 56 PG AR AR 2 20— St b 2, DL S A B
AR SRS, X — B A FE 4
Magadi-type & £1(F 1)

22NaSi,0,, (OH) ,-3H,0, +8H" — 14NaSi, 0,
(OH),3H,0 ,,+8Na'+33H,0 (1)
NaSi,0,,(OH),-3H,0,+ H" — 7Si0, , +Na"+5H,0
(2)
NaSi,,0,,, (OH) ,-3H,0,,+ H" — 118Si0,,+Na"+
5.5H,0 (3)
Magadi-type 5% A1 & & T2F T 50 L IX, k% A
P A Ak 2 DL TE 09 22 72 6 1 41 (magadiite,, NaSi, 0,
(OH),-3H,0) FE AL 5>, A ik , i itk 7K
b S e A s (T 1) , ASBE AU H AR
HBKIER B E BT T , Al EHETTTE &K &
P RN A . RO ATROE  EDIE R TR
PRI R IK R U A (A 02)  al S
[B] 7= ) 7K F2 4 A1 (kenyaite , NaSi, 0,,(OH),*3H,0)
(A1), AR A (A03) . xRt 7
B A AR T K B R K U 28 Y 3 b SRR A, pH ER
Na'{if S AT B T el . A8 IX —d b Je 58
AT AR FE A R A A B 4% R AR AR 22 Rk A T
MZJE, B H @ JUEAERVA] 58 i Ak, 5 Magadi-
type i& A1 AL IR AT )
FFRREEN A AWK T TE AT A 2R
I Magadi-type % £1 5250 [, JEBEAE 5~65 em Z
], S b a s B )E (Bl 2a~c) , DR L b 2
S5 AREGE TR (B 2d) . B T2 BRAEIA R BT
Uyl 22 & B TR I, A5 ARSI Al
T B I (] 2a~c)™, ZERRESN A BUK RSN
TEE K R AN A URE A i R v AR N, V-
FRUB AR 48 (& 2e)™ LA, Magadi-type % £71
A RE SIS AN AR B 2R 0, AR DT R T B A
KA 2B PRI B 5 X R S i
IRINS= K i A e (1P e T AN S Ak S5 S i
B . Magadi-type % 41 32 B AE G5 7% & 35 B

F1 MRWBAFBERFMESTLL :Magadi # (B 2T ) , Coorong i ( 8K F 7 )
Table 1 Chert formation in modern lakes: Lake Magadi (Kenya) and Lake Coorong (Austrilia)"”

Magadi-type J%f1

Coorong-type J¥ A1

N, B, R ER WA

BB, B, R L WITH

KAk 5754 . i pH>9 , i T fife PR K pH(6.5~7)  REFR T
TS pH ) (8~11)  BEFTIIRE WEZET 5 pH(9.5~10.2) , i i
pH il R ARNZE K ARG S
REATTE e Magadiite (F /K S HNRERRER ) IR , Bl /K BEANEE b 4Rk A7 Opal-CT H 4TI , R e AL RS A
Wi s HUTRARIE
REATOUR U TSR FRAk
FRAL g
Y PN/ FEHE R
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S8 A « AR BT R S A M AR i — U R 7 X 453

B HE A SR (ISR ET A, SRS A7) 1B
B, SRR WRUE R BT A S A ERE T A
B IR Iz A B (151 20)

3.1.2  Coorong-type J% &

Peterson et al."" 15 YK AE 75 ¥ K IE. Coorong 755 i
ke BB 4 TUVE Y AR AE i Bt (Opal-A) | 32 X sl
PSECSIER e = R 1 Y S PV S [TE 2 A S ¥ 73
TWIVRIZETT , Coorong /K E =W ORI 7T 2 , U9
A VE R B, I K CO,, fE K& pH 75, B
F AR 10.2, K (pH AT 9.5~10.2) ff % JE fiE
JoT A Vs Al RO S i AR I A R T
B, R AR R RIE T, R AR R
FEAE A LR , BUE WK pH BRI E 6.5, K PR ik v
fiff £ B AR, A b B ik B R i LTE M oK o 5 Magadi-
type #% 41 /N [A] , Coorong-type #% A1 1 - 4] Opal-A Jiii 7K

n,:' -+ -,.—\\\‘ - 1cm
Vs e — S

2

3 W % Magadi-type & A1 0 FEAE

AT (F 1), Colinvaus et al.""fF Galapagos 555
B —A LU oA v, e BT AR A A R A A
R (silica gel , Opal-A) , BE i & B T 7K 30 m 6
JRIREE I AL I % KRR 52%0, A HLITT
Gy e

Coorong-type 5 1 F AR A W55 pH 22, =
IR & TRE T (Opal-A) ULRE PRI 7K 4% A B i) — 28
1541 . Wheeler et al."”' ] Coorong-type % £1 15 2 fift B¢
TmARE A ALER ) Deep River 7238 Newark #Hf H
Y JZRIEAT o Wells™ FHIZ A AR BELE AL N rh &R Y
PO —IRHT HE Flagstaff 810 & & — BN PR Y 45
BRI A, X Sehk A B 2R BRI 1E 22,
T B TR R M s IR, BAR RMERIE  HIT
WA PRIz IR, BE WA e B L . — e fk
AZ TR A IR H = A2 Wt A

(a)REAT L 42 R A HOTRBVATER s (b) &A1 )2 R AUV ES () SO A TS (D) AHUBER; () FEAT Y V F IR AREE™ s

(OREATFEA I 7 A B, O i SEARB BRI T

Fig.2  Published typical features of Magadi-type cherts



454 A

S

5404

ATRESEDIRUS =8 . Wells A A 25 B2 IRk A 1 2
BUZ A0 A TS B R LN R WA RRRE 2
DU S22 251 . AR — IR %8 & pH R REEAF,
TR, PR BT UBTITRE , I a6 5 7K ik B2 TR TR
AR T R [T BIVR T8 B BB A A1, Jd it 2K A2
T AL, DUREAE M ISR ER Ve

3.1.3 Bogoria-type i% &

1 JE . Bogoria i 5 Magadi il [F] J& AR E LA &R
B ER I BE , Renaut et al. 7 Bogoria ] & 1 —Fli [X.
5T Magadi-type #% A | 1M -5 PR AT 5C A9 J5 45 6 S 1T

N, FATTFR Z N Bogoria-type J% 1 . Bogoria i 5= 2k ff}
A4 220 20U H L FERR U 11 (>80 °C) B
I AR AL IR BT IO AR, ik JoT D R4 R A e
Rk R REFE RN IR 15 em, X EERERTTR
B3 S Opal , & ik ¥ o Bogoria-type %% 41 Ja) FR T B
ZLBRIT , 5 e R KB BV K IR RS AR S B S
VRl AR ¢, Renaut et al.'"'7E Bogoria e
Lobura fff 3 & 38 T £ ¥ -5 A B L) o5 —
Ak BTN, LA Yk Bt IR E 2 A
FRESE N 3o B b ryRE BT Ok 2 5 RE Y A
PHEIEAT O, PR Ay 33k 26 J 05 A AR T Ak B A% 1Y
I ERZH 73 (OH MR AL ) o X ek BT B 5 Y2 )
FASC AH U R R TR S TR, AT R A=
AR, 2 BEAEE A HILBT 0 B P 5, R 7 | B I
LN RO T
3.2 1EE R EE A (burial diagenesis)

Y [) AR % A LRI AR DORR I v B e ik, R L
AR LT 5 e R DA P 58 Bl I =5 PRI AR e —
B, N AR KA I e PR A S S BR
L BRAAOR M DR B A I A R AR
WA EAEDCREE BT, 2 REARDOBUE T £, R
2B TR A SRS EA 7 R s R A
TEHR AL FE b, WA B IR ER DUAR ) A A= 5 Bk AR P
IAIREAT o
3.2.1 EALK AR

T PR b J22 %) ik A PT A 2B R 3L o B AT
Ay 47, {E A 2 TP R AR — i MR/ N A7
— A 2 R [ 4 i e B B A BB,
DU, (H 5 KOS B4 A, W53 ) 8%
AR EA . M B AR S B , TR
A RIBEREAL . BRI, i AR A SRR IE T s F
A O Bt ARBR IR ER AL, JE A= R A A

TRl e AR T R AT R EL AR I ] — i o
55 B¢ R R4 ) M 45 R T 1) AR X B T A R
Bustillo""H# g A1 58 1 10 4> WY1k A6 1l e 1) 3L 284 £57)
5, AR AIESE A4 - 1) AR ISR WA BE AR
ATURRAFAIE , AN BILBT AR ZE 7T SR 55wtk
BBEOR T F5 2) RE RES A LT ITA 1R e 2T I
ZHI3) 28 B FE AR ) Ak B TOUE AR AR R R £k
BEIE L T )™ 5 4) fe A e A A SO e AR T i
A1 Z AT 5) REAL A AR AR F A AL Z AT 6) B
5 I 5 H = A 5, BRI K TR R UK Y
B A7) BE AT RETE IR A AR R DUR ™ 8) B 41
(10 J2 T A 7 A 28 A (A K AR B L T i B 4
RT3 O ) ik A1 5 J] LR PR AR AT A 25 57 R S5 10) A [
BERRIRER 7 N B A1 58 A B4 2377 A g 55 I DR
TER LS IRER e R IT 20T RS,

VAT, I A B R 42 o B ik A I ] — i 5 18
TH M T 38 AL BT P PR A O, 2118 P 97 1 fe i
— R TERLET B, IR ER AR 28 1) 1 /K AL i 43t
FTHRE™, BRIRER A R T S TR PRI ARG,
INE AP S BB, AR ZE OR BB, 15 R
gt 2o FEAT LR, FEAEG pHL, Al Ak S
322 mfuidAz

B PR ER A ek A ) 2 220 SR IR0 1 U AE )
AW 5T (Opal A) AORGE PR izt AN QAR et o
— BB S TRIRER DU i 2
KA AR o SR AR AR A DURR IR, AniBliA
(RIK ZE K ) MR PRI, foe A R T A R 00 ik
o AR g b, JOLURFT K 1 B A A
A ZW ORI . A BT , B8 R o A0 v
B LW AR A A T L B SROK i A B R T, 3
n] LU R O R A

TR R o R R SRR TR R A A i REBRDL
Wek B0 IR 3R 2R pH 22 Ak, pH KT 9, J7 M A1 LR T
Tk STV A, pH /N T O, Ji Jot T9C I 1T 7 9698 A0 1% ik (1]
la) . HUEIGE N A =FLE ] AR LUK Y pH
DA LTI = E CO,, i LG 37 2 €O,
2) EKERAL AL A A A JEUR TR R pH s 3) 17K
R K BOTR 3 T A R g R T TR

B B Be R A A F LSS s B S AR R R
IR T L R RCA B B, 25 B B AR A
L, B s £ i FLIE RS Z 18 B FLB Wi
B8, e RALAE . FRUE B BOR AR £,
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W52 25 BRI RN IR £R L 2552 ), DL g5 42 4R (&
3a, b) FIASFLILR (& 3¢) R F, #85r sEIH A ) e ik
(1 3d) FZ& K i i 8 iR 54 (81 3e) o S5 IAH
REZE R T B R R R A BRI (I 3.3.3),
SRR R A R PR I W S R A e O A e
pav el e N0 =R RN 2 E i A 3 AR R ey
A & BB, RS Th i g b, s A2
SZR ([ 3F) o BRiR R e B M ik At #2237 pH W i ik
T VE DL R I A A AR B (LB FE A i 3 1Y
S
3.3 THEBHEREL A (meteoric diagenesis)

T BCEAEIE YRR A PR A RESS 5 (silerete )
2 Lamplugh™ " B R , 2248 I Hb R A B Ak ot
RS 1 DURY A A SO BT T B
IR AR, fEZE 2 AE WK R | B 3F RN VG BR b X 43
A )™, FEH A Ry BB b X TR AT oA"Y, i Q 5 2 i €
R0 B . Summerfield® 4 ik 285 7 (silerete ) 43

B3 SRR e i A B

hy - HERESS AN T K AESS 5, Nash™ R e EE il 1
BT AR RS A AN (R 2) o
3.3.1 X3 A2 % (Pedogenic silcretes)

TR R TR A T i Sk
WRIE B8 DUEVE TR, & A TERRTRER TR T |
P PR BT R B I o I AR S 0 IE U R
(>10°4F ) , 2 il T 16 LIS Bl 4 b ) 5% 1) 1 48
JZE S R IR DR B] B AN B T, B ) b ] SE i
BGE, RIERESE I B R — A B
A R TR AR AE B9 PR 8, WAF T e B bk
rhissos RS A IR ORI T R,

TSRS AR E B A AL, — S Ry
o 4 AT R O3 SRR 3 B B AR
R TR AP ARV FNE UE R UEDE | 7T REJE Al A Bk
L RO T IR A AR ek, R LA
FURFHE, 80 77 FEAS i3 O RE BT e 45 , &80 B

e 22 INI RIS

HAO— YRR

Ca, D) EERRARIEAT s (o) WIARVE R I D TR LI 4 07 25 A5 () ARV I T A e R B RE AL s Ce) A v /R B A

(U HEERAE )™ (0 BEPEERE LA (Sp-52 i 7 M8 AT, Do-H 25 47)

Fig.3  Petrology and minerology of burial diagenetic cherts
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Table 2 Comparison of different silcretes and their morphology, structure, and environments™"
s3] P UIEL! [EES S48 AP LEIR: A
JE R R A R
[CGTEeE S kS
ERIN
T b, Bl B P TR A, LR i RE (L
1 AL Fe
L BEBUHE
LS IR A TR
Bt JER R A AR
Opal 3
I SR, Pty sl A TR AR A
Y1 57 WAL Fe
VEBUREAE
Btk {4 Sl R R A WKL S
PO WA AH =4
bR NN RSN bk
ok TCHERFAE T ey
RS RAAR Wi VUt 4 LR AT MR
ROV I 551 o R KK AL R
EZEEIN ERLIURY
TEBERVREAE TR BT
W WIAH i NGAH RN
S ELIPEIN
TESS S R3] FEATIBAR FRECE TR

3.3.2 T KE%5 & (groundwater silcretes)

W T KBRS S R KR L AE sl R K & A
N 16 378 21y, 68 AR M2 R AR AR TR L A
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Fig.4 Typical cauliflower cherts in meteoric diagenetically modified lacustrine sediments””



458 ot M

5404

500 um
it

15 Magadi-type 4% 11 BOUL 6 R A
Ca) [l 0 PR ZLEEFEIE A5 (D) RE A7 P i DR BIEE" 5 (o) 1352 QAR R AT D R T U LR 5 () F1 0 b s 1tk o A o
Fig.5 Microscopic features of Magadi-type cherts

PEOLISMRRE T, 7678 R 51 U Ak o B AT R A
5o PIIL, 78 R0 2 i 2y T s A P KRG A% L 4
T8 () = 2R UERN AR A 8 R Tz B b s RO T
THIGAN A 32 b K, 78+ R 40F KK
KRR TF I L

SRR WA I rp s A R B TTER A PR . — R UL,
T8 kv PR 4 BE N AT B K 151 (<100 °C) |, 1 Bogoria
W R 300 Y 220 4 FROR IR BE A T 36 °C~100 Y. UK
TAE 100 CLAT , A S A J3E I L 168 338 n 7o it 3 2
ZIN U E B TIOR8 A B A ) 5 e A B (18] 1b) iz
ANT IR pH 380 25 O S B0k TR A A B 1 I e B
i 2 Y Bogoria-type fE A1 , I8N A B FERGH o Bl
PEIRETFNZE K S A 20 R Z 5 bl M A & B I 3 ]
1o Renaut et al g H IR K TP RO RE T & I
A A BN SR S5 AR RN BE |, 25 A FH EL TR AT
T REAE HERE FRUTRE , A G 9 J5 T Sk i o
WIS T o PR, X 1 A2 Hh R PR 44 il 1) 14 [+
AR AT RIS A R Uk, WF 9T pH AR AL FNZE & 45 ELE
I8 ELARRE FORIF A 2 5 .

Xif T 52 M SR N R R A A Rk O R
VG T IR A WA Bl 7K AT e , TR SR LR A
HHE DU R . LIS, TR R A R e
e RS T AFAE ik AR, NI WA ) o3
ko BUFH XRD Al 3 2 70 2 A B A1 Sio, % 2

W 2T R4, R AS ) R B kA Si0, 3%
wANEL, BT YRR IR A 250 Yamamoto" M %
A TR TR 53 DA S 7T AR A9 K L R
U5 , A FH Al/(Al+Fe+Mn) 1 ALO/TiO, HAH 15 A ]
SRR TCXHE AT B BTR o

5 BRI R E—URE X

AN TR R B AR A AR AN [ A B P . o
[F) AR 405 A7 BT, A B AR T A i P ) 7 B
B, 3 R E A A R A R A Y SRR 2R e
ST MK AL R K [F AL 3R HE ARk, AT L5
Sl R A AR IR SRR

(1) HE[R] AR5 A S AR R (1 ) 1 — S R B
Magadi-type %% £1 7] $5 7~ 1l & BB 28 k A5 . H
H , B 2 bl A% A B IF 58 201 T Magadi-type £ 41 9
PO, JEHE XS I AR TURRGS ™ BB E A e
g M el ) G 9E 20 AR BB 2, Magadi-type J&E £ )
HB AT AR RAE AT FE A I S A Bl AR BB T A 28
B2 B S 90 N 1 e a N S B LA 2= S T Y
X Coogrong-type $5A1 [FIFE L B TR 28 L ELWIAST
B R T A LT & AR5 M A B K A 2R
55 (1), Bogoria-type 5% £1 ] H #2457~ Wi 84—
TG SN A PR S 1 BT A2 b



F24 B8 A : AR BT A

459

(2) A AR AT CRLAE S R 4% A A - ek
) TR R MR A A AE Ak . H ARG 3 AR
(k%A Fh , KBt 25 0 R Ao A% 2 28 kA 7R 3 Hb
RIREE, N - Rk ALVE ], B2 I R BT 10 52
M, FERE T A B S 55 R L S
oA AT RE Bk s, TR AR R RE BT CRE . RE A
SRR LUE AR A e T AR B R AR T
H K B E R R R HU A28k, AT AT A5 ek
TS AR AR R AR . A 1 AR R T S
LM (0-Si-0) , ZUA7 28 M G0 i di i A v it
57 OH, J5i A7 OH 3= 2248 A AR JE A 7R Il 7K 5 1 st 84
TR RO AR AR T K Ao SRR
(AR5 A BEAR A b i st K SCAR Ak, Gn SR A 02 B
P38 2oF A AR IR R A W I8 B, B A R A 2 I ke
(SR R A e A TR KA S5 1, An SR A 2 0] Opal it
T A, DO 4R A7 2R s R ) 2 Oppal i 45 ek 2 7Y
fF o HOUA RS A AR — N E B T H ot
FRER A R A Ak 2 A B AL, 9 Ak A v ) 81°0 i
05 T RRFRER A AL L . RBkIREL 5 ks A
(48 A R AR, K RE A S5 4% ] I e 22 191 235
il PR

(3) b /KEESS A ety HE AR 4k . Hi R K
SEAMIE S A AR R R D, F 2 P
AR o ISR E T — S T KoK A2 Ak
SCEDURY LT K I B A DG, B 5 T A
RERTA O

st

X
n

BtHRAAR BN E

7%: j’b o
B 3 ik (references)

[1] Murray R W. Chemical criteria to identify the depositional envi-
ronment of chert: General principles and applications[J]. Sedi-
mentary Geology, 1994, 90(3/4): 213-232.

PLIEE A, SRR . PR X T & A AR P
[M]. dbst . s BR Y BCRE , 1991 33-41. [ Feng Zengzhao, He
Youbin, Wu Shenghe. Permian lithofacies paleogeography of

(2]

Middle-Lower Yangtze region[ M |. Beijing: Geologcal Publish-
ing House, 1991: 33-41. ]

JAKEE O, Chown E H, 45 . 894 /K &) I 78 HL &R TR
JEARAE A Y PO O P P - o A s R R A e (D], 30T
1274, 1994, 12(3) : 1-11. [ Zhou Yongzhang, Tu Guangchi,

[3]

Chown E H, et al. Hydrothermal origin of top Sinian chert for-
mation at Gusui, western Guangdong, China: Petrologic and
geochemical evidence[J]. Acta Sedimentologica Sinica, 1994,
12(3): 1-11. ]

SAL BSOS BRI AR T T R IR A 2R BT

(4] I7l

[10]

[12]

fL 3 AL R R A BT (7], BB F, 1995, 41(1) « 34-41.
[ Peng Jun, Xia Wenjie, Yi Haisheng. Silicon and oxygen isoto-
pic compositions and origin analysis of Late Precambrian bed-
ded cherts in western Hunan[J ]. Geological Review, 1995, 41
(1): 34-41. ]
HHHR, Bhar ok, i, %L 1995, T TR &ty
JEIRBEDTA BN [T ], M2, 1995, 69(2) £ 125-137. [Xia
Bangdong, Zhong Lirong, Fang Zhong, et al. The origin of
cherts of the Early Permian Gufeng Formation in the Lower
Yangtze area, eastern Chinal[J]. Acta Geologica Sinica, 1995,
69(2): 125-137. ]
TRIRAE . W7 VTP R0 oo oty A2 R A PROK IO M sk fb 27
s e HCUURR PR 8 38 SCLT ). s Bk AL 2%, 1996, 25 (6) = 600-
608. [Xu Yuetong. The geochemical characteristics of hydro-
thermal sediment chert of the Late Proterozoic era and their sedi-
mentary environmental implication in Xiqiu area, Zhejiang
province[ J ]. Geochimica, 1996, 25(6) : 600-608. |
Wi, KT 57 55 . BUKDURREE BT HUSR L2 4R 1k
KB SC: AR DO B[] il B2 i (A AR BE R
2003, 42 (6) : 111-115. [ Yang Haisheng, Zhou Yongzhang,
Yang Zhijun, et al. Geochemical characteristics and signifi-
cance of hydrothermal cherts: A case study of South China[J].
Acta Scientiarum Naturalium Universitatis Sunyatseni, 2003, 42
(6): 111-115. ]
TR, S PR M, A L AR ZR 08 T ERPRRE Ak BT POK T
BUHBER (b2 R AR T M T8 LT ). OB 4R, 2007, 25(4) -
564-573. [ Feng Shengbin, Zhou Hongrui, Yan Changhai, et
al. Geochemical characteristics of hydrothermal cherts of Er-
langping Group in East Qinling and their geologic significance
[J]. Acta Sedimentologica Sinica, 2007, 25(4): 564-573. ]
AR, BREETE R AR . RSP 1 AL BUA Bk 1 2 R il
Fe e P LT]. Mo B 2% 4K , 2010, 84 (4) : 500-507. [Lin Liang-
biao, Chen Hongde, Zhu Lidong. The origin and geochemical
characteristics of Maokou Formation silicalites in the eastern Si-
chuan Basin [J]. Acta Geologica Sinica, 2010, 84 (4) .
500-507. ]

ESUIIRLE: Ay I N <34 WS N s R =N 0D W S
[J). AA2EH, 1997, 13(1) £ 111-120. [ Yang Yuqing, Feng
Zengzhao. Formation and significance of the bedded siliceous
rocks of the Lower Permian in South China[J]. Acta Petrolog-
ica Sinica, 1997, 13(1): 111-120. ]

MK, Wk 22 BOEE I T Hh S 45 IR0 2 ek Y
M ERA AR RN [ ] g B 3 41, 2008, 14.(1) 2 39-
48. [ Yang Shuiyuan, Yao Jing. Geochemistry and origin of si-
liceous rocks from the Gufeng Formation of Middle Permian in
the Pingdingshan area, Chaohu region, Anhui province [J].
Geological Journal of China Universities, 2008, 14 (1) :
39-48. ]
IRARE AT, RS SF L R RR BRI RL R BUA (9 RRAIE
5 BF S (0], M T 2K, 2003, 10 (4) : 573-581. [Guo



460

oL M

»y,
=2

Eild

5404

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Fusheng, Lin Ziyu, Du Yangsong, et al. On the characteris-
tics and origin of a peculiar type of siliceous rock [J]. Earth
Science Frontiers, 2003, 10(4): 573-581. ]

JEHF A4l , B, 55 L AR X B R AR
ARBPAHR S R (1], T B 24, 2012, 14(2) £ 1434
154. [ Zhou Xinping, He Youbin, Luo Jinxiong, et al. Origin
of the Permian nodular, striped and lump siliceous rock in east-
ern Sichuan province[J].
14(2): 143-154. ]

Knoll A H. Exceptional preservation of photosynthetic organ-

Journal of Palacogeography, 2012,

isms in silicified carbonates and silicified peats[J 1. Philosophi-
cal Transactions of the Royal Society B, 1985, 311 (1148) :
111-122.

Knauth L P. A model for the origin of chert in limestone[J ].
Geology, 1979, 7(6): 274-277.

Chough S K, Kim S B, Chun S S. Sandstone/chert and lami-
nated chert/black shale couplets, Cretaceous Uhangri Forma-
tion (southwest Korea) : Depositional events in alkaline lake
environments [ J]. Sedimentary Geology, 1996, 104 (1/2/3/
4):227-242.

Maliva R G, Knoll A H, Simonson B M. Secular change in
the Precambrian silica cycle: Insights from chert petrology
[J]. Bulletin of the Geological Society of America, 2005, 117
(7/8) : 835-845.

SR .S = A T R R R 2 B R R R
[D]. P44 . ¥idb K2~ ,2018. [ Zhang Qiao. The petrogenesis
of siliceous rocks in Permian Lucaogou Formation, Santanghu
Basin, Xinjiang[ D]. Xi’an: Northwest University, 2018. |
IR, R AR R R A PG b % T AR KU ZE B
M ER AL 2 RRAE SRR [T ). B A 4R, 2019, 21 (4)
647-660. [ Gao Yuan, Wang Guozhi, Li Na. Geochemical fea-
tures and origin of siliceous rocks of the Permian Fengcheng
Formation in the northwestern margin of Junggar Basin [J ].
Journal of Palacogeography, 2019, 21(4) : 647-660. |
QiHW, HuR Z, SuW C, et al. Continental hydrothermal
sedimentary siliceous rock and genesis of superlarge germani-
um (Ge) deposit hosted in coal: A study from the Lincang Ge
deposit, Yunnan, China [J]. Science in China Series D:
Earth Sciences, 2004, 47(11): 973-984.

BSOS XU, WA, A5 . LR LB POt R A
A R [T]. DO 2= 4, 2004, 22(2) : 267-275. [Qin

Wensheng, Liu Jianbo, Han Baofu, et al. Types and origin of
diatomaceous laminae of the Miocene Shanwang Formation in
Linqu, Shandong province [J]. Acta Sedimentologica Sinica,
2004, 22(2): 267-275. |

MORIE R0 FE R . R E R = Whin b 8U2 RS A
1 % B KRRV [ ] Al S 9 BT, 1996, 18 (4) - 385-
391. [Lin Chengyan, Xin Quanlin, Dong Chunmei. Discov-
ery and genetic study of laminated cherts in the Paleogene

lakes of China [J]. Experimental Petroleum Geology, 1996,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

18(4): 385-391. ]

PR e, LIRS SRR 2, A . AL N e SCHE A AR B
P2 6 & RS R (). BB 241, 2010, 84.(8) « 1208-
1214. [Chen Denghui, Gong Enpu, Liang Junhong, et al.
Mechanism of the chert formation within the lacustrine carbonates
of the Lower Cretaceous Yixian Formation, western Liaoning
[J]. Acta Geologica Sinica, 2010, 84(8): 1208-1214. ]

Folk R L, Pittman J S. Length-slow chalcedony: A new testa-
ment for vanished evaporites [J]. Journal of Sedimentary Pe-
trology, 1971, 41: 1045-1058.

Jacka A D. Replacement of fossils by length-slow chalcedony
and associated dolomitization [J]. Journal of Sedimentary Pe-
trology , 1974, 44(2) . 421-427.

Ochler J H. Experimental studies in Precambrian paleontolo-
gy : Structural and chemical changes in blue-green algae during
simulated fossilization in synthetic chert [J]. GSA Bulletin,
1976, 68(1): 117-129.

Heaney P J. Moganite as an indicator for vanished evaporites :
A testament reborn? [J].
1995, A65(4): 633-638.
Jones J B, Segnit E R. The nature of opal I. Nomenclature

Journal of Sedimentary Research,

and constituent phases [J]. Journal of the Geological Society
of Australia, 1971, 18(1): 57-68.

Guthrie G D, Bish D L, Reynolds R C. Modeling the X-ray
diffraction pattern of opal-CT [J].
1995, 80(7/8): 869-872.

Williams L A, Crerar D A. Silica diagenesis, II.

American Mineralogist,

General
mechanisms [ J ].
(3): 312-321.

Williams L A, Parks G A, Crerar D A. Silica diagenesis, I.

Journal of Sedimentary Petrology, 1985, 55

Solubility controls [J]. Journal of Sedimentary Petrology,
1985, 55(3): 301-311.

Arakel AV, Jacobson G, Salehi M, et al. Silicification of cal-
crete in palacodrainage basins of the Australian arid zone [J1.
Australian Journal of Earth Sciences, 1989, 36(1): 73-89.
Bustillo M A, Alonso-Zarza A M. Overlapping of pedogenesis
and meteoric diagenesis in distal alluvial and shallow lacustrine
deposits in the Madrid Miocene Basin, Spain[J]. Sedimenta-
ry Geology, 2007, 198(3/4): 255-271.

Maliva R G, Siever R. Pre-Cenozoic nodular cherts: Evi-
dence for opal-CT precursors and direct quartz replacement
[J]. American Journal of Science, 1988, 288(8): 798-809.
Milliken K L. The silicified evaporite syndrome—two aspects
of silicification history of former evaporite nodules from south-
ern Kentucky and northern Tennessee [ J|. Journal of Sedimen-
tary Research, 1979, 49(1): 245-256.

Miehe G, Graetsch H. Crystal structure of moganite: A new
structure type for silica[J]. European Journal of Mineralogy ,
1992, 4: 693-706.

Bustillo M A. Cherts with moganite in continental Mg-clay de-



524

GG A RETTA 2R

T Rt

hE—S s~ X 461

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[53]

posits : An example of “false” Magadi-type cherts, Madrid Ba-
sin, Spain [J].
(3): 436-443.
Krauskopf K B. Introduction to geochemistry [M]. 2nd ed.
New York : McGraw-Hill, 1979 1-617.

Journal of Sedimentary Research, 2001, 71

Yariv S, Cross H. Geochemistry of colloid systems: For earth
scientists[ M ]. Berlin: Springer, 1979 1-450.

Peterson M N A, von der Borch C C. Chert: Modern inorgan-
ic deposition in a carbonate-precipitating locality[ J]. Science,
1965, 149(3691): 1501-1503.

Bustillo M A. Silicification of continental carbonates[J]. De-
velopments in Sedimentology, 2010, 62(1): 153-178.
Ragland D A. Sedimentary geology of the Ordovician Cool
Creek Formation as it is exposed in the Wichita Mountains of
Southwestern Oklahoma [D]. Oklahoma: Oklahoma State
University, 1983: 170.

Rimstidt I D, Cole D R. Geothermal mineralization I: The
mechanism of Formation of the Beowawe, Nevada, siliceous
sinter deposit [ J]. American Journal of Science, 1983, 283
(8): 861-875.

Holland H D. The chemistry of the atmosphere and oceans
[M]. New York: John Wiley & Sons Inc. , 1978 1-351.
Tréguer P, Nelson D M, van Bennekom A J, et al. The silica
balance in the world ocean: A reestimate[J]. Science, 1995,
268(5209) : 375-379.

Laschet C. On the origin of cherts: Zur genese von cherts
[J]. Facies, 1984, 10(1): 257-289.

Eugster H P. Hydrous sodium silicates from Lake Magadi, Ke-
nya: Precursors of bedded chert [J]. 1967, 157
(3793): 1177-1180.

Eugster H P. Inorganic bedded cherts from the Magadi area,

Science,

Kenyal[J]. Contributions to Mineralogy and Petrology, 1969,
22(1): 1-31.

Pirajno F, Grey K. Chert in the Palacoproterozoic Bartle mem-
ber, Killara Formation, Yerrida Basin, western Australia: A
rift-related playa lake and thermal spring environment? [J].
Precambrian Research, 2002, 113(3/4): 169-192.

White A H, Youngs B C. Cambrian alkali playa-lacustrine se-
quence in the northeastern Officer Basin, South Australia[J].
Journal of Sedimentary Petrology, 1980, 50(4): 1279-1286.
Parnell J. Devonian Magadi-type cherts in the Orcadian Ba-
sin, Scotland [J].
56(4): 495-500.

Parnell J. Significance of lacustrine cherts for the environment

Journal of Sedimentary Petrology, 1986,

of source-rock deposition in the Orcadian Basin, Scotland [ J].
Geological Society, London, Special Publications, 1988, 40
(1):205-217.

Krainer K, Spétl C. Abiogenic silica layers within a fluvio-la-
custrine succession, Bolzano Volcanic Complex, northern Ita-

ly: A Permian analogue for Magadi-type cherts?[J]. Sedimen-

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

tology , 1998, 45(3) : 489-505.

Surdam R C, Parker R D. Authigenic aluminosilicate minerals
in the tuffaceous rocks of the Green River Formation, Wyo-
ming[J]. GSA Bulletin, 1972, 83(3): 689-700.

Eugster H P, Surdam R C. Depositional environment of the
Green River Formation of Wyoming: A preliminary report
[J]. GSA Bulletin, 1973, 84(4): 1115-1120.

Rooney T P, Jones B F, Neal J T. Magadiite from Alkali
Lake, Oregon[J]. American Mineralogist, 1969, 54 (7/8) :
1034-1043.

Maglione G. Un example de sedimentation continentale actu-
elle: La Bassin Tchadien [ C]/Drprts evaporitiques. Paris:
Editions Technip, 1979.

Alderman A R. Aspects of carbonate sedimentation[J]. Jour-
nal of the Geological Society of Australia, 1958, 6(1): 1-10.
von der Borch C. The distribution and preliminary geochemis-
try of modem carbonate sediments of the Coorong area, South
Australia [J]. Geochimica et Cosmochimica Acta, 1965, 29
(78): 781-799.

von der Borch C C. Stratigraphy and Formation of Holocene
dolomitic carbonate deposits of the Coorong area, South Aus-
tralia [J]. Journal of Sedimentary Petrology, 1976, 46(4) .
952-966.

Colinvaux P A, Goodman D. Recent silica gel from saline
lake in Galapagos Islands: ABSTRACT[J]. AAPG Bulletin,
1971, 55(2): 333-334.

Wheeler W H, Textoris D A. Triassic limestone and chert of
playa origin in North Carolina[J]. Journal of Sedimentary Pe-
trology, 1978, 48(3): 765-776.

Wells N A. Carbonate deposition, physical limnology and en-
vironmentally controlled chert Formation in Paleocene - Eo-
cene Lake Flagstaff, central Utah[J]. Sedimentary Geology,
1983, 35(4): 263-296.

Renaut R W, Owen R B. Opaline cherts associated with subla-
custrine hydrothermal springs at Lake Bogoria, Kenya Rift val-
ley[J]. Geology, 1988, 16(8): 699-702.

Renaut R W, Jones B, Tiercelin J J. Rapid in situ silicifica-
tion of microbes at Loburu hot springs, Lake Bogoria, Kenya
rift valley[ J]. Sedimentology, 1998, 45(6): 1083-1103.
Arenas C, Zarza A M A, Pardo G. Dedolomitization and oth-
er early diagenetic processes in Miocene lacustrine deposits,
Ebro Basin (Spain)[J]. Sedimentary Geology, 1999, 125(1/
2): 23-45.

Bustillo M A, Arribas M E, Bustillo M. Dolomitization and
silicification in low-energy lacustrine carbonates (Paleogene,
Madrid Basin, Spain)[J]. Sedimentary Geology, 2002, 151
(1/2): 107-126.

Bustillo M A, Armenteros I, Huerta P. Dolomitization, gyp-
sum calcitization and silicification in carbonate - evaporite

shallow lacustrine deposits [J]. Sedimentology, 2017, 64



462

5404

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

(4): 1147-1172.

Gibert L, Orti F, Rosell L. 2007. Plio-Pleistocene lacustrine
evaporites of the Baza Basin (Betic Chain, SE Spain) [J].
Sedimentary Geology, 200(1/2) : 89-116.

Sola F, Puga-Bernabéu A, Aguirre J, et al. Heterozoan car-
bonate deposition on a steep basement escarpment (Late Mio-
cene, Almeria, south-east Spain) [J]. Sedimentology, 2017,
64(4): 1107-1131.

Hesse R. Silica diagenesis: Origin of inorganic and replace-
ment cherts [ J]. Earth-Science Reviews, 1989, 26 (1/2/3) :
253-284.

Namy J N. Early diagenetic chert in the Marble Falls Group
(Pennsylvanian) of central Texas[J].
Petrology, 1974, 44(4): 1262-1268.
Wright P, Cherns L, Hodges P. Missing molluscs: Field test-

Journal of Sedimentary

ing taphonomic loss in the Mesozoic through early large-scale
aragonite dissolution[ J]. Geology, 2003, 31(3): 211-214.
Southgate P N, Lambert I B, Donnelly T H, et al. Deposi-
tional environments and diagenesis in Lake Parakeelya: A
Cambrian alkaline playa from the Officer Basin, South Austra-
lia[J]. Sedimentology, 1989, 36(6): 1091-1112.
Giménez-Montsant J, Calvet F, Tucker M E. Silica diagene-
sis in Eocene shallow- water platform carbonates, southern
Pyrenees[J]. Sedimentology, 1999, 46(6): 969-984.

Banks N G. Nature and origin of early and Late cherts in the
Leadville Limestone, Colorado[J]. GSA Bulletin, 1970, 81
(10) : 3033-3048.

Carozzi A V, Gerber M S. Synsedimentary chert breccia: A
Mississippian tempestite [J]. Journal of Sedimentary Petrolo-
gy, 1978, 48(3): 705-708.

Mahran T M. Late Oligocene lacustrine deposition of the Sod-
min Formation, Abu Hammad Basin, Red Sea, Egypt: Sedi-
mentology and factors controlling palustrine carbonates [J ].
Journal of African Earth Sciences, 1999, 29(3): 567-592.
Siever R. Silica solubility, 0°-200°C. , and the diagenesis of
siliceous sediments [J]. The Journal of Geology, 1962, 70
(2): 127-150.

Watson A, Nash D J. Desert crusts and varnishes [ M ]//Thom-
as D S G. Arid zone geomorphology: Process, form and
change in drylands. Chichester: John Wiley & Sons, 1997:
69-107.

Nash D J, Ullyott J S. Silcrete[ M ]//Nash D J, McLaren S J.
Geochemical sediments and landscapes. Oxford: Blackwell,
2007: 95-143.

Summerfield M A. Silcrete [ M ]/Goudie A S, Pye K. Chemi-
cal sediments and geomorphology. London: Academic Press,
1983: 59-91.

Callen R A. Late Tertiary ‘grey billy’ and the age and origin
of surficial silicifications (silcrete) in South Australia [J].

Journal of the Geological Society of Australia, 1983, 30 (3/

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

4): 393-410.
Milnes A R, Thiry M. Silcretes [J].
Surface Processes, 1992, 2: 349-377.

Developments in Earth

Twidale C R, Bourne J A. The use of duricrusts and topo-
graphic relationships in geomorphological correlation: Conclu-
sions based in Australian experience[J]. CATENA, 1998, 33
(2):105-122.

Thiry M. Geochemical evolution and paleoenvironments of the
Eocene continental deposits in the Paris Basin[J ]. Palacogeog-
raphy, Palaeoclimatology, Palaeoecology, 1989, 70 (1/2/3) :
153-163.

Webb J A, Golding S D. Geochemical mass-balance and oxy-
gen-isotope constraints on silcrete Formation and its paleocli-
matic implications in southern Australia [J]. Journal of Sedi-
mentary Research, 1998, 68(5): 981-993.

Thiry M. Diversity of continental silicification features: Exam-
ples from the Cenozoic deposits in the Paris Basin and neigh-
bouring basement [ M |//Thiry M, Simon-Coingon R. Palae-
oweathering, palacosurfaces and related continental deposits.
Oxford : Blackwell, 1999: 87-127.

Thiry M, Ribet I. Groundwater silicification in Paris Basin
limestones : Fabrics, mechanisms, and modeling [J]. Journal
of Sedimentary Research, 1999, 69(1): 171-183.

Ambrose G J, Flint R B. A regressive Miocene lake system
and silicified strandlines in northern South Australia: Implica-
tions for regional stratigraphy and silcrete genesis[J]. Journal
of the Geological Society of Australia, 1981, 28(1/2): 81-94.
Summerfield M A. Distribution, nature and genesis of silcrete
in arid and semi-arid southern Africa [J]. Catena, Supple-
ment, 1982, 1: 37-65.

Bustillo M A, Bustillo M. Rhythmic lacustrine sequences with
silcretes from the Madrid Basin, Spain: Geochemical trends
[J]. Chemical Geology, 1993, 107(3/4): 229-232.

Bustillo M A, Bustillo M. Miocene silcretes in argillaceous
playa deposits, Madrid Basin, Spain: Petrological and geo-
chemical features [J]. Sedimentology, 2000, 47 (5) : 1023-
1037.

Armenteros I, Angeles Bustillo M A, Blanco J A. Pedogenic
and groundwater processes in a closed Miocene Basin (north-
ern Spain)[J]. Sedimentary Geology, 1995, 99(1): 17-36.
Ringrose S, Huntsman-Mapila P, Kampunzu A B, et al. Sedi-
mentological and geochemical evidence for palaco-environmen-
tal change in the Makgadikgadi subbasin, in relation to the
MOZ rift Depression, Botswana [J]. Palacogeography, Pal-
aeoclimatology, Palaeoecology, 2005, 217(3/4) : 265-287.
Alonso-Zarza A M, Sanchez-Moya Y, Bustillo M A, et al. Si-
licification and dolomitization of anhydrite nodules in argilla-
ceous terrestrial deposits: An example of meteoric-dominated
diagenesis from the Triassic of central Spain[J ]. Sedimentolo-
gy, 2002, 49(2): 303-317.



5524 GG Bl AL A R S R AR TS — U R L 463

[97] Siedlecka A. Length-slow chalcedony and relicts of sulphates amonds’ ) from the Triassic of the Bristol District[J]. Geo-
—evidences of evaporitic environments in the Upper Carbonif- logical Magazine, 1976, 113(6) : 569-574.
erous and Permian beds of Bear Island, Svalbard[J]. Journal [101] Tucker M E. Replaced evaporites from the Late Precambrian
of Sedimentary Petrology, 1972, 42(4): 812-816. of Finnmark, Arctic Norway [J]. Sedimentary Geology,
[98] Siedlecka A. Silicified Precambrian evaporite nodules from 1976, 16(3): 193-204.
northern Norway : A preliminary report[ J]. Sedimentary Geol- [102] Schubel K A, Simonson B M. Petrography and diagenesis of
ogy, 1976, 16(3): 161-175. cherts from Lake Magadi, Kenya[J]. Journal of Sedimenta-
[99] Chowns T M, Elkins J E. The origin of quartz geodes and cau- ry Petrology, 1990, 60(5): 761-776.
liflower cherts through the silicification of anhydrite nodules [103] Yamamoto K. Geochemical characteristics and depositional
[J]. Journal of Sedimentary Petrology, 1974, 44 (3) . environments of cherts and associated rocks in the Franciscan
885-903. and Shimanto terranes[J]. Sedimentary Geology, 1987, 52
[100] Tucker M E. Quartz replaced anhydrite nodules ( ‘Bristol Di- (1/2): 65-108.

Genesis of Continental Siliceous Rocks and Their Tectonic-climatic
Significance
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Abstract: Many siliceous rocks are located at key stratigraphic intervals and can provide critical information regard-
ing the formation of sedimentary basins, tectonic orogens, and climatic settings. Previous studies have mainly fo-
cused on the siliceous rocks that developed within marine strata in China. However, in continental strata of China, si-
liceous rocks also have a wide distribution. Affected by the rich experience in studying marine siliceous rocks, most
previous work of continental siliceous rocks was mainly based on geochemical analysis and has attributed continental
siliceous rocks to biological and hydrothermal origins. Since the occurrences of continental siliceous rocks and their
host rocks are much different from those hosted in marine deposits, the application of marine chert formation models
to continental siliceous rocks will lead to the bias of some important conclusions on climate, tectonics, and environ-
ments. We review the genesis of continental siliceous rocks, and three types of continental siliceous rocks are intro-
duced: penecontemporaneous cherts, burial diagenetic cherts, and meteoric diagenetic silcretes. Based on silica pre-
cursors and formation settings, three penecontemporaneous cherts are identified : Magadi-type cherts, Coorong-type
cherts, and Bogoria-type cherts. Magadi-type cherts are commonly associated with saline, alkaline lakes and may be
bedded lake-wide or localized in nodular deposits, forming from a sodium silicate precursor such as magadiite (Na-
Si,0i, OH ],*3H,0). Coorong-type cherts are deposited by direct Opal-crystobalite precipitation due to seasonal water
pH variation and are also associated with saline, alkaline lakes. Bogoria-type cherts form from a siliceous, probably
gelatinous precursor that precipitated around submerged hot springs during high lake level. Burial diagenetic cherts
are formed during burial by replacing other minerals, mostly carbonates. Most of the silicification processes encoun-
tered in continental carbonates are interpreted as having occurred during the early burial diagenesis of lacustrine or
palustrine sediments. Meteoric diagenetic silcretes or siliceous duricrusts are defined as the indurated products of sur-
ficial and penesurficial silica accumulation and are formed by cementation and/or low-temperature replacements of all
types of rocks and sediments. Silcretes are further divided into pedogenic and groundwater silcretes. When studying
continental silica rocks, petrological and mineralogical analysis are the first and foremost means for determining type.

Bedded (>1 mm) and laminated (<1 mm) cherts are mostly formed during penecontemporaneous periods and are
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transformed from hydrous precursors, but the possibility of the total replacement of bedded carbonated by silica can-
not be excluded. Slumping, soft-sediment deformation, V-shaped shrinkage, and brecciation can further verify pene-
contemporaneous cherts. Characteristics of Magadi-type cherts that differ from Coorong-type cherts are (1) a ground-
mass mosaic of fine quartz crystals that vary in orientation from random to rectilinear; (2) finely disseminated inclu-
sions of silicate clays, zeolites, and/or carbonates (predominantly calcite) ; (3) large crystal molds (probably after
trona) concentrated near sample margins; and (4) inward-directed shrinkage cracks and/or more irregular internal
voids filled with chalcedony, silicate clays, zeolites, and/or carbonates (predominantly calcite). Nodular cherts are
mainly diagenetic products. Based on the mold shapes and mineral remains in cherts, the replacement precursors of
silica can be identified and the paragenesis between silica and other minerals can be rebuilt. Cauliflower cherts are
generally lacustrine silcretes. Pedogenetic and groundwater silcretes mainly appear in the form of cements, filling
voids and replacing the matrix between skeleton particles.The origins of continental cherts are quite varied. If water
pH increases higher than 9, many materials in lakes can release dissolved silica into the water, like detrital quartz,
silicates, and tuff materials. A pH of 9 is a key point for silica precipitation, above which silica solubility can in-
crease exponentially. Temperature variation is not an important condition for increasing silica concentrations in conti-
nental settings, as water temperatures are generally lower than 100 ‘C in continental settings and not sufficient to
greatly enhance silica solubility. In this regard, continental cherts are mainly associated with evaporative alkaline wa-
ters. Evaporation and pH variations are the main drivers inducing the dissolution, precipitation, and replacement of
silica in continental conditions. In most cases, continental silica rocks can be regarded as a special evaporite.

Key words: cherts; silcretes; evaporites; pH fluctuations; alkaline lakes





