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Chemical Constituent, Structure and Formation Environment of Berthierine

LI Xiao-guang, LIU Qin-fu, CHENG Hong-fei, KANG Yan-xia, SUN Bo
School of Geoscience and Surveying Engineering s China University of Mining & Technology (Beijing) » Beijing 100083, China

Abstract; Berthierine is a kind of clay mineral that similar to chlorite, having the serpentine-type structure. It was
often mistaken for kaolinite or chamosite in former studies. This paper discussed the characteristics of berthierine
formation in different environments around the world. The formation environment of berthierine can be divided into
two categories; (Dmarine environment, in which berthierine often has a relationship with marine oolitic ironstones.
It can be authigenic as spherical particles in tropical waters. Berthierine often indicates a reducing marine environ-
ment of warm and Fe-rich. @ non-marine environment including arctic desert soil, coal swamp, laterite, fresh to
brackish floodplain and estuarine, massive sulfide deposit, delta, flint clay, exhalative-sedimentary ores and granit-
ic pegmatite. These kinds of berthierine can be transformed from glauconite, chlorite, kaolinite, odinite or laterite.
It is of great significance for the study of clay mineralogy and paleoenvironmental analysis of the research area to
study the mineralogy characteristics and forming environment of berthierine.
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Fig. 2 Textural relationships of berthierine and
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Mgy srs Al o [o.105) (Sipos Al 75) 05 COH), M i
K Alberta (%3 85 A7 78 - = /\ I 1A 5 ¥4 1) 0 2%
e f s ’ﬂﬁ'i’ :Tit j:l: (Feﬁ)l Al(J‘ 82 Mgowa Feg.Jrzs Mn. o
(o, us) (Siy 70 Aly ) Os COHD MY H 21 i 356 B M 7%
sle A VR B BEZ A — RIS ET Y. Kbk
J& verdine facies [ —Fh , — M 7E 1E 8 B 19 165 7
e ANE il A L. verdine facies J&— B £
TE T T H DX T Bl 22 | 1R OR 0 Y Sk e 2 1
/RN Sre SREE s S P SN IR =R I LSRR
MR I HA V2 3L i X AT 5 e, SR L
EREGPA e R Fe'', Mg FI Si (& & £, i
Fer™ (ALY & 1 5 /b, Ho Al fh 2z 20 R (Fel
Mg, s Aly 53 Fel s [ 570 (Sip s Al ) Os (OHD o
Bailey"" ' fil Brindley'* ¥E4T T i 4% 1 1Y X



118 e/ B SV AT Y B H B F R IR S S R

WM E NN RS TR A LL 0. 7 nm(d (o) =
0. 7 nm] ({77 51 16 R HEY L d g0y = 0. 16 nm, 7E
X GHEAT ek b st A 5 m I A/ 0.7 nm
WETE A R A G AN Sy X 4 A0 5 5 o e I I AT 43
T o BEERUE A VAR Lm0 A AR, — R 08 A doon
= 0.715 nm, doy = 0. 356 nm, MEEEEIeA I oo
= 0.708 nm.d (s = 0.351 nm, 3t KA B b
BEATRE W XA TF BT 08 A b K I e
GREOLHEREH 0.7 nm KR 1 nm, i # 2%
Ve A1 I AN 5 7K A B e 2 RE 19 A7 8K A5 0. 7 nm
e . BEAh B RE SR A & A IR VBE S 53R I
INF T 77 A= 5 48 R A B B el JEL AR AT S 0 T 2K
R T Kb B A S X A P R R . BT L 2 R
2 R W A7 A8 DL S5 il 2 e A 1 AR M L AU EE XRD
TRAEWs % 52 ok, Velde 48 M i 43 U6 4 5 4 4
TR ) & SR A SR 2R L T W S e A 45 1 R 4 o ek
A0 TR YRR AT G AR R doory = 1. 4 nm X
STEAe o SR o i o U8 A0 11 3K AT S 06 i B A 5 L O
H I (002) By 47 55 W Tl 2 e A 19 CO0 1) i 5 e 45 J2:
£ 0.7 nm, WG AT A Ty Ffi 5 e 41 1 A (FE R
K Ze G RZE BB ALK e BRI Rst e A
(1 A At U0 5 A O G L 0 BB CTEMD 1 & 4%
FOUER e R R,

B(002)

B(004)

(060)

Intensity (CPS)
B

B (137)/(137)

B-berthierine, Q-quartz
B3 X GERAT G RRaET
Fig.3 XRD pattern of berthierine!'*

Mossbauer ## i 7x, Fe?™ /M Fe = 0. 158,
Toth il Fritz™ G i1 17 AMT0F5E (9 25 5L i 1w
e A 1 BA S oA s oo (L 4) o DA 545 b 2
Zo A IE H) RE SR VAT KT T AH B A 2 8 A7 AH X
BB MR AR B P O H2 20 0 BR  D
) B 2% 0 A AR KT B4 RE

WAL 3 A 1 23 U6 A0 AL 2 3 2R A W 19 4 0
1955 4F Bannister 575 db Bk L &AL T MnO &
KE| 43, 4% B 4G 2k I8 £ (Grovesite)™", Coombs
SEF 2000 AR FE BT 2L 2 BT IR 25 R P B

mEak A Hoh s B YR T 11 %Ry AR B LA
I 80 £ 2% (Brindleyite) Pl 42 2 Brindley T 18 45 , H
NiO & & 7l 3k 30% . 7E 1 % K Picton i X &
TiO, F ik F) 20 % M & sk ar e 47 .

Si

BRI SR
Fe,ALLO(OH),

Al' Fe” Fe’’,Mg®,Mn"™"
greenalite-4k ¥ 20 47 ; kaolinite- /=5 I £
4 WEde s SitT-(APT L Fet)-
(Fe*" ,Mg"" ,Mn*" ) B T L4343 A

Fig. 4 Plot of compositions of reported berthierines'

2 FHEREHRKE

2.1 BHEEKRE

T 2 )& A o i A ¥ AH S0 R 5T A v kL
BR 5 2 3 T8 TR BE 0 ARG B BT i G T LR
B2, il 25 ¢ 1 2 ¥ AH 8K BT A b B R W
Pptes 2 IO TR P 85 v i D A R A 2 U8 A A
AEAE— R A v B SR B kL 8 TR A A 7
A JERURL 3.

TE WA B8 b B 2 e A0 B i 7 — ik 5 i
S AAE B S R 2R 0L T o A AR 2 iR )2
FLBE Ay R Al b DR A AR ORI B IR Z 8
o ioh A AN A SE Y . 3K T AL 3 R TORDIR IR Z
KAEAL A FEE + ) “ 2% 4,4k 7 (Verdissement) )
& Gaertner 2P 1 Hardjosoesastro 2554 i ik, Vg
AHFRBE o (4 55 1 2 A ULAE F AR LT A R 5 AN e 5
T 3 A D) £ ¢ 8, 30 At €8 1 UKL . T S ok | X AR
LA IR 3 B R B L 33X 8 UKL (Y 200 €8 02 1h R e e A 1Y
FAE TR P, FER P #T Anabar 2 Kotu-
ikan o] Ust-Tlya 2 % 2 o A7 7E i T8 Dk B i iy 5
B e A1 -1k 2 e A AU URLIR T3 2% 41 77 AR O IRAR
B BT TR o A A R B R U A — W ke A AR AT IR
A MSRAAMIRERSY . BT BE LS R R, & Y
ge A0 Mgk Jle A 7E i 28 BT BR AR R AR L L 7k
LR A BEIE UL GOK GO0 1 R85



UR7EFep: E2 SIS TE 119

TR B BT S A DG PR 8 v 7 S 0 G e 0 AT
TRRAER

Qi Sigaf sk A m = imax. £2H
SRR IND SRS T IR TR N i E S Sl D i e |
T A0 AR AR L T 2 08 A0 8 BT IR A0 o o2 5
o U A7 N 52 T A DR A P AT 3 AT . WG Sk U6 A1 AE K B
L S/ TR Ay A A R AN g S 1 o
EPAY/IN

QZ g B TR 5T R AR T IE . Saf
JEREEH Y Fe Al JUER & & 093 mmimix .

OKRZMFEAA Z (<200 m) ™, ¥R
JIERMEAE 6~20 °C 5 JUHIETE Jmy FR 0 15 72 PR 58 7R 0T
YU X B 25 5 77

OFE— & AT W] i E S0 A R I A,
fifi 2% e 41 e Ak T Ok s BRI ) LR i At A
Bhattacharyya™* 7£ 1983 4F 46 UE T 1 AR i 4L 2% 57 5
o ) 1 e A PR RS s U o AR R BT e B B AT
e, ZEMAY P RO R & HIEENE &
50 T e WA BN T AR W 7K O iU Sk e A1 . 1997
A XUERCRT S0 A 5 T X R R B v U A R
ghie A, 1988 4R, PN IS T S AR T K I
T W S Ve A R S e A AR T S AN R,

1986 4F- . Maynard """ 1] Jf] H1 1 fb faf 655 0028 1 i
PR A5 R AR 9T IR B TR I RE IR R 2 R
s 2% e A Rl 2 e A o AR AR B 0 DR v 1 A o
P M Gy AE R /D B AUA i 2k e A1 . iR
A FNBR R R W) 0 A7 AR UL BB 1 IE AR
AN 7 78 B Bk DT 3R T I AR T 2 Y S5 1R TR X
AL R S A R R RE SR A

Van Houten fl Purucker " 7E {1 M & 9 T
R EORDIR B Sk e A X MRG0 FE T A
Fe' ™ i H A ol & 055 A b 2% 0k Fe* L 3L pH
(B b — B P O R B . Odin 280 1A Ky 75 57 30
WA AE R ok = BERT DUE G sk e 4 o AH 2 BURLIR
()R 2= B — i e 5T 530 1 S BKORL , A 2 I8 i
BN R ECHE A B L X R AR — A R
BREO,

PNFISF F Curtis™™ FH 40 47 35 5 i 85 5 ) VG /e
it VL = AR U DX v S Ay R 52 R A NG S e A R B
srle A 2 Fhagk ORI AT T ST . B A VL R T
BiF AT AV K Y Fe ST, i T K IR K D0 R ) 26 AL
AN ] b BR A 25 55 A e 2 7 AR FE AN [R] H A B B T A
W) B Bk B AR W0 Fh U T T TR R IR B 2k
W FAR R = A I % R B S 3% B iy O I 2 1
A il s e A /= A NP BT S A AH B ) B 8 Ak

W BRI LS e BRI A X R k3 AR
PIARRI . EARTE I 40 A TR AN R H g AR T
YA R IR B B — bk . BRI BE 2 K TR, Ak
0 5 F A7 AR L AR R A AR AR R G S e A — il 4 e
PaRiIb3s Zap i RIAL Y/

XA HT A5 6 e T b XRS5 R R
W A JZ &S I RESR e A 1) 3 B & B AE ] TH
e B A SR R T R 2 R SR A e
7 1 U8 A e 3, TR E, Fe o0 28 & oo /b, HL i
LS5 FE) FEAE 16 B I B L2 OB BT R R B i .
I X B i 2 e A 1 A R R B I BT B U
A8 85 TC TR B4 T R A BT AT IR 0
MMM o TE AR R B =AML A
Gy KRGS A SR = B AE W L. Bt 7R
PR ZR TR = A I UTBU T = AN A
AR Sy aglle A AR TR W) v 1 e R DU R T
FEIG G IS 38 AR B b 7 i i Fe'' B 717
e A R T RESRI A T8 B, A 3 S R A 0] 5
FUURRY) 2 B8 W 3 22 I o W v o 1A R B R AIR A2 A 3R
SARAR R A 2 v Rl 2 e A S T Ak o B e A T e 0
A

Ryan 1 Hillier T 2002 458 5% T Wyoming F
PREP B i AR S 00 2R DL K 28 R A A 1 1%
s AT LR AT VBRIV IRE A7 LB ECIR SR AT, WOR
R H A g lle A 5 BU AL RAE Sy U8 ] 05 4 RS 1
SR A 1) 25 B I T ) R0 IR A B A A . WSk
P ALAE Sundance #025 [FB k2, H A4y 4 35 ¥ 47
TE U6 B0 A AN AFAE T a3 B i ml LA LLIE &
R ZF )RR UL R A6 W B T 2 8 ol vt Bt
SO Es PRIk AL PN ORI/ N Y LY
B3 7R T AR A 2R e R b e SR i A
A, X R AT G 4 AR 2R L Sk U8 A T G ke
A — i g Je A B 500 ~28% . Ak A
5 R, 2k e A B 5 B L 5 Fe/ (Fe+ Mg) 4
K,

2006 4F , 55 74 Hf Hb T 2% K Rivas 555 75 Ba PG 5F
Colima Hb [X % $L T f 4k 1 b 1) 1 2 e A R il 2
A1 b RERA Ry g A PR BT Y B B SR e A R AE
W ST IR B i B 5 22 800 A BIL BT L A 4 4R
TG0 R DT 7 s — Bl il BT L I &8, S JELBRE
Pral AR . il 4 U8 A1 — M 5 28 = Bk VSR AR OG
SRR 2 R . g kU8 A N i 2 e A %
1 iR AT b 5T AR B B % R B T e S 4 R AR
FH o PNHESE Hias Hh 00 R8O T A T R TE RIS P
WA . T eS8 A 7R RO R Tl



120 2B /S VR AT LAY 5 K R HL TR B BB F 5T

JEIE A, 2009 4F, Antoni fil Carlest** %} Rivas Itk
AR FE T P8 . AT Rivas 558 A R X F
5 DX B DX S8, BT R0 R A 2R AT 5 3 A B O R
fBATIN b DX Bk A 22 0 o I OB 2 R OB
J A S Rivas 88 Bk o 59 W T BB, I
Rivas Jf oK 45t HAG 38 808 67 W) A A SCIE SR . Rivas
5 FIT MR A 1 2% 08 A R A 53 e A 7R 7 1 A L I
OB R Fr T 1Y % 4 08 A A HH 5L 4% i AN [ B4 455
FRERAT O R DUAVE g R AR AT . R ) I
TUBRW I 1T 9 3l KRB %, 2 5 A/ F I8 56
(8 — B[] AR TR IR U™ 5 180a JLF- 8] i 2 i, i
WFFE DI A 5 AL T A 9% A0 Bk 4 10 W i 4 1
WK, Rivas 5544 % 4 ¢ A0 1) 3 2 5008 A 15 2 A
G HRY ,H Rivas 55 XF #4 2% e A F i 2% ¢ A i 4E 1
B 1) 2 I 5 A Y

2010 4E, Huggett 5 McCarty"" %] Texas £t
B Y AR BT 1 Claiborne 4 B9 H A4E 26 4 VB R 8 7
BRI AT 5 A0 2 5 PR B SR AT T . b
2 F AR O b A AT A . W SR A
RO 5k RS DL A . R
RETT R 280 B8 3 10 B A R Wk e A ORI
BEE 5 05 R AN TUR AR AT G, LT 5 A BRI R I
BTG (B A VR BE 19 2, i S804 TG0 1) L T 2 A %) IR
J& B
2.2 dEigMEKRE

HH T 1 2t 08 A T AR T AR R85 A X T 0 A R B Y
FEIRE L I AF R  BIF 5 A 1 AN () g DX A ] S 4 i
T AR AR R B RE SRV A T PR A S AL R
AU ROREEES  an A o i P Bk R
A RS 0T 18 R T = AR
REATREED IR R A SR AR A R

1981 4%, Kodama #ll Foscolos #F 3% T Jil & K
Ellef Ringnes & bt e i £, KB T —FP 0.7
nm K ] A] B A B LW, X R A — IR TE R R
WG ER A . XTAE SN 300 C Z )5 doso 117 5 I
M 1,548 nm FEMKZE 1,513 nm, BLABEH Fe' #i A
B Fe'' L sk Ue A i) = /N T AR 2485 4 1) — /i 4R ik
T T %4k, 550 CHF,0. 7 nm A4 0578 B A% LA 55 ,
650°C I 1 ¢ e A0 B AT 56 W 4 T R . T W i 4k 1
A1 153 IR 550~650 ‘CZ ], M daso 5 RE
PR AE G 1 U ROk T 3 b I RE 28 41 2 B
REANTIERZ R B — R Fe* -Fe' ' 1y Z R
] 400 20 )8 1Y o T A A b DX %) A 45 45 4 f FE Jaeger
3 PR S e AT A 32 5 B KUK T DR AE TR RN

1982 4, H A # i % &K lijama Ml Matsumo-
o UHE T R T = & R R R e
AR FHA T 2RI A B ZR ER
AR FRADIRAEAE TR R 5 b LA IR K e o 1 e v
e A DU TR R A A R TP AR ZE R —
S —RESR A — AT, E 65~150 CHY
W RIS A 2~5 km FE L S 4
A S A BT Sl A R S FE XA RN G AR
RFRG > T 18% ., Utatsu BE 48 4 5 H v i vk
BR 5T FRTRT VB B AR B % Sk 8 A A R SR T
REE Xl TR K B S BT 2. 22 £
B NHERE 7, H Fe'” i KT Fe'' fid2z
FEORECR 8. 15~10. 20, XA &0 1l . KR YY)
B BUE 8 R R 5 T R E SR . R4
TRIK e 2 TR P v 1 28 B 2 1T R 0 il i s
T B BE K EUAE 300 m, f ML K, 22407 [n] R 2 8
AL B A TR ER BE . Y I o 7R TS
s g fyp ki g7, Utatsu G R A ¥ N &4
Fe*" W fifi 2 6 A7, I W AEAR T 160 C A IETE 3 km
LR #E47. Nelson Fl Roy™™ 8 UE B, 76 & T 400 ~
500 “CH, @k e A v LS AR Oy B 4 e A7 o i 0 A0 ]
DU i A L R %2 A 160 °C L i Bostick™
A& 190 C,

Taylor™ ¢ 1990 44l T & BLF S 6 2 /7
#B Weald ZHLT £ 5 58 1 Weald Zh 4 v 1 1% ¢ e
A 5 A b SAS [R] R I Hb Y RE SR AR AE T
R R FEIR K — P ROK AL FOUIR, 28 %
Bk AT B R, 2 X R Nk
AR AL R U o A R o AR PO T g ke
fi.

Madon™" F 1992 4F #£ I 3¢ P4 . Peninsular
Tenggol #1IX & W T £ 14 T “ Tegregganu W 77 /1
) i R T o 0 A R B TR R A A AR B T 4R
ff . WEskiea I8 Tk dh 20 4 7F 0 i 5O

R Y ol SN SE2-FU Ko a5 Sl Ll 16| sk /B 1 4
g8 A, A 4R, Slack 1 Jiang %P 1 7 Ontario
Timmins Hi X 1) L AL R HOR 85 A6 9 87 0K h & 30
T AR NS BT R I W SR A . X s BEE AR TR
A &R IAEZ) 350 °C I HGBAE B B T #E 2% e
Ao FRERE R BoR . wakle A &S s A W A
Ok A T HAR B R . W) 5 ] AR TR A [ A 2
Hormy ekl A Z RIS A 2R, &R ae A 7E
R R T TR S BT RS A B AL,

1993 45, 5k 37 &L g B AT & RD Y X ERIR
22 W 4 b ) — B 28 P Bl T AR e A B A



UR7EFep: E2 SIS TE 121

A I R R AT TR . LA UE B, W Ak
P EEAAAETHENALL L KA SR, 54
T 30 T I 552 A R U o AR Sy e 2k A AR R
AR AW - [F) I 1 2% V6 A7 0 ¥ 7 5 Ak R 2 6 1
SRR Z W A M L X | = S G K A b U
e A GREER A AR L G Sk U8 A = DT A 2R
TR DTAR ) TR R 25 P Ly, K AE 100 ‘C AR
FaE AR K 8 IR A IR T A A Wk
A AT s A BRI K S BEA R KA R s i
T R K AR R B Y B Bk B 1 I BT A I A SR 2K
Z2 W AWR-2 SRR I 225, R TR BN 5 30 K i BT A
HAE R BB T AL S8 0 I8 UKL 43 A 1Y 2 2k B
TURR) 3 S0 5 5 R B DU AR AN FRUE 78 iU 91 401 R
KA R E A SRR R ORGSR A

Toth #1 Fritz" “ 7 22 [ Minnesota V5 5§ 3B 1
M A1 e A 2 T 1T 0 21 4= & IR R R 1) 1
rle . PRt G 2% U6 A R Bk UH BT IR UK AR i
JRAAE X FERA & (RBH Y N5 =K A
U AT EHERET) B IR IR AR T — B A B A 2
AR HR S HGEL W AR B R DL R T
AH A A s A2 (W) o7 25t ik BH 5 R VR & A 1K i
PR EE IR . A PR E ALy CO, ITITH T 22 80
AE R, [R I Fe' 8y 7 s b, Mg® " /Fe” " 54K )
A F TG ek Je A I8 . HAL % 500 : Fe, Al SiO;
(OHD, 3R WARE A & Mg B RE SR 47 . W
B R ) SR NN R R s S - T o ) o g
b GURL 2 ) B 25 B 2 U0 UE LR Ak BT W AR e A R
il o XA AR VAR Y RE SR e A R R AR 5 )2 F
SR I R AR

Xu Fl Veblen" " 1518 T 58 K &N A8 i 25 & rh 4
Ve —wE s de A a2 AE R . AT 135 S i e
IR S e A7 RO B B — RN G e A1 FN Sk e A 1Y
)22 o i e 1 Ul ARG % U8 A (9 AH LG Ak . g
Ve A ] LLH 08 A % AR TR . o mT DA B A AR Y A
5 HOBT AR VE T A

Hornibrook Fil Longstaffe™ £ fil £ & Alberta
(5 Clearwater 41 EP b A B T 455 R
UGS A R RS A R sk e A BT E T
FI0 R AR P A8 D R AL B e B RO 5 T L X IR
R IR R e A1 1A 2 3 A T R e A AR
o B2 A) UL AE 4 T 2% U8 A 7 FVER = B J6 22
A7 AE— R A0 PR o e Y . R IR KT
X L b v i B AR A B R R ORE Y 2k
BUA R SR AL T AT E I R TR . S TR R A
B AW 177 A2 30 I A6 A ) T BT ) e A

Vefr . B IXAETE Ty fife A TR 288607, 7 i A 1Y
UUVE MR L 77 A WX TE G S e A e 2 ) &
B AR 73 BT R R R B A - T I AR . A i A
W BE AR A 70 °C  [A] I R 2 ) AR 4 4 A R
SRS LUORAE I AR BB AR,

Moore F1 Hughes" " 7 2000 4 R AR 6 T 17
TE T BB hk A 56 L (CEET Yo s e ) i
fheklefn s © A — A e A -5 I A -8HOK B A
M G . 3B Ak 2% 20 (Fells Al g Feilis
Mgy 15 Lio.os ) (Sig.e5 Al 4s) O; C(OH), , Kentucky 7R
JL#B Y Pennsylvamian %% £ 24 + 55 H A 8 8pE,
RE RS RMZ A AEE XTI T 3 A
ATBERLIA - D b )2 s & A AL Bk i) 20 b 5l K A+
B R 0 S A PR R I8 25 1 . A B R AE K
T LAT &k g it sk e A @ & & Ak 2 -
ST KR A 78 3 B8 22 1 b A B B R R
ke A s OR% A Fr 1T i 002 M S B VE
P B A S AR R PR VE R B R T /Y
7Y R B T R sk e A

Sheldon Fl Retallack™" 7E 2002 4EHi il T 7E ]
KA LA B m Al o 5 = 8 e 358 vp % 3019 0 2 e
Ao MR T S A I % S8 A 7 B IR
R RS IER] P-T 5 R A <0 X KK 48 18 B Y
SO, TERORYEZ S5 O A 1 g b 3
R oL A PSR Rl E REH R iR RS TR e S
. HTHEEIeA R A RRE RS, FE R X 1
S i B R R A L e SAR  E T CO, G #E
TR IR R S I ARON IR in T
AW K A, T L8 B W e A 7 R Y 22 RE
PLR RO A ()2 1 B35 N o SOV (B A 4
WA .

2007 4F, Wise '™ 7 92 [ 78 At &8 4 P M 7€ 1<) &
ORI T IR TR R SR E A, B SR A R R
B R B IR A AE A v G 208 A gk /D4
ERE . PRV BB TR v 2 6
PERVREG , 55 BRI A 5. X A A wh i AE X A b
JE kI R4 5 EE A R B ECE e
WAL T 56 R A R, 1 24 8% v s 30 1) % 4 1)
A1 I R I A A B 7 . v 22 O e A
SRR TS WAL X B AR A B R B B Y I A4
YERITF (300~400 “CHTiI 4k

3 4 i

(DGR A AR R RO B A4, 5
TR AHER BT bR DL A ik e A AR AT VBR s BESE A



122 e/ B SV AT Y B H B F R IR S S R

(2) AR g AH A B9 1 2 U A 8 JBR 35 40 9% AL A
Fedbt & SR VLD L L KLl R HOR B AR A
PR IR — = SRl 1 0 T8 T P A DA
ARt AL A A BUA R

AN R B IR B T e A0 19 T2 145 e fb 3
TE—E M, BRI BT RSk UE 0 T ke
AU AT SR AT VBR o BETE RO I AR P AR IE A
i 2 e At mT Sy i 2 Y A1 ER A BT BT

FIRIT A 1k & 5 T 1% 2R 98 A1 19 18 IR K HC 3 A6 D 1)
) Bk 2 ZR GEPE BT 5 o R K B BIF 5 07 1) L A R O
FARIE ML L HE AR M A 3R B )

S %3 ik (References) :

[1] Bailey S W. Structures of layer silicates[ AJ. Crystal struc-
tures of clay minerals and their X-ray identification[ Z]. 1980,
5: 1—123.
[2] Brindley G W. Order-disorder in clay mineral structures[]].
Crystal structures of clay minerals and their X-ray identifica-
tion[ Z]. 1980, 5: 125—196.
[3] Toth T A, FritzSJ. An Fe-berthierine from a cretaceous lat-
erite: Part 1. Characterization[ J]. Clays and Clay Minerals,
1997, 45(4) . 564 —579.
[4] FritzS ], Toth T A. An Fe-berthierine from a cretaceous lat-
erite; Part II. Estimation of Eh, pH and pco, conditions of
formation[J]. Clays and Clay Minerals, 1997, 45(4);: 580 —
586.
[5] Longstaffe F. Berthierine[ AJ. Sedimentolog[ M]. Berlin,
Heidelberg: Springer, 2003:104.
[6] Brindley G W, Bailey S W, Faust G T, Forman S A, Rich C
I. Report of the Nomenclature Committee (1966-67) of the
clay minerals society[ J]. Clays and Clay Minerals, 1968, 16
(4) . 322—324.
[7] Bailey SW. EERE LB (AIPEA i # E R SR TR L
T A PR ELT ] B, . R T, 1983, (1)
198—205.
[8] Van Houten F, Purucker M. On the origin of glauconitic and
chamositic granules[ J]. Geo-Marine Letters, 1985, 5(1); 47.
[9] Weaver C E. Clays, muds, and shales{ M]. Elsevier Science,
1989. 387—399.
[10] Van Houten F B, Purucker M E. Glauconitic peloids and
chamositic ooids-favorable factors, constraints, and problems
[J]. Earth Science Reviews, 1984, 20(3): 211—243.

[11] Hornibrook, Longstaffe F. Berthierine from the lower creta-
ceous clearwater formation, Alberta, Canadal[]J]. Clays and
Clay Minerals, 1996, 44(1) . 1—21.

[12] Wise M A. Crystallization of ‘Pocket’ Berthierine from the
Pulsifer Granitic Pegmatite, Poland, Maine, USA [J]. Clay
and Clay minerals, 2007, 55(6): 583—592.

[13] Brindley. Chemical compositions of Berthierines: A review

[J]. Clays and Clay Minerals, 1982, 30(2): 153—155.

[14] Bertoldi C, Dachs E, Cemic L., Theye, T, Wirth, R, Gro-

ger, W. The heat capacity of the serpentine subgroup mineral

[15]

[16]

[17]

[18]

(19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

berthierine (Fes 5 Aly 5)[Siy.5s Alp.5Os J(OH),[J]. Clays and
Clay Minerals, 2005, 53(4). 380—388.

Moore D M, Reynolds J R C. X-ray diffraction and the iden-
tification and analysis of clay minerals{ M]. Oxford Universi-
ty Press; 1989.

Odin G S. Green marine clays: Oolitic ironstone facies, ver-
dine facies, glaucony facies, and celadonite-bearing facies: A
comparative study [ M]. Elsevier Science Ltd, Amsterdam,
1988.

Bailey S W. Odinite, a new dioctahedral-trioctahedral Fe®™ —
rich 1:1 clay mineral[J]. Clay Minerals, 1988, 23(3); 237 —
247.

Bailey S W. Structures and compositions of other trioctahe-
dral 1:1 phyllosilicates[ J]. Reviews in Mineralogy and Geo-
chemistry, 1988, 19(1). 169—188.

XUERHT » BRME K. ARl iy A AU R w0 25 5T 2 80 R R
PLERWFSE LM, b a9 L, 1997 43—46.

Velde B, Raoult J F, Leikine M. Metamorphosed berthierine
pellets in mid-Cretaceous rocks from north-eastern Algeria
[J]. Journal of Sedimentary Research, 1974,44(4) 1275 —
1280.

Jiang W T, Donald R P, John F. Slack. Microstructures,
mixed layering, and polymorphism of chlorite and retrograde
berthierine in the Kidd Creek massive sulfide deposit, Ontario
[J]. Clays and Clay Minerals, 1992, 40(5); 501—514.
Mackenzie K J D, Berezowski R M. Thermal and Mossbauer
studies of iron-containing hydrous silicates V. Berthierine
[J]. Thermochimica Acta, 1984,74(1-3): 291—312.
Rivas-Sanchez M L, Alva-Valdivia L. M, Arenas-Alatorre J,
Urrutia-Fucugauchi J, Ruiz-Sandoval M, Ramos-Molina M
A. Berthierine and chamosite hydrothermal: Genetic guides
in the Pena Colorada magnetite-bearing ore deposit, Mexico
[J]. Earth Planets and Space, 2006, 58: 1389—1400.
Bannister F A, Hey M H, Smith W C. Grovesite, the man-
ganese-rich analogue of berthierine[ J]. Mineralogical Maga-
zine ,» 1955, 30(229) . 645—647.

Coombs D' S, Zhao G, Peacor D R. Manganoan berthierine,
Meyers Pass, New Zealand: Occurrence in the prehnite-
pumpellyite facies [ J]. Mineralogical Magazine, 2000, 64
(6): 1037.

Maksimovic Z, David L. B. Brindleyite, a nickel-rich alumi-
nous serpentine mineral analogous to berthierine[ J]. Ameri-
can Mineralogist, 1978, 63 484 —489.

Arima M, Fleet M E, Barnett R L. Titanian berthierine; A
Ti-rich serpentine-group mineral from the Picton ultramafic
dyke, Ontario[ J]. The Canadian Mineralogist, 1985, 23(2):
213.

Dai SF, Tian L. W, Chou C L., Zhou Y P, Zhang M Q, Zhao
Lei, Wang ] M, Yang Zong, Cao H Z, Ren D Y. Mineralog-
ical and compositional characteristics of Late Permian coals
from an area of high lung cancer rate in Xuan Wei, Yunnan,
China: Occurrence and origin of quartz and chamosite[ J]. In-
ternational Journal of Coal Geology, 2008, 76 (4): 318 —
327.

Chauvel J. Chamosite and berthierine: Is it possible to make



[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

UR7EFep: E2 SIS TE

clear the terminology[ C]. 13" International Sedimentological
Congress, Nottingham, England,1990. 87 —88.

Gilles, i A=, M 2 A /9 IR LT . 9 ¥ BT 73 M, 1983,
(3):40—48.

von Gaertner H R, Schellmann W. Rezente sedimente im
Kiistenbereich der Halbinsel Kaloum, Guinea[ J]. Mineralo-
gy and Petrology, 1965,10(1) :349—367.

Hardjosoesastro R. Note on chamosite in sediments of the
Surinam shelf[ J]. Geol. Mijnbouw, 1971, 50; 29—33.
i . M A R (B [T ], W BT A, 1983, (4):
71—179.

Drits V A, Ivanovskaya T A, Sakharov B A, Gorkova N V,
Karpova G V, Pokrovskaya E V. Pseudomorphous Replace-
ment of Globular Glauconite by Mixed-Layer Chlorite -
Berthierine in the Outer Contact of Dike: Evidence from the
Lower Riphean Ust'-11'ya Formation, Anabar Uplift[]J]. Li-
thology and Mineral Resources, 2001, 36(4); 337.

Mata M P, Lopez-Aguayo F. A TEM study of berthierine/
chlorite in metapelites of Cameros basin (Northeastern Spain)
[J]. Diagenesis and Low-Temperature Metamorphism 2004 ;
109.

Bhattacharyya D P. Origin of berthierine in ironstones[ ] ].
Clays and Clay Minerals, 1983, 31(3): 173—182.

PIAISF L Curtis C DL J P4 F T = fA Y 3 X 4% € ) A 5 )
LB S BT A B SE L1 i, 1988, (2): 97—
103.

VR, 22 g, F B L 26 = Ul X 2 6 ) 26 0 4 R 11
WHoELT]. B W0 A ER AL R, 1988, (1): 43—45.
Maynard J B. Geochemistry of oolitic iron ores: An electron
microprobe study[J]. Economic Geology, 1986, 81. 1473 —
1483.

Van Houten F, Purucker M. On the origin of glauconitic and
chamositic granules[ J]. Geo-Marine Letters, 1985, 5(1);
47.

Porrenga D H. Clay mineralogy and geochemistry of recent
marine sediments in tropical areas: as exemplified by the Ni-
ger Delta, the Orinoco shelf and the shelf off Sarawak[ M].
Publ. Fysisch-Geographisch Labor. Univ. Dort Stolk, Am-
sterdam, 1967.

FIZR, UK, ah P, R W5 EZFHZE S A
P28 5 R BF S8Rk L], 0 96 M i, 2009, (4): 377 —
382.

Ryan H . Berthierine / chamosite , corrensite , and discrete
chlorite from evolved verdine and evaporite-associated facies
in the Jurassic Sundance Formation, Wyoming[J]. American
Mineralogist, 2002: 1607 —1615.

Camprubi A, Canet C. Comment on“Berthierine and chamos-
ite hydrothermal: genetic guides in the Pena Colorada magne-
tite-bearing ore deposit, Mexico” [J]. Earth, Planets and
Space, 2009, 61(2): 291—295.

Huggett ] M, Gale A' S, McCarty D. Petrology and palaeo-

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[55]

[56]

123

environmental significance of authigenic iron-rich clays, car-
bonates and apatite in the Claiborne Group, Middle Eocene,
NE Texas[J]. Sedimentary Geology, 2010,228(3-4); 119—
139.

Kodama H, Foscolos A E. Occurrence of Berthierine Canadi-
an Arctic Desert soils[J]. Canadian Mineralogist, 1981, 19;
279—283.

Tijima A, Matsumoto R. Berthierine and chamosite in coal
measures of Japan[]J]. Clays and Clay Minerals, 1982, 30
(4): 264—274.

Slack ] F, Jiang W T, Peacor D R, Okita P M. Hydrother-
mal and metamerphic berthierine from the Kidd Creek volca-
nogenic massive deposit, Timmins, Ontario[ ] ]. Cannadian
Mineralogist, 1992, 30: 1127—1142.

Taylor K G. Berthierine from the non-marine Wealden (Early
Cretaceous) sediments of south-east England[]J]. Clay Min-
erals, 1990, 25(3): 391—399.

Moore D M, Hughes R E. Ordovician and Pennsylvanian
berthierine-bearing flint clays[J]. Clays and Clay Minerals.
2000, 48(1): 145—149.

Xu H, Veblen D R. Interstratification and other reaction mi-
crostructures in the chlorite-berthierine series[ J]. Contrib.
Mineral Petrol. 1996, 124(3) . 291.

Nelson B W, Roy R. Synthesis of the chlorites and their
structural and chemical constitution[ J]. American Mineralo-
gist, 1958, 43, 707—725.

Bostick N H, Cashman S M, McCulloh T H, Waddell C T.
Gradients of vitrinite reflectance and present temperature in
the Los Angeles and Ventura Basins, California[ J]. Pecific
Section SEPM, 1978:65—96.

Madon M B H. Depositional setting and origin of berthierine
oolitic ironstones in the lower Miocene Terengganu Shale,
Tenggol Arch, offshore peninsular Malaysia[ J]. Journal of
Sedimentary Research, 1992, 62(5): 899—916.

Wang Q M, Zhang L F, Ren L F. The transformation of clay
minerals in triassic mudstone of north Shaanxi Province dur-
ing burial metamorphism[]J]. Science in China (B), 1993, 36
(6): 729—739.

Zhang L F,Wang M, Ren LL F. Clay minerals in triassic mud-
stone of north Shaanxi Province during burial metamorphism
[J]. Science in China (B), 1993, 36(6): 729—739.

Hillier S, Velde B. Chlorite interstratified with a 7 Aminer-
al: An example from offshore Norway and possible implica-
tions for the interpretation of the composition of diagenetic
chlorites[]]. Clay Minerals, 1992, 27; 475.

KEE. BT, BREh. SR 2 AR X E =SS e
KA APPSR AT HRAELT] HET¥# M. 2011, 85(10):
1659—1671.

Sheldon N D, Retallack G J. Low oxygen levels in earliest
Triassic soils[J]. Geology, 2002, 30(10): 919.





