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Geochemistry of early Archean (3.5Gyr) siliceous mudstone and sandstone from the Marble Bar area in
the Pilbala craton, Western Australia

Abstract

Major, minor and rare earth element abundances are
reported for early Archean (3.5Gyr) siliceous mudstone and
sandstone from the Marble Bar area in the Pilbara craton,
Western Australia. Major and minor elemental patterns
normalized to NASC (North American Shale Composite) indicate
that these clastic rocks were mostly derived from felsic rocks
such as granite and tonalite-trondhjemite-granodiorite (TTG).
The Ni and Cr concentrations of siliceous mudstone are
anomalously lower than those of other Archean shales in
greenstone belts, suggesting that komatiitic components did not
contribute substantially to the mudstone. The chondrite-normal-
ized REE patterns of siliceous mudstone and sandstone are
similar to those of granite and TTG, except for positive Eu
anomalies. The positive Eu anomalies are probably due to local
accumulation of feldspar during sedimentation. Negative Eu
anomalies in two siliceous mudstone samples imply that a
differentiated and fractionated granitic rock with negative Eu
anomalies had already been exposed in the early Archean. In
general, the siliceous mudstones have a greater contribution of
granite than do the sandstones. These geochemical lines of
evidence suggest that the siliceous mudstones and sandstons
were deposited near a continental margin with a provenance
composed mostly of granite.
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176 DEE R - bl ROV
® ST e W e
®  Early Archean 3 o—basalt
4 Late Archean (Teylorand Metennan, 10 | oA komalite
© post-Archean
- B Pongola (3.0 Gyr)
R Witwatersrand (2.8 Gyr) 1
N Venterdorp (2.7 Gyr) r
© Transvaal (2.6-2.1 Gyr) 01
X NASC :
)
(@) o® Oe®. ® 0.01
= 90 ® %%g o e ]
< [e) [ ] 1 ! 1 I 1 L 1 ] I | 1 1 I
8 - o O ® ) . — T T T T T T T3 100
L I O o E E
.‘B A b1 m0 ©o v v ® o m i
o < - o mm g %__
A o o - B m E
E T
1 ! 1 L o .
c 3
1 10 100 L] E
O :
K>0/Na:0 2 3
%4 . SlOz/Ale% VS KzO/NazO /C?% L f:ﬁ¢r¢g%®ﬂ:¢7{fﬂ Z i Il I 1 ! | 1 1 1 1 1 1 1 1
oK. KGO8, KiEREY, KbafRMEoH"E:S F e S A
(Taylor and McLennan, 1985), B 7 7 V) % @ Kaapvaal #i i
¥ @ Pongola 3 /& # @ H & (Wronkiewicz and Condie, 10 L 4
1989), Witwatersrand 3 /& B @ H & (Wronkiewicz and : ]
Condie, 1987), Venterdorp 3 & UF Transvaal 2/E#H O H A 1 ?
(Wronkiewicz and Condie, 1990), NASC (Gromet et E
al, 1984). Si mudstone : FE{gE (LT R or L ]
' 3
7 7 1) 41 @ Kaapvaal 313 @ Pongola &E# (3.0Gyr) 5 001 3
Transvaal 2B (2.6~2.1Gyr) DEAEZ Y FiF7. 2 o

NODOMFEE, L%kl v 7)) TRLOEFIZDOWTR
bR LT =y PARA LTS, T/, HEBO7-
Oz, EAROMREZNWESE TH % North American Shale
Composite (NASC ; Gromet et al., 1984) & &b & T
oy b L7z, 8RB, KIREOEERGIIEEATH A
ZE R T, fMOBESE & T Si0/ALOsI AT E .
T/, HERESEIWEICHLT, 4174 F2HEMIZE N
ZEERBLT, £ L TEVKONaO It % 7R%. Taylor
and McLennan (1985) (&, K&fROEFIBEAROL O L
DAY LDLRNZERIERHL, KiftoRFEmRIE 7
Vo LZ Lo (KICEGIEEEDRZ) LifmL T
w5, La L, Kaapvaal #1393, 0Gyr 2> 52. 1Gyr ©— &
DESEIE, KiONaOILIcBL T—ZBL-@EmEzRL TS
59, Bz, Ko Pongola Z2EHETL 2% 0 K
CE L 2 EPHMEICED 5 N A (Wronkiewicz and
Condie, 1989). KM OARMEDOEE RS b LK
WA )7 AECMEM%EZR L TH Y, Taylor and
McLennan (1985) DBl S /-4 28 L.
ESEIZ, W OPDFEILK EMEILHE % NASC TH
BALL 2R %7R 7. Condie (1993) 2L G256 Tw3
Keftoa<F74 v L7414 PEEZREE, V, S,
Co, Mg, Cr, Ni 2 X OuEICECMEN 2 WHEIIRYT. 5
BEAYLZ, tonalite-trondhjemite-granodiorite (TTG) R°itiEE
EINHDRHEIZZ L L, MHMIZ K, Th, Ba, Rb, Hf,

K Th Ba Rb Hf Ta Y V Sc Co Mg Cr Ni

5 E. NASC ##&{bK. (a) Kfifkoza~<F74 b+, VL
74 MNEZR A, TTG, L 'a @ F ¥ fE (Condie,
1993). (b) REB LV (¢) WA, Eroh~EREERE
POEHFERBEOWEIIZ L EENLTLHEONEFIZ T Y
ML72. NASC O EE - T % Gromet et al. (1984)
& 5.

TallET. MU THERS WAL, Co, Mgldtizon
TAEEER TTG WU L7239y — VIR LTBY, HL
DYDY — VR FETATFTA MR ERELITRE(R
%A, LaL, BIMLEGRE) &, EEEC TTG L0 b
RRECEI 2R Y. T2, BRIRBREVMKESE L) O
NG — Y EIRTDOIZHNRT, WadFeR 77 v MOk
WSS — YRR, U, BEITHMIICE K oW Y
WEHEGILE2RBLTWS, Co, Mg KX LHEED
FEHREAHTH L0, BZL FK, B, H5VITEH
WEPHEBEICLADDEEZLNS.
INLDILFEDH L, FFIINI & CriZonTIEE LD
Ty 2EEIN, KERERHUBEOERRIRE &I
X, Ni& CrOEFERICRELENDYH LI ORI
T4 (B z1L, Taylor and McLennan, 1985). % 6 X2
Taylor and McLennan (1985), Wronkiewicz and Condie
(1987, 1989, 1990) HIZL 2 HEBED NI, Cr &8 DB
T, Koo TTG - fEfa - KRG - I~ 774 DY
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T T Ty T T T
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° IQ Si mudstone I i
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BO6MX. Crvs NI TERLZMBEDILFMBE O, H
LT =7V —AEHEAERT., KO (2<wF 74 ~)
BA (V1L 74 MEZRE), TTG, GR (b H) &
Condie (1993) 2 X 4.

S
’
s

fli, BXONASCOHEELEHLETTTy b L7z, KEftD
HoSNi, Cricgtoix, HonicaxF7A4 b, 72
BZREPLSOMBYOFG 2T TWAE I ExRLTY
L. BIIXREON, CrEFRx2EZ5b0 (Bl
Witwatersrand % /& #%, Ventersdorf R@ & 72 &) 13, #H2Y
BOIAXFTA MOEGHZLTIE, ZOEBVEERE®HH
TERWV, THERTEMIC, AEoRERA ALK
THHOBRBEIZL b3, BEICKVN, CreahE
Y. COHEREDON, CrafEld, TTG RIEME
EEEAEAMPEIIC IOy M ER, TTG RitmE & il
WEE LT, HEZAMHEBKT L) Ik o THRE
NEZERRBLTWS, avF 74 MIEERELH D
2HILLESHW NI, CrEFEX b2 &0, EIEWE
ELTRIBEAEGETNELVWEEZONS,
HERSLWEDOa Y P54 MEKLA T3 TE (REE)
Ny — %, KifRoOREN 2 KBS DFHED /5 — >~
EEBDITHETHIIRY. fEmaid, B& T8 TH (LREE)
WKEA, BHOEuRFE/RL, 2828 REE B T
WO 6N L. fbiEea & FEKIC TTG $ LREE 12 T [
ZRTA, O EuBEA/RE T, REE BEIIERAE LD
LIV, ZREEFPPLREEICEG D 00, HABLIEA10
BED7Iy MIEWNRY =V %Ry, a<vF74 bid
LREE 254518 L7245 EAS) /8% — > %75k L, REE &L
o TV KEFFROEE RS L AL, £ B ICLREE I
BARELENS YD)y — %R, Bk Lz TE - MET
RO O L FARIZ, TTG B S 1M TH
PLTWB Z Edbrs, BAEILMEE La T20~ 10042 T
HY, TTGRIEME L b H 7% Hikv. REE EELEW
2HRBOERREICIE, AELADEURENRONL D,

100 E ~—#— granite E
[ —eo—TTG
—O—basalt

—&— komatiite

10

-4 100

Chondrite-normalized

10 |

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

LR 2 F7 4 MEEBIEREE v — . (a) Kt
avFTA4N, VLTA MNEERE, TTG, fEEEDF
¥{l (Condie, 1993), (b) BEB LU (¢) %, a3 F
7 4 L OfEil¥, Boynton (1984) 2k 5.

FHUEORXPHIIHMERIED Eu BESEDOOLNL. &
DT LD, TTG RiEfED REE /8% — ¥ & OFEE 7 /i
HTHhb., ZOIEDEuEFEORKIZE L Tk, EwEu*
(Eu 5 1MH) & ALOsEAHE L DMBIZI VHEBETL L
HTEL (HESH). ZOMIF, ALOsEH & & Eu B¥1(E
HIEMBET A2 ZE2RLTW A, &R OMHEBIEKE
0.49CTH 2 7%, RHEB6ICBIT A I OHEO KX S
X, 9% DEBERBICBVTHESTFoAZICHELT
WHIEEELTWS, FOEUEER2D7-5TYWEIE,
A (Gromet and Silver, 1983) 7, 4aZ/KiA# (Michard
and Albarede, 1986) Tad % %%, Eu BH 2 ALO:ZH & &
TEMHETLZ L, ZOEDENREVPER (HEHWIETE
AHROM T EY) ICHETLIEERELTVES, 2
N OB EDORED, EAZERBLAF*2—-24L AT
HolTREELBETELR VA, BIEXISOm %iB2 5
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@ Si mudstone
O Sandstone
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T © __ ]
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O
08 - ) -
[ ]
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Al203 (Wt%)

#E 8. EwEu* vs ALOs® B {%. EwEu* = (2EwEua)/
(Sm/Sma+Gd/Gda), Euw, Smen, Gdan i3I > K74 D
HERT. 1EIREIFZ2VIE, 1LDREVEIER
E, 1X)/RMSWVERZBEELERT.

Y—EF A bbb oo LBREMICF 2 —LA LA M2
JREIZOAA L T/ bidZEZ o560, © LAHEEROM®
BTROGPEANICGEELLTREDO T EW. EAI
H®L72ED Eu B/E, B4 -2 M7 ) 7OREUIE
9 % Kalgoorlie /% #f ® H % (Nance and Taylor, 1977) %
Cleaveraville 2B O E# (Kato et al, 1998) 7 OB E
PO HEBKICHEINTED, EFHELOGELRBEHER
DR RBEICLDIEEZLNTY A,

ZOEDEuEF LB, BERED 2 5,
G5V H S bHHELADO Eu REPEOONL (7, 8
BI). Iho 25EHE, MOBEERS LD b REEREDS
{, BOEuE¥%bDOZ t» 5, REEBEOE WIS
(FE7Ka) OFGFHMPIIKEP I LERRLT
Wh, ZOZ LiE, §TIZ3EFERNICHER M TREAD
SRR D, AD EuRE % b D0k Lo b s s
WEREBIZEH L TV LEZRBLTND, ZOKHR
X, BOEu®RE T b OREMZEISIKERISHFEL T
& ¥ % Condie 5 O ¥ (] 21X, Reimer et al., 1985 ;
Boryta and Condie, 1990) % XF L Tw 4. fEEaH D
EABAERE—RICIED EuREL/RL, OBy H
MOWHEOEUREL LI LICLY, 2L LTEEEGR
BAOEURELTRT. L2 ->T, BOEUE¥ % bOILE
HHERORAVRBYHTICERLEEICIE, IEDOEuf
FBERTIEERETHILENS L. AEOERRED
IBLEDEuEBEEZRTHION, 29 LkREICE2L0
EEZOLND (R0 ZH).

K EOEE R A L e, FICTIGRARMG R ED
HRELZEAEREEWE L LB ETHY, HWVIZHEL
L7 Ek b2 ms#a A L Cwb. L2, REE/NY —
ORI EP L AT, HEREO —HMOREHS, BE
DG L) SMHNWIZIEREDFFVRENZ EE/RL

KO+BA
2040 60 70 80 90 100% GR
v v v v, 1 1 L Y
FE A58 ) 3
20 60 80 90 100% TTG
40 70
6 - — X L
[] si mudstone
[ sandstone
5 4 1 -

Nl

Th/Sc

BOR. THScHL AT T L., Aa3F T4 FELREIE
/205 4 AN TSR E S (KO+BA) 12, TTG R4t
B A RESTRA LRSS (% THFR) O Th/Sc kb
Gh¥THE2Z axF7A4 N, VLT A4 NEEREA,
TTG, L% DOMHIZ, Condie (1993) 12X 5.

0 1 3 4

Twb. Th/Sc 3WE e DOREFEIZHIK = 7= 2 L BN 715
e bl M5 NTEY (B 2, Taylor and
McLennan, 1985 ; McLennan and Hemming, 1992), %
DEVEHELHERRETE L EY 2 TR, fbEas
TTGTOKRKEL ELR AL, LA >T, TOThSchizd b
TTG Al a DM % &5 % 5Hl T & 2 nJRetEhH 5.
ThEREEIX 72254 MIEEOERERE I T L
EEINLZEPEBEINTVS (B 21F, Rudnick et
al., 1985) 7%, AHFZEHIISAEE OIR VR TIXFIREIC %
b7zw, IMXIZ, ThSScHOEB A MF I L%ERT. ZOK
12, I FT7A P EXREVEEDND L LM 28k
Ball, TIGRIEmEWHA LEETRELIEED
Th/Sclt b 52 TH b, ZoORMNL, HERED IS
DY, ThSc KDL TEWHEIARD SN L. & |2
4 REOHEEREDRTEV Th/Sc Hid, E=HT0% %
25 L) EVIEREGDOES 2 LCIRIHEBPTE L2,
L2L, TOR»LTIE, FRLDAOFERGRWED,
EDREDEI GO TTG AL G ICHE L T LDz
ETHILIITERY., TOZ LML TH 2HB SNt
iRm0, HI0KIC Th/Sc & EuE2FEOER LT 7
oy hL7. HERELHEIE, CALoMICELT,
HARE 22 B ORI 6N D (B0 a). Thbb,
EuEEVWEPSEIZRBIZONT, ThSclhid k& <
T 5. HI0K b2, AN ZESEES (KO + BA) 12,
teA REETTIG RIEREVIRE L GG DORE BT
52 Ths. TTG L HHEEORAMB (TTG line) i,
EwEu* 2512 1 odH-vic7ray b &h, BERAL
Wao7ay oA E T KECEL S, TIIXFLT,
e L WS E aORAME (GR line) &, Eu ZHEEA
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No Eu anomaly
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| ]
[ ® ‘ @ Si mudstone ]
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(8] E | 3
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= I Op
01 L | 4
F | E
' ]
| i
| a) |
0.01 1 ! 1 1 {
10 £ T T T T T
F % 50%Feld: ]
100%GA. 30:'7 ¢ per ( b) 1
1 80 .
® :
~ [
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[
0.1 3 E
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Eu/Eu*

B10E. Th/Sc vs EWEuw* D[R, (a) HE R E & W &,
(b) A~FT7 A4 FEXREVEEDS L LAY
% (KO+BA) 12, TTG Rfuah ik 4 kE&CRAE L
WEDREMA. TTG line | TTG & E#E A ORI,
GR line : fEf'a &L WHRE B DR G MM, GR line A GR
line ICE & T0%DELIIRE LG AEDEAME,
GR line B:GR line [ZEEILT0% D ELIVRE LIHE
DRAWE. avFTA4 b, VL TA VEERE, TTG,
ERBEOfEIL, Condie (1993) 12X 5.

BOHANTFRTDEL00, BERAEEMED T Y MC
EEH - b2 RT. B8NS, HERS LWAIIR
TIED Eu B IE, BEUEEAICHRET LI LARBEEN
70T, Z®GR line (EfEH & WEE A ORA M) 12,
HEREILT30% L50% D KA RE L72EE D EWEw* O%
{LHi#E %, GR line A, B LT&bIcHEMAL. BE
L7-EADREE GH &I, HERE LW%ED REE §F&
DOFYME R B R ANV MO REE 648 S IREL,
Henderson (1984) 12X Y Rfid s h/-HEEASAH LFE
& ONEARE AR LTk 72, BHEIRE EEE, 1313
CO2ODRAMBICHRINERIC SOy bENnS, #
BEE I T ARG OREE G, BEH20~70%, H
HREND0~90% & BiEd sh, HEREDHIIERAED
HERPFEISHEVEEZOND, H5M5IE, BED
MBS S OWBEWE A ST EARB SN, 2
DL, WaDAPERAEEOHFESOFENEH LV
B HOREL D EFIEL R, 72720, BERAED
Ni, Cr BB BMO TRV & (6K 75, fEFEEL
BRELENHEEL LTI F7A 2 EZA2LIITE

B, WTIZLTH, TASOEBEITFICERElE
HL7-HEEICHEL, CEasREORBYIRTNIZE
ARSI LI VER LK RESNS.

2. HEREE LB EOHMERE

Eak L7z —EOMIRIL ARSI, Cho5oRBara
TFTA M EDFEGSNLEL, ECREVENL-BY
Wb b7:63NZEE/RLTWA, Al LzL IS,
Kitrftol ot Eawm PO EEIE, Cr 2 Ni ARV
TEL, avF T4 I oDEGHRIZITITVWE I LN
WEINTVE, T LT, KfFFEOREEIEa~F
TAMROTRIBOTZ L\, AOHMBH2ED, =
DX NI HS STV, KEFFR Tl o 78
HEDOIMPT FIOBHEIZIL, a<vF T4 NEDORBEDIL
HIZOALTWDIZ b, RETAIMESICED
~F 7 A MEORRBEIZHKT B HERIL R BUIME T
X, ZOZ L, IhHOREEVaTFTA NEE
b 726 T XKINFEHOERAH 5 iRk HIC, F—o#
BBV T -G ICHR L -0 Tid % {, ZRIcE
e B THREL7-Z L AR L T A, mEEBEBOMEESR
il (R TXRE (Bfa) OEE & 225 &<
BARF v — PO DH Y, ZFOHEEIKTRICBE L
THELEIEL, BLIERas BN LR EH2 O 4t
WMENT-HEYY, y—EF¥A P LTEBLEZDDEH
REND, EBIITHRBEDEVEIRF v — b DOHERLF
BRI, BIEOMmELEOBKEHEY O Fh e L —
HLTBY, 20 oEVEIRF v — M@l I
BULEBLRBEKRPOER L -BAKEF ¥ —FEEZS
nn (naEEs, 1999). M dkEFN L HECRBIKT v —
M, BRI ATAHLDIEFE Th/Sc ATE L %0, 16
5 TTG 7206 7 B KEMBWE OF 5 S HF BT K & L
AHIEERLTYS (INEEED, 1999). ZHhid, Th
5D F v — b OHREIG AR A T KERIIE DWW Z &
ARBELTEY, BERESW SR MO T A2 &
RFOWELFEHE DTN TH L. ZTH LT
i, KERICT T LRI U &) ZAKEESOER L7
TL—+ 727 b2 ADPKEEEL Tz 35 TR (de Wit
et al., 1992 ; Kato et al., 1998 ; Komiya et al., 1999)
AEHFL TS,

¥ & 0O

NS, < — 7N — OB ERE L EDE
FALFEHE DS, UTFTOZEDPHS NIk -7
(1) HER:E Laid, KibMoiomEas L QIR
WIERWNL, CrEFE 2/RT. 2hid, a<F74 M
HRTA2MEDRFGN otz l LML TNA,
(2) BEERAE WA, b IEMER TTG I IZEM L /-
LREEIZEAZKE EAS) ODREE/SY — > 2R, BRO
(RAHROHTEY)) OB EBEIZE D EuDIER
FERTOODPEOOENL, T, —HMOBEREICE
DEWEEZFOLOPFEREL, KAz cicd
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% L b —EIIEAL L 7o fE i s b R g 1 &
LTWZEHRBLTWA,

(3) HERA WAL, FIiEaREYEL LTS
A, BERAEOFPWE L) SIEREOF ST
KEW,

(4) BERE LA, RIEmEr S & b KT %
Tibe L, REEGLBIZBWCHELRERMY -5 1 b
ELTER SR EHRmENS.

| B

R 2 D 5P LT, A T EH b &R
BT O5HE, EHFREHELIZ ICP-MS OG5 OffiE %
2o Tz niz, XRE GHTICDWTIE, HE K
FERFFERT O A AL, KT EAEROEHEANRE
WCBHEFEIC R -7, WEREBS L ORBORIUIE L T
1, EE LERFEFHMOINEEE L, EERFHRE
{ERFZe R OBRIG T HEE L, &R F T O FMEE 7
EEL DA BIME R o2, IR FRESOE
Wi, =HE—ImELICE, AR2DSEB-7. B
LOBFE IR FOYUED - OICH R RIEHEY LT
Znic. DEOF AR HMEEERT. KR LONR
B LT, ENSEIEAE St Ek S — WER st ERER Y
DOHEME A XY ] No.259 (CFR7-9 ), EFREM
ffF 4% No. 06041038 (*F-5k 6 &), No. 08041102 (*F)k 8 -
94ERE), REIIZE (A) No. 07740426 (CER 7 4ERE), 1111
KEFFNFEFER B E (ER 8 ) D—#z LT/,

X 73

Barley, M.E., 1998, The tectonic and metallogenic evolution of
the Pilbara Craton: Preface. Precamb. Res. 88, 1-2.

Boryta, M. and Condie, K.C., 1990, Geochemistry and origin of
the Archaean Beit Bridge complex, Limpopo Belt, South
Africa. J. Geol. Soc. London, 147, 229-239.

Boynton, WV, 1984, Cosmochemistry of the rare earth
elements: meteorite studies. In Henderson, P, ed., Rare
Earth Element Geochemistry, Elsevier. Amsterdam, 63-114.

Cloud, P, 1988, Oasis in Space: Earth History from the
Beginning. Norton and Company, New York, 508 p.

Condie, K.C., 1993, Chemical composition and evolution of the
upper continental crust: Contrasting results from surface
samples and shales. Chem. Geol., 104, 1-37.

de Wit M.J., Roering C., Hart R]J., Armstrong R.A., de Ronde
C.EJ., Green RWE., Tredoux M., Peberdy E., and Hart
R.A., 1992, Formation of an Archaean continent. Nature
357, 553-562.

Gibbs, AK., Montgomery, C.W, O’Day, PA., and Erslev, E.A,
1986, The Archean-Proterozoic transition: Evidence from
the geochemistry of metasedimentary rocks of Guyana and
Montana. Geochim. Cosmochim. Acta, 50, 2125-2141.

Gromet, L.P and Silver, L.T., 1983, Rare earth element
distribution among minerals in a granodiorite and their
pertogenetic implications. Geochim. Cosmochim. Acta, 47,
925-939.

Gromet, L.R, Dymek, R.E, Haskin, L.A. and Korotev, R.L.,
1984, The “North American Shale Composite”: Its
composition, major and trace element characteristics.
Geochim. Cosmochin. Acta, 48, 2469-2482.

Henderson, P, 1984, General geochemical properties and

ey FKS5

abundances of the rare earth elements. I» Henderson, P,
ed., Rare Earth Element Geochemistry, Elsevier. Amsterdam,
1-32.

Hickman, A.H., 1983, Geology of the Pilbara Block and its
Environs. Geol. Surv. West. Aust. Bull., 127, 268p.

Imai, N., 1990, Multielement analysis of rocks with the use of
geological certified reference material by inductively coupled
plasma mass spectrometry. Anal. Sci., 6, 389-395.

Irino, T, 1996, Quantification of Kosa, eolian dust, contribution
to the sediments and reconstruction of its flux variation at .
ODP Site 797, the Japan Sea during the last 200 Ky. PhD
thesis, University of Tokyo, 130p.

Henderson, P, 1984, General geochemical properties and
abundances of the rare earth elements. I» Henderson, P,
ed., Rare Earth Element Geochemistry, Elsevier, Amsterdam,
1-32.

TR 2R - e 54 - O L B - ARAT - LI - R DT R, 1995,
WA —ZA b 507 - ENNTHH -~ — 7L/ — il (3.5Ga)
DIBIRT ¥ — b ORIE & W Ekg. ERE Y5 545045
KFEEBE, 0-14.

BRI EKTY - T LB, 1999, A —A LT UT - KN
INTHIE - v — TN —HuE (3.5Ga) DOKREEIKRF v -
F OMERILE, WMERKEREEFRTRE, Ah-009.

Kato, Y., Ohta, I, Tsunematsu, T., Watanabe, Y., Isozaki, Y,
Maruyama, S., and Imai, N., 1998, Rare-earth element
variations in mid-Archean banded iron formations: Implica-
tions for chemistry of ocean and continent and plate
tectonics. Geochim. Cosmochim. Acta, 62, 3475-3497.

Komiya, T., Maruyama, S., Masuda, T., Nohda, S., Hayashi, M.,
and Okamoto, K., 1999, Plate tectonics at 3.8-3.7 Ga:
Field evidence from the Isua accretionary complex, southern
West Greenland., /. Geol., 107, 515-554.

Krapez, B., 1993, Sequence stratigraphy of the Archean
supracrustal belts of the Pilbara Block, Western Australia.
Precamb. Res., 60, 1-45.

McLennan, S.M. and Hemming, S., 1992, Samarium/
neodymium elemental and isotopic systematics in sedimen-
tary rocks. Geochim. Cosmochim. Acta, 56, 887-898.

McLennan, S.M. and Taylor, S.R., 1991, Sedimentary rocks and
crustal evolution: Tectonic setting and secular trends. J.
Geol. 99, 1-21.

McNaughton, N.J., Compston, W. and Barley M.E., 1993,
Constraints on the age of the Warrawoona Group, eastern
Pilbara Block, Western Australia. Precamb. Res. 60, 69-98.

Michard, A. and Albarede, F, 1986, The REE content of some
hydrothermal fluids., Chem. Geol. 55, 51-60.

Nance, W.B. and Taylor, S.R., 1977, Rare earth element patterns
and crustal evolution-II. Archean sedimentary rocks from
Kalgoorlie, Australia. Geochim. Cosmochim. Acta, 41, 225-
231.

Reimer, TO. Condie, K.C., Schneider, G. and Georgi,
A., 1985, Petrography and geochemistry of granitoid and
metamorphite pebbles from the early Archaean Moodies
Group, Barberton Mountainland/South Africa. Precamb. Res.,
29, 383-404.

Rudnick, R.L., McLennan, S.M., and Taylor, S.R., 1985, Large
ion lithophile elements in rocks from high-pressure
granulite facies terrains. Geochim. Cosmochim. Acta, 49,
1645-1655.

Taylor, S.R. and McLennan, SM., 1985, The Continental Crust:
Its Composition and Evolution. Blackwell. 312p.

Thorpe, R.I., Hickman, A.H., Davis, D.W, Mortensen, J.K. and
Trendall, A.E, 1992, U-Pb zircon geochronology of Archean
felsic umts in the Marble Bar region, Pilbara Craton,
Western Australia. Precamb. Res., 56, 169-189.

Wronkiewicz, D.J. and Condie, K.C., 1987, Geochemistry of
Archean shales from the Witwatersrand Supergroup, South

NI | -El ectronic Library Service



The Ceol ogi cal Society of Japan

KRR DR L a0 Bk b+ 181
Africa: Source-area weathering and provenance. Geochim. Wronkiewicz, D.J. and Condie, K.C., 1990, Geochemistry and
Cosmochim. Acta, 51, 2401-2416. mineralogy of sediments from the Vendersdorp and
Wronkiewicz, D.J. and Condie, K.C., 1989, Geochemistry and Transvaal Supergroups, South Africa: Cratonic evolution
provenance of sediments from the Pongola Supergroup, during the early Proterozoic. Geochim. Cosmochim. Acta, 54,
South Africa: Evidence for a 3.0-Ga-old continental craton. 343-354.

Geochim. Cosmochim. Acta, 53, 1537-1549.

(® B

INEESEE - MBS, 2000, A —X RS U, BILANSHIE, v — JILN—#igicH T BAER
M3 (3.5Gyr) OHHERSE LRADHMIRILE. MEFRE 575, 171-181. (Kato, Y. and
Ikezaki, A., 2000, Geochemistry of early Archean (3.5Gyr) siliceous mudstone and sandstone
from the Marble Bar area in the Pilbala craton, Western Australia. Mem. Geol. Soc. Japan,
no. 57, 171-181.)

FA—ALT0)T, EANTHB, <— 7 x—#ii80 Salgash #EE (3.5Gyr) D L EBIC
DAY AEERE /W a0ea bk (R, ME, FLELE) e L KeEtEehig,
HORERVHOBMOEETTOESIZIEL T, Ni, Cr&FEVPERF KL, BoMETEM
BOF S, EREX TIG 2 EOHRELGHIZHET A L 2T, T2 FI 4 MR
THITFE NN — b, fERER TTG D/3% — AZHEUL Tw 3, RHBEORXFICERNOR
TR REZLE D EOEBUREVREDOONL, ~HOHEERSIEOEuRTE 4R, Kiftwis
W T E L 72 IE S A R E B LB L WA S e 2R L Twa,. TALOHERE/
WElE, FiERa» oL s REMREZHERE LT, KESIHIIBWCHELEMN -y
A LTRRENIEEZLNS,

NI | -El ectronic Library Service



