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Abstract Noble gases abundances and isotopic compositions of various layers in the three-layered Cobalt-rich ferromanganese crusts
and their substrate rocks, which were collected from Magellan seamounts in west Pacific, were analyzed by using a high vacuum gas
mass spectrum, and the results show that: 1. Most of the ferromanganese crusts in the west Pacific Ocean were hydrogenous origin and
the noble gases in the crusts derived from different sources. The He was sourced predominantly from extraterrestrial grains such as
interplanetary dust particles(IDPs) , with a little from aeolian continental dust grains in the seawater. The Ar derived mainly from the
air dissolved in the ambient sea water, and partly from the aeolian dust grains or formation water in the submarine sediments. While the
Xe and Ne were mostly sourced from dissolved air in the sea water, and partly from the interplanetary dust particles( IDPs). (2) In the
three-layered crusts, the compact layers possess quite different noble gases isotopic compositions compared with the outer and porous
layers, suggesting that marine phosphatization might have greatly modified the noble gases isotopic compositions in the old crusts,
resulting in dramatic increase of “He concentrations and decrease of’ He/*He. (3) *He/*He ratios in the basaltic substrates of the
Cobalt-rich crusts are very low, varying between 0.0095Ra to 0.074Ra, which are similar to that of the phosphorite substrates
(0.087Ra) , but much lower than those of normal submarine basalts, suggesting that the basaltic substrates might have been strongly
reacted with radiogenic *He and P enriching upwelling marine currents or formation water in the sediments. Large amount of ore-forming
elements might have been released during basalt/water interaction and which might favor growth of the Cobalt-rich crusts. The relative
low *He/* He ratios in the basaltic substrates may be used as one of the important exploration criterions for the Cobalt-rich
ferromanganese crusts.
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VERATEL; (2) EAZEBHNEEY, BRE(HRER)OHEHAKR G LA ER RN EARKG LR, BF
KA BB BT TR 2 R R AR AR R KO Y, T He ¢ S5 He/'He ) R XM (3) KFHFHE
Ex A A2 He/ He £ H1&, # 0.0095 ~0.074Ra, 5 AR S5tk £ % % (0.087Ra) 4840, Ak T B B R % X E 5
He/'He Wi, Rt A 2 ¥ 5§ & sh A E He #o P o4 LA H RSN PR KL A RA/ ZRE, A SREEK

R SUAFT K, HATFEHLEROHBA. HERELZTRE PRI He BEXTURTHATHLE ROBRITAEZ—,
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BEREFT=REFIEAZLSBEENE AR, 2
REABK HEHEZCEHMHUA LREENBRE S
B =REZ—, KPR Fe Mn 40, BB KE Co IR
#(PGE) . #+JLE(REE) Ni fl Cu FHEEMNEEILE (T
B3C%,2001) , MAERHLUAHREBLUTESET 250
i, B R 4 o & A4/ Co REE 1 PGE %48
BFEENREZ— BFTHEENETFNE. P54,
TR P X EREHASETHT A R ERX 10 {2,
ZFHHEE T 1000 {2350 (1] 5 3C%,2001) , BIAXT &4
ERNTYEER BV TR RS BERFESHEITT
—SRF R (/R HEE,1999; KR, 2001 KoLE%,
2001a, 2001b; 7K #g 4 %, 2001; HkfE%E 2002; Bai et al. ,
2002; Pan et al. , 2005; Xue et al. , 2005; ] 3C%:, 2005),
HXTHBRENHEME-EFERK, EHFHFANE
KAVURBE (K65, 2001a) , HERY HLE LA AE
AU FKIEMH(1998) ik THREHRG AR =8
M4 (1999) e T RPKIESN 2 5 EH ST BRI M7 G
5 BobiE% (2001a) MEA N AYIE A EE S ENBT
ARERBIRAER, SRR, AXEHETHARELT
M HBo

VTEEK, He 71 Ar SEEMES KR R R BT ZHAT
By I RBARESRR, BIE T iF £ EE Wi R (Simmons e
al. , 1987; Stuart et al. , 1995; Baptiste et al. , 1996; #H#; 8
% 1997; Huet al. , 1999; Z23EM %, 1999; Burnard et al. ,
1999; (IS HSE,1999; Sun et al. , 1999,2003; Zeng et al. ,
2000; Kendrick et al. , 2001a, 2001b; Winckler et al. , 2001;
Zhao et al. ,2002; W4, 2002; Ballentine et al. , 2002;
Graham, 2002; Mao et al. , 2002, 2003; B¥ & 22 &, 2003;
Moreir et al. , 2003; PhBEHIZE, 2006a, 2006b, 2006c; ZBfH
%,2000)  RERFEBEET: () EHRKERLCEKRE
K/ B BB BEA R, B AT LA R B B 3 A R U Y
RS E; (2) ARRERT RiENEERMNERRZER
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PR RERELE SR RE FEEENEESIER
RAUR, B S He TRE VL

WA REEas; fB; §4445; B KTF
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HRIRM SRR FEZERBLX, REX
KE— A1t 2000m, ZX EHERAFREBENEM=ZR
H, AT=2BEREERLR, — 8 7Tom, AR BRIEH
FRMERFRMES, AR ETEMYIRZR
HEE, BN, THES IRBER MR HRER
HER(ZER), RKEFHATETRETRELRE(ZREM
BHEE) X HEAMHABHEEZLEERPASEENEE
HBT W RPARENKEZERT (6-Mn0, ) 485" (FeOOH) |
FE(FEE A NERA %) BIKA RREYT W, 8
HERGNR) BRSCRFERRE S SRR RBERIR
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faxs, BMeS®, ¥RLAAIRLEAE-BREAK, B2
FIBER MBFRREL AL BUE o BYE Puteanus et al, (1998) B H Y
B BEREILST Co A BRMBEF B FHERMEELA
H, HEARNEHETIES 42.5Ma ZHAF K, 2K
SR A4y HI7E 8. 0Ma F1 21. 8Ma 4b ) BLIE] M, 48 KL IE B 4H
EHBREARER ESAMNRERE N 2.64mn/Ma,
1. 45mm/Ma F1 1. 06mm/Ma( PhEEHAZE, 2006d) ,

A SO 5 AT A8 Hh VR 2 B 22 N b BRI 7 B S AR b R4k
FLEE ST AL, W28 9 3 EH Micromass 2 F) A PR
MMS5400 BISABTIEN, SEE MR KRR I, =800Ma,
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B, f0HE SR 130°C H Atk 10h DL, DABR 0 5 R R AT
FRAGEEPRSE, EREEPMSEEHRPRERE
1000°C , BEHNSEHERABESSKRRLRS, BHEA
BT AESBREEEE S A9 B A He + Ne 1 Ar + Kr +
Xe PIEBSY . SRJG 43 A5 3 S0 B A 00 5 o R B 4 o
MM5400 B 44 B i X M B IR B A R M *He = 5.0 x
10 %cm’STP/g; “®Ar =9.0 x 10 °cm’ STP/g; ¥Kr = 4.8 x
10 “em’STP/g; Xe =4.0 x 10 ¥ em’ STP/g, 1§ F HOATHE
HZMNATR 2 INTRA S (AIRLZ2003) , BEHSER N E SR
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BRI TR L, SREH: (1) £FHFEXN=F
gEfgeh, AREYSTE SRR (LI T B8 em’ (STP/g) ) th
HAEREYEL, EhEHE(ERE) W' He &1, A
(16.33 ~155.904) x10°%, BFEKRZ, #(1.971 ~9.453)
x107%, #NEH(2.016 ~8.534) x 107, fiHi#E M He B
B, }(16.848 ~302.242) x 107", N EESETTHN
EAA R He/ He L1, R/Ra(R 1 Ra 53 B A #E 5 1
KE M He/ He Hofl, EHB 1.39 x 10°°) A Fe6.11 ~
28.2, A 14,63, BEIBBESMNE)IKZ, H1.90 ~2.86,
Fi92.33, MK BERME, BB X, 700348 ~4.31,
T 1.47; (2) ARASERAERIEH RN RANITE
BX, MER=EZEHEROMMZEMZEWEN; (3) TR
AEER *He 25(19.533 ~73.024) x107%, *He 247(0. 949 ~
2.031) x 107", Bsthm*He 24 16.531 x 107%, fi° He %
2.017 x 107", HBLATA B2 49  He/  He WTRIK, ZRE R/
Ra J30.0095 ~0. 074, Wilsth 4 0.087, R {L
ZRASEKEM K B FEIE He/ He 1 B E
fiK; (4) A EHGTMESRESN A Ar A, N
292.2 ~454.6, BEE T AR A/ Ar(295.5); (5) AR Z
RAMBREEEWBEEIERNEHARSETREZE
AR, BREMERARDRMCETE.

3.1 He-Ar F{UEHEER

BHTIRY R He TEA 4 MR, JFLH He Hung
He . XS He filh5% He, JFiih He T B 5% A sy RN
22 (IDPs) Y He, H'He/*He HH%4 4 2.4 x 10 ™* (172Ra)
(Nier et al. , 1992) , LB FH LK He [0 £ 40 50T LA
R YKATE], /00 3% 65Ma( Farley et al. , 1995);
8 He — it b 3108 o V8 U7 02 HE S AT Ak 40 He, M7’
He/*He — &} 6 ~9Ra; KX He £ B3k AIEM T 1K
25, MR He/*He HEZ 1.39 x 1075 #15% He —
K B BIFAENE K b 9 KRB KAk R R AR SOk, BT —
FBOE S R IR ) iz BV, Xt e KT R A B i
X, Hi7T He £ B3k A KU HCHL, (B /R 3UF] K A 8 T
B K, T He He HAE J7 2 x 1075 ( Farley et
al. , 1995)

PP SARTE 7K Hh 0 75 A% 1 I SR L 1) % S0 0 75, He 72
KRR B, BAES KPS BRI, xin
FIK 4 He i & BAR 1K, He/Ar~1 x 10 ™", A i K LB 4 v
KR He — & AT LLZ W8 N1t (Schlosser et al. , 2002) . FiF
fhit BT KR He STRRR M S 5 F  He 1B (E X NHE
fh He/* Ar MRTF A5 He/™ Ar = 0. 1655 (15 HLAE) it
BB AL F He J92.717 ~1140.98 (3% 1), 3T
BT RRMAKK F' He (0. 18 ~0.28) , Wi BIkES &
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A KR He B4 Z 0%,

A PRI AE £ 7T b £ BOR KR 2000m LAT B L,
WEKEHE ., HETTASAKENFRERE He 25K
0, AT E (PCE) B IRILEH R W B R ARG R EER
KA, B4R PBIE S X (FMRBISF, 2006d) .

ME R, ARINUES S REA B NE S T
¥ He FIF 4R He Z[A], Wi 4MNE EEEE M8 He FIKS He
ZIH], SRR FE B He I, A B REIE H0® He
e, TJLF B BE T S VR TEH T He BIMIE .

1E-10
e o

ER

'STP/g)

*.”e(cm_

B4 b

IE-I5

159 1E8 17 1E6 15 164
"He(cm"STP/g)

M1 BT R E  He -’ He [ (# Mamyrin B A
et al. , 1984 M%) .

B ABHESERINZ: A HEHERENE: AREREE
RHZ MAKEERY ORBCE LA

Fig. 1 ‘He -* He diagram of Co-rich crusts and their

substrates.

TEARE EKS He i@ He R T, AR LR S
Y75 FEIR 1R He FIHB5E He 2],
RBFEMGR TTIRAEER, RIRARLEFE P He TEK
H T #42(IDPs) (He,,) Fi kK72 XAk, W He, A7 by B
B I R (Schlosser et al. , 2002) :
*He,/’He, = ((1 - (*He/*He) ./ (*He/*He) )/
(1~ (*He/*He) ./ (*He/*He) ) ) x 100
KPP TH m HLE, ter TEHTYE, et IR,
(“He/*He) et 1 (° He/* He ), ¥ ¥ 3 {5 43 50 BL 172Ra 1
0.01Ra, B REEFHME MBI Z F BT 99% K9’ He R 5 F
Hid, 15 MR R He, LB K, K 71.27 ~ 99.77%
(F1),
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EMETXiR, AXREHRMOEREEEYE R TRK
#°He/*He, ZI#E R/Ra F1120 0. 105, 5EAR T IEH KA
FEZRAEMNSTIS 224 MBREBLIREN3 ~43
(Graham. , 2002) , $iFH#17S He’ He/* He 4 AR PR, B 15
RERERSE He/'He AR THATREARANRRE: 1. BER
BB . BERR AL BT B B A He/* He M1 41K, A
0.087Ra, B R5HA XMEN B IZ BB E LTV m AT aE
REFEE He M# He 19, XHE PMHERSXREES
Z B KK/ A R RCHK S 3 He [ AL 35 R/Ra Bl B TR,
AXZRETHRDBIKA(CFA), HE2EHSHERER
BHH P00 CaO LimErm, AR EF L 8% M 23.36% , it
X EEADZ R BRI AT, SHETRERTRE
# R/Ra AR MR SBEBRMREILEHER; 2. BRIEE
K BB, Schlosser er al. (2002) BIEFZ B7R: 1BJE
TIBUE S RIBBM L B U He MUIREE K, EMNEX
REZEMK/ ERNBSHAE He I EAR. XERES
KEEK BRI B ENRT TR, AF THR
BUBHESERENEL,

RIS PR R A F KK’ He/* He F1° A/ Ar BRI X
A, . (1) REMWAK(ASW) , FEAREKSREARREK,
HAR ¥ He/* He A1 A/ Ar R AR S H 4 IR, A
295.5; (2) BIRMISFIK, H IR He/*He FI° Ar/ ™ ArfH 53
FIBL K 6 ~9R, 1 >40000, B ERATEREL; (3) #HiE
WAk, BLFE 2 v K B A M 3 5T 7K %5, HL 45 4E #4° He/* He 01
“Ar/* A Ay B K 0. 01 ~ 0. O5R, F1 > 295. 5( Burnard et
al. , 1999); 4. MW IRMIK, HiuA He/* He F1° At/ Ar
KE N 2.2 ~ 13.3Ra #1 287 ~ 359 ( Zeng et al., 2000;
Winckler et al. , 2001),

K2 /W, B FRRAEMINE FEE LR TIAK
(ASW) (IEH 1K) Z B IR BOK T, 75 H b8 i
(M), B —/MEG R/Re @B T b iy L FR, 7EHE
BRERPUK S 5EZTIRMRIHR T, "TRUA N He +E
3 B UL B A M M BN A B A %, TS KA B
k B BEAEE R/Ra HAMMS WK, [ EFE T IR VR #o b8 7 14
BAMREAC A/ Ar( >40000) , B BINA L4 RHE
FOA/C A BT . TFE RO AT A R <
(Swindle, 2002) , LB ANAR & B EH WL F K A/ Ar
HE, REEMELEHR T RRe REKRRK, B— M5,
R T ASAK(ASW) i R/Ra f, T EREHETIEN
MHE, WRAXREEEMERZUBLIEHZ 8 E 5 He
HRECISRNETNEBKEES P W EAFERS)
I .

5 He ARIME, Ar K P AR B NBHE , A RSH
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10.00 i
A>

1.00 @ ASW

R/Ra

0.10 @
-, ‘
0.01
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Fig.2  “Ar/* Ar vs. R/Ra diagram of Co-rich crusts and
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100000.00

their substrates. ASW-air saturated water; A-submarine
hydrothermal fluids of Rea Sea and TAG in Mid-Atlantic ridge
(after Winckler et al, 2001; Zeng et al. , 2001) ; M-mantle-

derived fluids; C-crustal fluids.
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( Ballentine et al. , 2002) .

(®Ar/®Ar) yg —295.5
(AOAr/%Ar)#fn
RIAR, BHERERESTHSERECAC 698

BH1.24 ~35.0% , K5 Ar B TELE 1% 65 ~98. 76% , 1581

HiFRTH Ar T EER AWK PERBORI ALEERR

F B BB PE R E C A I ENTRTRE R E R B E 3 He 19

HBTE IR AR K KR R B b, TS, B ER

ARIEHC A, B/NTF 5%, F12.88%, SMEV A

8.97~15.45% , F1912.92% , B EAr" Wi K, K

1.24 ~15.45% , F 39 6.61%, MX BAEFBHLAEE S

CAr BT 17%,

A% =

x 100


http://www.cqvip.com

2336

3.2 Ne AfIEH®R

ST, KRS 5P Ne/2Ne 47 9.8, ' Ne/* Ne 2 0.029;
JEHE (A FHRL) Ne §° Ne/? Ne #1°' Ne/ Ne 43 8l K 13.5 ~
14.0 F10. 0305 ~0. 034, H198 Ne f4E AL F4H M5 IELR Ne 45
o1, HibBFIE T Ne/ Ne 1 *' Ne/?Ne 2514 9.8 ~13.2 il
0.058 ~0.068, TiHi3EH Ne 1 Ne/?Ne F1*' Ne/” Ne £H i
805 0~0.3 710.1 ~0.47( Hilton et al. , 2002; Pepin et
al., 2002 ), REBREH Ne BFARREARE(EI),
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SEP A PR &KL T i Ne, Ne-B 4 Bify g SEP s K
FHR R B Neo BPHEMAFS 5B 1 [ (4 Hilton et al.
2002 BX4) o

Fig.3 * Ne/”Ne vs. **Ne/” Ne diagram of Co-rich crusts

and their substrates ( modified after Hilton et al. , 2002).

B3 AT W, 2 i AT I BE & “Ne/”Ne 28 fL 8 K, T
 Ne/* NeAB{L T IR /)N, FEFEFE XS Ne IR LG Ne ZJH],
DIF 08 Ne WAL LR M UL, AL H T Ne FREF A K
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BT (SEP) FIEHA Ne Z 8], TIREASFIHEHIKESL,
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¥k PRI KR Ne FRSEA Ne, TG ZE B AT AR X8
TH TR A B # M) B N2 28 (IDPs ) 5,

SHe AfuRMAM, REFRIME TRAHER, R
KRXZEFE T Ne FEK BFH 4 (Ne,) M KFERAOKE
Ne(Ne,, ), W Ne, BTy L5 7T i F AL E
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Fig.4 Ne/™Ne vs. “Ar/* Ar diagram of Co-rich crusts and
their substrates ( modified after Hilton et al. , 2002 and Pepin
et al. , 2002).
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29.87% , MERBEEH22.32% (£ 1),

3.3 Xe BURER
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Fig. 5 '® Xe/™ Xe vs. "Xe/"™ Xe diagram of Co-rich
crusts and their substrates ( modified after Thomas and
Claude, 1982).
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Fig.6 '®Xe/"™Xe vs. **Xe/'*Xe diagram of Co-rich crusts
and their substrates ( modified after Graham et al. , 2002).
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