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Table 1 Iridium content in different ores and rocks
# T & K Ir&&(pp» BALR
BHEEIEED 7—31 9
BR ik 4% 2.3%—3.7 2
LR R =Prysig ok 5.5% 1
RESINERESRY 4.0 1
MeREE 1.4 1
B 4%—27.5 2
BERA-NERTER 17.0 1
F2 AVZITER. BE-B=LRBEL. TRERC. KEBREPELMSE
Table2 Abundance of noble metals in Ni-Mo polyelement layers,
Cretaceous-Tertiary boundary clay,basalt and C,; chondrite
' ppb ppm
Ir Os bt Pd Ru Au Ni Co
1 18.13 100 200 30 4 219 31300 51
2 1729 0 =1 N4ES 15 23 37028 8.3£0.2 310~ 4 381
3 o0, <0.01 — <0.0 — 0.3—13.3 T —33
4 Sl 130 900 160 690 132 15300 433

1L.¥. B, iRgsiER
LAENBE-FZERRE (R L)
LR EHERE

4.CiRERE

2 — 4 B R.Ganapathy(1980)

RARHLEPRHRRS,

{2, LHURHLSTEEMRNRE LR PH ERTFSC IR 17 3 b 8,
MERRER P XL GFERRNEC B AES -3, £ A Y T2 W 01
(H2). BESTERTH. £, RNFERXSCREBAHREAR -3, RA&KE
HHRETH, L. RIARESE.

BEBERBELA-BRTEETRNBSEG DERERAIREPHT & e
HELEZBESTIEBNEETEEHN, LHEELRFEMESHRAFENERT
TR, HHTGZERNT Y, HPEETR. M. €. TEEHS TERETHESE
RE I URAR BN S, KPS EA 5 ppm. Hik, TGN REEREIF,
Bz, fERASEFHERMR, . BERET TR EERTRE N BHETEE
FER S IR B BT, KA MRS BN RER A HAR AP R IR IR ET £ 5N S
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Fig.2 Abundance of noble metals in Ni-Mo polyelement lavers ( A )and

Cretaceous-Tertiary boundary clay ( B) (relative to C;
chondrite )

(Z)HEEERTNRHY
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MEREHAGMART -0 *CURE . FERLFEZAIG THAKIER-BRL
RARERAANERER N SRAERAXROTEZHEH0 B,

o BeERGHSTRBRLESE

BEARTEETOSHMBLE, WHE. RER. B4, BE. Fi. 2K
WA R R RS . T DL PO B £ YR 0 R S

B 5 0 - 9 U 2 B LR R ERB 1 500K MR, ARAR A ML, 3R
ABHTE LA, RERAHRES . 4.5, 6. B -1 RUENRES TR
(Gx115) RAFHAESESE (Gx114) ML EREHBRIUE (Gx116)MIE R,
B -2 R RS TR A, ST 7 R BRRT LY
BRI B RN RS AR, EEER B E T R T 5T H R4 28
5 ENGEASIEER (A, -a) HRENER (A, —b) BB ER (A, -
) MIKA (A) . XEHRRHELTHEMNMUEPFEAIMERIIANELE I, X &
I HTRARE 32 T 44 R HURE R R 1 o

(—) HEEREN

HERSEERETRES TR, B, ¥, WO RN THARLL? . &
AT EHR TR WA 120pb, M. B, M EMXEE S BREEH B iER. &
ARBETERERE T THR15ppb, HA30ppb; FEBEHE H 5 51 H6.5ppbR,
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£3 FLEAYTRESARBERRLTHEIRETRER
Table3 Trace element content ( ppm ) in Ni-Mo polvelement layer

and its adjoining rock in Nintugou section

ppm
R Ireppio
Ni Mo Zn As Se Sh Co Au
Gx116 — 1380 — 1160 286 22 7 19 0,02
GxI15.\-7 — 171009 — 2210 1378 562 127 T 0,09
Gxl115A-1a 11.2 72960 3703 1740 32800 i 373 290 0.69
Ga115A-10 12,1 19600 G330 3280 18700 1963 167 150 0.36
Galldn-1e 11.3 10130 1730 1738 11300 1563 183 13 0.13
G114 — 670 317 121 273 33 8 13 0.008

30ppb; REATH A THIMBH.

EHEMARNMNRBOEAERNET TSN EERENERN ST A 2R T 2N
BEE, HLENERASTERN A 2EER T £ N S B25140.36, 0,48,
0.69ppm (FE 3, F3 ). L HER¥M, EERLFEITEEN,. BHX 8 JuiitH
ZRFEZFEATEMFFSE (0,01—0.7ppm ) 3 HEFMHHPRIA—BSH
HR£03, EIT2M—#FERER. Fad, ERBEHRES (0.02ppm ) M BEH
B (0.08ppm ) WERTRAEFESCS. HTBNESHETPHNEREERATE ELXL
EEVRMEMAERT, ERELEPTUBTIREEE. IUEEAAN S RER
ARTERELHECUTFHNBOARSSENT, BATCTRERZEEZ T B K
By MR, LRIREMR AR TLE K.

(ZH SERE. . ™

P, B L. B BRECEEDPTRESCREY, HELELSKEF—
H; AORRBEREETRQRENDSENDRIEY, XATHH B W XBBH
(H3): ETHEREBOARPERCEFERREHLLEY, BT HERIAR
T AT UIRERR, mHAAUSESRA, ERREKRNBETZR.

(Z) HBTEREHETE

FRTE UL EEETREHELITER S, ¥ € K &5 & 4. Se 0.165—
0.193%, T1 0.012—0.051%. Rc 0.0014—0.0016% . ITFE3R AP Fi5 LS4
SEHISeJ10,167—0.197%0. Y MG RET XM, EWATIS®ET XRE
P, HESHOGTEBARITAANDY, BERREEVEELBCEEDBGE D,

ScOMBaOMI SR F AT e—H(HL ), MEAFEEPTHRHETEZ. K
HEBFAET. FEULFESEEXFEETHRAG, FEORESRED; FETES

By Y — ERE N TRATUERBICE . PR, DS REEsRa R 16
—107 &, TETE ik g S, IR, R K, RITER R A BHE

1) WMEET 4180, 19724
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HESEDTHRELEHSAXETHBRREARE Y. BEAKRHEE M, «BFF
EHBRATHANEEX. ATHNETRERS XERRALFFRLE, HEHTHR
BUFEHIR., WESTHREEATERS MUY . BT PHSEIRE R Ai250—
10065, EBARATERIRIES. FLAWNEOPHABRSSRENI0-°, TEEPTEA
TEY; SR, EEREBTHERERIE, Hio .

(M) BEXHR

WERAGEE TS, LR GEESE PSS E TH R m L R
AR EILE, HEAMEH2NECES Y. HEBTH =4, —#ZCe. Y, La,
Nd&RBEE, H1074—107%; —#H&EPr, Sm, Gd, Dy, Er.Yb, & & K107°—107%;
FE=4HFEFu, Ho, Tb, Tm, Lu, BBEu, Ho, ToEE&8EX 2— 1 x107%4p, HAE
HET107°. AREBERAERUESBRE LIS B oE 8350805,
FEEGECRHASLEE, BRERBEET (H6 ).

(E) BREBERTHSTRERELERE

RERMEHHBOERAPELEE - T2ERY. FRNETEURLEERE.
MERMTERIONRM, BRAEIHM TR RE. FEHBHERL, B, ABTK
B R, HibRERERA A BEHRT B

LAERRFERORE, BELE. 8. 8. EET2EF TR RER, Gh.
., B, . B (BEETRMIEEE ) NSRE REBE (R LB L. Bk,
PREIAR, XBERFEHERTENRFFEERY, TEERAET -ITERENK
ERNE R EAMETRE, CIFNEETERBETRIBROESE, WEERHT
EEMBRERRE.

= BEERTRESEH
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BB —E> 1 YREL, HHURERES IERE. Bk, BaNALE CFEE
AR R R B

BRI KRB AN SRIKTO.1ml/l (S, ER B THER
SMM LY L. EXMTETRAREY, FHRRBRIEERAETURET X,
BRE A HANIENSE, TEHERERIE. BNESATHE, BRHTE
KEREE, EELHREEELRY, WHEARESES. nATLEN B X-FEE
—F R B A AR LRESHE), NNAABHSRBEREN SR B REH
G ENE R RRIAN RS SR I X s R R R A,

ERE, RERMEPMBAERIEAATENSY. EBBREFESH. &
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FmHERNR EBATELMA. EABMEMEES & BEA. KFvd, EHEm4.
ANETLGROH., M. FF4a. AEAAS. BAAFRNEEETHBR A LR
K (50—300K ), (H—A60—160KEL-

KR AR PCya P H6.55% (3048 4E5 ), V/Cr{fi#6.97 C 2138 B M)
REAAZWMEUFIILRITUME AFIFINE 4, ATLLER, EBREZ L20XkAELE
BHRBRAERPCouRREE, V/CrEEA; W EChnSBRAD, H M #V/Cribl
WK, WV/Cr REEFHR, BYVFEBRER. EARHEMAKNIERN B KT #
MERLER, #, SR LEYEREXRNGR. 90 K. BOASRE S ITHE M2
RMAEH R SBPHREBHEFHIELFS, RRHEREMEG LD,

£4 XNUTTFHRAEEFT (BLEMT)O

Table 4 The sequence of Niutitang Formation in Tianmcenshan section

CHoes V/Cr % GR)
(2) |isA e
K KT iy 0.54
(1) E¥A ()
3'1‘[‘%%&%&%?%2;&)& 1.15—3.3 5.1~8.3 35—10
2.B 4 HEFR R, 1.38—9.2
%%‘@ggﬁﬁﬁfﬂﬁ 180705 e0—11.7 16—18
JLAS =
1.8 3 & 0.67 1.3 0.07—0.13

BOZRS5HEMERIE, RRERKTHBREMS AT ANBEZ A%EFE
RESUH, BHEBRTHBELRAMRRTE. BRARERERRZMZ—ATIRKE
BRI, HFRETHERFEI; MERETRE/L, K NECRMIHE, MEEHKR
BT BRER. BAKE &M REAREEIHB R, BEBERTARKEDIRK
M. TERZEBGERKBEGNERIFETRRKAE, FHRE RN
Hit, FEERKREESFHAHXERAERNET A AEENFENRE —&T
HARER LT XHEAUEPARXEHRBRERERN, ME2RAEIFHRB. ZE
P AARAN B FE HMSERIIRY, ETHRAEREREETNE, METRES
AMHAREANHTARGYRERXASIEMARTE X,

m, WMEEHSHTER

MER-ZEREAKBEFRZENBE M REF — KA FNRE F F106E
FTERANPF-REANMEEER, MEAFSTENEERT EET &F. KAM,
BT RERMIEARSE. —2BFRE, ZREAMTE, AL REHFEX T HY
el T TR

EAFEHIR RS AR FHENL, CRETHHAK. &, B, HARIEET
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THE GEOLOGICAL EVENTS AND ORE MINERALIZATION
NEARBY THE PRECAMBRIAN-CAMBRIAN BOUNDARY
IN YANGTZE PLATFORM

Fan Delian Ye lJie

(Institute of Geology, Academia Sinica, Beijing)

Yang Ruiying Huang Zhongxiang
(Institute of High Energy Physics, Academia Sinica)

Abstract

1. The iridium anomaly and the rare event

The iridium anomaly was discovered in the lower Cambrian Ni-Mo polyelement

layers by means of Instrumental Neutron Activiation Amnalyse (INAA) in 1982.

Since then systematic and detailed studies were made on 6 sections in Yangtze

Platform. 67 samples were apalysed by means of INAA and 17 iridium anomalies

were found in different rocks, mostly Ni-Mo polyelement layers. It is noteworthy

that high value of iridium in phosphatic and barite-pyrite comncretions have also

been discovered, indicating the reconcentration of iridium during the

early
diagenetic stage (Table 1).

The abundance of the noble metals in the lower Cambrian Ni-Mo polyelement layers,
the Cretaceous-Tertiary boundary clays, basalt and chondrite is listed in Table 2.
Fig.2 shows the abundance of the noble metals relative to that of C; chondrite,
Most metals in Ni-Mo polyelement layers such as Os, Pt, Co and Pd have {lat

distribution pattern, but Ni and Au have a high concentration, ir content
low.

is much

The iridium anomaly has a wide distribution both in space and in time which

extends intermittently about 1600 km on Yangtze Platform(Fig.1). No.1 is the
Dayuan section in Guizhou Province where iridium anomaly is found in phesphorite,
black dolomitic siltstone and Ni-Mo polyelement layer. No.2 is the Xintugou section
in Guizhou Province, where high iridium content is found in phosphatic concretions
and Ni-Mo polyelement layers. No.3 is the Tianmenshan section in Hunan Province,

where iridium anomalies are discovered in Ni~-Mo polyelement layers and black

muddy siliceous rock. No.4 is the Yanglingshan scction in Jiangxi Provimce, where

high iridium content are found in black siliceous rock and barite-pyrite concretion.

No.5 is the Nanshan section in Jiangxi Province, but no iridium anomaly is found

there. No.6 is the Jianglong section in Zhejiang Province, where iridium anomalies
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are discovered in phosphorite and Ni-Mo polyelement layer. Stratigraphically the
layers of high concentration of iridium are located mainly about 30cm to 2m
sometimes 5m or over, above the underlying dolostone. The iridium anomaly can be
found in two types of sedimentary sequences and various rocks, which quite
different from each other in sedimentary environment. So from mentioned above,
the iridium anomaly would be interpreted as an indicator of a rare event, related
to extraterrestrial factors.

2. Iridium and other polyelement concentrations

Iridium coexists with more than 30 elements, in order to make clear the
relations among them, more detailed studies were dome in the Xintugou section.
We collected 16 samples for INAA from the Xintugou section, with 1.56m in
thickness.

Plate | shows the geological occurrences of Ni-Mo polyelement layer (Gx115),
underlying phosphatic lenticle (Gx114) and overlying black silty shale (Gx116) from
XNintugou section. Plate ]-2 indicates a sample of Ni-Mo polyelement ore, consisting
of “clastic” sulfides (A1) with 7cm in thickness and limestone (A2) with lem in
thickness. Using reflected light microscope, we have selected three samples for
INAA which consist mainly of Ni-sulphides (a), Mo-sulphides (b) and Fe-sulphides
(c) respectively. The result of INAA indicates the high content of iridium as well
as those of Ni, Mo, Zn, As, Se, Co, Au (Tab.3, Fig.3), U and REE are
concentrated mainly in Ni-Mo polyelement layers, phosphatic leaticles, coancretions
and phosphorite beds (Fig. 4, 5).

[t is noteworthy that the coexistence of the polyelements does not indicate that
they have only one material source. In the light of their geochemical characterestics
and the abundance in the crust and chondrite, we consider that the platinum metals,
Au, Ni, Co, Se, as well as part of Fe would have mainly an extraterrestrial
origin, whereas U, Th, Ba, REE, Zn, Sb etc. would come from the continent or
ocean, especially from the hot springs, hot brines and volcanic eruptions. Ia the
anoxic environment rich in sapropel and sulfur these multisource elements can
coexist together.

3. Black shale series and anoxic event

Black shale series is a set of dark gray-black mudrock, siliceous rock and
carbonate rock association, rich in sulphides and organic matter (Co,; >1%).

The black shale series nearby the Precambrian-Cambrian boundary are widely
distributed in South China, Qinling Mountaians region and Xinjiang Province etc. In
Yangtze Platform the lower Cambrian black shale series have a thickness of about
60-160m, and cover an area of about 1 million square kilometres. In the Tianmenshan
section, the thickness of lower Cambrian Niutitang Formation is about 60m(Tab.4),
the average V/Cr ratio is 7 from 213 samples and the average Corg content is 6.55%
from 305 samples. The organic matter is mainly sapropelic. From Tab.4, we can
see the lower part of Niutitang Formation with thickness about 20m has more

organic matter and higher V/Cr ratio, which indicates a fairly strong anoxic
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environment favorable to the accumulation of many metals. The Ni~-Mo polyelement
layers are fromed right in such an environment. Based on the data described above
it is considered that the anoxic environment was closely related to an Oceanic
Anoxic Event, under the influence of an extraterrestrial event.

4. The characteristics of the geological events occurred nearby the Precambrian-
Cambrian boundary can be summarized as follows;

(1) The iridium anomaly has a wide distribution both in space and in time. It
occurs in stratigraphic layer of tens cm to 2m, even more than 5m in thickness,
indicating a long time discontinuously and cyclicitly supply by extraterrestrial
material.

(2) Nearby the Precambrian-Cambrian boundary there are geochemical anomalies
both of polyelements (Ir, Os, Pt, Pd, Au, Fe, Ni, Co, V, etc.) and of carbon-
isotope (Hsii et al., 1985).

(3) The iridium anomaly eveant and the Ocanic Anoxic Event were in alternation
with each other. Both of them had a close relationship with the extraterrestrial
event

(4) The formations of huge vanadium and barite ore deposits, marine sapropalic
stone coal and Ni-Mo polyelement layers are closely related to the two described
geological events.

(5) The horizon containing iridium anomalies is the same horizon of great
changes in sedimentary environments, from oxidic, temperate, abundance in
organisms varied to reduced, anoxic and extinct of life forms.

Therefore, the iridium anomaly nearby the Precambrian-Cambrian boundary is
quite different from that of the Cretaceous-Tertiary boundary both im its characters
as well as in its origin.

The reasonable interpretation of iridium anomaly eveat is that when the solar
system passed through the space of dense galatic system, mass of small comets
material showered on the surface of the earth. The process of the showering of
comet materials not only supplied a lot of polyelements, but also made an anoxic
and toxic environment, favorable for concentration of multisource polyelements aad
extinction of organic forms. The duration of this showering process would last
hundreds of thousand of years, however, more accurate interpretation would need

the joint efforts of many scientists.
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