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　　Abstract　　Samples of black rock series collected from the Low er C ambrian Niut itang Formation , northw estern Hunan Province ,
China , w ere analyzed for t race elements.The t race element geochemical characterist ics of the ore layer(high en richments of Ni , Mo , V ,

U , Cu , Pb , Zn , C d , Tl and Ba;high U/ Th rat ios and LREE-enriched patterns w ith posit ive Eu and Y anomalies)support the assump-
t ion that the Ni-Mo polymetallic layer is of submarine hydrothermal origin.High field st rength elements(HFSE)and lithophile elements

such as Nb , Ta , Zr , Hf , Li , Be , Rb , Cs , Th andS c are remarkably higher in the upper uni t than those in the lower uni t of the Niut itang

Formation.T hese features may reflect that hydrothermal cont ributions were diminished , and terrigenous const ituents w ere increased in the

sediments of the upper uni t of the Niutit ang Format ion.
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　　The seemingly abrupt mass appearance of meta-
zoan phyla during the Early Cambrian , which is

called the “Cambrian Explosion” , is one of the most

important bio-events in the Earth' s history .The re-
placement of Ediacaran biota by an emerging diversity

of metazoans , which happened in the relat ively short

period of the Precambrian-Cambrian t ransitional in-
terval , has aroused g reat interest of paleontologists ,
geochemists and geologists fo r its causes.A lot of

prog ress has been made based on multidisciplinary and

sy stematical studies , but the real cause fo r such a bio-
event is still disputable and remains a topic of general

interest[ 1～ 5] .

Numerous discoveries of metazoans in black

shales of Early Cambrian age worldwide have made

the studies on the origin of black shales and their for-
mational environments of special significance.The

geochemist ry of black shales is commonly supposed to

be able to reflect the geochemical characterist ics of

sediment sources and oceanic waters.Thus , study on

the t race element (including rare earth elements)
concentrations and their relative dist ribution in these

black shales will provide evidence of their origins , and
help understand the paleo-oceanic environments in

w hich the metazoan developed during the Early

Cambrian[ 6 ,7] .

1　Geological setting

In South China , the Early Cambrian strata are

mainly composed of black shales , cherts and mud-
stones , which are dist ributed along the southeastern

margin of the Yangtze Plat form , forming a black-
rock-series belt w ith a total coverage around 500 000

km
2 [ 8]

.Detailed stratigraphic information and mea-
sured sections of the terminal Neoproterozoic to Cam-
brian boundary interval in Sancha prof ile , 5 km SE of

Zhang jiajie , Hunan , and Zunyi profile , 25 km W of

Zunyi , Guizhou , can be found in Steiner et al.
(2001)and Mao et al.(2002)[ 6 , 9] .

In this paper , sy stemat ical sampling for t race el-
emental concentrations w as made along the geological

profiles at Ganziping , 10 km NW of Zhang jiajie City.
The Ganziping section is 15 km NW of the Sancha

section , geological set tings of both sect ions are

similar.

The black rock series of Niutitang Fo rmation in

the Ganziping section , unconfo rmably overlying



dolomite of Sinian Dengying Formation , may litho-
logically be divided into tw o parts:low er unit and up-
per unit.The low er uni t consists of ascending se-
quence of siliceous shale intercalated wi th lenses of

phosphorite o r phosphate nodules w ith a 90 cm thick-

ness , a Ni-Mo-PGE-Au-bearing sulfide ore bed with a

15 cm thickness , and carbonaceous and siliceous shale

w ith a 5m thickness.The upper uni t consists of car-
bonaceous hydromica claystone-shale wi th a thickness

of >60 m (Fig.1).

Fig.1.　T race element dist ribu tion in the Niutit ang Formation at the Gangziping sect ion , NW Hunan;en richm ent of t race elements to an

average shale is show n at the low er axis.
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2　Methods and result

2.1　Sampling and method

Of 37 rock samples were collected along the

Ganziping sect ion and 20 fresh rock samples selected

w ere used for t race element analy sis.The data of the

sampling locations w ere calculated based on measure-
ment of profile and w ith a 0m definition of boundary

of the Dengying Formation and the Niutitang

Format ion.

Fresh rock samples were powered in an agate

mortar w ith a pestle.0.05 g pow ered rock samples

w ere digested wi th 1mL HF and 0.6mL HNO3

mixed acids in a tightly sealed Teflon PFA screw-cap
beakers , heated fo r 96 h on a hot plate under 190 ℃,
then evaporated nearly to dryness.The residues were

dissolved w ith 1.0 mL HNO3 by heating for 3 ～ 5 h at

a temperature of 140 ℃.For org anic carbon-enriched
samples , repeated processes for dissolving the residues

w ith 1.6 mL HNO3 by heating were taken.The solu-
tions w ere diluted to 1∶1000 in mass.Concentrations
of t race element and REE were determined using the

inductively coupled plasma mass spect rometry (Finni-
gan Element II)at the State Key Lab for Mineral De-
posits Research , Nanjing University.Analy tical pre-
cision fo r the concentrations of t race elements and

REEs is better than 5%.Analy tical results are given

in Table 1.

2.2　Trace elements

As shown in Table 1 and in Fig.1 , the concen-
trations of the t ransition elements and chalcophile ele-
ments such as Ni , Mo , V , U , Cu , Pb , Zn , Cd , Tl
and Ba in the ore layer are ex tremely high compared

w ith those of the average shales , w ith enrichment

factors vs.average shale of 38.21 , 383.20 , 5.06 ,
27.26 , 3.70 , 1.84 , 9.07 , 145.17 , 14.15 and 8.33
respectively.These elements are also strongly en-
riched in black rock series of the low er unit of the

Niutitang Formation compared with those of the av-
erage shales and the upper unit of the Niutitang For-
mation , but Pb and Ba , which are also enriched in

the upper unit of Niuti tang Formation.

In striking contrast to the above-ment ioned ele-
ments , most of high f ield st reng th elements(HFSE)
and lithophile elements w ith large ionic radii such as

Nb , Ta , Zr , Hf , Li , Be , Rb , Cs , Th and Sc ,
demonstrate much lower contents in the ore layer ,
w ith enrichment factors vs.average shale of 0.18 ,

0.09 , 0.18 , 0.33 , 0.42 , 0.40 , 0.24 , 0.64 , 0.50
and 0.32 respect ively , and in the black rock series of

the low er unit of the Niutitang Formation , w ith en-
richment facto rs vs.average shale of 0.03 ～ 0.46 ,
0.00 ～ 0.46 , 0.07 ～ 0.56 , 0.06 ～ 1.00 , 0.14 ～
0.79 , 0.11 ～ 1.13 , 0.04 ～ 0.53 , 0.19 ～ 1.70 ,
0.07 ～ 0.94 and 0.04 ～ 0.71 respectively.Further-
more , their distribut ions in the Niutitang Format ion

exhibit obviously elevated concentrations of these ele-
ments in the upper uni t compared with the low er unit

(Fig .1).

2.3　REEs compositions

Table 1 lists REE data of dif ferent samples from

the Ganziping section.Eu/Eu＊was calculated by the

fo rmula:Eu/Eu＊ = EuNASC/(1/2SmNASC + 1/

2GdNASC), Ce/Ce
＊

and Y/Y
＊

were calculated in

same manner with respect to La and Pr , Dy and Ho

respect ively .

The abundance level of REE in o re layer

(346.24 ppm)is much higher than those in the lower

unit rocks (82.63 ～ 160.88 ppm)and those in the

upper rocks (98.98 ～ 200.57 ppm).LREE/HREE

ratios are much low er in ore layer (6.45)and in the

low er unit(2.67 ～ 6.24)than those in the upper unit

(8.96 ～ 11.77).

The REE curve of the ore bed show s a positive

Eu anomaly (Eu/Eu
＊
=1.87), a positive Y anomaly

(Y/ Y
＊
=2.14)and a slight ly negative Ce anomaly

(Ce/Ce＊=0.81).REE curves of black rock series of

all samples show no Ce anomalies(Ce/Ce＊=0.91 ～
1.10)but a siliceous shale(ZG-2)with clear negative

Ce anomaly (Ce/Ce＊=0.34).

Eu/Eu
＊

and Y/Y
＊
ratios of all samples range

f rom 0.97 to 1.87 and from 0.95 to 2.14 respective-
ly.Eu/Eu＊ ratios are positively co rrelated w ith Y/
Y＊ ratios(r =0.73), whereas they are negat ively

correlated w ith Ce/Ce＊ ratios(r =-0.59).

3　Discussion

3.1　Origin of Ni-Mo ore layer

The origin of the Ni-Mo-V-U enriched Lower

Cambrian “black rock series” in South China has at-
t racted great at tention of geologists f rom both China

and abroad fo r many years , but it is still cont rover-
sial.Several hypotheses based on geological investig a-
t ions and analy tical data have been put forw ard , of
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which , three are representative:(1)ex tra-terrest rial
sources[ 8] , (2) submarine hydrothermal exhalative

o rigin
[ 9 , 11]

, and (3 ) syngenetic marine

sedimentation[ 6] .

The trace element geochemical characteristics of

the ore layer show as the follow ing (Table 1 , Fig.
1):(1)The high enrichments of Ni , Mo , V , U ,
Cu , Pb , Zn , Cd , Tl and Ba exceed the enrichment

pattern of other Neoproterozoic to Early Cambrian

metalliferous black shales[ 12 , 13] .(2)The U/Th ra-
tios of the samples f rom the o re lay er and the lower u-
nit of Niutitang Fm., ranging from 4.24 to 22.23 ,
are much higher than those of the sample in the upper

unit of Niutitang Fm., ranging from 0.44 to 1.29.
(3)LREE-enriched pat terns with positive Eu anoma-
lies and positive Y anomalies are exhibi ted in the ore

layer.

Ba and chalcophile elements such as As , Sb ,
Ag , Cu , Zn are st rong ly enriched in sulfide deposits

associated w ith hydrothermal vent[ 14] .U/ Th rat ios

are dif ferent between hydrothermal exhalative de-
posits(U/Th>1)and no rmal marine sediments(U/
Th<1)[ 15 , 16] .All of REE patterns of acidic hy-
drothermal f luids exhibit LREE-enriched patterns

w ith positive Eu and Y anomalies[ 17] .Positive Eu

anomalies , which are very common in marine sedi-
ments near the spreading ocean ridges w here the hy-
drothermal activities develop[ 17～ 20] , are the most per-
suasive evidence for the hydrothermal sources of the

sulf ide layer and cherts.

Similar t race elemental geochemical characteris-
tics betw een the ore layer and hy thermal deposi ts sup-
po rt that the sulfide layer is of a submarine hy-
drothermal origin.This hypothesis has further been

confirmed by other scholars[ 9 , 21] .

3.2　Trace elemental dist ribution patterns

The concentrations of t race elements show great

v ariations wi th section.The lower unit , by compari-
son w ith upper one , is characterized by the enrich-
ments of chalcophile elements and transition elements

(Cr , Ni , Cu , Pb , Zn , V , Fe , W , Mo), dispersion
elements(Cd and Tl)and radioactive element (U).
Of these enriched elements , Ni , Mo , V and U are

ex tremely high and , at some locations , become Ni-
Mo-V-U ores w ith economic value (Fig .1).Such
distribution patterns of these elements in the Niuti-
tang Fo rmation are believed to result from hydrother-

mal activities , which probably occurred during the

sedimentation of the low er unit.So most of the crit i-
cal t race elements indicative of palaeoredox condi tions

(V/Ni;V/Cr;Ni/Co;U/ Th)cannot be applied to

the low er Niutitang Formation , due to the obvious

hydrothermal input of Ni , Cr and U.

In contrast , high field st reng th elements

(HFSE)and li thophile elements w ith large ionic radii

such as Nb , Ta , Zr , Hf , Li , Be , Rb , Cs , Th and Sc

are remarkably higher in the upper unit than those in

the low er unit of the Niutitang Fo rmation (Fig .1).
These elements are generally considered to be immo-
bile during w eathering and sedimentary processes.
They are incorporated in det rital phases in sediments

and sedimentary rocks[ 22 , 23] .These features may re-
flect that hydrothermal contributions w ere diminished

in the upper unit , in the course of terrest rial sources

becoming more important during the forming period

of upper unit.This inference is confirmed by the ele-
vated content of argillaceous constituents in upper u-
nit of the Niutitang Formation.
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