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Abstract

The Growth Rhythm of Pelagic Polymetallic
Nodules and the Global Changes

HAN Xigiu

Key Laboratory of Submarine Geosciences & Second Institute of Oceanography ,

State Oceanic Administration, Hangzhou 310012, China

Pelagic Polymetallic nodules are a type of microbiolith with typical stromatolithic
texture. They are growing on the seabed at a rate of a few mm/Ma since the late Ce-
nozoic era. These nodules are an ideal object to study the global climatic and oceanic
change over time scales of 10° to 10* years.

This book firstly summarizes the morphology and type, microtexture, mineral
composition, formation mechanism, growth rates and age, the regional distribution
of the Pacific polymetallic nodules, as well as the global tectonic, palacoceanogra-
phy and palaeoclimate patterns of the Pacific Ocean during the Cenozoic era. Sec-
ondly, the microtexture of polymetallic nodules from the East Pacific Ocean is stud-
ied and documented in detail. It is proposed that both microorganism and sedimenta-
tion control the growth of polymetallic nodules. The characteristics of microtexture ,
mineral compositions, geochemistry and reflectance along growth profile change
rhythmically and are correlatable. To reveal the cyclic information hidden in the
thythm, the time series of the major elements (e. g. Mn, Fe, Si, and Al) of Nod-
ule 1783 (142°22.34'W, 8°22.39'N, water depth 4974 m) and Nodule 2392
(154°37.516'W, 9°626'N, water depth 5194 m) are obtained by line scanning
electron microprobe with scan steps of 0.5 pm, and the gray-scale series are ob-
tained from micrographs by digitization technology. The method of power spectrum
analysis ( Fast Fourier Transform) is used to distinguish their hidden oscillatory cy-
cles. Features of the FFT spectra for Si, Al, Fe, and Mn as well as gray-scale se-
ries in the 0. 00 ~0. 10 cycles/pm frequency band bear strong resemblance to those

of spectra of orbital and insolation variations during the Quaternary and of climatical-
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ly-sensitive variables in deep-sea sediment cores. This result supports the hypothesis
that the spectra for the nodule record the Milankovitch orbital signatures of eccentrici-
ty (100 ka), obliquity (41 ka) and precession (23 ka and 19 ka) . The rhyth-
mic laminae can act as time scale similar to a geochronometry. Using the orbital im-
print, the growth rates of the nodules can be calculated, which is 4.5 mm/Ma for
Nodule 2392, and 2. 7 mm/Ma for Nodule 1783. The *°Th_ /**Th method is used to
date the uppermost layer of Nodule 2392 and yield the growth rate of 4.6 mm/Ma,
which coincides perfectly with the results obtained from orbital pacing. Meanwhile,
the fractal dimensions of the elemental geochemistry series and gray scale series are
computed and compared with those of polymetallic crust from the Central North Pacif-
ic Ocean and climatically-sensitive variables in deep-sea sediment cores from the In-
dian Ocean. Since their values are close to each other (D =1.20~1.32), it is sug-
gested that the basic factors controlling the growth of polymetallic nodules and deep-
sea sedimentation are similar. All of them are forced by orbital cycles and express cli-
mate changes.

The fractal evolution processes of the main elements of polymetallic nodules and
deep-sea sediments are studied through computing their correlation dimensions in dif-
ferent embedding space. The results show that there are attractors in both geochemis-
try series of nodule and sediments with values of 11 and 3, respectively. It indicates
that Fe,0, and MnO of a deep-sea sediment core can be described by 3 variables,
which probably represent volcanic, organic and terrestrial sources. However, 11 var-
iables are needed to describe Fe, Mn in polymetallic nodule, which imply that the
sources or existences of these elements in the nodules are very complicated, and
complex biochemical processes must have taken place during the formation of the
nodules.

Lastly, the relationship between the characteristics of stromatolithic texture of
the Pacific polymetallic nodules and the growth environment is discussed. It is sugges-
ted that microbes are the builders of the polymetallic nodules. Hydrodynamic condi-
tion and dissolved oxygen content in water body control the types of stromatolithic tex-
ture, morphology and distribution of pelagic nodules.

According to the growth rates inferred from the orbital pacing, a time scale ex-
tending to 570 ka of Nodule 2392 is reconstructed. The relationship between the
growth of polymetallic nodules and climate, the evolution of AABW ( Antarctic Bot-
tom Water) as well as earth’s orbital cycles is discussed, and a formation model for
growth rhythm of polymetallic nodule is given. It is suggested that the changes in inso-
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lation brought about by the earth’s orbital perturbations control the incidence of gla-
cial episodes and development of AABW, which in turn would lead to the periodic
changes of redox conditions, mass fluxes, and influence the growth habitat of micro-
organisms. Growth of microbes, metal precipitation and trapping of inorganic and bio-
genic sedimentary particles act simultaneously, resulting in a complex stromatolithic
texture of the deep-sea polymetallic nodules driven by environmental changes. The
prominent long cycles in polymetallic nodule growth may be mainly related to physi-
cal-chemical condition of the environment and mass fluxes, while the short ones are
probably related to the growth and propagation of microbes. The superposition of these
cycles forms the cyelical alternation of laminae in polymetallic nodules.

Key words: polymetallic nodule, growth rhythm, Milankovitch cycles, global

climate change, fractal, late Cenozoic era, Pacific Ocean
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MTEARTF X IR F R A ITEBERR . ES, BERIMELBEBHEE. &
fthis . IR, HMERILFRRE . B ORIE ., BEEE. A KR BRI
il S AR DA (R A T B A AR, FExE R R T s |
WE . VBRI SG. A SBEMEIBERSESR TREEA T (20 Piper
et al., 1977; Usui, 1979; Glasby et al., 1982; Halbach, 1983; Cronan,
1987 von Stackelberg et al. , 1991; FHRELZE, 1994; &MHEZ%, 1997; Knoop,
1998 %),

RIELE VI RRIEAR, ZBEBERAIS NS RE . KA E fak
B =3 (Chester, 1990) , G5B MBI/ BR T 458 A K it R I
AAE M XS EZEN (Dymond et al. , 1984), BFRHMLERTE
PR EEERER . RTHIEEAE, F5E R VN BB iKY b
BUK R B AR T BB U TR, Mok, VUL EALDTRE . Bk
UL R AR IR 2 30 J1 22 LIt A 3R L VR R £ & B A P e R 04
¥ (Usui, 1979; Lyle, 1982; F {J&, 1986; von Stackelberg et al. , 1991;
BRPESE, 1994; FKENVESE, 1998) . WL T EFEMHE AN, EREYREA,
EYE e, RS SHEER RN EBZ AT, KPP
BHERHMPERBAELI B 2R AUSERMHER RSN TEREE (K
B, 1995; MAEARSE, 1996; BREEAK, 1999, 2002; = EERZ, 1997,
Han et al. , 1997) ,

EZEREUENFSERERARLE, —~BRINISEBELI LK
EH1~10 mm/Ma, ZEBERHERFRAIGHH—FHFHES (Ku,
1977; Huh & Ku, 1984; ¥ &, 1994) . & HABIEFEB HOHENSE (4
RILABe 1k ) M AEYHIEE, Mo, BHEINESZANY S il
FHFIEE K A9 Sr/% Sr AL B R HEAT X EL SR HE D £ 4 B 45 B AR IS FIAE KR,
AR K - Ar 3SE MR A IRE e i W @ 5B OFR (X REMBTE)
MEERBERMF Y ERKEIR (211, 1999), Heye et al. (1977), Lyle
(1982) MZ % (1989) @EIMREEBEZA KBRS H 02 mH

. 3.



K&R, U TEKFR, A8 TECEN SR OIMEENAKER, #
AT R H R RE BN SRR EE, R, A TE2REE
BHARKRBERIEFEE, ZEMINERRRERIEESAEORS, —85E R
M Ty BB R B & BRI ERFFE AT 10%, wx—HkAFTH
AR LS AT AR O TERRE . BEJLE, RIAR
RUGHMAERGZHEE T HERPUBEFIARENID, 2 &) BR 1 B e En
IR RS RNR PERE KRR SENR (FHERR, 2001; Han et al. ,
2003),

BT ZeREBRFERFNIIR, ZLBEBRAEN SR, BN GEKE
EHFH R EE T R (Abouchami et al. , 1995; von Blanckenburg et
al. , 1996; Burion et al. , 1997; Han et al. , 2003), Kastern et al. (1998) |
MZeREAZTM LITER Ce/La HEME N E L BRI 7R TR R 1 K 75 7
AEBMARIEMA RIS Han et al. (2003 ) FFH 3 3R ELIE JF DL 81 52
TRFREZEREZNSIHRERKER, WIS ENERKERSHBNLS
A, EIL 10 T7 a (KA vk HA A A

1.2 2REAMHFHTHA

20 1it22 90 4%, EFRIERCHNAT 4 PRELSRBMHRITR: Ot
RAURPIFTIHR (WCRP) 3 QE x4 B it (IGBP); @fMMIAEA
I NEKHERITR] (IHDP) ; @WHEY SRR (DIVERSITAS) , 4-5IBF5Y)
HABRAG ., WWHRAENYELF - HEERERE ., R A
HE (AR H5HBHMHEER) URFREFARLSHEY LS4 1
T, BEE X R FER AT, ERSREMFRE A —RiE2 R
B BE BA KR A B 2R E UM R EA R tREE L, e
— Pt ) AR A AR 1) 4 BRI A A N AN B A B A [ A R ERFSE AL, M
LRI A L G MBENESERNG S ERARE. &R REHTIRE
LB
L2.1 BRRESKRBAY (MERE >10%)

KR AR BB BR O B 5 —124F . 7Es S2 i 3 S0 )G H Bt 3 IR vk
B, o hmERLRE [6.5/0~71Ca (B.P.)], AR_EL [2.712 ~
3.54Za (B.P.)] MENL, HEZEMEIKEL 3 {Za. BAREXHEEH
TALFTBE GRPIER R, KGO HE—RMNERN 2.5/ ~312a (&
—%, 1983), Fischer (1984) AT HE 2 MM WM AT X B, B FREH
AL PO L, fEMBRRE B RBUOTIRAIM K IES . AR, DR

o4



