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Fe Isotopic Compositions of the Soils and Fe-Mn Nodules in the Different Climatic
Zones of Eastern China and Its Implications for Pedogenesis

JIA Yuting, LIU Tingxiao, CAl Tianle, NIE Daling, HU Xuefeng®
(School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China)

Abstract: [ Objective] This study aimed to investigate the possible contribution of Fe isotopic composition to weathering
and pedogenic processes and the formation of Fe-Mn nodules. [ Method] Representative soil profiles were established in the
warm-temperate, subtropical, and tropical zones in eastern China. The physical and chemical properties, geochemical
characteristics, and Fe isotopic compositions of the soils and Fe-Mn nodules were analyzed. [Result] The results indicated
that the degree of pedogenic weathering of the soils from the different climatic zones was mainly controlled by climatic
factors, and was also related to the parent materials. The ferromanganese nodules produced in the different climatic zones
were all enriched in Fe and Mn, but varied greatly in geochemical characteristics. The ferromanganese nodules developed
from tropical basalt have total Fe (Fer) and free Fe (Feqd) content of 353.7 mg-g and 293.5 mg-g?, respectively. These were
significantly higher than those of the nodules formed from the Quaternary red clay in the subtropical and the eluviated
cinnamon soil in the warm-temperate zone. However, the Fe isotopic composition in the red or cinnamon soils developed
from the different climatic zones and different parent materials was similar, and their 5°¢Fe value varied between 0.018%o and
0.120%o, all close to the baseline of the continental crust igneous rock. In contrast, the §°6Fe value of the ferromanganese

nodules formed in the three climatic zones was all negative, with an average of -0.330%., which was significantly enriched in
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light Fe isotopes. [ Conclusion] These results showed that there was a trend of lightening in Fe isotopes of the

ferromanganese nodules from the tropical to the subtropical to the warm-temperate zones.

Key words: Ferromanganese nodules; Climatic zones; Iron isotopic compositions; Basalt; Pedogenic processes

BAf4i % (Fe-Mn nodules) 723442 i WK — AR BUR A4k, hEkinA i 58 1. +
BABURAF RS RN, £ S IAGHTILX, 22 2EOEEEE, BB K EHERA
8, RIMAMBCE HOFRLEE R, BRERA T 2R M Pk, SocRaeE KA E -
WFEAT, AWM. TR VTR, R IRV TR 5 IR ) B B R L,

FEA R BEA SRR ROKSRAEN  BRERE TG0 « A R R W RrAIE 22 57 5 25 1.
CABITERY, HTRKA . TR B IR LA AL (Eh) RIEEh2 s A K S &R
RIEREL fildn, EHOK RAFmAIE, RS R Bk SRR E, DU MUK AR
BN TR K BOE R R B B S i b AN, BRI LR I SAFAER. &
H R BR AR S5 % 1 e R B AL A A R BB, KA B R A R Sk (Fe) AlER
(Mn), THARE BE H IS5 & Stk (S, 40 (AD AifS (Ca) [,

A AR FE T (2 BRI AL, R BRI OO A & IRJRME, YT gl Ak
[FIRL A, AR A =R RIAL 22 s (8%FFe) F fh 723 it AH K B JEHEAE (Z979 0.0%0+0.3%0),
ARALTE FE AT I5-0.62%0 2 0.72%0[. BR[FIAL 3R 7018 T 2 A T4 MF . AR & WAL & A4
VRS R R, T BT R R AN A W T

TIRPRAR A P AT AL 5 Bk (NP - E RS - R UTIE R R R A OG, L 6%%Fe (L WK T
T3, RPRSKFAM KA R R P E &R0, DA R, BRERAZ IER R R AL 2
BIRFAE . LHOKROL BRI b LR S 2 R AR, JF 5 8BS B B AU
A, EHIE SRR S 8207 M I 8%6Fe de/ME RO, SR, ANR U K B R R S5 % Bk [m A2 =
M ZER, PLRATRESR NI B HER A 5 E R LB, ATk Z AH G HIRIT AT .

A SCAN AL [ AR AR BRI Y ML A 5 Ry Hh X = AN R U 2R T B B s A Bk AR 45 A% 1Y)
JUERHERAL 22 SRR RO R AL AE, W TT AN B 5 R 3R AT REX BRER S5 A% Bk R SR AL iy, ik
— B IRT BRI 3R 70 TR Bk B 5 A R R - A A 8 7s 5 3

1 MRS 5k

1.1 W5 XA

DA KR AR BRI A VL 25 8 BN T WL ST Al m 5 () s BN ot
X3k o EBM AL TYLIRE RN T IEES, JbS L AR R, AT 34°07—34°40'N, 117°35'—118°10°E.
BN T HOAL TS X L AT AR P R 2, fREERER AL, M AV R B EIR, SPEAE T A
BT, WS 20~33 m. ERIM T A P IR ST SR R = R 5
B, JE TR IR S, IR, HIERE, £F 14, EFRHN. £ PIERE 14.4°C
PR E 853.2 mm. CFREMIX, M NKALE, TERGE L R, RE RS L. Rl
FERIKFG—/INE BUKFE-FOKER .

ST TANIA B EE, T 28°32—29°41'N,  119°14'—120°46'E. &4EJ8 RS, H
Frdbm. IS, ORI E, RS, FERET, REFE, WEREZ . F£7R
I 175 °C, FF/KE 1424 mm. SWEMSRE R EEPOLEM, HULaai Lot iz,
DRI g r B R U7 A R R AN T AR AR SR A T R IR DA FE RN TR, R R REAE,
TR T ER AT, SRS E iR .

e r I B AL AL AR, AT 19934 —20°02'N, 109°3'—109°53'E, J& & XA %, W

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

WEE, PR AR, JeIRFE L . R EALE 23~24 C, KAETLHE G FFHEKEANT 1100~ 1800
mm. ZE P2 B R, InEA AR AR XA . KA AR B GRS ke
WE ., FHFEME SR A

1.2 MREIEmAHERRE

TERRIN, PR E RO L 5H, At P-PZ; fE4te, EHAINaa ez Lilmm, A
P-JH; fElfifE, &4 2 X elE bR B LR ATHIT, 7 0lbs 0y P-LG1 fl P-LG2. #% 3k A4
JEREG— ZH LR . R E LEERKAR G, e RBREREE L, BRI SRR LR
FEMZ) 1 kgo 1ESTEREEIZ B 38 2 UCREERURS HIRE L . (ES BRI L IBFE S P, F ik
MRS, TIRANESERES A EEANNTE, 720l 10 B (<2 mm) #1100 H (<0.149 mm) %8
BL, A
1.3 SthiE*

1.3.1 FIEFABALMORINR  pH el ] pH ZAHEM (E-201F, FHL, L) Mk, HEs
Bt E (Feg) MEML: RAFERMN-IKIREIN-E _WAREREY (DCB) 2 H2—AFFE Dk Lk vkl sz,
Fes & LA Fex03 1. TERSEE R (Feo) MIER: KA BRMERIRHEOR S4B 3E R Mk Lt 2 & ,
Feo & & LA Fe03 1t

1.3.2 X-B &5t (XRP) TR El LI M AR S A (<0.149 mm) 7E 105 C
A NEET 2 h, RELZ) 49, FIREESHESHL (SL201, Firkr, i) B Rdl s A, Eok
FIEN XRF (XRF-1800, i, HAD #ATHEICE (SiO2. AlOs. Fe,0s. CaO. KO, MgO.

Na;O. MnO #1 TiOy) & &,

FA A B SR b e 3 i GSS-3 - CHR [ by S0 A PRI B AU X BT ikl ) FH GSS-6a (H [ b ofa

B2 B b ER P E R4k 2= B R A AT D BEAT R RS . SR R IR IR S AR HEE AR AR
WHRZE/NT 5% W R, BENUIMEORE ST IR ERNE, # ok S EM bR 2N T
5%, B XRF & L8R 2R & B 5aR AR S .
1.3.3 BRALI ZA RN B BREZ N 50 pg 1 B3RS (< 0.149 mm), A =& (HF + HNO; +
HCD Tl i . T b 104k I BA 25 7 fiE (Bio-Rad, AG1-X8, 200~400 mesh) 4ift,, /1 0.4 mol-L*
() HC YA WBE I L4-18) - 4lifk vy FH 35 # Thermo Scientific /2] ) Neptune plus % 22 H2 8 e JEoRs & 45
B TRFEAC (MC-ICP-MS) MR [FI A7 2 4Rk . FF i 7 AL B AT 5 78 rp B R} 2 R K 2 vh [
e setg )i S PR E R S = SRR

Bk R 25 LR UL BRARVERE IRMM-014 FIFEXHME 5%6Fe 37 : 6%Fe= [ (S6Fe/*Fe) wul (S6Fe/>*Fe)
iRMM-014-1] X 1 000 (%o0). ¥ it 8%6Fe [ f 245 K DL 2 RN T 35 {E+2SD %7K

- IFRE N Fe [R5 22 2 K I B B2 9+£0.05%0 - [E BRAm iR i BCR-2(Basalt, Columbia River,
Oregon, F[E) 1 RGM-2 (Rhyolite, Glass Mtn, California, 3¢ [E)H T F&E K. BCR-2 KR
45N 0.094%020.012%0 (n=4), HEFFRUEIE AN 0.091%0+0.011%0 14, RGM-2 {1l 45 5 0.180%0 +
0.025%o (+ 2sd, n=4) Al 0.200 %o* 0.059%o (£ 2sd, n=4), HEFEFRAEE N 0.216%0 + 0.014%o %1, X
& W SRR Ak R R AL R 5 R A AT 5
1.4 BUBALTE

H Excel 2016 347 Fr A7 S5 £ (1) id 5% S AL #E ;s F Origin 2018 i3E47 % 2H s o 35 14 22 S 43 Hr F
LR PE I 2]

2 45 R

2.1 ARISMES TIRAVERTE S R
IR L (P-PZ) AL TR b3, st RO Rt 20 R OK GBI, 4

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

FI TR IR SR A AR, I IS RL, RS R0 50 g-kgte 35 pH AL PR, (HAFE
R NigNE (B 1D, XA e SHHERICA K. ILHEM & SECIERA, TAsHHE HE R Al
JRUE A A AT HLBR [RIAE AT 4 1358 pH F#AIRI6L,

pH pH pH
65 7.0 75 8.0 46 47 48 49 44 48 52
o771 O ——T Op—T—1—
g 20F 100 |
g 50 |
= 40 )
e 200 }
o) 100
60 | -
™ 300 F
o s
150 | 400 }
100 F
s00 |
120 L 200
L 600 L
P-PZ P-JH P-LG2

E: P-PZ. P-JH. P-LG2 3 5 A S8 A AR L F1H . SR MY o LA e 2 5 ZulE R H 4. L% . . Note: P-PZ, P-JH, and
P-LG2 represent the Eluviated Cinnamon Soil profile in Pizhou, Jiangsu Province, the Quaternary Red Clay profile in Jinhua, Zhejiang
Province, and the No. 2 lateritic profile developed from basalt in Lingao, Hainan Province, respectively. The same below.

Bl 1 ANESESEIE (P-PZ. P-JH A1 P-LG2) 4% pH 3 [ 245
Fig. 1 Vertical distribution of pH in the soil profiles P-PZ, P-JH, and P-LG2, from the different climatic zones in eastern China

SR (P-JH) NI i+, SEanfit (pH 4.7~4.9) (& 1), s 3 (P-LG1 F1 P-LG2)
RETHEHFMZEE, 2R XA m iR s s, ZCE sm2IL, TR B R R
7. P-LG2 HITH FfZ A4 L Rt (pH <5), Hifus T, Tl AL BEES =52 B 2,
pH X =T 5 (B 1D AFUg A B L IRATERIM L A 5242 T U6, IR BES M AP
AR
22 PEISIEFLIREH (Fed . HFmrStk (Fe) MEEFSHK (Feo) BE

BEE (BERD R EHIERRII R, HEATY (A, KA. ot MTRARERY
ma ORI S R, WA R (X lE . MKE) BE Fe. Mn oK, MUIREER:
it CAnTUE . ARED B Siv Cay Mg, P Ao RU. BEEERES AL, EERRELR AT Y K E AL
A, JRATIR Fe? . M2l s ANBE Y, FERBER DLCE — =R SRR A IR
S, AT SRR Y. BRI, R T =AY A R S R RSN I AR R A R iR )
ﬁ;‘%[l?] .

AR (BB 1) Feq M1 Fe/Fec A7 1E 34 22 5%« #vily P-LG2 LA 41 Fea 7304 P-PZ
WRZAR LA P-OH MR- 5.1 £580 3.0 £%, Feo/Fec 532y P-PZ F1 P-JH 119 3.2 i1 1.5 fif (& 1),
ST BRI A 2 A A, 2L B AR S B BRI R B N, KALRE B R 2 1 piR el
B, XA tmekERRRIEERMEESA K. FR, ARARITIEBMBRERA A, SRR R
FEEERAE WA BE 2. P-LG2 HIMERERLE % Fea 4328 P-PZ Hl P-JH (¥ 4.8 fi5 fll 4.5 fif; Fed/Fer
I3 P-PZ A1 P-JH 1) 3.3 f5A1 2.0 £ (K 1. X [FEFES Bl |5 M EES (AR IT X SRR 45 A% B s
AR FZRIRE R o

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

1 ZMEBEEF DRI EDRNSKEERPTRSESEE
Table 1 Contents of various Fe chemical phases in the soils and ferromanganese nodules in the soil profiles from the three climatic zones in

eastern China

T FEm Y # i Content/(mg-g°) Degriiff?ri iron  Degree (?fi yiffr?itivation
Profiles Samples Fe, Feq Feo Fed/Fe Feo/Feq

WiEmLER LY 1238 2348 359 0.19 0.15
P-PZ BERGEY 1626 4969  6.83 0.31 0.14
Yebmaiiz” 2495 61.36  37.00 0.25 0.60
%i%%féﬁi 1025 4011 191 0.39 0.05
- BERAEY 1121 4604 172 0.41 0.04
%%qsgféﬁi 1120 4208  1.30 0.38 0.03
Yebmaiiz® 1564 6538  9.79 0.42 0.15
ZREa+® 2062 11920 537 0.60 0.05
PiRsiE® 3786 17392 3.16 0.48 0.02
PrLez LRILEEAY 1740 12376 3.85 0.75 0.04
BRERZE® 3537 29345  35.09 0.83 0.12

1E: Few Feg. Feov Fed/Fer FeoFeq 70l A4tk IHEASYMILELEY SR, BRIFEEMYIGILE. TA. Note: Fe, Feq, Fe,,
Feq/Fe,, and Fe,/Feq denote the content of total iron, free iron and amorphous iron content, the degree of free iron, and the degree of iron
activation, respectively. The same below. (D)Topsoil of eluviated cinnamon soil; (2)Layer with Fe-Mn nodules; (3)Fe-Mn nodules;
(®Uniform red clay of the Quaternary red clay; (5)Reticulate red clay of the Quaternary red clay; (6)Basaltic red soil; (DSemi-weathered
parent rock.
2.3 PEIS&ET TR MER L FHHIE
2.3.1 WEIGRHABAFE =MARAEM LR, 9 MEEICER Siv Al Feu Mn. K. Ca,
Na. Mg Al Ti E4b21& 8 S5 ERKEFIZ N 92.36%~97.83% (m:m, F[E); Si. Fe 1 Al &4k
AR 76.13%6~93.92% (K 2). = AMAFEAUEA I L (8t 1) AP 7 EERI AR T T,
JuHGRRG . TR, KGR, kB REESRERE, BRSO RRRE R, X
AR E L B TR AR A A .
R2 EANSEHFLEIELRENKEEREELREE

Table 2 Major element contents in the soils and Fe-Mn nodules in soil profiles from the three climatic zones in eastern China

& Content/(mg-g?)

HIH 5 FE 2T R
Profiles Samples Depthem Si0, AlLO; Fe;0; K.O  Mg0  CaO Tio, Na,O MnO
st 517.8 147.9 166.8 24.62 37.44 34.47 7.87 5.36 21.33
P-PZ 86~120
PR 381.9 118.4 261.0 16.67 26.65 33.05 5.84 5.90 101.8
SIS S L 92~112 660.3 166.2 60.6 14.87 6.02 0.77 12.00 1.32 151
A K Eu
AR+ 2
PIRALL) 126~142 676.7 155.9 57.13 14.86 5.68 0.73 12.34 1.29 1.07
P-JH
92~112 626.7 139.1 121.4 12.50 455 0.79 10.33 0.62 16.67
Bz
126~142 638.4 142.2 107.3 1254 477 1.10 10.38 0.68 16.50
ZikEa+” 597.6 199.8 84.26 21.09 5.39 0.88 11.97 1.37 2.89
P-LG2 260~300
it 482.3 103.2 353.7 0.53 1.15 1.67 32.88 0.13 2.70

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica
(D) Eluviated cinnamon soil; (2) Fe-Mn nodules; (3) Uniform red clay of the Quaternary red clay; (4) Basaltic red soil.
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P-LG2 LA 11 39.0 fi5. 6.9 5. 1.2 f5F1 3.9 5 (GR 2). BRI X PF/KED, KR A-AEH
B . BRI, SRR VIR A A ER L B T MR AR B 95 . AHELZ T, #vilr . Vi HBIX, K
ORI, AR ER, SR £ XA REL, CaO. MgO. KO Fl NaxO &5 #h %
B RERRR,

MR B AL UM A 2 K IR . 2 X2 X als, X REE S E ST

RO, I P-LG2 Hl1H 2 3 2L+ Fea03. MnO f-F 1335 &7l 0 P-JH AL/ 1.5 %, 2.7 f%.
REWNZHELERA T, Bt S&RENLO Tt EEZ.
2.3.2 B R B M E DR IRNE IR EITR S B 7 e T PR I A A
FIRSRE . fEMREIEREH, Ca. Mg, KA Na 288538 B 18 5 ki MERS , 10 Fe. AlL Ti 57042
eGSR, ZAELIEP R E R BIEXIIE R (Ba). FEfRH (Sa). REEEEFE (Saf) KA
[ A LA R XA SR E 2. MnO/Fe20s EUAA AT [ R SR 45 X B AR T R I 70 B . TR E .

P-PZ HIHIFEIRZ N Sa 5 Saf W FRAR, St 7 bkiE# L BEBT T 5XAAE FEE 58, AT AR ik
TAEHAR: 2 Ba BRI INE LTS, XATe 5T KGR H0 ERA K. P-JH HlTH M
2 Saf IR TFWRALE, kBT MO it EgasEam, Sar A RRI—8. BREM 2T
LRI, B HERKIR s, 13 Ba [ R E K. P-LG2 XA 4 L1 Ba 1y P-PZ
WA L1 15%, 2979 P-JH SR AT SLZL 1) 63%: P-JH $4 401 Ba fHAH P-PZ bk ia e 111
22% (R 3), W7 #vfiy WAL L AR YR A . P-JH $R4 EAMEIZ + MnO/Fe0s
Pl ik, P-LG2 Zitixz, P-PZ Ll (R 3). &ML RLXMR, KIPESNRIZY,
Mn ki G Inm X REE S E R, BRI, KE L Mn BRSNS,

TR EEE.

*® 3 =MEEH LIRS ETIRX LIRS

Table 3 Weathering indices of the soil profiles from the three climatic zones in eastern China

RAkFgdR Weathering indices

FIii 5 Profiles FE 5L 255 Samples
Ba Sa Saf MnO/Fe,03
P-PZ Mt 131 595 346 0.128
A IERHARGE T
~ 5 2 7 A4 .02
- IR T 0.29 6.75 5.48 0.025
L ERPARER o
FEL L2 0.34 6.97 5.03 0.006
P-LG2 ZEa+® 0.20 5.08 4.01 0.034

W: Ba, THIEMALIRIA RS Sa, REERE; Saf, BEEKRZE; MnO/Fe 03, ffi%%ktk. Note: Ba, soil weathering leaching coefficient; Sa,
silica-alumina ratio (or silicon-aluminum ratio); Saf, silica-iron-alumina ratio (or silicon-iron-aluminum ratio); MnO/Fe,O3, manganese-iron
ratio. (DEluviated cinnamon soil; (2)Uniform red clay of the Quaternary red clay; (3)Reticulate red clay of the Quaternary red clay; (4)
Basaltic red soil.

2.4 PESIETF K REZU IR FYFE

ARG R R A LR IS Fe M M. 3T Si RHIE, H# B o s S 555
FAERFERER (R2). PPZHIHERIERLZ FeOs BHL 2 %, MnO BAEEE R (51%), 1M SiO,
BEWD (70%); P-JH HIHLi % Fe,0s BHL 1.9 £, MnO B 458 i (12.8 ), SiO2 f1 Al,O3
FEIRML (95%F187%);  P-LG2 4if% FexOs (4.2 ). AlOs (52%) F1Si0, (81%) 1513k
WA REZER, MnO ZRARE. ks FeOs & & 51k 353.7 mg-g~ 1, 20l A AR N AN 4>
TEH) 1.4 f5R1 2.3 1.

AN R AR 45 % T R ERAL SE R AA AR B 72 5 (] 2D BRI 2R L3R AR 45 % A s 5
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R . DRI T OKAS PR R, BRSO SRS AR AL R B I R X s KU TR
IR AL IR S BEA S, a3, L FeaOs & &40 il N Al MIAN S HRR AR 45 14 1) 2.0 5711
6.0 fif. WA &I LAOR T 2RI IE, KoMiEshmIZ, SREMARBOR, R Hkma A
Wrigif, LR EGR, BB ERER RS R
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B2 =AU LR (P-PZ. P-JH I P-LG2) #H&HIZH o R & ik
Fig. 2 Comparison of major element contents in the ferromanganese nodules in the soil profiles P-PZ, P-JH, and P-LG2, from the three
different climatic zones in eastern China
2.5 NREISIEHERIALEIXH K EL RLE AAFE

EHARFEMRHR S E ARG E VIR EEHRMET, &0 5%Fe HIALMEN-3.5%0 2
1.5%0l%1. [ Fe KA BRIF AL R LLG] (SOFe/>*Fe) [KIZAZALIRZIRAE (£0.05%0). [HlLt, B 8°Fe Jy
FLHEE (0%0) 3o ASHIT T =FhAN ) Uty O BB« MEIRA BRIEA R K Z R, H=AFS
fgats AN A BEBUR E 2Lt (Bds 1D, BRIFIAL R A B, 8%Fe (HASALTER AT 0.006%0~0.100%0,
B EAEE, T EMERFEAMRMEIER (K 3), S5l B LRI,

AR, AHETE =AU 3 A BRI DL R DR A 5 TSR R BR R 4%, 5%%Fe
EI— BN A TE, ¥R R Rk P U3 JERE  BRAR A5 N L Rl 4 A% L3RR A 1Y) 856Fe
B, AJRLRINERERS % 5%Fe BN fE, LBk S5 I AE 6%Fe NI . MR 5 A M a4 1
I BR AR S5 1% 5%Fe ~F-X{H N-0.426%0, LA IR LM Bk EE % %Fe ~FIAME N
-0.227%o, At X Wi 2 B0 20 L B IR ER 45 % 5%5Fe ~THIME 9-0.148%0 (& 3).
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W P-LGL MlEE Z A K E 1 54151 . Note: P-LG1 represents the No. 1 lateritic profile developed from basalt in Lingao, Hainan
Province.
3 RREASME HHERIH (P-PZ. P-JH. P-LGL Ml P-LG2) 35584k 45 1%k (R 25 41 R ale 11 o A
Fig. 3 Vertical distribution of iron isotopic compositions of the soils and ferromanganese nodules in the soil profiles P-PZ, P-JH, P-LG1, and

P-LG2, from the three different climatic zones in eastern China
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Fig. 4 Correlations between 5° © Fe value and content of various Fe chemical phases in the ferromanganese nodules from the different
climatic zones in eastern China
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