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Geochemical Characteristics of the Loess in Nebraska, U.S.,
and Their Paleoclimatic Implications

YANG Yang', ZHANG Hanzhi? LIU Lianwen'*

1. Ministry of Education Key Laboratory of Surficial Geochemistry, School of Earth Sciences and Engineering, Nanjing University,
Nanjing 210023, China; 2. Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China

Abstract: Loess is one of the most extensive surficial geologic deposits in Nebraska, U.S.. The deposition rate of the Peoria Loess was
extremely fast during the last glacial period, especially in Bignell Hill, the Mass Accumulation Rate is highest in the word. It is still
controversial to interpret the cause of the mass dust in the central Great Plain. In this paper, the compositions of Nd—Sr isotopes, major,
trace elements and rare earth elements of the loess deposit were investigated on the Bignell Hill section in Nebraska. The results suggest
that chemical compositions of the Nebraska loess are relatively homogeneous. Compared with the upper continental crust and the
Luochuan loess in China, the contents of Fe and Mg are relatively low, and the contents of K and Na are relatively high in the Nebraska
loess. Nd=Sr isotopic compositions indicate there is another source with higher ¥Sr/*Sr and lower &, except the primary provenance of
White River Group. The second source is likely to be glacial deposits which were derived from the area of Laurentide Ice Sheet, its
contribution even as high as 30%~45%. The chemical index of alteration of Nebraska loess is about 65.7, lower than Luochuan loess in
China, showing a weak chemical weathering intensity. The variation of CIA, Na/K and carbonate content in Bignell Hill section reveal a
dry and cold climatic condition and weak weathering during Peiria Loess deposit (25~18 ka). This climatic condition was beneficial to

the production and deposition of dust thus generated extremely high mass accumulation rate during that time.
Key words: Nebraska; Loess; Chemical wenthering; Nd—Sr isotope

Corresponding author: LIU Lianwen, Associate Professor; E-mail: liulw@nju.edu.cn

KRB 2017-05-16; 1EfREHEE: 2017-05-27

HEWH: HRARFFAISE (412305265 41690111)

EB®N: WVE, &, 19904F4:, BLFsA:, Hiskib = %l; E-mail: 1172646479@qq.com
*EIRAESE: X4, WZEUZ; E-mail: liuw@nju.edu.cn



13 e . SCIE] LURS R L At B AL~ R AR e H U i S 57

A VN

i

AR GURRAE T A 3 28 A 0 A, DL e -
e A BT il I A B o R SRR A Y
20 AR AR FE AR AR UK TRRAE Hh AR - I
FRPEERHLIX, 2ok o 7EIE 3R 97 AR K 5 v g
FREHE, % 5 25 5 P4 L Ta] Y0 Sl RN %% 95 L YT B 3 O
BT REMBIERNE T (Bettis et al., 2003;
Follmer, 1996; Ruhe et al., 1983; Leigh and Knox,
1994; Muhs et al., 2013) . 7E A S e Ay
YU T E M PL (JRJREik 50 m L 1), 3
MAR TE A R 3R 2 BirBe (MIS2) 3k 3] i 57 f
& (A ZRIL) (Roberts et al., 2003; Muhs et al.,
2013; Pigati et al., 2013) . It Hb X AR VK3 By 22 )
FEREE A B AR PR TR Y S PR B R 2R
Py Ikt 24 e ) 52 M 7E b 36 TP O S B AT
U — BB Hean, A RS R X A
KA R BORCETE TP, A RBHES,
20l A E AR R KR I 2 J5 5298 7L T
4F (Roberts et al., 2003) . 111 K f A3 242 9 Jot 1) 7™ A
F Bl T R IR AR YR KA v 1 e
B85 8 7 XN B A PG AR OR 52 0RO FH L X AE )
7 T R AL A VE 3 B (Aleinikoff et al., 2008;

1

N43°

N41°

Mubhs et al., 2008) .

P NI L P A R 30 fim o 2 e JEE L X 2
—, AT R L H e, 2 BAR I
ST SRR B . 53 A R N R L B T
EEE BBy, AR T E A R
o PG, AR SO 2k %o 5 [ rp R Jit A A i
M 28 B T B A N R e B Nd L SelRl 6 3R
F i MR oo R i kAL 2= R AR AT AT, W)
ARV L B IR S R IE I BOR IR, 22X
A AT AL

2 FESRFNSLES

DAL A 3T 0 M 2 A AR R, RO S Y
Fo ALEBFNVGER AR LIRS A MR
HME R A . BRIRIUE, R WK &
B NN AR, AR R IR X
(] 4347 A U AR B A R v 1, T AR
ARRKT1I0mEELWSHE (B,

FE SR B P A R 357 I H S Y RS YR L)
[l (35°45'N, 109°25'W) (& 1), ZHIHEZ 53 m,
STt R, AR BRIk (1) MIS6
B 3% /K 2 41 (Gilman Canyon Formation, fij 5 4
GCF) , TUAHAEA K 25 K 45~25 ka (Johnson et al.,

N39°
O #+1~5m [ #+5~10m B s+ 10~20m B #+>20m O »e
M cExpa B gsaa B prrre O sexzxex E oax
R Lol smwaeaxss [0 pugesesa B stumsss

P AR AR Dt BT I (] v i (B 0 AR R IR B 55 A VKRR 0 B 5 BH- AR PR LRI T )
Fig. 1 Geological map of Nebraska and adjacent areas (Bettis et al., 2003; Mason et al., 2001; The blue area in map is the maximum
extent of southern Laurentide Ice Sheet during Last Glacial Maximun Fullerton et al., 2003, 2004; BH-Bignell Hill)
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Fig. 2 ¥Sr/“Sr ratios vs. &, (0) values for samples from
Nebraska ephemeral streams and loess (Dates of Nd—Sr isotopic

composition come from Farmera et al., 2003)
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M) H EICER A A FEAFAE (Taylor and Mclennan,

AL, fH S T # 4, i Al K. Na,
Ti. Mn ZICEMBAL TN L (K3a), (2) K
Fe, Mg & EAHXRAL, HA UCCHNE)I#E 1 1
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F 1 WAERCETINM AR Nd-Sr B E #i4E
Table 1  Dates of Nd—Sr isotopic composition in Nebraska loess potential source
A S TEST S1/*Sr “Nd/“Nd n(0)
Hi LW ZhREPN St/ x10° Nd/x10°
e eR I (<75 pm) e (£20%10°) x (£20%107) (+1SE)
Wi 102.13 4131 ] 244 0.711108+7 15.1 0.512013=14 -122
W3 103.05 41.74 AR P 354 0.710952+7 28.7 0.512101=5 -10.0
W5 103.54 41.72 FATEE 358 0.711674+8 25.4 0.512124+5 -10.5
S 101.04 41.85 = BiRd) 357 0.712729+8 232 0.51189110 -14.6

exa(0) = ((""Nd/"“*Nd)sampe/ (“Nd/“Nd)ermon =

1)x10°, CHUR ERAL B AT 1), "“Nd/"**Ndenr =0.512638 (Jacobsen and Wasserburg, 1980)

F2 WAARETINN BHHI T & 4 7 Nd-Sr B L R &7
Table 2 Dates of Nd—Sr isotopic composition in Nebraska Bignell Hill loess

_— # LA . St/ St ; “Nd/*“Nd exi(0
i W% /m (<75 um) St/ x10° (£20%10°) Nd/x10° (£20%10%) (el s(E))
Ll 04 BL 0.7153148 0.511924x2 -13.9
L2 1.8 BS 0.715540£10 0.511902:4 ~14.4
L3 7.8 PL 0.715120£9 0.511939+3 -13.6
L4 438 PL 300 0.7157726 25.1 0.511791=11 -16.5
L5 47.8 PL 254 0.716980+6 26.6 0.511805+9 -16.2
L6 513 GCF 257 0.717766x7 25.9 0.511832+7 -15.7

£x(0) = ((""Nd/**Nd)ums/ (“Nd/** N =1)x 10", CHUR SBRRE B A1 35— %, “*Nd/**Ndenor =0.512638 (Jacobsen and Wasserburg, 1980)

®3 MFHAHTMELE AR LE T EETELHIRE(W%)
Table 3 Dates of major element in Nebraska Bignell Hill loess

FEf 5 R lom Si0, ALOs "Fe;0s K:0 Na:,0 Ca0 MgO TiO, MnO CIA
BN1 20 75.48 11.34 2.39 2.79 1.74 1.51 0.96 0.44 0.04 65.25
BN2 80 74.37 11.65 2.75 2.74 1.56 1.38 1.01 0.5 0.04 67.22
BN3 180 74.59 12.18 2.74 2.8 1.6 1.32 1.02 0.45 0.06 68.04
BN4 280 75.29 11.74 2.53 2.87 1.67 1.35 0.89 0.44 0.04 66.59
BNS 380 75.00 11.69 2.53 2.85 1.68 1.49 0.98 0.45 0.06 66.01
BN6 480 75.12 11.48 2.44 2.85 1.7 1.49 0.95 0.43 0.03 65.53
BN7 580 75.56 11.66 243 2.87 1.68 1.36 0.85 0.44 0.04 66.36
BN8 680 75.09 11.76 2.63 2.89 1.66 1.34 0.9 0.46 0.05 66.63
BN9 780 75.03 11.72 2.6 2.85 1.68 1.51 1.04 0.47 0.04 65.99
BN10 880 74.38 11.95 2.69 2.87 1.62 1.47 1.06 0.46 0.1 66.72
BN11 4280 76.52 10.97 2.24 2.88 1.88 1.57 0.85 0.42 0.04 63.41
BNI12 4380 75.97 11.3 25 29 1.81 1.52 0.94 0.47 0.04 64.46
BN13 4480 75.72 11.2 2.38 2.85 1.82 1.49 0.9 0.43 0.04 64.52
BN14 4580 75.84 11.32 2.52 2.88 1.84 1.53 0.94 0.48 0.04 64.43
BN15 4680 75.08 11.41 2.64 29 1.78 1.49 0.99 0.51 0.04 64.90
BN16 4780 74.39 11.74 2.87 2.82 1.72 1.52 1.12 0.53 0.04 65.96
BN17 4880 74.67 11.38 2.88 2.88 1.76 1.51 1.1 0.54 0.05 64.92
BN18 5080 75.62 11.07 2.63 2.69 1.7 1.36 0.94 0.49 0.04 65.81
BN19 5130 75.32 11.21 2.75 2.75 1.74 1.44 0.99 0.49 0.06 65.40
BN20 5330 76.93 11.12 2.28 2.62 1.76 1.3 0.84 0.43 0.03 66.19
ucc 66.8 152 5 3.4 39 4.2 22 0.5 0.06 56.93
W+ 66.4 14.2 481 3.01 1.66 1.02 2.29 0.73 0.07 71.39
Il 64.85 14.93 5.17 3.18 1.39 0.82 2.21 0.76 0.08 73.47
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F4 NFHEHMCERRLETHETELE(x107)

Table 4  Dates of rare element in Nebraska Bignell Hill loess

eSS W /em U Th Y Zr Ga Rb Sr Ba Cr \%
BN1 20 2.93 8.43 19.2 436 134 94.7 295 722 40 58
BN2 80 2.85 8.77 20.7 360 14.6 104.5 259 745 40 63
BN3 180 2.84 10.95 22.5 352 15.1 91.5 253 743 40 63
BN4 280 3 11.65 25.1 360 14.3 90.7 257 807 40 59
BN5 380 3.07 11.75 26.1 377 14.3 91.1 258 819 30 60
BN6 480 2.89 11.2 232 353 13.8 88.6 254 788 40 55
BN7 580 2.8 11.2 23.6 379 13.9 89.5 257 771 40 57
BNS8 680 2.78 11.15 23.7 371 14.3 91.2 239 784 40 60
BN9 780 2.95 114 232 374 14.2 89.6 241 802 40 60
BN10 880 2.75 10.6 224 335 14.2 90.1 228 783 40 62
BNI11 4280 2.88 11.1 23.1 379 13.3 84.3 263 765 40 48
BN12 4380 3.39 10.3 21.7 392 14.8 99.9 300 773 30 53
BN13 4480 2.99 10.8 223 358 134 87.4 254 771 30 50
BN14 4580 3.35 9.34 22.6 454 13.8 99.4 315 792 30 64
BN15 4680 3.25 11.95 26 456 14.3 94.1 241 775 40 57
BN16 4780 3.43 10.1 21.9 383 153 106.5 254 735 40 65
BN17 4880 3.76 14.8 30.7 411 13.9 95.2 217 755 40 59
BN18 5080 3.18 9.4 22.8 379 14 97 257 735 40 55
BN19 5130 3.44 9.45 24.2 417 15.8 106.5 257 742 50 64
BN20 5330 2.83 9.08 24 449 14.6 100 308 838 40 55
UcG 2.8 10.7 22 190 17 112 350 550 35 60
Il 3.26 13.35 24.18 247.54 17.92 114.77 129 436 53 94

1E: UCCHNBEIITUE RIS A Taylor etal., 1985; )11 L8Rk A FRIZAE, 2001

x5 ABHATMERARLETSEERRRHELTRERE (x10°)

Table 5 Dates of rare earth element in Nebraska Bignell Hill loess and potential source

FEfns La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y

BN1 294 54.8 6.12 239 431 0.87 3.54 0.49 3.28 0.68 2.06 0.35 2.15 0.36 19.2
BN2 32.1 59.9 6.67 24.6 4.34 0.90 3.46 0.51 3.50 0.73 2.16 0.40 2.47 0.37 20.7
BN3 37.4 67.8 8.12 29.9 5.42 0.95 4.36 0.65 4.06 0.81 2.40 0.38 2.37 0.37 22.5
BN4 37.4 68.3 8.41 30.2 5.98 1.03 4.72 0.69 4.09 0.89 2.62 0.39 2.51 0.39 25.1
BN5 38.7 71.7 8.53 31.7 5.94 1.07 4.77 0.72 4.32 0.87 2.49 0.41 2.68 0.42 26.1
BN6 35.0 64.4 7.74 28.0 5.60 0.97 4.19 0.66 4.12 0.84 2.26 0.36 242 0.40 232
BN7 352 64.3 7.81 29.0 5.52 0.97 443 0.70 4.03 0.84 2.45 0.36 2.50 0.37 23.6
BN8 353 66.3 7.87 28.8 5.49 0.93 430 0.66 3.86 0.86 242 0.40 242 0.40 23.7
BN9 35.7 66.6 7.93 29.1 5.52 1.04 4.34 0.66 4.02 0.84 2.34 0.37 242 0.40 232
BN10 342 63.1 7.54 27.3 5.18 0.97 4.05 0.66 3.80 0.80 2.45 0.36 2.48 0.37 22.4
BN11 34.5 63.9 7.41 27.3 5.06 1.01 3.95 0.64 3.96 0.80 2.59 0.39 2.51 0.39 23.1
BN12 315 583 6.86 25.1 4.57 0.99 3.84 0.56 3.76 0.77 2.38 0.39 2.62 0.42 21.7
BN13 334 62.3 7.48 27.5 5.10 0.90 3.86 0.62 3.67 0.78 2.28 0.33 2.39 0.39 22.3
BN14 332 63.6 6.96 26.7 4.94 1.11 4.21 0.52 3.77 0.78 2.38 0.41 2.53 0.43 22.6
BN15 36.2 70.0 8.21 29.9 5.71 1.09 4.61 0.76 451 0.92 2.64 0.41 2.90 0.46 26.0
BN16 33.6 64.0 7.02 26.6 4.81 0.99 3.77 0.58 3.61 0.80 2.38 0.41 2.56 0.40 21.9
BN17 40.3 78.6 9.25 33.8 6.63 1.12 5.42 0.82 4.99 1.02 2.92 0.49 3.34 0.54 30.7
BN18 30.4 57.2 6.53 24.3 4.39 0.91 3.68 0.55 3.87 0.81 2.50 0.39 2.72 0.44 22.8
BN19 322 60.9 6.62 259 4.47 0.94 3.78 0.54 3.80 0.86 2.63 0.44 2.75 0.47 242
BN20 36.7 65.1 7.56 29.0 4.83 1.09 4.08 0.60 3.72 0.81 2.52 0.41 2.72 0.41 24.0
Wi 25.4 61.7 5.02 19.3 3.46 0.65 2.42 0.39 2.42 0.50 1.52 0.24 1.61 0.27 13.8
w2 24.7 50.9 4.37 15.1 2.35 0.54 2.01 0.29 1.87 0.42 1.21 0.20 1.39 0.24 11.0
W3 24.1 56.7 4.88 18.0 2.96 0.75 2.66 0.37 2.41 0.52 1.62 0.27 1.80 0.29 14.5
W4 322 60.6 6.72 25.6 4.28 0.90 3.54 0.53 3.41 0.76 2.21 0.38 2.56 0.42 21.0
W5 36.8 70.3 7.65 28.7 5.11 1.06 3.93 0.57 3.64 0.75 2.23 0.39 2.45 0.45 22.0
W6 28.5 64.0 6.01 22.6 4.18 0.84 3.59 0.50 3.25 0.71 1.99 0.34 2.24 0.35 19.0
w7 29.5 67.7 6.00 23.0 3.87 0.85 3.16 0.44 2.84 0.59 1.76 0.29 1.92 0.32 17.6
W8 25.7 61.1 5.03 18.6 3.22 0.71 2.94 0.43 3.03 0.65 1.89 0.31 2.11 0.36 16.9
W9 28.8 62.9 6.10 23.0 4.14 0.88 3.64 0.50 3.38 0.70 2.01 0.33 2.11 0.36 19.0
W10 319 67.7 6.68 254 4.66 0.99 3.81 0.54 3.55 0.67 2.06 0.35 2.27 0.37 19.7
Wil 44.6 87.1 9.17 353 6.03 1.17 5.09 0.74 5.08 1.09 3.15 0.52 3.52 0.57 31.2
w12 28.8 59.4 5.83 21.6 3.83 0.83 3.19 0.42 2.83 0.59 1.77 0.29 1.94 0.31 16.8
Sl 30.3 53.4 6.02 232 3.89 0.90 2.97 0.42 2.79 0.57 1.62 0.28 1.74 0.30 15.7
S2 28.7 515 5.97 22.1 3.89 0.90 2.95 041 2.62 0.53 1.52 0.25 1.59 0.26 14.7
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