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Abstract: [Objective] Taking the typical Luonan profile (LN profile) as the research object, this study analyzes the variations of
chromaticity indices and other climatic proxy indices along the profile, and explores the paleoenvironmental significance of the
chromaticity indices of the LN profile and the paleoclimatic changes in the Luonan Basin during the mid-to-late Middle Pleistocene.
[Methods] Comprehensive analysis was conducted on chromaticity parameters, grain size, magnetic susceptibility, and Rb/Sr values at
different depths of the LN profile. [Results] The results show that: DThe chromaticity parameters exhibit regular variations across

different stratigraphic units in the profile. Luminance (L") and hue angle (/") are higher in loess layers than in paleosol layers, with high
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values indicating relatively dry and cold climatic conditions. In contrast, redness (a*) and the redness/yellowness ratio (a'/b") are higher
in paleosol layers (S1-S6) than in loess layers (L1-L7), with high values indicating relatively warm and humid environments. L", a*, a’/b",
and 4" can all serve as good climatic proxy indices to indicate climate changes in this region.(2) Chromaticity and other climatic proxy
indices collectively reveal the climatic changes in the Luonan Basin during the mid-to-late Middle Pleistocene. The accumulation
period of loess layers corresponds to cold and humid climatic conditions, while the accumulation period of paleosol layers corresponds
to warm and humid conditions. [Conclusions] Unlike the dry-cold to warm-wet climate cycles in the Loess Plateau, the Luonan region
exhibits a climate cycle of cold-humid to warm-humid. The overall sedimentary environment was humid, with strong weathering and
pedogenesis, experiencing a climatic change pattern of cold-wet — warm-wet — cold-wet. The research results provide insights for
correctly understanding the living environment and climatic changes of paleohumans in the East Qinling and surrounding areas during
the Middle Pleistocene.

Key words: Luonan Basin; loess-paleosol sequence; chromaticity parameters; Middle Pleistocene; climate change; environment
geological survey engineering

Highlights: The indices of L", a’, a'/b", and 4" can all serve as good climate proxy indicators to reflect the climate changes in the
Luonan area. The study area generally has a humid sedimentary environment with strong weathering and soil-forming processes, and
has overall experienced a climate change pattern of cold-wet — warm-wet — cold-wet.
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Fig. 1 The location map of LN profile
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Table 1 The stratigraphic characteristics of the LN profile
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Table 2 The statistical table of LN profile luminescence dating results

FERaS  WiHEem  FKFo FAHLK(Gyka) K% TWI0C UM0°  4ERER/(Gyka!) WAEE  BAEGy  Hib/ka
CN-1 32 9.5 0.22 1.67 13.6 2.82 43 6 415+30 96.5+7.0
CN-2 50 9.4 0.22 2.11 13.6 2.82 4.1 6 471£35 114.9.+8.5
CN-3 143 8.9 0.22 2.36 13.6 2.82 4.2 6 541+63 128.8+14.9
CN-4 230 10.1 0.22 2.27 14.4 2.84 43 6 699+80 162.5.+18.5
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Fig. 2 The change curves of chromaticity parameters
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Table 3 Vertical changes of chromaticity parameters at LN profile
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Fien | 62.69~66.17 9.96~10.57 23.76~24.38 0.412~0.438 66.371~67.610
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Table 4 Vertical changes of grain-size, magnetic susceptibility and Rb/Sr at LN profile

b7 HPRI<S pm/% HFHES~10 pm/% HER10~50 um/% WR>50 um/% REAEF/(10° m>kg ") Rb/Sr{
L1 36.30 19.29 43.46 0.94 24.83 1.01
S1 36.18 17.72 4527 0.83 25.19 0.88
L2 37.39 18.74 43.65 0.23 24.52 0.87
S2 4235 19.83 37.63 0.19 15.72 0.97
L3 40.13 19.60 40.04 0.23 10.93 0.89
S3 40.19 19.37 40.13 0.32 16.02 0.92
L4 38.16 19.28 42.14 0.42 15.87 0.88
S4 38.77 19.17 41.82 0.38 19.23 0.91
L5 37.90 20.51 41.54 0.19 12.07 0.91
S5 38.17 15.28 44.62 1.93 15.36 0.92
L6 33.66 16.67 47.51 2.17 14.1 0.82
S6 33.36 16.60 48.54 1.50 13.61 0.85
L7 30.02 19.35 49.22 1.42 13.22 0.84

)2 36.22+3.4a 19.06+1.2a 439443 3a 0.80+0.8a 16.51+5.8a 0.89+0.1a

R 38.17+3.1a 18.00+1.8a 43.00+3.9a 0.86+0.7a 17.52+4.2a 0.91£0.1a
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Fig. 3 The distribution curves of grain-size, magnetic susceptibility and Rb/Sr at LN profile

LN #|fih Rb/Sr HFEMER 0.90, Hrh i+ KFFRELZE, AWEERIFARE (R 4) . Rb/Sr
Rb/St HAFE N 0.89, LW HE R 0.79~  (HIFHIE A F i b5 B0 KI5 w0 28 T i 3,
1.04, ity 1352 Ro/Sr HRFIE R 0.91, 24k BAKSH S5~L7 RICNEARMHE, S2~L5 KN H1H,
BN 0.78~1.08, BAFI Ml +3E2 Rb/Sr{HEJE  SI~L2 BIUONEARME., Ho, L1 M5 &, Xl hE
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T R BGE, 28] TSR TR R (K 3) .
2.5 BIEtRHIEXMES T
%5 AANTFEFEIR Z M A SR A . SRR

W1, AR @SR A AE—E ARG, o, a5 L

W B E TUHSE(=—0.59), 24 o BE R, L™ A0 b
W/, LA TR R IE A SEOC R, MR =03, %
WY b AR XS LAY SE LSS, o ] BEJERE A L0 3
FRE, WHN LS R REIEMHRK, 5o/ R EE
TARSE, MR KSR r=0.71,-0.71, Il a5 1Al
a’/b Bk A& A FE 2, A OC R A —0.91 il
0.91. i 5 HAFRBRIAHSCHE M4 F M, #hfk
Y LB, 5 o A —ERIEAEE, EH
KNI, AR BUL R 0.17, Rb/Sr Y a A
SR AHSENE, r=0.43, FHH — 3 0T BEHE 8 A R B 2R 1L
5 LHCHERSS, R H AT RS2 98 TR (1752
PR 255 60 B 46 b 15 04 Ak 538 % R S M AN 35
Rb/St {E 5 Kk 5 &l B 5 19 IEAH O, HH2C R ECH
0.51, B ] fE A MR 48 A~ 1EF

3 3w’

3.1 BESHRHIMEREX

ot NI bU R L SN NGRS SER S IM R AR IS )
FR XA AR AR AE R . LT (SRR o (Z1). b°
(F ) MAALRAE S L3 b Pl gy . DURABE 1Y
IR . TRAR L R 4 3 2 AU i 55 A8 AL 2 AR 5% (FE
2245 2021),

LI8 T RS FERE . EAMR R, LR 22
TR S R MRS IR RS

P 0 (7 45, 2001; XI5, 2015), AR
WFSEAE T ARE L R b B LN 30 T80 A0 1 3 A4 e i ik
5 (0 10% MIFRERIR), K& IRA% BT+ 2 F Tl 445
JZ 77 AR T B L AR [R), PR e 00l R R 5 o
AR 3 LR RN E . A, A ar
FESIEAT 7L S AFEE b 3, S AT BRI TR B A
FEBE FEXT LT BYS2M0 . A2 (BR—11 45, 2006; X4
%, 2015) WFFT R, AL & o B AR R 1Y)
FERH , EA R, & BB I K
TR 2 SRR (T35, 20105 7 71 )8
2015 )0 0T A A R 0TI 1 A% ol AP
RH, HHEAAYUR SR T, I L0] LR HE T X
Iof A T R R ) R B I O (TFIRESE, 2017)
F 2 AT, 3% e A b L AR A Bh
K, BAESA M2 TP AE e W i 22 5, 0k R BN o
+ 2 (L1~L7) % LME & T 1482 (S1~S6), B
PR (B W T AR FEV TR AR S F o SIA0, XFEE
LN {11758 4 g O s X (85255, 2012; I8
HNAE, 2021; B4, 2023), H LEBAK, RZIX
Sl ATV, B KU TR A

a5 T IEE AR LT LR, B AT R, 52 o
AR RN R RO AR B, B
FEORERT | RGBS, O Rk, R
MR, a MR (XS5, 2015), FEARRBIGEH,
LN 0y H 32 (S1~S6)a I {E (9.94), # +
JZ(L1~L7) h 2 IAEXIKAE (9.35), 1B LN 1y
32T B, A TN RR R, o XAk A A
B, K5 it . B w P a1 oy & Ak ok, (e

R5 HEGHBEIMEITER

Table 5 Correlation analysis results of the indexs

£zt L a’ b’ a’/b’ h” kL kL A% Rb/Sr
L 1

a —0.59" 1

b 03" 0.18 1

a’/b’ -0.71"™" 091" -0.25 1

h' 0.71"" -0.91"" 0.25 —0.99™" 1

Hikr 0.23"" 0.20™ 0.15 0.13 -0.13 1

2 A -0.36 017" 0.20 0.25 -0.25 -0.5 1

RS -0.01 0.17" -0.2 0.25 -0.25 0.01 -0.14 1

Rb/Sr 0.17™ 0.43 0.17™ 0.36"" -0.36 0.51 -0.25 0.20 1

TE: #*FIRARRNETEO.0 1K UM ) _E T ARG *** R K000 1K ORI ) - 2 35 A 5
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DLE B Bk T & S e e, (i 39 Bifa n
W, a (ETF s Wi AE 8 2 DURLE RR o, AR X T
B, AFIF0- P o i, DAY, o BEAIK (Sun
etal., 2011; EMEHF4E 2015), 45 b, %KD o 05
{8, 878 T IR BRI A S0, KA RV E @5 o
AR AR, T 7R AR T4 B M, BRVE RS 55 . b
F T e R O YRR . A AT R, b
SR T v R K3 i A, H v A A T
HYSMBE S5 (Tang et al., 2023), (HAKBISEH, W&
B ST b (R A S B A S R A T, 2 A X

AT RIR, b (BRMA) G L™, a" a’/b" X
KRB, B — a2 WA e, HAHSC R 5005k
0.71,-0.91, -0.99, F & 2 Al %0, Eflm b a5 L°
B ARAR, 5 a", o /b AR . A,
a’/b R U AT B (E 5 o R 2 S MK HL 21 B
A BT, B a /b O, W SR R AT, /b )N, T
B AT SCRT N, R I A R, B
FARERR R, T I 0 s A RN, R (A R T
(FE2255,2021; 7 4,2023) . AW H LN #)
I S1~S6(67.6) Ay MA{EMH KT L1~L7
(68.5), X f2 i TR BE IR 1) S A M Ak S| AL Y 7
W R R TR AL, Iz KRR A i, SO
REN T RS =t EAN S R S & BT M |
B S HT A4 R — 2 (EIHESE,2017). 260 0T
P, R BB /b1 v B2 S e T A 0 140 1)
AL, W AT LIAEEL L. o' b8 7 AR A 1
FAEE
3.2 LN HIEE T AL RERE

iR #EALEE . Rb/Sr (AR hn e
-t A B T b A A Al XA B R 2 D) AR
5%, ETT AT DS By S A AR A GEXHE TR 55, 20145 5K
SCHAE, 2017), B BOREERRAE AT LSS 2R 4 Z KUY
5 55 A8 4k, H 4R dl 2 19 B i 5 R R HERUS 19 Ak
B O R Y] (FEALIEAE, 1997; T4k, 2019), 1fi
WAL RN B A7 IR R ) A 5 L
I8 e FORIAR K/ sE M, AT D A 1) TR AR Ak
(EEE4E, 20065 4K #AE, 2020). Rb/St {H /2 KUK
B A RAF b2 WAL AR B () AR AR, 0ok T
P I A v A7 R B A O S PR B R K B 25 5
BORAESE, 2010; 5, 2017).

WX R 6 &I, i B P AR A A

A S 3 T A X 8 = (B4, 2019), BRI X 35k
Gitasp i SUN L RNy e R E UYL 7B N e
RARATE FH, o8 A 18 v A RELASAE K o 0 fige B A s 49 S5
AR IEVE A, Z A ZERGE M5 o AR T
S1~S6( 148 2) BURTRL & S LI~L7(3E 1 )2)H
1o, e W REE SR 2, DIBRE L e . FoT
R % IR, KR 2 i Rb/St BT #ITE [ R 1y 5
BSEHE K5 WM AR Ak e, B S5~L7 i A i g
fE R E SR Z, M S2~L5 A 39 sl e 4 H m il , B2
S2 K FE(E, L1~L2 YA R KAk A Bk 55
IEAh, B3 3 AT AN, wEALEE S L*, a*. b*PUME R
435 -0.01,0.17, —0.2, 7] LLA H @i R 546
FEARAOA SRR B . EA ISR (E 55, 2008;
XIKFF4E, 2018; Hykik4s, 2021 ), BEALFAT LIAER
AR SRR A R U R T B R G AL 3
MR i e | DAy 5 8 bty 2 B R A X
NG ZR, HE I R WA R AR O, (B85 A S0
2. &3 Sy Bl g, AR L B R A 5 A 2 Y
X I G 72 B W 5 2, DRI AR DX 3 3 € 3 4 A i
FIdr S A OB A A X R D= A i 2 2 A
AT AEAE I8 R A B A T R Ak AE G ) 3
R, AR SR REYE T P K A, 45 b2
BT A R T R A R, S BUORE A R I R s VR
P, 3K 5 AT PRS2 SR — B (B AE4E, 20085 X114
4, 2015 )0 25 LTIk, i rE B R AR R E 5 B,
AN TA] 8 8 B X 18— R 38 s 1 SR AR 1k,
TR ARRNR I, SR TR Ak, Bl
A v A R P e, R AR
33 BESHREMSEEREERRENSIE

TUIER
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5RLEE | Rb/Sr (855 HAW S A8 pn e 2 -

F6 BEAEISHMARE T REHAML
Table 6 Comparison of grain size compositions between

Luonan Loess and other typical loess

- Hikie Eailh ey HLHRD Whie
(<Spum)  (5~10pm)  (10~50 pm)  (>50 pm)
tEIll| 274 12.5 53.3 6.8
B 158 15.04 57.97 11.19
FVLF & 19.13 14.82 55.97 10.07
%E 37.15 18.62 43.45 0.78
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BN, CHEAE FAF N D855 , 48 7R A5 ph e R 1 1
I R FER TR, A2 K MG i

g5 LT IR, B % R A rp R e —R
(550~95 ka) AR IF LS LN & -1 1
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