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Fig. 1 Location of the Lajia Ruins and the satellite image of the

research profile in the Guanting Basin, China
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AR MBS CR IR AR TR I, AR
= NSRRI 2 A o AT AR, A SR A A
W1,

M 5 R A B AN AU 2 R 70, K
S S MR SR B A T P A XUB R oy g



51 TR ZR A AR T 8 39 SR TR s BR AL 2 AL 3
*1 EBETEZMWRELSIHPETENEY S SHiE
Tab 1 Pedo-stratigraphic subdivision and descriptions of the mid-Holocene in the Lajia Ruins in the Guanting Basin
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Fig.3 Diagrams showing the pedo-stratigraphy and particle-size distribution of the mid-Holocene in the Lajia Ruins in the Guanting Basin

o i P ) g, T )R (S, S So ) K
JEE R VIR U0 5 8 0 32, TR KL 2008 V0 35 B8
% PHZ L0 @M 1= (RC, \RC, ) FRORLEE 0 42 LUK
KLANZA VD 3 T vb DB VD & R B, o R
B R N A S — I 2R IR B A= o X
FEMLULH] 1 LD 2 AORLEE S S A Ly - A
R AR AL A, P AN [ 2 B O R L 4 2
BRI, XWIEAE R T EA TR YU aT BT BT ATl o
DUBRIRLIE 19 SR S0 A 513 fh 2 ] LA M o ke
VORI RIS L i 4 PR, MRLLER + 2
(RC, \RC,) (9 B8 73 A3 431 3% pHy £ 44 S B LG e 25
TiF, g BRGNP B, B AR A 2 5 L
A e Y 81X 55 = 20 £k - ARORLBE 23 A1 A3 it 2 i Ay
FHIT, TR T2 [ 4 {00 18 A B (0 v SR A S R
Ha ek LEAERENX G Hik, aTwibhE
PHJZEL RS L2 5 b VA IR IX 55 = 4L 20R P Bk
B2,
4.2 EFETEREZTUHE
ESICEGVANRITR L7/ LSk e = ol -l S T D)
FoR it AR IRBE AR AL R B A 5%k ik
%UE, ?ﬂl]ﬁ'_ﬁﬂl A1203 N F6203 N MgO\ Kzo\ CaO Fil
Na, 0 3% 6 M ITZOoR I T 0. 285 R B2
HMRICE SRR IR . MIRE R, A
Pl TEC 2R 9728 53 R BN, 43 508 0..093.,0. 145

(= WIFiEh e i) E AR @R
— BTS2 T ER LR

| ERib RS AT

| ——BFEUEATHITERMERE LR

HEESSE (%)

~
T

-
T

01 1 100 1000

1
& (um)

4 BETAMBREUTIEHIESHRAERE=L
LT R AR AR DR B SRS i
Fig.4 Two layers of conglomerated red clay at the Lajia Ruins
compared with gully deposit at the GRH site and floodplain deposit

in secondary bench of Yellow River

0.102.0.091.0. 218 F1 0. 213, 2 W ) i o 1 2%
TR A —, W5 frs, ALO; i &4
F 114.1 ~161.5 g kg ' Z [, Fe,0, f & AT
38.9~65.6 ¢ ke ' ZJi], MgO [ & AT 23.5 ~
34.3 g ke ' Z ], K,0 B EA T 21.3 ~29. 4
¢ kg~ Zlil, ALO, Fe,0, MgO K,0 JEZ & 7L
TS, Hrh R, HAPTE S, Bk B H Ak
B, FEMELDR BT AR 2 b R A (e, H
AT EEBERR, BRI, TR RRam
K L e i HERR =, A (e B

ZHIAY, Fe,0; 93 i 5 HEAL A FURE R



%1 VR 35 ik 2t v 8 4 Ve TR L BR AL 2 RAE 5
WERE Ao, (% Fe,0, (%) K0 (%) o 9 NajO (%
= Cem) L0, (%) €05 (%, 90 (7o, MgO(%) Ca0 (%) 2,0 (%) F1 (aBP)
BT Lemdy 13 15 173 4 5 § 720 23 26 29 20 25 30 354 § 8§ 10 12 05 1.0 1.5 2.0
0 100 : . ! ) T T T T T 1 T T T T T Y 0
Feeseete
0‘0’0’0.0
Soe KRR 120
RS
i L L —3600
R
CL 160 L L
180
Sos
200
220 L L
RC,
240 L L
3850
260
SoF 280
300
320

gy [ [

HIR  O8REE IHE

5 ESMBRELSHE R LEBER ALO, Fe,0,.K,0,Mg0,Ca0 7 Na, 0 S BT B £
Fig.5 Al,05.Fe,05.K,0,Mg0O.CaO and Na, O of the mid-Holocene in the Lajia Ruins in the Guanting Basin

HEA, 7R 2T I T R S,:270 ~ 300 em
4k, Fe,05 AL O, K,0 F1 MgO i Zkifz sl 2, Ju=R
SR, HARHEA LB T RS i R

REERFIEAR, KRB 0. 488 F10.930,
F W) Fe, 0, AL O; MgO A1 K, O f il £k 22 4 2
—EH (B S K 6a-c), ENMKEREANLEEZS,

a5
o
a & b L]
& L
o 45 .o
Ss; 00 o o | ®
-4 2 ¢ o
= <0 o 51;, e & o N
£ o & g2 o
S 55 < il | ©
° 0
= © %@% > = Bep
! @ . e * v 5
2 r &
= 35 | 3 . 0, o
£ g% © S .
. [ ]
*
15 . : ; " 15 . ; . .
35 42 49 56 63 70 a5 50 55 60 65 70
Fe 04/ (2 ket) Fe 0sfle ket)
© 50 ®RC 650 ®RC
30 20
L ]
e d
C &
o o0®
o
—_ & o 4 — 15 F &
! o® © * » 8
¥ L ™
st o O ee = FPoso o
= )
3 © ® Eﬂ%‘ # o%&oo o8
s ° o = 10 o e o
® o
&E o * b o
L] L Y Y )
o 87 Tee o
0 . L . . 5 L L L !
35 42 49 56 63 70 35 42 4 56 63 70
Fe;04/(g ke't) Fea0s/(e ke't)
&80 ®RC o 50 ®RC

& 6

BB REI S H PR (a) BT Fe,0,, (b) #ERIRL S Fe, 0,

(c) K,0 #1 Fe,0;, (d) Na,O #0 Fe,0, X BH#{ S E

Fig. 6 Biplots showing the relationships between (a) magnetic susceptibility and Fe, 05,

(b) clay and Fe, 05, (¢) K,0O and Fe,O5, (d) Na,O and Fe,O;in the Lajia Ruins in the Guanting Basin



6 W

2

1 36 &

Flpe 1S TR S ikt , vi AT shxt
WAL ISR FH =2 T — 5 B RE A, 31X AT RE 2 K 3tk
HEFF 5304k (4200 ~ 3950 a B. P. ) i) A K AE 4
& R B R O E T R D =P AR ol 3 D0 |
JE, SR EETTE S A AR K I g FLAE 2 U i HE
EHEARAE B, & i T It e e iz g fe
B AT YR B R, AAROR 4l L e
AL T Yy BT VE AU SRR Z

Bl 5 BN, 765 55 A 5 a8 bk 42 T v X
B+ iy 3T CaO I Na, O JGE A9 7% /50 5l
MNTF39.7~121.7 g kg ' F154.0 ~69.9 g kg ™' Z
], CaO H1 Na,0 JCE & A L5 Fe,0,,
AL O, K,0 MgO &bl REBGER,
TS, thE R (E 5 E 6d) , 24
R T BT I HERZ H CaO Fll Na, O 45 & R,
RS TR KB R TR 0, nTRE R AETEAR
RS 4y, HahRy St BB A T bR 4
Y, FERTFHERUZ 0 E R A TR, B
SIKE TR R HE R R T CaO 9 & AR bR K, W]
LIE e e, IR (RC, ) 1 CaO J& M
PRARAE— o5 L — B AR A A2 4k, R BT J8 I ( RC, )
1) CaO S MR AR AR —H% vy (i — 0 I AR — A0 o fE—
WARAE AR Ak, DGR AEITR It T g 20 R AE IR

UM A2 KL TR S 3 o T R AL
Oy TR e i B DS R B A A i
SERIE R, JRATEIE L (K,0/Na,0) ki R %k
[ (Ca0 +K,0 + Na,0)/AL 0, ] b2 A $6 40 CIA
[ ALO,/ (AL O, +Ca0 + K,0 + Na,0) * 100% ] K i
FFOMHT o B KA KU G /N TR AT, BRI B
e SUTRU AL 2 AL R P S A e 2 R . A
TR, FIANLLTE 1. 48 ~4.26 Z () fk, JE
R R B, TR 2 LK B R I
HERRZ R, BT T R 2, X AT e
TLLRG A BRI G A op KL R, A R
WO 3% S 4L ISR M R R, e
0.51 ~1.24 Z[a)Asfk, b, o £ 3002 b Ho (4
%, T7E T2 L8 T BB s BUZ f, A R fE
P2 P SR Z R SRS, XS i T AR BIORS - 5
TESRIE IR T , B hE 2 1k 19 1 L vp
ATHFE T BB TR, b2 A #550 CIA
£ 44.6 ~66. 1 Z A48 4k, CIA 2 M08 105 A &
RS AR R R, Horply L2 p R B RS E, T
TEPTZL0R L BB MERZ h, CIA S8R L A
FASA, 33 AT R T S T R A R LR S
175 5 LA SR BER LA T AT

0

e RE EHER (x10°mi ke ) Rb/Sr AL A RE EIERI(CIA) £ (aBP)
B3 (em’a 20 a0 e0 &0 03 04 D5 085 15 25 35 4505 0.7 09 L1 L34 50 55 82 68
Q".’ HE
Sok 120 L
——3600
140 -
RG
160 =
180
Sox
200 -
220 [
RG,

240 |

X
sessisss
KKK

355

260

T

B3
S8

5855

&

il
o
5l
255
Sete!
fotele!

280 +

botetetst
Nedetetele!
{ I
s
et
%

300 -

320 -

3850

B |

[z |

HW

& 7

gegzE  XHE

B =22 M0 3R 5 1k 2 Tt P B S5t R WAL 2 R/ Se SRR EE (IR R AN CIA ph gk

Fig. 7 Curves of magnetic susceptility, Rb/Sr ratio, K,0/Na,O ratio, leaching coefficient and CIA

of the mid-Holocene in the Lajia Ruins in the Guanting Basin



1

T U S84 0 5 e TR DU RR M R AL 22 R 7

4.3 WMEBTETUE

TE T 5 43 o il 52 38 41k 39 1T, FRATTREHRK Rb, Sr,
Ba P \Ti fl Y 3% 6 MG 2R IT /0. MiAE
K, MEICEMESTREUN, 50 0.113.0.050,
0.056.0. 124 .0. 065 F1 0. 042, 15 BH &) 1 1) 4k =
TR EY—, E R X, KU+ 1
TUBWIH Rb A1 St i J Rb/Sr {8 Y AT LA
e KL R . & 8 FTLIA H, Rb il Ba
fEdr R rh ER E, X B T e R ek
P Rb EEIRAE T LRSS K MY,
TERAL I R AN T Ak g, (H il T 5) e £h
R AL B FE b, RIS FIVERRVE o 20, 75
Rb fll Ba 7E2BS 2 + 3 S, HE %, Sc fI P 7E
P RN, X H T Sr PR E R
5510 MILE S IR, St AT A5 XAk
B Ca iy, FE40pritt i 0, SR B i, 2R
B2 I S RS SR, RS SR,
{5 Sr F1 P &2k T SRBUMIKIE TR, Rb/Sr 52B5 1
PR S B W B AE XU AR B B Ao R e 9k R AR
JE Rby/Se B AR SR B R, R
SRR IR T, AL A SR 2, e
Ca ™y UL, Sr R IEBk AR, B0 1%
H Rb/Se B # . RATA LIYE Wi LA ) Rb Sr
[ 5 L % Rb/Se (E7E 24T (R )2 h 2 TG
IR B0 A RS0t 0175 00 5 LA W J2 20 (0 R b B R

FUZHh, A B, 0. Rb 76208 i
{EFEFETE 98.9 ~ 134. 1 [, Sr fELLKE + 975 fk
JEFEILE 211.4 ~266.9 2 [H], Ba 7ELLK - H AL fL
JEI7E 436 ~597 [, P ELIH: 4 Fr ARk il 7
445 ~ 745 Z[a], 3L R R 20K R YR s Bl A
o, B ARSI B YGRS AL, UIRRZ G Mok
2 3 KA BTN A5 0

Ti FY 7y HE A 2R RN, RN
Ti MY B2k BRAR R o RasE , B R AHA
A0 TR 32 AL SR RS MR /N o RS f
W 5% Bk 4 T rp ) g T R, T U R AR
7E 3240.4 ~4195 Z i), AT LU H 3 3 4k i | B
37 T 20K L R R HE R 2 b EL B A, Ti &
TEIGICER, 75 HRA P EZ DAY —H AR
HIEAETE, A Stk RIs 2% Ti g8
T T HALMAE TR . ZEE T, Y uE SRk
1E22~27.1 ZJd], Y @ TR took™, 7t
JEUHIX bR AR, AR AL E T, &
TRXEVS 3T #, 102 LA 0 9 00 )8 A S 1 1 )2
Ht

M3 PA_E BT B AT X EE AT LR B T
IR TE R AE AT it o oty 32 P B AR 11
FRAE, TMAELDRS £ e i MERR 2 th R Bk 28 4% 1 ¢
fiF, FRA2rm, xR RS o R R
R P, RAIGTIR S N ERIL 22 S8, 45

ﬂﬂ% RE Rb(mg kg1) Sr(mg kg 1) Ba(mg kg1) P(mg kg 1) Ti(mg kg?) Y(mgkg!) £ (aBP)
By (emlye  gpg 115 1zo210 240 270 30830 490 580 400 500 EOD TOD S0BEO0 SEO0  400m 21 230 @5 o7
100 s 0
Sor 120 +
= —3600
140 F
RG
160 F
180
Sp
200 |
220 F
RC,
240 |
—3850
260
So¥ 280
300
320 =
gegaE XHE

&8

Fig.8 Curves of Rb, Sr, Ba, P, Ti and Y of the mid-Holocene in the Lajia Ruins in the Guanting Basin

B2t R s i £ frit h I LR Rb St Ba P Ti 1 Y S Btk



8 W

A

1 36 &

B RPN AR IE LS, I RE 8 THE A b DA 45 T v 30
i R EUTRRUZ A S 0 2R, R IR Z
4.4 JTZE UCC tREL DT

W2 PR, B A Fosthk 4ot i 9 +
e, P2 208G R HERUZ (RC, \RC,)
P HbIRAb 22 0 2R & AL, BT Sk e
B VAR DX 5 = 20 21K - Ak 2= T R B AR O AR
PRI, ML ks T2 (RC,) 5 T ELL K+ 2
(RC,) —#E R e i ) TURR I R vh O 2088 - HEAR W),
BTSRRI =2l 2085 i Bk T — 5, B
AT H 5= ZE M AU A 3 R 2T 1L Sk b DX 1Y) 2 =40
AL, il o L) =y ot 7/ IS IR 1 158 i s e e we = 351
T PR LR 12 5 R TR DS = 28 208 1
BRib2ETERE UCC Rk, MK 9 Rl LIE
th, PR ERs T e i HE AR 2 5 R TR XA =2
ZIKG 1 (BR T Na,O 1 Ti,0) iR 2= 0 R & Sl
AT
5 58

A 3T T AN AR T
PN EL B 52 ) S35 bk Jo] P61 & B0 T LAY (g 4 i
b R o I T AT R GERAE  HL)Z R
O3 AT S A IR 2 T -5 A T P 2
MAEZERPEATXT G, 2ot & N TTRR 2440 A A R £k
SRHE AT, R T RKE AT RSO . A SCE R
T 1 W ZEasthk A v 3 XU oy g v v
HICZE (AL O, Fe,0, MgO K,0.CaO Fl Na,0) Flfk
iIGE (Rb Sr Ba P Ti 1 Y) FEA[R]JZ 07 1 % 248
TR, FRR TR )2 o T 2 20 ks + 2 5 5 78 TR
XUTFY A BRALRRAE BEA T EE , DATTAS: HE LR A

10

R2 EFRMWREBENUIBHTIESRFEX
FoLROMIMRUFETESE
Tab.2  Concentration of elements in two layers of conglomerated
red clay in Lajia Ruins and the gully deposit at the foot of the Great
Red Hills behind the Lajia Ruins.

RN RRIEI HWEX HEEKX
MLkt IRt E=ga H=44

RC, RC,  Bik1%  fil2s

Si0, (% ) 55.92 53.67 54.28 54.08
AL 05 (% ) 14.99 15.09 19.1 18.43
Fe,05(% ) 6.1 6.17 7.48 6.98
CaO(% ) 0.814 1 0.6 0.65
MgO( % ) 3.14 3.13 3.98 3.61
Na,0(% ) 0.74 0.67 2.7 2.73
K20(% ) 2.81 2.54 3.91 3.67
TiO, (% ) 0.6871 0.6937 0.4 0.4
MnO (% ) 0.1 0.09 0.09 0.11
Rb( ppm) 125.9 122 174 161.2
Sr( ppm) 241.4 237.8 390 342.3
Ba(ppm) 457.2 597 469.7 518.2
Y(ppm) 25.8 25.1 26.2 26.4
Ga(ppm) 20.3 22.3 28.4 27.1
U(ppm) 5.1 5.4 5.6 4.6
Th( ppm) 19.6 17.4 21.4 19

Zn(ppm) 90 84.8 113 105.2
Cu(ppm) 35.6 34.1 45.2 40.9
V(ppm) 103.8 112.5 129.1 124.9
Ni( ppm) 41.2 40.1 46.3 43.7
Cr(ppm) 82.6 80.2 96.7 91.6
Zr(ppm) 151.9 135.6 130.5 135.9
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Fig.9 Element ratio of the sample/UCC indicating that two layers of conglomerated red clay

are related closely to the gully deposit at the foot of the Great Red Hills behind the Lajia Ruins.
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Geochemical Characteristics of the Mid-Holocene Palaeosol and

Mudflow Deposits in the Lajia Ruins of Qinghai Province

ZHENG Zixing' , HUANG Chunchang'* , ZHAO Hui', GUO Yonggiang'*, ZHOU Yali'

(1. School of Geography and Tourism, Shaanxi Normal University, Xian, Shaanxi 710062, China;
2. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: The Lajia Ruins in the Guanting Basin, is a product of the prehistoric Qijia Culture. Archaeological
excavations have exposed extraordinary pictures of natural disasters that destroyed their settlements and claimed the
lives of many people. However, the causation of the prehistoric disasters is of great controversy. Many studies focus
on the understanding of the disaster, but lack of detailed geochemical characteristics. Field investigations were
carried out in the Guanting Basin in the upper Yellow River valley. A Mid-Holocene palaeosol sequence was
identified in the northwest part of the Lajia Ruins. After detailed field observations, pedostratigraphic subdivisions
and descriptions, samples were collected systematically and the chemical composition, grain-size distribution and
magnetic susceptibility were measured in the laboratory. All of these indexes show that there are two layers of
conglomerated red clay inserted into the soil of the mid-Holocene. They were dated to around 3850 a BP and aroud
3600 a BP, respectively, using the “C method. A comparative study of geochemical features of conglomerated red
clay, the eolian soil, and gully deposits at the foot of the Great Red Hills reveals that: (1) Two layers of
conglomerated red clay classified as the deposits of dense mudflows in connection with rainstorms over the gulley
heads. Both of which are silty clay with rolling, wavy and conglomerated structure, very firm, with some stones,
earth clods and human remains, including pottery shards, burnt earth, ash and charcoal, etc. (2) In each of the
mudflow deposit bed, major elements also exhibit significant change indicative of the multipled mudflows occuring
intermittently. (3) The physico-chemical characteristics of the two red clay layers resemble to those of the Tertiary
red clay deposits over the gully heads in the Great Red Hills. Therefore, such a conclusion can be deduced : these
two layers of conglomerated red clay were deposited by flash floods and mudflows from the gully heads behind the
Lajia Ruins where the high hills consist of the unconsolidated Tertiary red clay formation. These findings are of
great importance in understanding prehistorical environmental change, natural disasters and the human impact over

the upper Yellow River basin.

Key words: Lajia Ruins; Chernozem soil ; red clay; mudflow; chemical composition



