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Micromorphological Features of Old Cultivated and Modern Soil in
Guanzhong Areas of Shaanxi Province, North China
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( College of Tourism and Environmental Sciences/ Northwest Research Center for Historical Environment & Socio-economic
Development, Shaanxi Normal University, Xi'an 710062 )

Abstract: [Objective] Using the data obtained from the LGT soil profile, this paper attempts to illustrate soil-forming process
of modern soil in the Guanzhong areas and its micromorphological features. [Method] Micromorphology was observed under a
petrographic microscope, and its image was quantitatively measured by LEICAL Qwin software. [Result] Micromorphological
observations of the thin sections show that the minerals assemblage of different horizons very similar, which is mainly composed of
Q and Pl. However, there are obvious differences in C/Fs,, ratio, mineral content, and coarse features. Pedofeatures mainly consist
of clay, calcite, and amorphous Fe. Ap horizon is characterized by abundant needleshaped secondary-calcite, secondary-clay, and
earthworm fecal pellet. BC horizon is characterized by the secondary-calcite of large quantity with various shapes. Btl and Bt2
horizons are characterized by abundant clay hyopcoatings and a small quantity of secondary-calcite. [ Conclusion] All the results of
this research suggest that Earth-cumulic Orthic Anthrosols consist of both the upper Ap horizon, which cause loessal dung and eolian
dust deposition, and cultivation occurs simultancously during the process of Ap horizon-formation, and the lower BC horizon, which
is aeolian sedimentary at the time of relative aridity during late Holocene.
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2, TERIA A S it e AN Dt o - i 1 1 3%,
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RIE, TR T FiEm “ 2t USBla « g5k Ay
L USRS AR 2R AR SR, X
Fr AT 200 )\ Sy S e b [X A 98 T 43 S 1) S 4
T BR300 2 0 2 A A 5 | e Je R A B ] 4] A
ORISR, BTIER SR LG4 i 0 X 2
RO = PR AR ) 7 B B R s a4 0] 45 T
TR BB SiAh, ASEE I STk 2
TE SR AN TR A, i ST Ak Jst bl Ja 220 - 338 g [ 44
JERL AR BEE W2 — 28 NSRS, Ui sy
SR e NP, B A E g EA G
B IR S OE S T 5T i WL AR0E LR e i) 2
Bt ) R ] AR SO BB S AT, R U G
AR A8 1 R AR R R R B 2 RO SR S L
X
1 #RIERZE
1.1 BARNE

b DA T8 b R R 2, 2R SRR
SR BEBERRAHE A g ST R L S i A%
SRR AN AR 20 0 R 12~ 14°CHI 600~750 mm. [X
WL, T HBER, e A EE A AR AR
X2z —, FBARRNE. Tk e, —ERlE.
1.2 REAHY

2003~~2005 FXF &b X K 120 1) At
AT T 2 BT AMABERR SR . (HIR T HR I, AC
HFE LGT HIHA MR G 1% I HITAL T O &R
i, A SL BT U R R B B (34°31°N,
109°45°E, #4K 365 m), A—Hk ] U+ 5 i #5 1 BEIR,
22 3 R AR T R ORAT, R AR R . 1%
i DX A AR L A N R, KRS N R K
1.3 REAZE

Wy oh T AEPTEMEFCR I AR TF 4R, W~
2 em BLCRAERE CRFE>T700 g), &5 243 1T .
Horp B3 (0~100 cm) £ 5 cm. F#E (100~300 cm)
£ 10 em BU—ANE TROESTITIRE, B2 %
Lo g G R

W ST ETEEER T B PG I R A PR
ARSI G M. AERTEE N B B IRR
PELL s (P ERFBE R n T, 1989).
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JORLEEAL . KT 0.1 mm HUBORL ] 75 739593 25 . CaCO;4
145 E Elmentar A ][ TOC 11 74T, FHESF
ZHE (CEC) WIE ik W22 SCik[21]. S HHE)Z
Tk P AMRT S W AR S5 G TR E o BYANR A FE A [
NG 2 & 5 B A NSRBI st Canbi fr
ORI KIREE), X KT 0.1 mm BURLAE SE
P T T SR S A NG, PR kg
S H AR S Lol Re e af I i L2 15 4 A 2 S LA
o

B a1 A6 2 Bl T e v R A (32
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TESFHESH (S X2 WA KRETR e &l
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RFIATE 527 SCER[23]— 3
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HORIDRL 2 U AR ERR, PIRIAE 29 pm, C/F sum
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(K3, 4), QAP 95%, H/bJEA4 Ce. Bi Al
Hb, C/F s, A% . T Bty FPI9RARE N (22 pm)
D> mm 065, FFSE RS E
2.3 TIEEAY
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Table 1 Pedological description of the soil profile at LGT site in the eastern Guanzhong areas, Shaanxi, North China
W REE BN CaCO, CEC FiJ§ Particle (mm) LRk
Stratigraphy Horizon ~ Colour and structure (gkeg™) [crr_)lol(Jr) 2005 0050002 <0.002 Coarse
kg (>0.I'mm)
Bz FA(TS) Ap Api: 0~20 em, MFHE, 10YR73, PEPHG 1500, B 5051 1230 121 702 187 QI Pl ghIEAE, Ak
Cover layer  Top soil RAEO0.5~1.0 mm)KH, KL BYIHR R A%, IS HRE TG | BRIRET 45
HIEAY %
Apy: 0-20 cm. Pale orange, 10YR7/3, silt-clay. Abundant Main quartz and plagio-
aggregate (0.5-1. Omm), pores, plant roots and earthworm clase fragment. Little
excrement. Slight amount intrusive mass amount rock fragment,
Apy: 20~40 cm, IREERE, 10YR7/S, KpibHi i, i pottery  fragment and
BER, MBS, KEMPRATILES, GRAY carbonate concretion.
Apy: 20-40 cm. Pale orange, 10YR7/5, silt-clay, slight
bed, slight compactness. Abundant plant roots and
earthworm excrement. Little amount intrusive mass
Eft#EtL) BC 40~70 em JfEfh, 7SYRTA, MLADBUL, BEA, 5773 1193 122 697 171 Q FI Pl @I BRERS:
Recent loess PEEAEILR, PR RRR Bio I SE -7 R
40-70 cm. Pale orange, 7.5YR7/4, clay-silt, friable. KIS
Medium amount pores, abundant pseudo-mycelia Quartz and plagioclase
secondary-carbonate fragment, carbonate con-
70~96 cm, UM, 7.5YR7/S, KitWmbih, Bk cretion. Some fragment of
JE AR L 4K West Zhou Dynasty grey
70-96 cm. Pale orange, 7.5YR7/5, clay-silt, friable. Rare pottery in lower part
grey pottery fragments in the lower part
[Re: HHELSKS,) By 96~144 cm, Jifz(L, 75YR/6/4, HiLBMEPEUE, HI2929 1795 91 705 202 BED, QM PLEEN
Paleosol Old  cultivated 2K, HVMIRERE (0.5~1.0mm), HeE4 F.o 134~176 cm WE-Fd
soil 1L, RERFERHR JASAT K I
96-144 cm, Pale brown, 7.5YR/6/4, clayey silt, crumb Lower total amount, main
structure. Abundant aggregate (0.5-1.0 mm), medium quartz and plagioclase
amount pores, lots of pseudo-mycelia secondary- fragment. Some fragment
carbonate of Xia-Shang Dynasty
144~176 cm, JhE, 75YRT3, MBEH, Hfs% grey pottery between 134
AL, PICRE T, R ERCRES AT, IRV -176 em
R O EE NG
144-176 cm. Pale orange, 7.5YR7/3, silt, friable, blocky
structure, partly graunlary structure. little amount
aggregate, medium amount pseudo-mycelia secondary-
carbonate.
176~190 cm, WAAFE, SYR/S/A, HiLhBist, H
S-PIRRE R, PR AR
176-190cm , Pale red-brown, SYR/5/4, clayey silt,
crumb-granular ~ structure. Medium amount pseudo-
mycelia secondary-carbonate.
HAAT 1Sy Bt 190~276 om, ifi(s, SYR/6/3, BHEPRLFHL, Bk 2343 89 698 213 BED, EIEQMPI
Natural paleosol RGH, WS PEHEILR, DEREIRERE (T
190-276 cm. Pale brown, SYR/6/3, silt-clay, prismatic Lower total amount, main
structure. Slight compactness, medium amount pores, quartz and plagioclase
little amount pseudo-mycelia secondary-carbonate fragment
BZERWL) CkiC 2762 em, WFHE, 10YR74, BYEPF, BiAZAL. 13845 1895 133 687 180 Q M Pl A, BREL:

Malan loess

A KRR ORI AR 454 (< 5 mm)
276 cm-? Pale yellow orange, I0YR7/4, silt, very friable.

Abundant carbonate concretion (<5 mm) in the upper part

f%
Quartz and plagioclase
fragment, carbonate con-

cretion

CEC: FHE T2Z#ii Cation exchange capacity; Q: £i%¢ Quartz; PI:

KA Plagioclase
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Table 2 Coarse features and mineral assemblage of soil profile at LGT site in the eastern Guanzhong areas, Shaanxi, North China

. JE 5 5 SE 1] 1 BREE Hifz Size (um
RIS LA R pte o RE B Sie(um)
. . C/Fisum Roundness  Orientation  Aspectratio iz [ S8
Horizon Minerals asemblage
(%) Range Mean
Ap (0~40 cm) (Q+P1)ozo;+Bi(<105tHb<194)FEP(2%4): OP (3% 0.32 1.70 27.61 1.740 15~90 29
BC (40’\‘96 cm) (Q+P1)90%+Bi(2%)+Hb(1%)+Ep(2%)+CC1(<2%)+ Op (3%) 0.52 1.56 30.52 1.849 15~212 48
Bt; (96~190 cm) (Q+P1)gso;+(Bi+Hb)< 194 +Ep<294)+ OP (3%) 0.15 1.72 19.43 1.723 15~70 22
Bt; (190~276 cm) (Q+Pl)95%+(Bi+Hb)<1%+Ep(<2%)+ Op (3%) 0.21 1.68 26.67 1.742 15~77 26
Ck/C (276~304 cm)  (Q+P1)sso,+Biz00)tHbgotEpostCelinsy: Op 3oy 0.71 1.54 24.52 1.838 15~243 52

Q. fi%% Quartz; Pl. KA plagioclase; Bi. H22B} Biotite; Hb. ffi[N4i Hornblende; Ep. 7ifi Eepidote; Ccl. JiiZEJjfi#41 Primary calcite; Op. A&

LW Opacite
Fife=Rkif KHifE  Size= Maximun length of coarse grain
R = AKX R / (AXHBIX1.064)

Roundness = (perimeter x perimeter)/(4 x area x 1.064)

E ) M= BRI Al S ATl e M, b Edis )& i o 0 BERUREIY %5 Orientation = The angle of the longest feret, data in Table 2 is grain content

whose angle is zero

BRBE=RURE ) foe KOREAR /o S AR

Aspect Ratio = The ratio of length divided by breadth

C/Fisum= KT 15 um Fokist//N T 15 pm kit C/Fysum= The ratio of greater than15 pm grain to less than 15 um grain in content
W 15 = p g pm g pm g

B EERO-FR - 208 Ap )2 KSR EEWPIR ARG
£ (5, 60 MBI EHBCRGERRE 1 (B 7D .
BC JZ EZZBUR L, B Ap JZb. 11 By J=
B TERBURG £, WRBELR ()52 10~20 pm) A1
VSRAIRTERIRG - #8+00 &F (1 8) o Bty HRli b A
5 Bty ML, HSE B REPRAG BT o LEG s o
WAETIRAIE S Z R 2, RIEE R 70N

Bl SOt Al ARYEIEAS T 20 W AR

e A, DURRIRAFLECIR ) 320 DBk EYPIR O
WA RTRL T AN 2D, R AT Ap THERR S il A Tkt
W%, BC EhAaiafEasEde, WaRAT |
XA RAETT AT . o] WA SH 2 R TT A K B0
PRI SR WRBAAR . WIS . B, Ml By, AT
b, Horb Bt o B DA A ECIR A TR s,
ifif Bty 1 = ZELAEIR bt 7 A AE AL BRI (&1 9)
2.4 FLBR. MELEMENK

K2 Ap 1, FLBREEE, FLBUBIRE e, BEAH
RIEFFLER, A /NIARIUFLER (& 5) o
BC 21 FZHAMMPRANFLERAL R, LUK 2 %y
it (& 100 o Bty "PALBRAE . B R LR
MR, FLBEETHT . W HHEZ By 1, BUEDESFLIA
Tl (B 10, % 3.

AUV H () A= st s o R Mg Sk, 2 Bk
JEBREERTE (1 A1 5R A4 Ap HHliitis SRR R & FE A4
M. BC Hh3skis Ap AHL, (HACR WD . Bt
A By ISR TR TR, WRERAEKET
FLBREE, HhdpHE R b a2 T AR .

3 i1t
1S4 B R LI S, DL E TR IR %
YR 2, T T R [ 7 4ttt o T A T 44

HEAEE, KEE 3 000 4l Ja 46 A —FHARX T I
1B R 3 A RPO2), S BL R 5 )2 /K P 1) |
HEHATAE AN SZ B AR, X IE R F AR HE
BUHFIE. BC JZRBORIRE M WA U EANRUED )
BRAT, LA, s BT A e .
R IAEAT] T AL, ATEY DA 1) J5t b
FAAEA BEDRAY Ko SRR RS A, KT 1 mm
URLAN W] Bl KK g B2ty kU, AR Ap
JEHRT 1 mm RO 5 B34 5%

M BC—Ap, ARGEN WECE W F D, W
BRI, MR M AURUER Q AT PL Py
EBIEIIER, TR MR AR — PR 3, R4 A
C/F sy {ELFEAR, IX 7S WAL R P18 s AURURE 52 2142
SRV 5] o _EIRARAL 55 NSRBI iS 3h BT K
Ap, 5 BC 7 FHER N EARAE AT ) EANIESE,
IAE L3865 TIRIA P H X G 2, R WIXAM &
SR RN s B R SRR, NS SR
BEBRINT) CRASEZRDUNID o BHETE SRR K
EENEE S, AT AL A4k, [R] I g
GAA A A TR IR, IXREH A4 KA 73 it (1 5
J&. £ BC JZIEIE], RN AL A A+ 45
FAERE A IR, AEILORER T 2 FARMERN 4
fito Bt, M1 Bt PR B SO AFET ), X
B I WA A O H Bty J2 BT
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Table 3 Micromorphological features of soil profile at LGT site in the eastern Guanzhong areas, Shaanxi, North China

KA of AR A

Horizon c/f-related distrbution

B 22 g5 LB

Elementary fabric and void

T

Pedofeatures

Ap X )RR 2R
Double spaced fine

enaulic

BC B ] AR 2R
Single spaced fine

enaulic

Bt; XU TR BEAR
Double spaced fine
porphyic

Bt XX/E [f] ﬂi%
Double spaced fine
porphyic

Ck/C B [RIERR A
Single spaced fine

enaulic

AR B I A PORTR S . () R FLBR A FLIE,
MIHFRURIR, 0.1~0.8 mm, A ALY 10%~12%
Moderately separated crumb microstructure. Simlpe
packing voids and chnnel voids, zigzag planes,
0.1-0.8 mm, about 10%—-12%

TAE N BRI HDRRIR T M o i SR AR AL, D oL
i, LB ACIR . FLERE 8~10%

Moderately separated granular microstructure.

Simlpe packing voids, little chnnels, zigzag planes,
about 8%-10%

97 B AT . TR FLIETLE,
R GRAL) S ILH, FLBREEE . fL%
0.1~1.5mm, FLEREZ 15%~17%

Weakly separated spongy microstructure. Chnnel
voids, most of them being circular void, smooth
planes, 0.1-1.5 mm, about 15%-17%

595 B A R . B LR, DR RDIRALE,
FLBUBREN,  LEEEPT, 0.1~1.5 mm,
FLBREE 14%~15%.

Weakly separated spongy microstructure.Chnnel voids,
little circular void, erose shape, smooth plane,
0.1-1.5 mm, about 14%—-15%.

AR B DRDIR I 1 o (] R BETE AL, FLER
TEARTEAKLN, FUBERCHLRS, B> RFLRR,
FLBREE 10%~12%

Moderately separated granular microstructure.
Simlpe packing voids, shape being very erose,

rough planes, no big voids, about 10%-12%

REIRAURRIK Y (0.1~0.3 mm) o D> BB +(<5%),
DAARR A ZEARAFAE 3 WA IR s ks . R IRy
fil AN

Abundant residual clay concretion (0.1-0.3 mm), little amount
illuvial clay concretion (<5%), erose shape. Some elliptoid
excrement. Abundant

earthworm needleshaped

secondary-calcite

DAHPRIR IR, BDTERUR L. KEEETOR . IRERPIR
UAETTIRAT . >R LI ks

Little amount residual clay concretion, no illuvial clay.
Abundant secondary-calcite nodule and concretion. Little
amount elliptoid earthworm excrement

KERBIR YD, RN, B R4k TEBR+
TR E (5%), LB R AW R B XA TE, IR
JE10~20 pme KEHCIHIFERL . D ERIRIRIR £ 70 A1 7 LB
s 1T s S

Abundant clay concretion, erose shape, little being zonal.
Abundant illuvial clay concretion and hypocoatings (5%),
about 10-20 pum thickness of hypocoatings. Lots of elliptoid
earthworm excrement. Little needleshaped secondary-calcite at
edge of void

BRI T ERRG LR (5%), LU AT ]
RAAWMIE AL, WIRBERKG A E, BE 30~60 um
Abundant residual clay and illuvial clay (5%), later being
illuvial clay concretion and hypocoatings in a thinckness of
30-60 pm

REER. RS IREPPARIRET AT D EEFRBUR 1
Abundant secondary-calcite nodule and concretion and vein,

little amount residual clay

R TN > 1 mm 4005, X5 2 S AT

FIBEA L LMD D5 2 (BC A AN E T

((E/RIEEPE

VERURG T T ISR VR bR, RS 12
KA SRR Ay ORI BT T I AE AL, I XL
5 S RN B K AN i R 4 A R U1 MR ARG 0 M 2
MDRTERIETR T 3R . Bty A1 Bty KRS A0
R/ G (RA=FEBURG LA Bk ), 35 KRR 1)
BRMR IR OG0 Bty e BUR: T /s 55 € [ Ea 34 R
R/ BT m 5 BHESR )47 56, SV IBHESL S E 145 4L
BR84SR T 1), Al A B TR R4 D 1) 1) o 1) K
Ji i o FIE B, TERCT 3 100 4 RASKRAHA T
S BCHAp JAANN LR B AR 1, {H Ap HI7
KEAERG T, SR Pl B4Rk, LR e
JE NBHHERG B HTEL, TR KR 1 45 R DL R A DG T

WIRAFAEUESE 73X — r0. 1M iR, BHEEShRE A
TR, KA TG 9 AR AR R IR SR ) 73 i
TR ). BC i AR A B Ui W T
(R IABEAHN T R ARG 0PI T R

b R A TS AT KR R T s R T A —
Wik— (B3l P, Eried T,
B 2250 2 AN [R) S i R B AN 2 10 )5 A - Bty
A Bty HRETT A D, X TR AL T
gy e LUORAE . (B4E Bt TP B
WRIT AL A AEALBRIL NS, IXV % R IR &
WA IR A R . KA A i 2 Ap J=
MR RAE, R MBS m g R, HEE By
SR AN Ao AR EH P45 S, ) AR
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E 1 ApEREXHARSEB GEZRE 10X10)
Fig. 1 Coarse grain in Ap horizon (crossed polarised light,
10X 10) 10X 20)

B 2 BCEHRBRERRZETWMANE (EAZRE, 10X20) NUE
Fig. 2 Primary Hb in BC horizon (crossed polarised light, ~ B 7 ApEPRAELIFLIR C(EAMNG, 10X10)
10X 20) Fig. 7 Residual clay and void in Ap horizon (crossed polarised

light, 10X 10)

E 3 EsALMB AR FURAERME GERGE,

10X 10) B 8 Bt,BAUEIRKLANFLEE (EAZHE, 10X20)
Fig. 3 Coarse grain, void and illuvial clay in Bt, horizon Fig. 8 !_Iluvial clay and void in Bt, horizon (crossed polarised
(crossed polarised light, 10X 10) ) light, 10 20)

oo

B 4 EHHELIER RAATR. FLBRFERE T GEACRE,

10X 10) B 9 HHHELIEB PEHRESRA (GEAHYE, 10X40)
Fig. 4 Coarse grain, void and illuvial clay in Bt, horizon Fig. 9 Need_leshapecl secondary-calcite in Bt, horizon (crossed
(crossed polarised light, 10X 10) polarised light, 10X 40)

B 5 ApBHIEIR¥LFFLEE (EACHE, 10X10) }
Fig. 5 Illuvail clay and void in Ap horizon (crossed polarised B 10 BCEPFLER (A, 10X10)
light, 10X10) Fig. 10 Voids in BC Horizon (crossed polarised light, 10X 10)
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K1 AL T R AL 3 DM AeAFe — L FT RETR IO 45
f Ly ARIAT B K S SIN TR] = ERRE

f

Bio BHETESIE Ap 2B AR ATGE, B
JRR T Al A G PO HE LR SO, BUB IR TARERIR
TifEA O BB T A . A BC TERGERE, AL
A, BERGOREE — DU TR IAE PR T, &0
DBETKTE R T A, ARSI R A

Bty H KR [ FE A AR AL 5 7 by B4R i sl A A
AR LEGIHE I OF SO B4, T By K FLIE B
WA ARAKE IR R AVEFIE . Bty A1 Bty Al 2k 4 iz
DT RIZ Ap, IR T REAE JA IR D0t (A7 S8 SR 5 2 AR
AT e AR 2 8. 10 Bty Mis ERER 2 T By 2 5%
MBHETESI . BC J= A KB AR AN AL B Bk
TR HARHER R FLBAR AL, T 5 PR UL ) 1 i
W A, (s SR BRI B . Ap FRALERH2>
ERATIIL TR CIE o W S I = s R S 1S U ReE T A
AEYRE SRS W2 FIRAL B RS

4 ZEig

4.1 IE S, LU R IR HEREE, Ap
&2 000 FFLISR AN 25, RMEBHER AR
MLEET=1), 1 BC JZ2 B2 A i AR FE Ll i
U=, ANEpsgm+ AR

4.2 WHHMEZ Bt OB Sk T AR LEE B (3%
FHIE, BHERE SN T R BBORRS IR E, A HIER
WA EHERE, LR/ MAKEE S, hfLliE S
AR R R, R [ R IR AR A C/F 5um
&G TR

4.3 Ap EMRUERE: FfA K B AR
KA A A s 2k, ANEGE )L
BIARA , TIOR8 FHER 23910, KEARFN C/F pspm (ELIH/ o
4.4  ARIOEREEIE R A FRIBHE 7 e S bR &
WA, AL DR X TR AN

Bish: AR TETRER M. EAE, Kk
B, FEM R T RS 0 Bt
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