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Abstract:  Objectives This study aimed to analyze the influence of the acidification environment on weathering products of the
typical purple parent rock. The weathering products of purple parent rocks from the Suining Group (J3s), Shaximiao Group (J,s),
and Penglaizhen Group (J;p) were investigated under different acidification environments in the laboratory. Method  The acid
solutions used for acidification of purple parent rock samples were used to cycle soaking and simulate leaching experiment tests
at pHs of 2.5, 3.5, 4.5, and 5.6. In addition, deionized water (pH = 7.0) was set as a control treatment (CK). Result The results
showed that the exchangeable cations and content of total exchangeable cations of weathering products of these purple parent
rocks decreased as the acidity of the acidifying solutions increased. The acid buffering capacity of weathering products had an
extremely significant correlation with the content of the exchangeable K*, Na*, Ca*", and Mg®" and the content total of
exchangeable cations (P < 0.01). Compared with the value at pH = 7.0 (CK), the total content of exchangeable cations of the
weathering products of purple parent rock of the groups Jss, Jsp, and J,s in cycle soaking experiment tests decreased by
8.75%-18.21%, 10.83%-23.18%, and 5.85%-18.41%, respectively. When the amount of simulated rainfall at 24 times was
compared with that at 12 times, the total content of exchangeable cations in Js;s, J;p, and J,s decreased by 1.77%-24.85%,
8.99%-25.75%, and 8.05%-25.66%, respectively. In addition, the exchangeable cations characteristics of the weathering products
were Ca*"> Mg?™> Na* > K" under the same acidity treatment. ~ Conclusion The acid buffer capacity, exchangeable salt ions,
and total salt of weathering products under the soaking treatment in this experiment were lower than under the leaching treatment.
It can be seen that the transport of minerals or nutrients on the slopes of hilly areas is dominated by leaching, while the transport
of minerals or nutrients on the plains is dominated by leaching. Therefore, acid deposition may accelerate the occurrence of soil

erosion on slopes to some extent, which in turn leads to an acceleration of the plain side process.

Key words: Purple parent rock; Simulated acid rainfall; Cycle soaking; Leaching; Soil formation characteristics
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Table 1 Mineral content of the three purple parent rock/%

S blE ") & & Mineral content/%
Purple EJva ke R e 1 AYE
parent rock Montmorillonite Elysium Kaolinite Chlorite Quartz
Iss 9.1 30.2 0.0 8.7 33.2
Ios 13.2 21.0 6.1 6.8 40.8
Iip 5.2 23.1 0.0 10.7 38.1
EER oy 1" ¥ % & Mineral content /%
Purple A FHCA Ji A Mz
parent rock Potassium feldspar Plagioclase Calcite Dolomite
Jss 1.0 7.2 10.3 0.3
Jos 2.2 9.7 0.1 0.1
Jsp 0.9 8.2 11.8 2.0
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Table 2 Main chemical element content of the three purple parent rock/%

248 1 77 Purple parent rock

k26 Chemical element /%

Si0, Al 05 Fe,05 TiO, K,O Na,O CaO MgO CaCOs
Iss 57.6 12.8 5.0 0.7 2.1 0.9 5.7 1.3 14.1
Jaos 61.5 16.2 6.6 0.8 2.6 1.3 0.9 2.0 2.2
Jsp 58.3 13.0 4.7 0.6 2.4 0.9 5.0 1.3 14.7

e Iis, Jsp A Tos 430 s 8 T 41 ESREALURVM R 41 % IR %5 . Tl Note: The Suining group, Penglai group, and Shaximiao

group were represented by J3s, Jzp, and Jps. The same as below.
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=8y (k<2 mm) 7ML E T (KT,
Na“ | Ca’", Mg™") FIsc#etkEhIt Bamme ., H
TR IG I A 5 X T DA A R IR R
Fr—32

AR PR L 30 4 = e U081 50 A R MR A
500 mL AYBEAR T, JFXHR AR TR E, (R
e i AR T 6603 g, SRJG HBEAR A
300 mL WSERLE A FIRE (pH=2.5, 3.5, 4.5,
5.6) FIXIIE (CK) MR, #E 72h )5, 578
B MR, IR R T i R, A
105°cW%?%Z@‘Mﬁ*ﬁaﬁ@%ﬁ?ﬁrﬁiﬂr/‘\fﬂﬁ“ﬁ
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Fig. 1 The contents of exchangeable salt-based ions of weathering products after treatment soaked at different pH values

http://pedologica.issas.ac.cn



13] ARG TR X (R e WAL= W S et Eh 2 g 1 SOHRR 2% nh 4 i i 2 T 263

. g

05 a

0.4 c

d
03 b

0.2

B
Content of K/(cmol-kg™)
(e}
B
Content of Na/(cmol-kg™")

0.1

0.0

C O
be c c i

?
Content of Ca/(cmol-kg™)
S
BT
Content of Mg/(cmol-kg™")

2.5 35 45 5.6 CK
FR 1A i pH The pH of Acid leaching

0.9

0.6

0.3

0.0
2.0

0.5

0.0

s
a
a
ER —?— b
a — b c
bo be b ot WY
c
C
a
b q c
[
a
B3 b b b
| —
a a €
b
d C
2.5 35 45 CK

R 1M W pH The pH of acid leaching

1 PRI A AR AR R 225 8.3 (P <0.05 ), Note: Different letters in the graph for the same group of parent rocks indicate

significant differences (P <0.05) .

Bl 2 BHURRFMGE 12 WO @RS KAL) h Sc e PR R 8 71 &

Fig. 2 The contents of exchangeable salt-based ions of weathering products after treatment simulated rain 12 times at different pH values
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Fig. 3 The contents of exchangeable salt-based ions of weathering products after treatment simulated rain 24 times at different pH values
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Fig. 4 The contents of exchangeable salt-based ions of weathering products at different pH acid conditions
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R pH Mg 2.5~7.0 A FEF A% T4 (I3s ), THI%
JRAL (Jps) FIESEBIAL (Jap ) B8 KL= 4 i iR 2%
RS> M 26.65~33.11 mmolkg - pH ', 4.91~
6.03 mmol-kg . pH ' 1 18.11~24.57 mmol-kg - pH "'
(B 5). BEFERURRE R R, 3 415 ks Kk
VIR 2% th 75 38 B ISR N5 s/ N e 3, o i
T (J3s), VRIEAL (Ts) FIFESEHA (Jp) &0
BEA B RRZE th 25153 WIAE pH b 5.6, 4.5 1 4.5 kb3
TikFE R, HEKMES5R 33.11 mmolkg ™
pH'. 6.03 mmol-kg '-pH ' 1 24.57 mmol-kg "pH ',
TE CK Zb B 5 pH=5.6 AbBE T, [F]ZE AL (k5 K1k
FEYNREWMEREY LR E XS (P>0.05), H
pH=4.5 MRALPRS CK AbFEAI pH=5.6 FRALHIAH L,
) 2 0 56 (0 RS KUK =) () TR 28 25 e 35 A A 10 3
#5 (P<0.05), 1 HAE pH=2.5 KbFH R [ RI 40
BEA AL () TR 2% w25 ik 5 JFL At A 20 4% 252 0 B 25
PEZSR (P<0.05) (K 5). tboh, it @RrERRIR
WAL S, 3 258 (0 B1A AL ™= WD R 2% b 45 He R A
RIHZE T (J3s) >EFMA (Lp) >VEHLA
(Jps), HUPEMA (Js) KAL=9 i R 2% v 45 &
SRR T (Js) FAREREA (p) REME
1 19%F1 26%.

3 3 R FH o TR A AR XU P W R 2% vh 25
TR U pH S TIRZR RIS . B 741 (J3s).
ESRAHAL (Jap ) FIVMERAL (J,s) B@REA KAL)
M2z whs it SRR pH UG T RENIE 6 iR .
AN, EHRAER SRR, BT (Is).
AL (Jap) VMR (T8 ) E@bEA KL=
R 2% th s o3 i TERRIZ ML Y pH o 5.6, 5.46 Fi1 5.16
IR FUEE , BLLA GRS 30 32.60 mmol kg "pH ' |
23.84 mmol-kg '-pH ' Fil 6.03 mmol-kg "-pH ', AL,
EHTR AR AL R R 5 0.73, 0.65 Fil
0.53,

24 ZBHERUFYREFFTENZMERE

g S M AR I B R AR R e E
M) B, Xt 3 45 REE KA Y R 2%
A RS S BL B T I AT (£ 3), 453
T, AW pH 4FTF ) 3 4 atkn K=
MRZE h i 5 HAg bl KT Nat, Ca®'. Mg &
F A Mtk 3 B R P R AR W IE A OGO R (P<

0.01), X 5XIFEMR B I LS AL 1 HLERSE vh
RESHME K Na', Ca®", Mg* L & ag it iR
BB TR RES A0 093, 079, 0.87. 0.44,
0.88. WA, Z5RFH, FOBEE KA RE P AZ 5
i P PR 52 W) 17 13 A XU = g rh g b A B 8 7
2 R R A REA WAL YRR th R i 22 i =
EJE[II. 20-21]O

40

(s
Z 35 Edw Aa
- s Aa
£ 30 Ab
5
=
» Ba
HE 2 Bb
@ § 20
© 5
iéo 15
£ 10
;'; Ca Ca Cb Cb
5 s
0
25 35 45 56 CK

R ML= pH The pH of acid soaking

T [ERNRR A B AN [6) RS B A 2 B P AR R NS
FHa R R 2ZER B (P<0.05), Note: Both capital letters in

the same acid treatment and small letters in the same purple rock
group indicate significance at P < 0.05.

K5 AFEBREMAAIT RS KA Y IR g s =
Fig. 5 The acid buffering capacity of weathering products after
treatment soaked at different pH values
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Fig. 6 The acid buffering capacity of weathering products’ response
to acid-soaked
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Table 3 The coefficient of correlation between acid buffering capacity and contents of base exchangeable cations of weathering products

pH K* Na' Ca** Mg** TEA pHBC
pH 1.00
K 0.26 1.00
Na* 0.52%* 0.79%* 1.00
Ca** 0.44%* 0.95%* 0.82%* 1.00
Mg*' 0.40%* 0.35% 0.56%* 0.372%* 1.00
TEA 0.50%* 0.90%* 0.91%* 0.94%* 0.65%* 1.00
pHBC 0.10 0.93%* 0.79%* 0.87%* 0.44%* 0.88%* 1.00

H: R TEA RERIEACH G, *FE P<0.05 KFEFREMKE; ** 75 P<0.01 KF FH B E M, Notes: The TEA is the total

amount of the base exchangeable ions, * Significant at P < 0.05 level, ** extremely significant at P < 0.01 level.

3 3 #®

30 BMRENEEBEERUITHESES

FHIRMm

iR fb B35 0 5 5 i 5 €0 B S 0 AR ),
7 L TR Ak PR 555 A 45 €+ 114 pH R A 3R (A 1Y),
PR ER A A = A S P AR IR 2 R R
B, B R RR B RGN, A=) s b Eh 5 g
TAIER AL B 2 I N ks, mH 3 Xk
W) v A8 Jf 1 R S AL 4 R/NIBT B B Ca™>
Mg™™>Na™> K", H 3 41Uk ¥ sc b Eh 3w 74
TR N Ca® A Me™ & i . IRVESRBE P i
HYKR 50 W17 6 3658 7 i e e s i ™ 20k E
b SR/ EY e g E e SRR (N E Kk A VU = A
R B Ao HUE e s e b, e
HE A+ HER R R A RN, R ZIE URE
FEYI AR IR WO L B s ek AR
TR R R B T RGO AR KUk
PR TR RS VAR R 0 B8 A v AR S
TS5 1R RGO S A A P AT R
AUV 5 2 BROR [A] ot T T R 8 0 4 i 8 e
LB FARAIE RN Ca™ H Mg i f i o 1 ELX)
AN R E KA 38 ANtk g, Xt
HI T sc bR e PO, MR RIS 6
BB Bk Ca® Fil Mg B 21 43653 ) 5 M 5.9 %511 3.9
¥, HEabES b sc itk 3h 3 s FARE R B Ca™
Mg &, i 4.25~22.80 comlkg ! I
1.20~5.94 coml-kg ' FKBAEIIFST % 01 + R

{5 R sc bk Eh BB PR, UL Ca R
Mg R IR K, FEIR 20514 16.74 comlkg™ FlI
2.11 coml-kg "o BEAMIESE— 4y £h 3 2 TP B,
M AN Eh BB F RS . AR 3 A Rk
IRUAR 7 P 28 J M R R 88 % R RRAE 5 T G 5
RSO gesh, EARIRRR AR, R
Hi K™, Na™, Ca®, Mg™ iy REVR I 4 51k 0.22~
0.45 mmol'kg ' . 1.55~ 234 mmolkg' . 2.18 ~
16.02 mmol-kg ' 1 0.60~3.59 mmol-kg ', HA[FMR
Ab 3 2 TA) VR Y v R s - SRR A S I R
E = I

WK IR 2 LRI, 3 AL AR sc bk Ca™'
Mg Fifi Jhk 75 VR B 38 Tt B, LU/ DN B S K T
K", Na'o kil B b dh 38 B A gk i A1,
PRI Pk A et Eh e USSR 5y b Eh
TR, 1 H Ca* Al Mg R ki e i
AR IS 2H 431244 B e (R AR O i X A 4
ot = e R AT AR W A I, 5 R A4
TR T IR AL HR S, 480 A S Bk 3 3L 3 7 & R
FEFRIL R Ca® Al Mg™ & i i o WA RIS 245 S 5 a1
NGRS AL, Fam i 3 4158 0 Rl sc e i
LB T R A RRRAE , AE Ca¥ A Mg IRIA
U B g S (Ui NP R4S ) | o0 | N 1 B U R D= 8728717
rhEh BE s, Z9REY, BT (Is), E3RM
4 (Jp) FIVPRIGAL (Js) SOFES MR I
BT AU R 0 5.98~26.12 mgkg !
5.04~25.53 mg-kg ' Fl 3.61~21.16 mg'kg ', HAH
LA b P2 (R A7 AE B 22 5% (P<0.05 ),
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32 BMNEXE eSS N YEREZE NS

K= 5

Bifi 5 VR LR B 3, 3 AL B A Kk =
M 5% ph 75 e 3 RIS RN S BRAR R 3, MRt vh
KREMNZETH (Js) >EREL (Jp) 1
B (Jys), HEER —RBREATT, 3 56
AR Z A R ER SN ES
(P<0.05), —J5Ti, AEEEEES R L0 Y4
KW G RERAAEES (F 1 MK 2), NMiE
M) AN [7] 55 0 B2 KUK 77 0 53¢ o 1 46 58 25 7 A7 7E 22
S, TR AR T R 2% vh g U 5 —
5y WAL T 5 W) 7% A% 38 A0 R 1k 28 o 7 g 1401
P A2 45 P g =k J2E DX LR - HE R 2% o 75 ek E
00, BFoT kB EE 0 + R 2% o 45 & 0 il o
10.13 mmol-kg "“pH ', MARK HiZE T4l (J3s) M
HESRAHAL (Jip) SROREA R YRR g2 th 75 it ¥R
Tk PR M 258, BRG] (1s) LEhk
PR = R 2% wh A /N T IR EE . B AR PO
FE HIER S v 5 R & i 2 A
FEMFELER (R=0.941, P<0.01), bik&5H%Em,
5 BE A R R R 1 7 0T BE T KULE R ) P R
Zeoh e, HBEXA L AT, Xk r=9 i iR 2%
A RE R BN AN, TR SR A
Sk Eh . BHES 72 4it . 3SR AR I A FEAH OC
S USRS (AR S BT A R S T A 2516
FHR

TEIRM 24 We, B H pH A 5.60. 5.46
H5.16 239 B Td (Jis ). ERFEA (J,p) Fvb
BIMAL (Jos ) SEBEA KA Y TRZE wh 75 & 1k 3]
B (K 6). HAT, MMEZpik R EZHE 0N
W% iR R AR P KA iR 3 | 1 HLRR LA
Bl pH N 4.0 KR TEZE vk R AR I S 1 201,
UEAh, Lok se T8 PR G thik 2505 )
PR T R R IR T bR &, 1 ELA ik
S pH=3.5 W, LAER I 35 1 1% 1 f i3 A 758
e SR, R R R R g R R
WIS pH<3.5 B, 0 [EAH v 1 4 R SR Ak P X A1
H P2 A 520, 3 B BB R I 5T+ 22 vhad 2
A W 5T R AR AL 1 e LUBR BR R 2% vh ik 22 o0 1P, 58
HIEMZ IR IG A, 3 4l R KL= Y )
pH ¥J KT 7.0, J& Folfb 138, MRIGE 2 nlA, &

T (J3s) FIFEEEA (Jp) WIBRERLE &I KT
VBRI (Jos) WikREL &5, Bk, 3 45 ERE
AL = (R 2% v R 2 1T BE ABRIRER 2% R R R o
33 ETRAREMKAEZHETRU=Y ik

HHEBFHNERMY

PEAIZ UL 24 WA, BT UL T3s ) ERHA(Tp)
RPN (Tos) B0 Rl WAL ™ P 3 4tk 3k 2
RO 24 WARHR AR R 13.17%~26.89% .
17.49%~31.91%. 0.61%~19.64%. FRIEIRETH H'
IR GRIRERPY, etk ih s U8 e P
B R B VR A p R S e s B . — 7 T, ARER
54 5 T R VR S KA 7 1 4 fl g TR) 24 SR
72 W I S 0 R ARV VR KA T ) 4 A fk st
[E]/NF 24 WP X Al fESE HY5 KL= 4 28 etk 3 4
B AT SO WA SO, AT AR R Y e ot AR
g S T 5 U BRI ST, b
PR i BRIV B IR Vi R, AR AR Z R L4 il
B A B S B s = =7 G 3 T
SUROI R 37wk SR Y G RN IR )1 G R T s s N
It A A P PR T S 4% i 8 BB [ ) 34 17T 38 W
B . skt hm i i oe KB, 50 WA ek
BB B 0~100 h, MR HEREKT 100 h A+
W Y a0 A8 B B o T 3/ SR POF g R
AN FRAE AL BT B e S A PR B B 0~
1.5 h, 08B B IR 3T RIRF 1.5 he 55—
D71, R R R M 5 A R KUk
T A8 B R T B A e A A . X1 AR
T 0 PO X ML TR - M AU W ) e AT, 4
IFRW], ERBE BT 0 Ik I dk B R T S R 1 T 14
(IR TTHE RS~ § e 015 W7 N [ w2 =81
PRI Ca® R Mg™ 1 ik 2 ek e A 400k V5 VR 8 3 o
MG, FREERFY, KIMRMHIFEAHT, 3
2SRt B UL P 1 A8 40 P R 5 B SR S S Ak
P P A5 1 8 9 i oy R I — 3

WAL EE 12 5, 3 Al bk KAk = 138 4
P R S R R A A VR T G g S
{EIRE AL B 24 YRI5, KAL) 38 4 bk R 38 1 Jedh
SR R TR TR R N T 9N o AR BT R R 1
KO TEARNEEWRmRE (£2), MMk
BO KR 12K, WESFTh R HARE LA IR R 1
Zeupd FEPOR F xS Rk AL T P A ek R
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R T MR B DR BN, HR AR B 12 IR
24 Yl A rh, WAL= P s e dh B g 1 Mk B
SR HR AR S S, ST R I A AL HE
12 RS MR 24 YR, AL W se etk 6 2 2
T Ll X YR P TR R ) WD IO R AR 7 A 2 S
M EZIENZ —. tesh, WEabE 24 AR
R TR AL B 12 WAk i, i ERJE B T A
2R B ARV S G TG 0, DA T R AR 4 R R A
FEEEAS ST T RS R k2 5 R A

AR 6 ) AL R P8 it FEE Ay v 45 8 T 4 4 4 R
PSR L AE, o TSP T Y KSR 5 L
1l EL 5% AP i 5 e W10 vhnl v R s
AR A R IR R L. R, AR
SR PR T AR BT B R T AR Y
AR TR, PSS A RS RO
WAL= Yy e b dh e 8 1 . SR SR MRGE A
R T AR P A R . BRI T RIRERT 1
e b ek A AR B Dl g, R A R X
TR R LRI E, X s
W R LURIAE F O o Bedh, MBS 04
Doyl AR A R R, KX R R A
SN ERRBUESE | R FIROBIE 2 1 25 I 3
AR UL PO S T %) 3942 Tl 7 A 5 ) B PR
5 FP LI AR PR B A U T Y SR @R A ™
YIAS At RE S TR ph A LI 22 5k, R Ab S 3
RO E XA YN B T SRR
MR 2% ths t 2 v TR AL 3, eAh, FEFRVA M pH
SER M L AL R e R I Y, Rk, R
UURE T BEAE— 2 PR B b J s e g b 34 bl ) % 2
BETT T ECF AL SRR Y IE . X —#F e d oy 4
JE BRI A 1 S 10 14 S

4 % ik

ASBI S T 1t = A0 A I 1 1 RIS UL A
A, LI IX SR 3 4158 (Rl il bt
B, WFIEAS ] P B 5 b BT 5 € B 25 XUAL 7 4
PRVESE PP IERE . SCHR R Ak B 7 SRR S
ZERFW . (1) ANFEFREIREE R T RS K=
Yyrh g etk Eh R 7 L B R B AL P pH AR T I
Ao TEAARIRR BE AL P 24 U5, 3 ISR Rk KA ™
P sc b Eh 5L MR R CK A RIS A7 R TR R B 1Y)

/N, T LR )N W R i 2 0 R R R T s T K
B, RUA ™ 9 v A 3 ek 4R L 8 7 B i B R
Ca*">Mg*">Na">K", 4l HRIE 24 G 3 4
SRR KAL) i i A8 4 PR R R B BB AL
12 R4 I B AR, (2) YRR (Js) Atk
F AT YRR 22 sh S e i ik, P IEA R BT
A (Jys) FIESRMA (Ip) FEEBEE XA YIRS
AR 30%, T H 3 4155 8 Rl KAk ™= Y 10 iR 2%
AR S HAHME KN Na', Ca', Mg S
W IEAE LR (P<0.01), b4k, BT (Jss)
MTESCHL (Jsp ) WAL W) B R 52 w45 i 70 A [ R
AR R BRRAE N . pHS.6>CK>pH4.5>pH3.5>
pH2.5. (3) A5 PR S 3 4155 rk KAk
PR G ph A LSS P AR B B e A B
TR T, FBHIME AL T 3 BB T R =
TR, AT UL, Fr b M I 0 P s R o i
LRI VE R D 32, P ML i W sl 35 53 13248 LA R
YERR ., B, FRUTKE W] RBAE— i B2 EE Tn s b
IR LA, ST EOE R A RR B
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