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(Kwan Ming Chan, 2002; Young et al., 2009);
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POl SR Il PR AR AT R T R IR . — R
ARV A HUR ) 2 B G O ) AR 2R L X B R
F1EE 55 5% DX A AR A 2 el A A gt
PR E T IR A

FE 2004~2007 GG R TR ILLEE T
Je gl 3 A L PR RS M AR Sy 32 S S L A HE S T
fel 2010 4F 8 H LA St M ARk R a8 7 L e B L
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(Zhou Chenghu,2006), Zhao Ting et al. (2011) %%
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B PR 2 B HOR G RV A by Tk i e B 1 AR
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Fig. 1 Danxia landscapes in NW China
Ca)— 3% T3 A5 70 PR B L BRVU R R (b)) —FHE 7 1l BRVG IR A . R ORE s (o —FHE M H sk vk v 57 X, 1 2
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(a)—Loess-covered Danxia cliffs, Zhidan County, Shaanxi Province, Cretacous sandstones; (b)-—Danxia mesa, Zhaojin County, Shaanxi

Province, Cretacous conglomerates and sandstones; (c¢)—Danxia hoodoos, Binggou Tourism Attraction, Zhangye City, Gansu Province,

Cretacous sandstones; (d)—mud coatings along rock columns, Binggou Tourism Attraction, Zhangye City, Gansu Province, Cretacous

sandstones; (e)—mud coatings along the Danxia cliffs, Mt. Zhuoer, Qilian County, Qinghai Province; (f)—Danxia rock columns, Wensu

canyon, Aksu, Xinjiang
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Table 1 A revised classification of Danxia landscapes
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TR 32 BEARAE P Bl A Al 2 A T (s ik B0 TED W XL
AAE T R BOIR XA | R 34 7 O 0 XUk £ ) s 5
YERGERR . PHEMERM Y2 TR . PFEIER]
2R RIAR 22, BR T M o AR SCAL I8 3 I rp s A 2
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I (Guo Fusheng et al. ,2013a,2013b;Chen Liugin,
2017;Liu Xin et al. ,2019), EZXILIGTH A EL
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%% (Guo Fusheng et al. ,2006,2007), | HR& P4
IRELA 5 FF i 3 43 A A7 76 [R) FE 19 B (Zeng
Zhaoxuan et al. , 1978; Wu Zhicai, 2006) ., 5% H 5
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Fig. 2 Upper Cretaceous depositional systmes and Danxia landscape distribution in the Xinjiang basin of Jiangxi Province
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1—Proluvial-alluvial facies; 2—alluvial fans; 3—fluvial plain/desert facies; 4—shore-shallow lake facies;

5—Danxia landscape sites; 6—basement rocks
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126 54 RIS (M A 22 SR s g Do) ARIBUR D (1R €150, 4102 7 - 0 3
B B A S BORAF G 0 5 b e O ORI RS S AR B A
S SR, © AEM K F B 4 H 496
A AL B BAAGAL TAEREN KBLP52

S 07 R B0 o M SRS ﬁfﬁ:ﬁﬁ%ﬂ;gﬁggﬁ;jg% .
PRI )1 B AR AR IR TRZ I SERTIEE e ) i 5 S50 L. 25 9 2013 76
igz ;ff}?ﬁ; zf; Eng ziiﬁ)ﬁ’ﬁ R 5 A R 5 L A PR A R0 6

e S ‘ B BT AR LRI 30T 14 L) A
1899)0 1%*%itﬁ%§gﬁﬁ’%i&%ﬁik%i%ﬁﬁﬂﬁﬂ@ %&E%*ﬂ%ﬁi%/ﬁ;ﬁ’qj% 6 /I\H‘B:(ﬁd‘l\ljlf\‘7j(\

R Penck(1955) M A0 20D SIMIEIGET g gy 0l 7™ A5 P17 L0 VL7 T R L
P AD A PR B2 L B R E (1959) X 3t /K 3t LA VBB L) 43 5 2 #8135 (Peng Hua et al. ,2013)
TEaigit, Hack (196000 N2 WP 2 19 R & M S5 AL 9 B R — 1 B WA T B9 9
2 AR ETE AL H AT LU ST AR S SERR L AR B F LA WA S AR I DL Ay
BUACHL R 7 B 2 AL X JAE I R IR PR A e g A 0 L 90 AR 2 R IR AR A B B R AR AE
A RIERY A R . AR R TS o SRR T LR RE R O L B AN B ke
RESBRE B S EANE JERMRE TIHTE R e T AL B B . W B A R A
ot 380 T - D Y ek R L X K 22 BOPE B M A ) Ak 2 X RTMNLAE 328 . — 28 K OHAE B B S5 R i
1% F % (Zhang Ke et al. ,2003; Young et al. ,2009; I U L B S AR B 1 R M R A T R R 5 A 41 4 3]
Peng Hua,2020), Young et al. (2009)fE R A& JEE A T MR~ A B B
AL WAR SR ALY B, PRI B AL 2.3 B4R AR
WEZ TGN AR B O TEEE & S AE T (1899) 12 b 47 B 108 196 2 XoF — i 3t 450 36 A
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O SRR AT o R R R B A B Ml IXOR L A 3 AR T
ZJE AR KW e RS E A PF T AT LU SE e B Y 45 il
LI

1B b [ AR R 212 4 N ) i A 2 AR AR AR R
T 2% 5 G M TP S A e R A A R i 2 A AR
22 5 o MU BBURME AN [ o 365 S0 20 X 4 1 DR O [] {ELAH
Xof SRR AR A [) 1) 2% Al L 550 . 5 A o W 2R84 3t | T 2R
T BRI 0 AR B0 S A 1 2] 1 L 23 5 i 2 P R
i 55 7 Ak i FE (Thomas and Allison,1993)

PRIt P i e A0 A A X 0 2 A P A
PCRARWBAE Y A AR & . X R, PREE M A AT DA A AR
FIR N E A A DTy I (] S5 DU YRR

L=Ff(s,T,e,t)
AL HIE s HUTBUH. T WGz 8, e S oh
JIEHT - St Ta]

X B R 5 A S E] S SR AT G ) i 20 A
[7i) DX 33 P 5 b 300 V8 b a2 B G S5 UL B AR R AIE W] AR
HoH P& # 50  3= & 48 (Guo Fusheng et al.,
2011) . PURRAH S Y 4 ah) b 350 38 A Bt B i e L kg
AR AL . PRET Ll B B BT S BTk ) R Y
VERS/IRLIE AV I YN TINE SR A7/ N N e Y i DR
TUARRRORR 52 Wi SO0 XA A S A [) 8 0 BRUAH o 1 20
B ANE S TE AN [7] 38 7 500 A0 Al /X 26 AL, PR IR
TG U E9 R L s B 5 J2 ) S . 808 2
A 5 55 R WE TS W) 6L B 22 57+ K (Guo Fusheng et
al. ,2013a),

TR J7 W0 DX LT Z 3, 300 % oh BR B R KL S
M DX AT T AR L R AR LB AR A R TR B A b
SUBIA AR Ve G R D A 28 g ok o BE B B A
BB, At A [ 358 7 1) i 350 R A1 I 5 38 A B B
KT S 1 212 A 1 2 S A DURR AR A 25 1] 3 A

VLV A5 VL 7 b 55 8 A R T 0 e
(Li Jianhua et al. ,2014;Jiangxi Bureau of Geology
and Mineral Resources, 2017) (& 3A) , 4 i 12 3l
L2 Rig s Th M Wi & F . 18
Frimal BRI LR T 2R M A ME T 2 F (Liu
Jianglong,2009) . i 7K ¥ 4 Wr 2 4= 1h & VI, 7 4 i
G IR T B A0 5 W, e R & T 1 4 A I (&
3B) T AR CH AR AN AR (B 3O R R B B

3 EERE R AR TR S HOE R B 2R
PRAF ¢

3.1 RiRnEMER
R EmmERARESERE N — DM, Xk

P 3 TLVGAR VL7 T B 400 e AL A o

Fig. 3 Danxia landscape evolution model in the

Xinjiang basin of Jiangxi Province
A—Me T LR A TR H s B 4 b il A
NG TFIETE T 85 SR 500 s C— LA B4 W P 5
A—Uplift and fault development of the red basin during the late
stage of the Late Cretaceous; B—Danxia landscape formation at
the basin margin after the Pliocene of the Neogene; C— present-

day late-staged Danxia landscapes

FEIRTEBEIR 1) & A0 8 BE by T 2 MR S0 2 i 1 K
Ui T A LV A O L T T I AT A 4R il A
(Guo Fusheng et al. ,2018), EEAEEH P —1I
e Ay R S A 1 | A A R R R i A T O L B
A T FAT A Y T kA R AR AR .
B FHAT 23 Sy e ol 0 s ok 79 e B AS 1 O =L T
PR R REAE R T Sl B T R VR S O KR
FINBERE | 113 b SR 7 T o H T00ER A% 10 3 AT B
B B 4) . AR AT A A B T XU iy k3l . il
T /K R e L BE AT BN Dy, e mT Y B TR

PR T 77 W) 02 6 2 BE 1T 0 REIR VA A 1
DR 5 CHE A 0 3 3 v o) 7 b T O Jo % 7K T
T Sl 1 P D% 7K A e 2 T 0 B I 1 JER0 TR 3R
AT DL AR 3R 7 TR i . 7EFHEE
Mo R RE Bl T KO R R AR Tk RE T 98 55 A
] 224~ 26 22 1 [ BRI 57 3 [ A S0 AR B CER AN
BRATARI 7o 1B B AR 7 — 25 oy b ) 7 7 A2 [R]
— s o 2 R ) R B SRR 5 i — 0 kR
A LA AR @B 7 A i T8 IR o R BE LA — B K
FEHE R S,

TE AR AL 0 T 4 )2 1 10 P 6 4t 5 e
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Fig. 4 Comparison of vertical water flow and the hydraulic jump
A— B RE T Y 8 BRRAI 7R H K U S VR PR B0 5 B— 78 5 ] 8 I SR /K O 4% 10 T T8 LR 06 38 & & 1 B IR i (Cartigny et al. .2014)

A—Beaded tafoni on cliffs were produced by the erosive force of vertical water flows;

B—cyclic steps formed in unidirectional supercritical flows (Cartigny et al. , 2014)

bl T AR AR, A R AR IR PR,
B BE A O B 3 K Ty 2 AU A A
3 H A ] A0 el A TR 1T 7S 52 8 Sl 4R T
F| = b Fr 8 (Zhu Cheng et al. ,2015),
3.2 BRHFRBEAWERIRRENKEX

(B PR Tl 7 T Pl A T B M AL TAL)E
AR T8 25 AL AR AL & v et A P S 2 00 5% RS 1) 8 0 5
A1 BV I L O e R AR T R A HCRD S . Bk
V8B IR 7 HETE o i SR 2 S5 B KO T TE 25 A AL
(T B AL R G ity o 520 PR ) 5 A 1l B 1T
R BE B BE T 22

Xof b AR s kA 5E IS K O AR T AR
TR E A, AT — RO A EECE
S S AR SAFAEAL AR 22 BEAT A i T 5 RV 1
— L AR BRI 7. 20 4D 40 AEAR . R IR B A
L % e 7K H 3t Y O 300 PR s ol U R A e 2 RL i e
BEHE” X FPEE 3 A e — SR ITUK R E R — R 5
w2 i (Huang Jitang, 1991; Jia Laifei, 2012), £
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Z BT IR A% TR TR 785 I ] LU 78S R A i ~F
AR ZCCEL 6) o BT TH R AT R 7N B & . B 25
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ISR INTL R B STRINTTVAG
Fig. 5 Vertical grooves and beaded tafoni
(@) (b)) (O — " AR FHE I (D (o) —H IR ok (D—PeFa s 15 (@) —VLFE B 8 1l 5 (h) —f 48 7
(a), (b), (¢)—Danxiashan of Guangdong Province; (d), (e)—Zhangye of Gansu Province; (f)—]Jingbian of Shaanxi Province;

(g)—Longhushan of Jiangxi Province; (h)—Taining of Fujian Province

GEAR » FER 1 i e v 9 405 Bk 1 R A7 7 o A 42 T
A5 PR R BE R 3L T A
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K6 ARl Ok B R
Fig. 6 A proposed development model of beaded tafoni
AT B B BERE I B AN FHLBR A1 B 3R AR Bk 25 bl IR S L BR
AT BN M B—E 3 0 KR M R W R MER T B2
AR O 8T LV A B 0 2%ty 2 1] 43 A1 5 C— it 4 42 Tl 4 FH A9 4k
S, /NI G W AR TR I 55 25 0 IR R S B R R 1 A TR R

A—During the initial stage, larger individual boulders and beds

of finer-grained pebbles are eroded and fall from the cliff to form
small pits; B—more tafoni are formed and become beaded along
the dark belt produced by water flow and algae; C—the tafoni

become enlarged and coalesce laterally to form large elliptical ones

B < A BT R A (ERDO B A H R
T Hb 5T I A e i S BRI SE B L oK A 9{?@%@5@\“‘3
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S 7Bl E L E AN F NG & ik CraN s K P
TR A B 4w IOESE B R OCTT PP ER IS R
W 15 R AT v 5 R A e B AT 9 BT O 1R BF
FMAIIIE N 2 VN I €N g R B e
Bt 22 KA B 2 0 I R F B P R B
Hiy AT BT S 7 A 1 b 5T R A B B ) 2
I EE LSBT 0 AT b R TR F L5
WA E R A PO R L T
+ EEEEENAGITIE. B Sab A HTARA
A B A5 K D 2 R R L L T RO )

b5 N

(1] ﬁi‘i;iﬁ‘ﬂf&fl SR PERR. 2006, FIEA XM SR IE . WL B
P m BRI R G BRI 2 A BE T S —— iR Ui L 2 e
SCAR SR 4R o [ 3t 5 2 2 i i 2 5 5% Bl F 00 2
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Abstract

The representative Danxia landscape, named after Mt. Danxia of Guangdong Province, is a special
type of landscape characterized by red cliffs. With the rise of tourism in recent years, it has become a focus
of geomorphological research. However, there are still controversies in some basic issues of Danxia
landscape. Based on the geological, geomorphological characteristics and regional geologic evolution of the
named place, this paper proposes a new definition and classification of Danxia landscape with emphasis on
three fundmental elements: prominent red cliffs, continental red beds deposited since Yanshanian cycle as
material basis, and water erosion as a dominant external force. Moreover, the Danxia landscapes are also
widely distributed in NW China and they can be classified into two types: one is the old Danxia landscape
covered by Quaternary loess, another is characterized by water erosion and covered by mud. This paper
proposes the concept of danxianization which involves various geologic processes such as water erosion,
gravity collapse, and weathering and deterioration of the Mesozoic-Cenozoic continental clastic rocks,
resulting in the formation of Danxia landscapes. The danxianization includes two special mechanisms of
lithofacies control and vertical overflow erosion. The differences in red bed lithofacies control the
development and type of Danxia landscape. Therefore, Danxia landscape evolution model is hereby revised
as the function of lithofacies, geologic structure, external forces, and time. In typical red bed basins of
South China, the coarse-grained alluvial fan deposits at basin margin have the early, middle, and late
development stages. In contrast, mudstones and siltstones deposited in the middle of the basin are thought
to have not experienced the development stage of prominent cliffs. Water erosion during the torrential rain
on the cliff sides along the vertical trench is called vertical overflow erosion which results in the formation
of vertical grooves and cavities. The vortex action is caused by rotating and drilling by wind to generate
cone-shaped cavities, beaded tafoni, which are then coalesced laterally to form flat caves. Thus, it is
proposed that the ages of the beaded cavities are vertically consistent, they may form at different ages in

horizontal direction.

Key words: Danxia landscape; danxianization; red beds; geomorphic evolution model; vertical erosion

of overflow



