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Fig.1  Geographical location of Zion National Park
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2 Zion R EFEILE Kolob IR & KB 5K IR A B (a) FIR B EPAY Zion KURA (b)
Fig.2 Finger canyons in the northwest section of Kolob Canyon (a)

and Zion Canyon in the southeast section of Zion National Park (b)
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Fig.5 Red bed formations and members for the development of Danxia landforms in Zion National Park
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Fig.6 Large tabular cross-bedding on Navajo cliff walls in Zion National Park
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Fig. 7 Photos of red bed rock samples of Zion National Park under polarized light microscope
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Tab.1 Elevation statistics of Zion National Park

= A/ m <1200 1200 ~ 1400 1400 ~1600 1600 ~1800 1800 ~2000 2000 ~2200 2200 ~2400 2400 ~2600 >2600
B/ % 0.006 8.563 8.980 21.435 30.032 20.481 8.1% 2.361 0.042
B E /% 0.006 8.569 17.549 38.984 69.016 89.497 97.597 99.958 100
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Fig.9 Three elevation profile curves in Zion Canyon Section of Zion National Park
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Fig. 10  Representative Danxia landforms in Zion National Park
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F 3 G MR 5, AR %P 22 T 06, 21 )2 HE AU L
T Moenave 4 . Kayenta 2 , Navajo 4] 1 Temple Cap
44 AR EERL)Z A8 Zion 23 [ F1
AR SR T2 )2 o A I ], 32 R R
B AZ AR 2R, 21 )2 (4 TORR BR S8 7E V0 I )it I
AR B SR O VP B ER B L H R R —rh R B
TSP 1], b 56 R il M D 2 ) B4ty i DR A%, O 5 RF
PEMR R E— A5 A AR i i 4, A AR LD RO B B i
(Nevedan Orogeny ) ST e, Zion 2\ e T AE 1 PE B
P il 2 05 1 P A 8 Lk R 9 KU, B T T R
PP, ST A R AL AR AR RE v B, KD AR

B3 IHRIE B R Navajo Hib s .

B PR B IR, R A M B fin 3 1 I 5 A B O
IR AR, I 18] AR BF AL 5 Rl , B nlEE 4 /R i 1 i Bl
(Sevier Orogeny) ™", 7 T 1AL, Py 4 i 1L ok 4k &5 e
B, VU P i 2 D) AR X R UL, ARG 2P B OR T
JKIT iy NS5 VG 5V AL UK R A, S R T 3% X R Y
SLEMERGS AR, MG, B U BT AR B B Y S [
B HEBUE B T Temple Cap 221 )2, {H AR PR K
WARA o BB, B A VRS AL Fa YR, b
KB BE3E VG HR P i A AR BT SE TR P R P B T
i ( Western Interior Seaway ) 21 Zion 4N T AE H X
SCLF] T A AR R I/ DU B
4.3 HFEEF

BT AMLARW, BT R R S S AR R
AR RS o 7y B AR /N 51 R R A K ) s Bl JE L L
i 11132 2l (Laramide Orogeny) ™ ¥ Iy 4 5t & ¥
FE L BRI 1 B A2 [] B 408 A i g S O A O e A
I BT A RELE AL 2 5 . 78 K58 1Y
B A= ik A b, SIS iz 3k A T 77 A 1) P 1 5k N g, 7E
Zion 7 ) e FCJE A0 i — 60 e b A 1] 0 B 2 A
AR HAE o 3K LU AL 3 B T 10 25 2R 2 I 4 Zion
YNITEDE SRV Y URTIBER 3 NIV i R SE
L Py B 36 0 A 2 AT ) A
4.4 SNHEE

H L AR RE 2 5L 2 & J5OT i 46 TF UK, i
AKUE] AR ik K E g R B A A Bl ) S X Zion
2N bl Y R AL E AT SR A s . v, R 2R U K
T UIE F i XY B B AR 1 S A E LB
T 4 LA Zion W Ay S AR 1Y Ry I — IR DD e A S
WA G A4S W 2% o P Al 08, it 20— A T 4R
L, 250 K RYIEE TR R 400 m B PIRUEJZE O
FLAETT LLGRSE T §149 300 m™ o 5 B, 3 T Ak
1) 2 035 AR 1A ] (Sapping Process ) XJ Zion 23 [l
FHEMS K T R A T, UHEE BALE
KGR TN T ARANE K G 2 00 46 fl 1T, bR 7K 1932 It
e pln] DU BT 2 4, T8 AT 34 9 AU R R
RARBEAE L

WAL T3 T8, Zion 2 Bl 8 T AT K Il 14 A% £ A 1%
D8 1) A 3 XA o R T Dy S A S e AR
T 22 AL R T XA LR 3 AR A5 o A 38 i 4 1
1t Navajo W 5 RGBT AM R . 4 L A= H R
M, TS 2 B N B EOR FE K, i 4 Navajo
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Woa B SR 2 B AT ROIR V% o L Ah, Navajo 0
FLBREE w1 HAE A A R R B AT ALK, iR
JEARA T R 1 7K 73 R 28 9 728 A 7™ A 8 U B XL AR T 2%
Mo XY B R RE YT 25 M B A R R RE R W
E2 NDRGLIESY e Sk 3 A A

S HRIRAE Zion 23 el AL Al #3538 , WK T DI A
AR A7 2 BE F) o 3 B SR B 4 9 oK, 2 i
i LA WA T T A B Y R R L A, T
RF YUY RL Iy 2 2 2 i 0 o HLa SRR A M 3¢
ANWTE IR | I 7RS4 T B FRE

(1) H A ARELJZ A 56 [ PG 350 1) Bk 22 7 22 o i
Xz o0 A o Herpr, Zion 23 Bel J2 5 [ P4 350 21 )2 1y di
TUARAE 2 el P i Joi A s 5 R A B A AN T T2 D
HIRTHIRBLE K- 5 R BE 1Y) J A R 25 3 119
FEZ AT AL (350°) AdbdL 2R i (20°) P
ZHT R

(2) £LJZ 55 PR T7 W0, Zion 23 Pel & 75 3 #2350 B9
WZETE TR P 2, LLaL b — B by L, 10T
FRIRGE QLG VD8 i A 55 o b B T R —
AR Y Navajo 4152 Zion 73 bl P} 5 L 50 3 F8 BE
RE RHZ O SR KB PO, LR R BCAR 22 4 = 2
N EZFFAE . Navajo 4 10 7 JE 40 3] AT fE 24 O 41
@O EENERAEEENRELawED,
Navajo by HH B8 48 5 Fl op Be L4, OF 5 8045 B
BRI AR AU A A B B R0

(3) Hs 558 45 AiE J5 1T, Zion 2% el B A4 b g g Ji—
RO AR 3500, LB R T AR A L T3 T R Ak 22 I8
DIWeAs o oS0 41 A AR o 7R S A 3R D7 T, Zion 2y
bl 2 e G mdr i BEER B E R, HAZERE
BE T BE N S A AR B 5 SR A I D P A HES 1Y
WeAS i, Z A FEAT s BERET A RS A A
Je 2 AE MR K I 2 R R AR R A BRI
R IR B

(4) Mo %50 35 Ak 2o 72 07 10, Zion 23 Fel 3 22 i 554 119
KFED T H I BT B — 212 e A — M 5 e 2 —
SN IR X — A S R . =& S AR R v
T8 A Il 2 O 200 S BR R L 1A X AR E 1 DA ER
B, R 2 2 Y1) 5 9 AR ER BT TR T R AL 1Y
RISTLRR , 3 228 AR R 2 1L 2 w8 B i 46 T S IE 1

95 BB R A ) R AR T AR I SR A TR
KN YR X P E M R B ERANE T, I —
HEg 24,

B &M £ B 2% 5 M K% (Saint Louis
University ) 3b 3k 5 K &, #F % & John Encarnacion #
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Geomorphic Features and Evolution Process of Danxia
Landforms in Western United States .
A Case Study at Zion National Park, Utah

«oe 1 2%
PAN Zhixin , REN Fang
(1. School of Tourism, Hainan University , Haikou 570228 , China;
2. Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract; Danxia landforms is an important type of landscapes and research on their geomorphic features and
evolutional processes can provide scientific support for the protection and utilization of this geoheritage. Mesozoic
red beds are the material basis for the development of Danxia landforms in China, and they are also widely
distributed on the Colorado Plateau of the Western United States. In order to enhance understanding on red beds
and Danxia landforms in the Western United States, this study took Zion National Park in Utah as a case to discuss
the geomorphic features and evolution process of Danxia landforms by field investigation and analysis of physical and
chemical properties of rock samples, and analysis by the application of GIS and DEM. In terms of regional
geological setting, the depositional environment for red beds deposited in Zion was a large back-arc basin—the
Western Interior Basin, the development of Danxia landforms was controlled by closely-spaced joints developed
when the basin was uplifted. In terms of lithologic features, red beds for the development of Danxia landforms in
Zion are dominated by aeolian deposition, which are featured by fine-grained sandstones and siltstones, while
coarse-grained clastic deposits such as conglomerates and sandy conglomerates are scarce in this area. In addition,
the cementation characteristics and rock strength of these aeolian sandstones are varied in different rock members.
In terms of geomorphic features, the overall landscape in Zion is a combination of plateau and deeply-incised
valleys, with the elevation of 1800 ~ 2000 m accounts for the largest proportion, and the southern part has more
down-cutting and erosion than the northern part. As for single Danxia landforms, they include sheer cliff walls,
valleys, and various caves developed by sapping process of ground water and wind erosion. In terms of geomorphic
evolution, the evolution processes of Danxia landforms in Zion could be divided into four stages: formation of
structural basin—deposition of red beds—tectonic uplift—erosion of external forces. The Western Interior Basin
formed in the late Triassic provided a relatively stable depositional environment for the deposition of red beds.
Then, during the Jurassic period, a large scale of aeolian deposits was formed in arid climate. Finally, the uplift of
the Colorado Plateau in late Cretaceous and the formation of joints provided conditions for erosion of external forces.
Among them, the strong downcutting process was the dominant external force for the formation of Danxia landforms

in this area, and it continued to this day.

Key words: red beds; Danxia landforms; geomorphic features; evolution process; Zion National Park



