a3 Hed
2024 4E 12 A

+ B B
CARSOLOGICA SINICA

Vol. 43 No. 6
Dec. 2024

R, SO, 2R, 2. 2 MRS 1L DA A A st i R iR S PR 4T (] T L 7, 2024, 43(6): 1430-1444.

DOI: 10.11932/karst20240619

= R EE I 2 L M X = s 35 1 B
122 IR ALE A2 B [E 53 A

% _7);]12 ix;ﬁlZ’ﬁ)&‘%IZ M:/ﬁ%/@-‘lz 3 —;,-——1
TR, )T EBIED A FEE T T /BA B AR LR

(1. PEMAAF IR BB B A

f&él l» 3,45

B FRZ2AMR TS, |8 K 541004; 2. 7 &-F R 2445 24 B RN F UM AT R 35,

S0 PR 5314065 3. F i & Rl R E BURTUE S £ SR

AELERE (F),

=i B 650216; 4. AR K RIS R LT R EFRRFALLE 2 AP B ELE 5
RE, =i B 650216; 5. =& B ARERMNE, =& LW 650216 )

T RRAEICE L M DX T IR AR P U A R = A Y P D 9 e e ) M, e A R I S
RE LAY T AR R 2 I e T A M 5 35T, A v [ DY R N AR e I A A R b B AT
TUPERIARC M o SO B Y 32 DX P i 300 3 I 3 58 0 A A0 K T AR B HOE U I, IR R T =

AR e A5 R M A IX AR TR BB T AR PLBE

BERE: (DRI T 3 o F S e 9

TRV M 5 DA B K AR M 55 4 Tl b R g A6 2 Y, DA AR M (5 L) L R A IR CRE L IR A RE S T R
T K H B2 A R £ (2) R XV R 7T LL %43 > 1 750 m, 1 600~1 200 m, 1 000~600 m, 500~200 m,
<150m#5/\F‘Jy‘i R ST R B3 . KR . AGKTR Z R A RS ()2 A —a ki R

A9 K ST IR

Z M SR 2 DX S T A S T M A M O gt SR 26 R AR 3 1 AR Sl g R 25 (4) b AR AR

EH}FJLEE(’“ﬂﬁ%ﬁﬂﬁJﬁmﬂﬁﬁEI@i%ﬂ&ﬁf%ﬂﬁﬁﬂﬁﬂﬂ?@m,ﬁ;ﬁi"@iﬁﬁ%i&%ﬁiﬂﬁ%ﬁﬂ‘ﬁ,ﬁﬂﬂﬁﬁ

FIER TP B
KGR : LA MR

5 8 3T s BRSO R

BUHT A BRI Ll DA 9 3 T LY, R R, M OB R R AR L T S PR U
TR A . IRy S A ZG, KR ZAE . M2 | AP — M #5589k SCHB BT A5 7 5 AR 1

BRALS S . s A ROk,
FE 4SS P42 X EkARIRAD: A
XEHE:1001—4810 (2024) 06— 1430—15

0 35l

T

M J5 388 T8 R A 7 s BR T8 A4 Ml T A
H1 25 R N S VR I B, & I I8 B T R B A
Rl B B A 2L 2= M R FTHE A BT LR, B

BRI H - A TR A R I E i AR T X T S T8 37 LA A TR (DD20242325) 5 H Ml TR B A

PR MR K VKR LRI IR (2023005)

BRI ERE(1988—), 55, WL b1, EENEA R M F#

ks A #1: 2024—05—17

VR M AR A 22 3 A L S 4 TR R D A SO 5 4 T A B

FF AR5 (35 R AR 55 ) 47 IR 8 (OSID ): B

TR A IREE A TGRS, BRBRA ., A0l
AT A SR TR VE IO R LT L
TR PRI B G REEA fgebRk, W
W AR, () M D 45 i R A A U,
AN B A A ZE DU | bR 25 1 T

SIS T AR L 55 2%

A SR S WS R O TFSY . E-mail: pantianwang@mail.cgs.gov.cn,


mailto:pantianwang@mail.cgs.gov.cn
https://doi.org/10.11932/karst20240619

Fa3E Holl

WREAE: 2 BRI 1 DA A B8 ik S IR 23 A7 1431

RIS TS SO0, KIT, R KA. 2800 (R1H) |
I (U =1 ) 45 Hb 32— b T 2o 8 78 2 5 M 35 5000, DA
BRI B AT L A IR AR KR M A W, 5K
EATTH LA Hu A, & — P R b5 35 5 R it
TR, GERR M A T S T . 25 g PR S S 11
DA b [0 0T 28 R S, LR i e T v D ) B =
YN T3k V8 1 o (B gy, 2 2 i A TR 5 i b A
H e Oy BT Ml X 2 —, 7E VS R R B S A
Mg T A A R v EL A T A R F R AL e
2013 4E ISR, FEIZ X “UilfE 11 31”5 X A dt ik,
DL b S5 55t Ry S AR ) SR 4 R
VR, A &% XA LU R e i L B A
T T AT b (25 b, ) A5 A R 0 1) i 78U b 5T 35t 38 47
AR E N EAT ORI R, X LT A B 5T LA
FERRUR . R TS A A B0 R G A T, AR X
T2 DX AR P ST AT 92 25 0 25 b 55 b SR R 1 B
ey % 25 TR A LA B st PRIV £ S A% O [P] i i 2 DA,
TS 00 T 1R o I & R A B, T T R —
RIS ERTT o PRI, 78 55V B S5 b T 35t 30 i A AL
Bilt b, T A o DX b o 35 52 R SR R 43 A, KR R
TEL AR R 2 A v D BT = A U T St 36 10 LR 2
HS & T X AT A A LB, DL R v 10 3th X 9 22
Te R AN B R EA B L,

1 HREXER

WF5E XA F 2 B 48 SCILPHE R B 36 PR b
BRI RO, RS S AR B % & —af (& 1),
T FRZ) 150 ko’ J& 2 5% 25 5 g F0 VEC AR T o 7 L i
S EE R 2%, SR WA RS T MR 2 7 e MR )
Xz — VRPN V7 R A i e, it g v
1k 2579 m, FARIEFIR 107 m, FHXFE 2 2472 m, 4EF
PSR 17.7 °C, ZAEFHIRE/K i 1054.0 mm, 451
BIAXTIEE 86%, e 070 (1) 5 S #ty 2 KU e X
FE X5 = AR, DL ARl A M 3, o,
35 e T R R BEAE R AR X R i FE T, 2 PR TR B
il 2 1] 9 — 2R WA PR IAE, #4365 1 AN AKCA 1 R
SR A, N AR DX 5 I 3 8 4 A 1) i 26
(K1),

WF5E X R MG 15 7 B AL T4 7 fR =114
PR AL A0 (0 L P X, J& T AR M VG X AR R
Me Ll A (B D), MBS B 2 4%, A 21

UK 35 25 IR 0% SRR AE R XN E A NW
1] P 9] RS L — R SR8 7 e S 1 W S (181 1)
T P 2 2 T 24 U0 0 A DLl B A Rk i, (8
At W7 22817 Bty 2= SR TR R AR, 3 A DX 5t
F IR ) T A B s ) o3 A AT B A A
DX A A T A 32 B B AT T X R g T, K E T 9%
AR, BRI R, RERMN S RKRIL A HZ D, &
YLK G R | JRIRBCR A =on . IO A UK
FHHERE, XN EEGKAEZ . BT L EHZEM
A T SRR, A X ST S Y b A 5 3t 3 v L T A
B PR L NW—SE [ 45 bR 23 A5, I 3 74 0 JE2 0 I —
R A I A5 e T AR 2 S SOUL, T A KR A
SO R L WA AR R A, BB A, P
T bR ZOR A, ] EbR . MR SRS, R
HARSEE A AR R (] 1) o

2 AR FUR IR R K I

2.1 MRUETRE

Fie BE b o 358 320 9] A MY (DZ/T 0303-2017) )Y
I3 JERRUEN TS IX 4 e T A VA M SR AT A | A
A KR IR SR, T B R A A ST
LA S Z Rk AR AR 2E TR IE 3, k- i
U TR Vs A LA Jmy 5 5 1 /N RS B s = A AR
TR D), KRS SOUA SRR AA R RS B
KR, LI & B o LR,

2.2  BAEYEIR IR M BT

221 HERB BIEMHR

i 2 Y5 M A R SV TS b Tt D 2 B
FEAE R, IR K B ok R VE N £, AR
B 25 )7 B RN AR € DA M e v VR R 26
R 38R IR R B R X 80 S B, T4 ok iR
[ NI RN (s NN P 75 | D AP B U | S
JR A () A HLAR T FE I A | AR | e 75 (75 HBE ) |
AR AR, B RE. EG) M A R
(5 ) AR A
2211 BEASHEH()Hb

5T DX UG AT (25 ) 1L R B 8 Aty R T AR o3 A
9 P AR 1Ly i A 93 b B A — 5 43, A i 400~2 000 m,
VA B 25 7E 40~200 m Z (1], =204 F R YT e 4



1432 AR

2024 4F-

\®@ s = 4
(% =)

- BRI

ET

—_
®w
o

[\

9/ ¢
W\ W
9le
NS

~
[ee}

el
—
(]

Ju—
—_

—

[\8}

—_
W

NNERE

—
=)}

—_
el

SO0

NN
N O

[\8]
[O%)
[N}
N

\
[Ne}
9%
r
Ll
[Ne]
(=)}

T IEOORNEEE

| BIRERREMER(Z)" 5 BEE R RETS % E(H) "
VYR B 2 WSS 34035 St o 4T B S IS 6 BT R A T SRR 8RR OIAER 10 MR 1LIERAR 12,41+ 2k
R 13 RS S 140T)2 15 HUR TR 16 HURAHE S BESLR 1730 A1 K 1 18,3 T KR 5 193RI 20 4 X 21 22X 22 A

[X 23757 24. S HHR LR 25. [ A 268757 X G Lk

10]

Fig. 1 Regional geological map (left)!

and distribution of typical geological relics of karst landforms in the study area (right
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1. karst cave and numbering 2. peak cluster and numbering 3. clint and numbering 4. skylight and numbering 5. waterfall and numbering 6. karst spring and

numbering 7. Triassic 8. Permian 9. Devonian 10. Ordovician 11. Cambrian 12. Tuantian and Laochengpo rock mass 13. canyon and numbering 14. fault 15.

stratigraphic boundary 16. stratigraphic unconformity contact line 17. inlet and outlet of underground river 18. underground river and numbering 19. surface river

20. karst area 21. semi-karst area 22. non-karst area 23. elevation 24. township boundary 25. national boundary 26. range line of the study area
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Table 1 Forms of typical geological relics of karst landforms in the study area
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Fig.2 Nanwen river gorge
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Fig.3 Schematic diagram of stratification characteristics of karst caves along the two sides

of the Nanwen river gorge in the study area
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Fig. 4 "Big Ganoderma" landscape formed by the cementation of granite pebbles at the mouth and the top of Qingliang cave
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Table 2 Development characteristics of karst caves at different altitudes in the study area
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Table 3 Main characteristics of typical aquatic geomorphic geological relics in the study area
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Fig. 7 Schematic profile of comprehensive geology and geomorphy in the study area
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23. karst spring 24. underground river and its flow direction
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Fig. 8 Genesis evolution of geological relics in the study area
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Features and genesis analysis of geological relics of karst landforms in the
Laoshan area of Malipo, Yunnan Province

PAN Tianwang”, SHI Wenqiang'’, LI Chengzhan'?, CHEN Weihai'?, TANG Liangliang'?, WU Hongmei**’
(1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/International Research Center on Karst under the Auspices of
UNESCO, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406,
Chinas; 3. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming, Yunnan 650216, China;
4. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;

5. Yunnan Institute of Geo-Environment Monitoring, Kunming, Yunnan 650216, China )

Abstract The Laoshan area in Malipo, Yunnan Province is located in the transitional zone from the karst plateau in
southeastern Yunnan to the Red River Delta Plain in Northern Vietnam, where the gorge-type karst landform is
typically developed, forming a rich and diverse set of geological relics of karst landforms. These relics play an
important connecting role and are typical representatives in the evolution process of karst landforms in Southwest
China and Southeast Asia. Since 2013, the development of the scenic area named "Heroic Laoshan Sacred Land" has
prominently featured nature sightseeing tours centered around geological relics of karst landforms. Surveys have found
47 typical geological relics in this area, characterized by cave groups, canyon groups, waterfall groups, peak-cluster
depressions, and peak-cluster valleys. However, the existing data indicates that this area primarily focuses on the
investigation and research of mineral resources, and structural and rock unit systems. In contrast, there is a significant
gap in understanding the unique geological relic characteristics and composition of subtropical canyon-type karst
landforms, as well as their spatial distribution, and evolutionary causes, which are critical issues. This lack of
understanding has affected high-quality development and reasonable protection, and there is an urgent need for further
research and discussion. Therefore, based on the investigation of karst landform geological relics, it is essential to
enhance studies on the characteristics and genesis analysis of geological relics in the study area. These studies are of
practical significance for revealing the formation and evolutionary mechanisms of the typical areas developed with
karst landforms that transition from the karst plateau in southeastern Yunnan to the plains of the Northern Vietnamese
Delta. Additionally, these studies will contribute to the economic development of border area tourism and the
prosperity of the border area and its inhabitants.

This article analyzes the distribution and developmental characteristics of geological relics of karst landforms in
the study area, examines the causes of their formation, and, based on previous research findings, discusses the
formation and evolutionary mechanisms of typical canyon karst landforms in Yunnan. The results show as follows, (1)
The study area boasts a rich variety of geological relics of karst landform, including surface karst landforms,
subsurfaces karst landforms, transitional karst landforms and hydrological landforms. Surface karst landforms include
peak clusters, depressions, karst gorges, clints, grikes and karstic traces. Subsurface karst landforms consist of karst
caves, underground rivers, and various depositional forms. The transitional karst landforms from surface to subsurface
are represented by small-scale karst collapse doline groups that are locally exposed. Hydrological landforms include
karst waterfalls and karst springs. (2) The study area is characterized by gorge-type karst landforms, with developed
karst caves that exhibit stratification. The types of caves and depositional forms at different levels are similar, with low-
altitude caves being a distinctive feature. They can be divided into five levels: >1,750 m, 1,200—-1,600 m, 600—1,000 m,
200-500 m, and <150 m. The main types of caves are dry caves, water-out caves, water-in caves, and their mixed
types. In the karst dry caves, there is a significant amount of collapse debris of original rock or sandy silt blocking the
cave passages, and secondary chemical sediments are generally underdeveloped. There are few large cave halls in the
caves, and medium to large-scale caves represented by Qingliang cave and Mangun cave are characterized by different
traces and different periods of structures overlapping and interacting with each other and by double-layered

development. Several caves with convenient transportation show clear signs of human activities, but the most remain in
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their pristine states. (3) The Wenshan-Malipo NW-trending left-lateral strike-slip fault zone significantly influences the
formation and evolution of geological relics of karst landforms. The geological relics of karst landforms are mainly
distributed in a northwest to southeast strip along the karst gorge of the Nanwen river. The multi-stage uplift of
neotectonic movements also has significantly impacted the formation of karst landforms. The continuous deposition,
stable stratification, and extensive distribution of Cambrian, Devonian, and Permian carbonate formations,
characterized by significant depositional thickness in the study area create optimal material conditions for the
formation and development of geological relics. These factors also control the regional distribution of these relics. At
the same time, the study area is located in the subtropical monsoon climate zone, south of the Tropic of Cancer, where
the unique climate and hydrological conditions have a significant impact on the formation of karst landforms. The
abundant atmospheric precipitation provides ample water sources for the karstification process in this area. (4) Based
on previous research findings and comparison of regional elevations, landform morphologies, individual
morphological characteristics of karst landforms in the study area, as well as the conditions for the formation of
different landform combinations, the genesis and evolutionary process of geological relics of karst landforms in the
study area since the Late Mesozoic can be preliminarily divided into two stages: the formation of the tectonic basin

during the Yanshan Period and the crustal differential uplift during the Himalayan Period.
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