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Fig. 1 The geological map of the northern Danxia Basin in Shaoguan City, Guangdong Province

(from Guangdong Geologic Survey Institute, 2008)
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Q—CQuaternary ; K,d>—The third Member of the Danxia Formation ( Baizhaiding Member) ; K, d>*—The second Member of the Danxia Formation

(Jinshiyan Member) ; K,d'—The first Member of the Danxia Formation ( Bazhai Member) ; K,c*—The fourth Member of the Changba Formation

K, —The third Member of the Changba Formation; K, m—The Maziping Formation; K;s—The Sandong Formation; C—The Carboniferous; D—

The Devonian
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Fig. 2 The large bedding-controlled cavity and honeycombs on the back walls at the Jinshiyan Temple of the Mt. Zhanglao Peak
(a) B A =7 LT R Z R 7 R T 8 i Sy 320, THT [ 9 58 P9 508 Y300 0 5 (b ) JRIRAIR] 7 PR 740 2 B L ) e 8RR ¢
2S5 () FN(d) B2 (b) BRI IR R A/ NIRRT i IS 1~ 2 em BYRREE X THIE UK ZAY 28K 5 (d) A3 SE i otk
IR AT I /ISR IR o CRE A A K TR ORI AT LD RS 3R 181 2(b) A BB AR 29 1. 8 m &1 2(c) L (d) P
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(a) The Jinshiyan Temple is located within a large bedding-controlled cave, which is facing downwards the meandering Jinjiang

River with an azimuth of 320°; (b) Overview of honeycombs on the back walls; (c¢) and (d) are close-up photos of the

honeycombs in (b), in which the honeycombs are separated from each other by thin side walls of 1~2 e¢m thick. (d) The newly

developed honeycombs can be observed within some large ones whose bottoms are covered by thin sand and clay sediments. The

height of the middle Buddha statue is about 1.8 m in (b). The small ruler in (¢) and (d) is 6 ¢cm long
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Fig. 3 Outcrop and microscopic photos of aeolian sandstones of the Jinshiyan Member of the Danxia Formation

(a) A (b) 23R A A <5 AR B B Y 3 s R 5 IR S B R B (o) AR R B PACRR A, B BORE 32 2 S WA
AR IENE RAF (d) SEUCBEPRAY 792 (Qm) FIAREUR AT (Pe) 5 (o) B A1 98 (Qm) B THUAEJE (Ls) , TR A E %
BYHR AR M JEBTRES (M) 5 (f) BAR 22 A 3 (Qp) FIBURHC A7 (Me) |, J5 35 LB T XA, A5 BUKES (Ca) 5 (g) IERK AT
(Or) 2R

(a) and (b) show honeycombs and large-scale cross-beds on the back walls at the Jinshiyan Temple and Luyitang sites; (c¢)
Overview of microscopic photos shows subrounded detrital grains and well sorting; (d) subrounded monocrystalline quartz grains
(Qm) and perthite (Pe); (e) monocrystalline quartz grains (Qm), platelike phyllite lithic fragments (Ls) deformed by
compression, and mud cements (M) ; (f) a rounded polycrystalline quartzose lithic fragment (Qp), a microcline grain (Mc) ,

and calcite cements (Ca); (g) a rounded orthoclase ( Or)

ARG 54145 5y 52 HRZ W ( Cardell et al., 20035 fEHREET, BAREE KL RIUE A i 5 (H A A
Achyuthan et al., 2010 ;Paradise, 2013a) , FEA[AS, MR LR W 2 B R/ NAS — B AR 4 S XU
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Fig. 4 Honeycomb size analysis at the Jinshiyan Temple and Luyitang sties in the Mt. Danxiashan
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www. esri.com/ software/ arcgis/ arcgis—for—desktop) ) ; (¢) . (d) . (e) 23 B e BRI S BE R A B/ R BE LUAE o0 A

(a) and (b) show the relationship between the distribution of honeycombs and Voronoi diagrams at the Jinshiyan Temple and

Luyitang sites. The Voronoi diagrams were constructed by using ArcGIS 10. 2 software ( http://www. esri. com/software/ arcgis/

arcgis—for—desktop) ). (¢), (d), and (e) show the distribution of the length, depth, and length/depth ratio of the measured

honeycombs
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2017) .
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Fig. 5 The development stages of honeycombs on the cliff faces of the aeolian sandstones

from the Jinshiyan Member of the Danxia Formation in the Mt. Danxiashan
(a.e) WIHARBIBL; (b0 T 5KETBE; (o g) TRABHIBE; (d h) BB B BRA(a) ((b) Rl (c) HHY
RN 10 em, FEEEH 7 em, R d 4T HA/NE NI IR E R 6 em
(a)and (e) Initiation stage; (b) and (f) Expansion stage; (c¢) and (g) Deepening stage; (d) and (h) Mature stage. The blue

card in (a), (b), and (c) for scale is 10 em long and 7 ¢cm wide. The small ruler in the lower honeycomb is 6 cm long in (d)

PRI . HTEEUE S i i RN SR T
AR S BT 7, I NI 25 1) A L
MR, T A R RS

5 4t

FEFFEE LMK PR B (A B 402
FLLUA T RIUBCIR AR S5 2 L) S8 2 — Bk
HOARIE AR TR e i A R A HE R
WATEREE R R I8 B B A e < R E S8 AR
& LLERY A FERE T T, HAEFISMEIR R,
SUGRTE L, N ER AL BT T A S AU 5%
P 3 FE S IR R

BB A 7 IR B 2 R by AR 045
PRI SR XA AT UL B . AR BR T B
B, — B IRE 5 £ AR T 935 4 s i A
/NI, A YT RI [ [RR AL A AR Y5k 1
AR TR 7R B IR L B e B IR
S — A, H R T VS Al RS SR PR
B AR BE, 3B R OB IR BRI S AT A AR AR
ZIE RN oA, e BEAE TR O 7K, AR
VARNCWILESE 2NN b N AN L N PR
T, (HRAER—> EBE T L, a] LSS [R] B B
(1 8 BRI AT, — 7 T U I HAE B R AR R, 7

—Ji RS T 8 s IRI R G AR E T

B RO G TH PR LA B 2 D1 2 PRI R
F B BIEGR 2 RARSESE TAEAG MAT]
NI EEPRE T AR AT B

2 % X #t / References

('The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

WRASHE. 1997, B 11 -t o [ 2 g 1 52 L1 2R 45 b g b X P P TR
Wik, HR IR, 21(3) : 203~213.

AR SR A E. 2008, AR RIGAN MBS AT (1:50000) « SRS
L S b 5T 2 el

AR, EMAR, BOF, KREN, BERER, 5305, IKIEREL. 2009.
S B R RIS R AL K RS R 233 ) e A S R
HANF S TRYR, 28(3 2) : 3769~3775.

Bk, 2010. FHEF ISR, JbaT: Blof bt

ke, IMER, BRI, WE R, FEME. 2017, EA R SR
AL A TSR AE. SBIHEIT, 63(4) : 911~926.

WRBAZS, s2f, BRAE, MReihE, sksh, DR E. 2017. i ER
BRRWISE G AP RE A AT A 2 [0 43 A 6 (0 AR PR 358 e AT 5.
HHERL:, 37(10) ; 1585~1592.

@A, ERELHE WA 2014, PHER IIBUZER 7 XA AR AE i B0 B 5T
HiFRRLS, 34(4) . 454~463.

WL, A, RO, PME, ERER, BURYE, AR RIRE. 2015, )R
FHEE IIRD SR R FTBE A st 24, 33(3): 279~
287.

s, BRIEAFE, M 2017, BT RARZ LS S0m Ak ok
Dy RNEZS ) A S, SRl BEIRAT B, (4) : 50~58.



54

W B A5 - PR L A T 2 el e BRI R B PR 903

BAUE. 1993, T RIX XA BRI IE. TRXHH, 16(2) .
14~20.

T, B, sk, 2016, HTFRHZL
A gz, 35(1) : 68~72.

gl Bk, FR/NHE 2013, AL PRE A P R KA A T S sh
BE. AT YR, 30(1) : 58~86.

gl Bk, 1992, FRE A ER RS ST, HBFAE, 16(2) .
81~95.

Rk, S, kT 2015, v E SRR B SR R A S db s, B
Aka, kEEAE, BKER, Tk, KM, 2014, BRRZS AL NS
I%%{mﬂ%iﬁwﬁﬂ N, TR, 28(1) : 36~38.
Achyuthan H, Ashok Kumar K, Tiwari S K, Norwick S. 2010. A

reconnaissance study of tafoni development,

T ) R FC 35 X AR A

exfoliation, and

granular disintegration of natural and artificial rock surfaces in the

coastal and lowland regions of Tamil Nadu, Southern India.
Zeitschrift Fiir Geomorphologie, 54(4) : 491 ~509.

Benavente D, Martinez-Martinez J, Cueto N, Garcia-del-Cura M A.
2007. Salt weathering in dual-porosity building dolostones.
Engineering Geology, 94(3~4), 215~226.

Bruthans J, Filippi M, Slavik M, Svobodova E. 2018. Origin of
honeycombs: Testing the hydraulic and case hardening hypotheses.
Geomorphology, 303 68~83.

Cardell C, Rivas T, Mosquera M J, Birginie ] M, Moropoulou A, Prieto
B, Silva B, Van Grieken R. 2003. Patterns of damage in igneous

and sedimentary rocks under conditions simulating sea salt
weathering. Earth Surface Processes and Landforms, 28( 1) ; 1~14.

Chen Piji. 1997&. Coastal Mountains of SE China, desertization and
saliniferous lakes of Central China during the Upper Cretaceous.
Journal of Stratigraphy, 21(3): 203~213.

Chen Sufang, Li Mingwan, Hou Rongfeng, Liao Wenbo, Zhou Renchao,
Fan Qiang. 2014. Low genetic diversity and weak population
differentiation in Firmiana danxiaensis, a tree species endemic to
Danxia landform in northern Guangdong, China. Biochemical
Systematics and Ecology, 55: 66~72.

Conca J L,Rossman G R. 1982. Case hardening of sandstone. Geology,
10(10) : 520~523.

Dill H G, Weber B, Gerdes A. 2010. Constraining the physical
chemical conditions of Pleistocene cavernous weathering in late
Paleozoic granites. Geomorphology, 121(3~4) ; 283~290.

Doehne, E. 2002. Salt weathering: a selective review. Geological
Society, London, Special Publications, 205 51 ~64.

Dorn R I,Mahaney W C, Krinsley D H. 2017. Case hardening: turning
weathering rinds into protective shells. Elements, 13 (3); 165 ~
169.

Goudie A S, Viles H A. 1997. Salt Weathering Hazards. Chichester:
John Wiley and Sons.

Goudie A S, Wright E, Viles H A. 2002. The roles of salt ( sodium
nitrate) and fog in weathering: a laboratory simulation of conditions
in the northern Atacama Desert, Chile. Catena, 48(4) ; 255~266.

Grisez L. 1960. Alvéolisation littorale de schistes métamorphiques. Revue
Géomorphologie Dynamique, 11; 164~ 167.

Guangdong Geologic Survey Institute, 2008 #. Geological Map ( 1:
50000) of the People “s Republic of China: Danxiashan Global
Geopark.

Guo Qingling, Wang Xudong, Xue Ping, Zhang Guobin, Fan Zaixuan,
Hou Wenfang, Zhang Zhengmo. 2009&. Research on spatial

distribution and relations of salinity and moisture content inside rock

mass of low-layer caves in Dunhuang Mogao Grottoes. Chinese
Journal of Rock Mechanics and Engineering, 28 ( Supp.2) : 3769 ~
3775.

Harvey A. 2012.Introducing Geomorphology: a Guide to Landforms and
Processes. Edinburgh: Dunedin Academic Press; 1~124.

Huang Jin. 2010#. Landforms of the Mt. Danxiashan. Beijing: Science
Press.

Huang Rihui, Wang Wei. 2017.

mineralogical evidence for tafoni weathering processes on the

Microclimatic, chemical, and
Miaowan Island, South China. Journal of Asian Earth Sciences,
134, 281~292.

Labus M, Bochen J. 2012. Sandstone degradation; an experimental study
of accelerated weathering. Environmental Earth Sciences, 67 (7):
2027 ~2042.

Lii Hongbo, Su Dechen, Zhang Yuxu, Feng Xuedong, Li Chunwang.
2017&. Landform features of salt weathering in different climatic
zones in China. Geological Review, 63(4): 911~926.

Mustoe G E. 2010&. Biogenic origin of coastal honeycomb weathering.
Earth Surface Processes and Landforms, 35(4) : 424~434.

Ouyang Jie, Peng Hua, Luo Xiaoying, Chen Zaixiong, Zhang Anxin, Ma
Yuxuan. 2017&. Environmental features of the micro-landforms of
the spatial distribution of the national rare species of Firmiana
danxiaensis on the Danxiashan mountain. Scientia Geographica
Sinica, 37(10) : 1585~1592.

Paradise T R. 2013a. Tafoni and other rock basins. In: Shroder J F,
Pope G A. eds. Treatise on Geomorphology, 4: 111 ~ 126. San
Diego: Academic Press.

Paradise T R. 2013b. Assessment of tafoni distribution and environmental
factors on a sandstone djinn block above Petra, Jordan. Applied
Geography, 42(8): 176~185.

Peng Hua, Qiu Zhuowei, Pan Zhixin. 2014&. Experimental study on the
weathering features of bedding caves at Mt. Danxiashan. Scientia
Geographica Sinica, 34(4) : 454~463.

Shu Liangshu, Deng Ping, Zhu Wenbin. 2007.
Mesozoic—Cenozoic basin features and evolution of Southeast China.
Acta Geologica Sinica ( English Edition) , 81(4) : 573~586.

Sunamura T, Aoki

Zhou Xinmin,

H. 2011. Application of an S-shaped curve model to
the temporal development of tafoni of salt-weathering origin. Earth
Surface Processes and Landforms, 36(12): 1624~ 1631.

Tan Yan, Zhu Cheng, Wu Li, Sun Wei, WangXiaocui, Jia Tianjiao,
Peng Hua, Hou Rongfeng. 2015&. Geomorphogensis on sandstone
honeycombs and white spot in the Mt. Danxiashan, Guangdong
Province, South China. Mountain Research, 33(3) . 279~287.

Warke P A, Smith B J. 2000. Salt distribution in clay-rich weathered
sandstone. Earth Surface Processes and Landforms, 25(12): 1333
~1342.

Xie Shaofeng, Ouyang Junxiang, Xiao Huashun. 2017&. Research on the
forest fire susceptibility spatial distribution of voronoi and conditional
entropy. Forest Resources Management, (4): 50~58.

Xu Shuying. 1993&. Preliminary study on the salt weathering process in
arid area. Arid Land Geography, 16(2) . 14~20.

Yang Wenting, Huang Kun, Zhang Qingin. 2016&. Optimization of
tankfarm distribution region based on Thiessen—Polygon. Oil & Gas
Storage and Transportation, 35(1) :68~72.

Young R W, Wray R A L, Young A R M. 2009. Sandstone Landforms.
Cambridge ; Cambridge University Press.

Zhang Xianqiu. 1992 #. Cretaceous subdivision and correlation in the

Danxia Basin. Journal of Stratigraphy, 16(2): 81~95.



904 B T T Y 2 2018 4F

ZhangXianqiu, Lin Xiaoyan. 2013&. Cretaceous Ostracods from the Press.
Changba Formation in the Danxia Basin of northern Guangdong Zou Qiang, Zhang Xiaohua, Yao Yugang, Ding Huangda, Zhu Yanling.
Province. Acta Micropalaeontologica Sinica, 30(1): 58 ~86. 2014&. Thiessen polygon and its application in planning of ambient
Zhu Cheng, Ma Chunmei, Zhang Guangsheng. 2015 #. Development air monitoring network. Arid Environmental Monitoring, 28 (1) :36
mechanisms of typical Danxia landforms in China. Beijing: Science ~38.

Characteristics and Origin of Honeycombs in the Danxiashan
Global Geopark in South China

CHEN Liugin'**’, LI Xinmin® , GUO Fusheng” , LI Pengcheng” , LI Yuliang” , LIU Xin®
1) State Key Laboratory Breeding Base of Nuclear Resources and Environment, Nanchang, 330013;
2) School of Earth Sciences, East China University of Technology, Nanchang, 330013

Objectives : Honeycombs are great interests of scientific community and the public alike owing to their delicate
morphology and controversial formation processes. The honeycombs in the Danxiashan Global Geopark of South
China occur along the cliff faces of the aeolian sandstones, which belong to the Second ( Jinshiyan) Member of the
Late Cretaceous Danxia Formation. In this study, two sites were chosen to discuss the influences of salt weathering
on formation mechanisms of these honeycombs.

Methods: Field investigation, size measurement, sandstone sampling and observation under a microscope
were performed to obtain lithology, grain composition and fabric, and honeycomb sizes. Moreover, the Voronoi
polygons were completed by using ArcGIS 10.2 software to compare with honeycomb openings.

Results: The results show that the development locations of the honeycombs are largely selective. The two
studied sites are facing downwards the Jinjiang River, which is beneficial for moisture availability and maintenance
in them because of the curvature of the rock faces. The bedrock is aeolian sandstones with large-scale cross-
beddings and well permeability. In addition, the openings of honeycombs are basically in accordance with the
Voronoi diagrams.

Conclusions; The relatively homogeneous thick-bedded aeolian sandstones are the crucial bedrock lithology ,
and the Jinjiang River supplies essential moisture for the development of the honeycombs in the study area. It can be
deduced that small pits in the cliffs might generate from a number of points suitable for salt weathering during the
initial development stage, and then gradually expands laterally along the same intervals. Owing to the on-going salt
weathering, the inside back walls are possibly being weathered at higher rates than the side walls of the
honeycombs. Then the honeycomb cells cross through laminations, resulting in enlargement and deepening of them.
As a result, the honeycomb openings are in agreement with Voronoi polygons at least in part during the mature
stage. Eventually, as the honeycomb cells deepen, the side walls become thin and unstable and might suffer sudden
collapse owing to the influence of the gravity and wind.

Keywords: honeycomb; salt weathering; aeolian sandstone; Danxia landform; Danxiashan Global Geopark;
Mountain Danxia
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