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Fig. 1. Preparation of wrinkle structures on layered materials by fast-cooling treatment in liquid nitrogen!"?: (a) Schematic diagram
of the preparation process of layered material wrinkles. First, the layered material is cleaved onto the flexible PDMS substrate, then
rapidly immersed the substrate in liquid nitrogen; (b) optical images of one thin-layer graphene flake cleaved onto PDMS film; (c) a
large number of wrinkle network structures formed on the surface of graphene after liquid nitrogen treatment; (d) optical image of
multilayer WSe, wrinkles; (e) photoluminance mapping image of the multilayer WSe, flake with wrinkles (at ~1.6 eV). The scale
bars are 50 pm for (b) and (c), and 5 pm for (d) and (e).
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Fig. 2. The structure of the Earth and wrinkles in materials: (a) The structure of the Earth can be divided into core, mantle and
crust from the inside out; (b) the satellite map near the Nyaingentanglha Mountain, where the uplifted mountains are intertwined
to form a wrinkle network structure; (c) wrinkle structures at the cross section of one mountain; (d) transmission electron micro-
scopy (TEM) image at the cross section of one graphene wrinklel'”; (e) high-resolution images of the wrinkle corner; (f) the lattice
spacing at the selected areas marked by yellow and red box in (e), the interlayer distance increased from 0.33 nm at the flat region,
to 0.41 nm at the strained region.
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Fig. 3. (a) Global seismic distribution map; (b) global volcanic map. It can be seen that volcanic distribution and seismic distribu-
tion are consistent except for mainland China; (¢) and (d) are the ground and satellites pictures of Japan's Mount Fuji , it can be
seen that Mount Fuji is just at the intersection of three plates (d); (e) atomic force microscopy image of the graphene wrinkle,

which is similar to the volcano shown in (¢) and (d).
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Fig. 4. Due to the angular velocity difference between the northern and southern hemispheres, the terrain distortion will occur in

(a) EPBEJE VUL IX ; (b) R IEMBE AL ; (c) K

the vicinity of the equator: (a) The Indonesian region; (b) the border between North and South America; (c) the central Atlantic
Ocean. The red dotted line indicates the overall topographic trend of the region, the black dotted line is the equator.
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Fig. 5. China's topographic trend and seismic zone. In view of China's special topographical structure, the orientation of the main

mountains can be marked with the dashed lines, and the distribution map of China's seismic belt is marked with the pink color.
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Fig. 6. The simulation results of water flow rate in different channel structures: (a) The side view of one wrinkled channel; (b)—(f) the

flow rate mapping images selected at cross section of channels with different top angle.

026101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 2 (2020) 026101

R E AR 2D IR R UL — T 2 AR,
AT DL R ATE LR U — EAFTE L. ©
ZUESE, BRI ZAAAE R 10 s BRI, X
IR E NG ] = ol o < P w = AT O
5 Hy RAEFA B SAE RO A SRR, IF H A
PR g it e R L R LL A R SR A B AL
Py, IR A TCHL A — S AR A A i AR SIS 1) S
RSN 2, Rl BBt A 2 )5
FHE AR IR A LY. ALY A i IR
P4 AT SR 5 28 R FE) T sl P A AR R B B 1
) e JEE 1) AR RE R R L IO 120 S A L Bk R P
JREI AT RAR SR R A L, P B A i
FERIE A . RIH AR RIAT B R e A L) 2
HAATERY, LRI B BV A i A7
i B R AN B B . BOR A Z HBS SRR
TEIRE B L AR AT RE AR AL IR A LT, A A
I EERBRE IR T, A B TopLER LA BOK AR
JUASAT LA iy N i) S AR A 254, 5CT A= i
AR IS — R RAYIEE, A2 BRTASCHTFEIE
AMERAIIET, SRR — 5 H.

3.4  NIL5EHREIFZ

TEd #& BZIRBPRHB A, 2% 2B BIERPIR
FRALATAL T ) —LESZ R, XL T2 T AR
REPEAS, RIS A | i i 3RS A LR AR
AEAL, EAESE AL L My B A~ 1 . i =
AEF R T ARAE B, R BT RE A AR A
BN 6 A fe e B ML T, A28 )2 A1 sk Ao 191, e

AR A B ST T DX s S Ak T
FVEZ. TRVRE Y 2L S T) RN SR £ 14, #4380 AR
Bz h A5 T, R RE 4 L R X s 2
PEAIXT e deAa i 1Y (] 7(b) FIE 7(c)). w84
ARSI SR T AR SRR AR R 2 5 T LAGE, 2R
AR P XA AR K200, X R 2l AR b1k
A2 PR I, ARk OB T X IR AR 1S P
X S T INTE R

Hu Bk b 5 R AA R e i 8 A IR A
RUFR b Ty, 3 7 B A 1 P A R Y X B 2R
IR Bk e 1T 23 2 B0, V522 KL 7 A2 B H T
FE A D3, e R AE PR AT e S i 7R
A K LA AR AE = ARSI A ot X, i H AR
Y E L BRI R K L A5 33k 19 A KL
AT R R RE 3T 5 (K] 3(c)—(e)),
TR IDX Ik b T 25 AR T 55T, AR R S AR X I,
TOUZ b JZ2 % 1 1 3%

HuRE L KRR A E S VIR, (B AR
KZEN. FARAIHRR | B AR A K L AR e
LB 7 BB e HRIE R, SR ATV B Y
HRE LRI T T X PP 7. T R R R
FRITTRE AT S T 5 8 X 3l gl oy A 5 7 R T S8
[, X TR R ARG KI5 R R, EZAN T
RIHLRE, RZ M0 /)N, R A X 455 . A J i
] bk, Ll AR 2B A R 1R e XSURE R 7
REAR T R B Il 58 3 1 & A i DR Kz Fr B[]
KF, KA RS R ER R R e (B2
SRR ), ORI IR (1) BE R A, M R T

Intensity/arb. units

1200 1500 2700 3000

Wavenumber/cm~1!

B 7 JZRRAME R R A S sk Bkl (a) —EEIEFEBE R B KL (b) A Ba MR AR AR B AR AR 10 h R IE SR E A 19
(c) B 7(b) RN E (A, B, C =AK3) W5 B 57 2 61, 45 5 3 W70 RS 4% 3 10 Ab A B 0 bl 58 4 Z0 Dl et | 7 70 48 408 L w3 o %1
Tl E SR KR /IS, T 1580 F1 2720 e B G U 2D s 7 S R X gl R X A

Fig. 7. The wrinkles in layered material and the volcanoes on the Earth: (a) An erupting volcano; (b) an optical image of graphene

wrinkles after 10 hours hydrogen plasma treatment!’¥; (¢) Raman spectra of graphene measured at different locations (A, B, C) in

Fig. 7(b). The Raman spectroscopy results show that the graphene is completely etched away at the intersection of the wrinkles,

and partially etched away on the single wrinkles, with the smallest change in the plane region, and the G and 2D peaks (1580 and

2720 cm!') measured at flat area are relatively strong.
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Fig. 8. The matter flow on the west side after the forma-
tion of the Tarim Basin, which flow through countries such

as Pakistan, Afghanistan, Iran, and Iraq.
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Fig. 9. The evolution process of China's topography based on matter flow hypothesis: (a) After the collision of the Asia-Europe
plate and the Indian plate, the Himalayas are formed, causing the matter flow in China to move from west to east, as indicated by
the yellow dotted line; the red dotted line represents the Tarim Basin; (b) the matter flow is diverted to the southeast by the Or-
dos Basin, forming a special terrain on the southeast coast of China; (c) after the formation of the two lake basins, the Xiangzhong
Basin and the Nanchang Basin, the matter flow is further diverted to form multiple mountain ranges; (d) the formation of the
Sichuan Basin caused the matter flow along southeast into two main branches, one of which flows southward to form the Heng-
duan Mountains, and the other part flows northeastward under the influence of the Nanyang Basin and the South North-China
Basin, forming the Taihang Mountains and the Daxinganling Mountains; (e) affected by the Sichuan Basin, the southward matter
flow continues to flow southward, which influences the topography of Myanmar, Laos, Thailand, Vietnam, and Malaysia; (f) a

schematic diagram of the main current matter flows around China's mainland.
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Abstract

In this work, we propose a universal method of preparing wrinkle structures in layered crystals, which
provides a good model for studying the physical properties of layered materials under strain. More importantly,
there are some similarities between wrinkle engineering and geological activities, which inspires us to give some
possible explanations to the mechanism for geological activities like earthquake and volcanic. The wrinkle
structures of layered crystals can be achieved by exerting uniaxial or biaxial stress on the flexible substrate,
which is very similar to the layered structure of the Earth and the formation of mountain folds on the Earth's
surface. Since the Earth has an uneven mass distribution and self-rotation as well, the moments of inertia for
plates are different from each other. Here in this work, we point out that there is a difference in angular velocity
between the north hemisphere and south hemisphere, which may strongly influence the topography and geology
activities near the equator. This work provides a possible mechanism explanation for several geological
phenomena such as earthquakes, volcanoes, and continental drift. Based on China's special topography, we
propose a matter flow hypothesis and discuss the orientation of matter flow in detail. We point out that the
geological activity mechanism in China and the regions around plate boundaries is quite different. The matter
flow hypothesis can be well applied to explain the causes of earthquake disasters in China, the distribution of
mineral resources, and the possible causes of oil in the Middle East countries. Besides, it also provides a new
theoretical guidance for predicting the earthquake disasters and prospecting the mineral resources in China.
This work provides a new idea for humans to avoid natural disasters, to understand the natural phenomena on

the Earth, and to make rational use of natural resources.

Keywords: layered material, wrinkles, stress and strain, earthquake, volcano, matter flow
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