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Fig. 1 Photo of Heinrich Rudolf Hertz (1857 ~1894) (https://baike. so. com/doc/5401988. himl) and point contact stress
distribution obtained by Hertz (1881)

F ik 25 W %4 ( Anderson, 1936; Bahat, 1977a, 1979,
1980a, b) . I DXTA[ 3 H A9 Bk 2 101 UL Y B2 i
MR ZE R (E 2,8 3) s BIORE T, Kb
F ) MG AT RE R AR 2L I R I (BT 4) A
FAE AT 2SR o R T 2% i 22 i TR UL
A H PR E E A R DI RERY A g, — L 2R 3R
A S PR e S 6 2% 0 24 1T ( Bahat, 1977b) , 7EUTAR
(Y B RIS SIE S e v ol 2 b 3R Al 2 5 B ) kL
BRI 5% W0 25 A 11 FL B SR A8 3% 4 ( McEwen,
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Fig. 2 Hertzian fractures on the surfaces of gravels in conglomerates (the Devonian Zhusileng Formation, Alxa, NW China)
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Fig. 3 Hertzian fractures on the surfaces of sandstone gravels in modern rivers ( samples from the Huangshui River,

Xining City, Qinghai Province; white arrows indicate the Hertzian fractures on sandstone gravels)
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Fig. 4 Hertzian fractures on the surfaces of modern eolian sands (Herizian fractures are indicated by white arrows)
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Fig. 5 3-D model of Hertzian fractures
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B AT 2 1 2Bl S OBk 22 W 20 L ) 35 93 A
(K 8,Zeng Kaiyang et al. , 1992a)

WFSER B FEAE i 2 W A9 1 fk TR LY, O 2
B3R R B R T, 24 0 (8 (18 8A ), Tl LR AT AH
L) i % ( Zeng Kaiyang et al., 1992a; Fischer-
Cripps, 1997) . TESEMATIZ A0, e K EN T (o)) #B
SRR JFTER AT B BE i F EROR (K 8a) o
JE M 2% TP HE T B SO ) E RN R, 7ERE
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SRR AR SR ik T 2 AP AR o 2 T X DAy i DX
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T 2 T WAL A R AT A e 2R R A
H s 249907 (fracture toughness) , 51 A T W 7158 & &
K ( stress intensity factor ) A HE & S H 7 2 ( Zeng
Kaiyang et al. , 1992a, b) .
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B 6 2% 4R 24 A BE 43 A1 ( Kocer and Collins, 1998)
Fig. 6 Angle distribution of Hertzian cone crack (Kocer and Collins, 1998)
(a) FETE5EN LRGS0 A HE TR AR 00 5 (b)) FE T BROTAE AL A A 2% 1l 2R s 0 40 o ) B /N 2 B T3 B TRIAR LR 0. 21,
a PRI B4R - R BE B AR O MK RE RS 2 S EE B e O 1 T LR B
(a) histogram showing the distribution of experimentally measured angles of cone cracks in soda — lime glass, using a cylindrical punch indenter;
(b) trajectory of the minimum principal tensile stress which extends from the tip of a Hertzian crack grown using the finite element model, Poisson
ratio of 0. 21, a is the circle radius of the contact surface, r is the horizontal distance from the load center, and z is the vertical distance from the load
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Fig. 7 Hertzian fractures and geometry of indentation fracture with spherical (a) and
cylindrical flat punch indenters (b) (after Fischer-Cripps, 1997)
BRI 122 2 T P A 2801 1 38 DR A, T A R 54 T e 28 77 A SRS 3 AL 28 B9 183 320 9 A B AR 241
The spherical contact surface increases with the increase of load, while the cylindrical contact surface does not increase with the increase

of load, but the stress field distribution of the two is basically similar
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Fig. 8 Distribution of normalized principal stresses of Hertzian fractures at the surface

(a) FEMFRENE Y LR, X RACR AR A A BE 28 i 280 PO B B, Y R AR i R AR HEAL 0075 (b) —(d) il
AN F2 R T A HER IR ( Zeng Kaiyang et al. , 1992a) (T FERORSASE Ll R, 3207 B9 R/NHITT 1] 5548 3 M it v > 463 ] 1%
HAR, ZEH SR AR 2 th i E B o >0, >0, BN TUE)

(a) variation of principal stresses, where X-axis represents the normalized distance from loading axis, and Y-axis represent the
normalized principal stresses at the surface; (b) contours of the principal stresses (o,); (¢) 0,3 (d) o, in a plane containing
the loading axis(Zeng Kaiyang et al. , 1992a) (Note: In materials science, the magnitude and direction of the principal stress are

exactly opposite to the usage in the structural geology. This paper adopts the definition in materials science, i.e., o,>0,>0;,

and compression is negative )

o, BJT R HETE i S8 1] BB A P R AR K Y
R G oy W Ty Kk, R E A Bl
MH T o, 15 =4ES E) T X S HEE B 208 i — 1
HE, DN ST B TR BN 2 45T oy Fl o
RYEK & $5 1il ( Fischer-Cripps, 1997) ., A LAFE H |, #E
JEWRR T mode-1 RIS (BRMEZL) |, (H B fir 214
ek MO U EAE 2 R AR By DI . TiAEF-im |,
WATLAE H—RINEEH T o, WELOE , JCHETEE
fl [ S, oy F1 oy 4R R | PRI BT[] [BRAR

MARBEZ T o, TEREMNE Z AMG I BR 5K
R APt 2 S SR bR e 288 1 s i R 3% SR P o
B ok TSR S — U T
S DR I 2 T 28 R ) R T 1 0 BB R R — 8
3 HLfE/R (Riedel ) B 24 K i 2%

( Hertzian ) i 24 A9 X b
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Fig. 9 Side view (a) and Plane surface view (b) of stress trajectories (o,—0,—0 ;) in Hertzian field
(after Bahat, 1979; Fischer-Cripps, 1997)
A A ()
X R T R VSN €S
”;/ EIQERIES Lunate fracture
NV, = , \\\\ \
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= £
7 Y P B H TR
() . , Crescentic fracture P
o o ° 9 W \W}? WWWW
Q0 ™ - A v
[ >o O
Aj)j P
7 0. >0 ) ; @ ®
®/® © 5 920 o —9 R" R 1
ORI (R shear) @K% (tensional fracture) R
QPE I (P shear) @ RBIVIHZE (R shear)
® WYRLC (chatter marking) (b) :

E 10 BAURBIYISWIZ MM . (a) BARITYINEZ (Logan et al. , 1992) ;(b) Wi)Z 145 FBr H B4 1
(Zhang Jin et al. , 2011) ; (¢) W2 TH-5A F R FAE A A BT 300 W2 RS 1E (Petit, 1987)

Fig. 10 Riedel shear and structures on the fault planes; (a)
crescentic structures on fault plane (Zhang Jin et al. , 2011);

fractures and the resulting fault plane structures( Petit, 1987)

Al 25 10 R LA 4k 1 % R 42 ( Bahat, 1980a,
b) . WiZiH AR IR B HA G HRC&A
TARZILR B2 50 h B R 55 D) D)L K W7 J2 1
FEZ5 2 [ 45 0 17 5% (& 10, Riedel, 1929; Petit,
1987; Logan et al. , 1992; Zhang Jin et al. , 2011)
FE I L W72 TR 1 v, 2% ol H B 16 19 & oy
A 3% (K 10b; Tjia, 1964 ;Petit, 1987;Doblas,
1998 ; Zhang Jin et al. , 2011) , 3% 5 yK it i 5 A %lfy

Riedel shear fractures (Logan et al. , 1992); (b) different

(¢) combination of main fault plane and different secondary

WA —ERARRIE (B 1), SR K2 i L — 2
B A B 3 N D P T b ) AU s HA A (] A R A
BLHR IR S

Tjia (1964 ) Ry T5H5 [n] WL 35 BT 7 412 50 J7 1]
BIFR A BT H B ZI 8 ( crescentic gouge ) | 9K TL$E 7] 14
1 75 £ 32 30 5 ) 1 8 H OB i 24 ( crescentic
fracture) . FFIN A BiJE ( chattermarks ) A% 9K 15 48 [m) #4)
TR, AONIRTIAY J7 18] FI W, 3 A4~ 93 28 5 H i
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B 11 BR2EMERARAE . (a) HITASEH] (3256 % HIE LAY San Marcos #EH A HET YT, 5 Ai and Ahrens, 2004) ;
(b)—(d) VKNS BRI A JE A4 3 -1 T AT 4RAE (48 Krabbendam et al. , 2017)

Fig. 11 Characteristics of Hertzian fractures: (a) cross-section of laboratory impact crater in San Marcos gabbro, showing the 4

types of crack failure (from Ai and Ahrens, 2004); (b)—(d) characteristics of different crescentic structures on the ice-erosion

surfaces (after Krabbendam et al. , 2017)

L3 8 i e T ) BT T R R 3 R — B (K 11)
Petit (1987 ) —2& HAT UL A i 1Y sk M ik bR 2z
#r H k2L (crescentic fracture) , M5 R WA &
FIZAFAE TR Z A A T2 % %4 (lunate fracture ) , He
SRTGUHE ] LB BT B2 3l 7 ), A BFE A
AN LR W T (BRI ) S B S B0 3R H
A & ) EEZE R (E] 10b, Zhang Jin et al. | 2011) ,
(B[] 1) 25 5 RO Ay A W 2 T )y 3 v 22 K08 H
RURE) 35 HRAN S PT HE Y3z 3 J7 5 2 1157 H BUAR 3 AN
[], o ia b A5 A B it 2 B ) o FE AR AR 3 T A
iR AR T EE 524 4% (friction cracks) ( Gilbert, 1905;
Lahee, 1912;Harris, 1943; Dreimanis, 1953; Smith,
1984 ; Rea,2013; Krabbendam et al. , 2017) ., JiLH
J& Harris (1943) # i R G 00 E A, K R EHFAEAN

[ (5 ) BUAR) i | AEL 3 R — A ] oK )1 i
J5 o) L JF IR AR A R, IS B —
SO R, e b (AR R ) —E R R
W 78 A AUA 3 A & B ( Dreimanis, 1953) . {HX X
ST ) A 335 e 2 TR ) il PR A R AR A Gilbert
(1905) BYIAIR, By Tl — M3y 1) 5 £ BLEE /R 59 )
ML Sk i B, AR 30 2 8 H B i 2 (crescentic
fracture ) BT H JE ZI4# ( crescentic gouge ) HYJE il
INHJE T2 R 57 U1 2 (Iverson, 1991a; Rea,
2013) {HEE 22 19 D) ] 52 0 T8 300D i 2% 1 4 A =X
>k f# #¢ ( Hamilton and Goodman, 1966; Frank and
Lawn, 1967; Lawn, 1967; Swain and Lawn, 1976;
Iverson, 1991a; Rea, 2013), X FZIHELE T k)i
kR rh UK R BRA S s ERY £, B
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HTELZTE BT AE RTS8 % 1) B PR g R, AN (] 7)o A
Fagts F2 BRI B RN JEE A8 AR K kA -5 T sl i )
FE fol T R /N B A TR R 55 K ((Preston, 1922
Hamilton and Goodman, 1966; Frank and Lawn,
1967 ;Lawn, 1967 ; Engelder and Scholz, 1976; Swain
and Lawn, 1976;Smith, 1984) .

H AT, AS [R5 4 H i JLA oK ol 7 A A it
Wy S AR X FH B R B DR ik B, AnoE A B i 2
(crescentic fracture ) , Lahee ( 1912 ) FlI Dreimanis
(1953) #RIN M A I 2L ( crescentic fracture ) H il
Tea) KT AITE D7 1) 1 8 4050 £ 78 60° —90° Z 1], Ty H.
HRIESKAE (Gilbert, 1905) , 31X 55 WL 4 HL 28 /K 55 )
PR BRI G . BIRIZEA G 5 W2 1
B A %2 ((crescentic fracture ) ZSPL, {H 2 W7 )2 10 )
WIS 2 N KA B 38, [RIRE XT3 A B
ZI#l (crescentic gouge ) H W [A] vk ) i 7 1) 19 32
ZLE 0, S TR A WA A B 22 il AR R
Dreimanis ( 1953 ) i\ 2 &b T 50° ~ 70° Z [H],
Krabbendam %5 (2017) WA A%/ (/NTF 30°) 1M
Iverson ( 1991a) il i BN 12 A BE TS FEIAR K, T
o 1T B S 5 K R EE T ) AR
o

— WM&, 5 F 5P E 50° ~70° % M 1) £ 02
ROEZL(FR 1) R R 2 Wbl oh 4 e 34, 4R
T Pt AT ) AR g D) 2 2 7 A g8 i 4+ ( Gilbert,

1905; Lawn, 1967; Frank and Lawn, 1967; Iverson,
1991a) , WEAM, i T AR 2 AN 1Y 1 EE AR TE R R
220, PR 1 T AN e T LR 59 U fig R ] — 2
MM crescentic gouge HY M 2 A /N T 30°, M
Al RESLE AR Y YT ) R B3 Rl AE L i 1
Wt oT . e T e B LA 1136 b DX DL 21 458 A R Z 0
(crescentic gouge ) MV [a] oK )i 2 77 1) () FE 0 R4 1
1A AR ZE (18] 12a) , FAT TR LAt e i R A8 K 59 47)
T R B, ITEWTZ T PR B S i e 4
— B BRI BT H TE 24 —lunate fracture, €] 10¢)

F1 BERIVIHAZEHAEXR
(& Logan et al. , 1992)
Table 1 Angular relationship between Riedel shear
fractures ( after Logan et al. , 1992)

& Pc (MPa) o B o A
50 17° 55° 70° 17°

100 14° 520 76° 18°

250 18° 53° 720 19°

100 18° 53° 74° 19°

100 16° 57° 71° 18°

100 12° 50° 69° 9°

300 13° 520 74° 15°

T 15° 53° 72° 16°

AL R b R A R 3 22 LA A2 AR Y
W 3 33k DRl T HUEE R B U, SR T i J= 30 8l vk
NI BRI, o A W2 1 _E A i 2

Bl 12 vk sl A JE Z1H8 ( crescentic gouge) : (a) Tuolumne Canyon ( Gilbert, 1905) :
(b) VIR E LA T Gt AR VKN 3 S ) o & k38 5 vk 30 07 )
Fig. 12 Crescentic gouge caused by the glacier flow: (a) Tuolumne Canyon ( Gilbert, 1905); (b) Shimengou, Lushan,

Henan Province (Latest Neoproterozoic). Arrows indicate the flow directions of glaciers



5H SRPESE  BRAER R . — Pl 2 LA 11

AR BT DAL T 2, K T L A R 3 D) DA 2%
BN RHE? X2 S0P K7 2
EFUK N B 1k 4 Bk 0K T Rl KR T E (Alley et al.
2019;Lee and Rutter, 2004 ) 1fij 72 "I B4 T )2 £
kA To B E A 2 E R (Scholz, 1987) 7 J&1%
SR LA SR A R VR, i kA 2 T A
RO T3 575 INAT 5% (Hallett, 1979) 7 FIREFRATRS
DI 7 ] BURA A Y U R 32 ke /D 28 G RTINS i e 10
AT REA —E GR35 I A RO R, ]
REW AR — 2L TAEM 7 W) .

IR R S BRI R AR AR ML
Al 07 AT TR L I AE T3 2 L R ARG — 20
AIUEH BB R ZRL Y I ) 23 A 55 2% e S 10 )
Sy AR F B Y DO, 32 R %% i R
SN ST WARTE | i LR R R S A £ T
s i) bW 7 1) 0k 2 AR R 3 B 22 46 ((Naylor
et al., 1986) o ASCIE R 2% i 241 A8 /R 2L 1Y
Fie T R P R BIL A [ g EL R g S A

[e] , {EUR S R M 3 A0 LU AR, FE RSN 5 5|
A —BURE L, Wb LR 73 HE T B3 5
PEIRBZROT Y R BRAE I L AR A LSS, o
H AL AR X )

4 b3 i A TR R

PR 325 b [0 2% 40U P XoF T LA R B DAY (4 B
FABH O ZAS TIEEHRARZ IR, MK TH%
WA Iz HINEER D f R HGz 2 5
AU Y 2 9 FE b T 22 5K Gilbert, fth B 2y i B T vk
NI 8 7 ol T R A 20 )R R B AR 2 R
(crescentic gouge) (Gilbert, 1905) ,{H 40} Gilbert ifs
ANHEBFRE R AR AT . BJF AR AR
Elp A BN I RVAN = QI B e B R
({307 (Rea, 2013) . fEH AL S, ELF] 20 405
], LI %2423 Dov Bahat 3 G065k 25 ik 24 51 A
FbigE v e B EAS [l XA 4R AR 2 o A T
TRERE, TR W B A 1 Y AT & (Bahat, 1977a,

,/7 ‘ b 4
X RRRLIRS O
BREESOESSEEIEEIEEIEEOE —

(b)

P 13 R AR B S LB 22 A B RS (5 Bahat, 1980a, b f2140)

Fig. 13 Hertzian quasi-oval fracture model in the overlying rocks caused by the emplacement of magmatic rock ( modified from

Bahat, 1980a, b)

(a) BEIE E AT 2Z TR (SELLER) , SR AR TIUG il A 45 A5 1F (F Sk ) B/ PRI HE Ff 180, e 2822y B
o, BRI, HE AR PRI, BB WA K- 05 1) (R 2R RS AL A I AR . (b)) B 2% WAV B B SR Y
LLOZAMER T i TARARSE IO B A AR 5 R B9 U T 11497015 DX, r 2 A Q3 5K I 7l 46

(a) Theoretical deep Hertzian fracture (solid line) which shows an increase of the cone angle on passing from compressional

conditions at contact with indenter (arrow) to horizontal tensional conditions and becomes cylindrical. In the upper part of the

figure the fracture gradually approaches horizontal orientation ( broken line) due to horizontal compressional conditions and

becomes paraboloidal. (b) The Hertzian quasi-oval fracture model. Isochromatic round bands which designate regions of equal

maximum shear stress develop due to an upward vertical indentation. Broken lines indicate tensional stress trajectories
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1979, 1980a, b) . {HAEHL 22 HAB ST P A 0F5E FRE05E,

Friz Uk RARAE 5 0 T, BARBR 250 248 i) 2518
AL AR 57 1) 2> AHANAE AR B rh T2 A
25 5 4 AU RN AR S R R 32 e 2 2 R A 17 ok
B S 2, THI A B Y 5 %% i 4 AE — L b T 2 45
S I FH DA SRR R R AR R TR 7 1wl

TR 2% T 24 T L e B B R R SRR 1) 1l 2 (A
1), FEHBER b3 R IAIR A 2 0 4 3 A A AR AR
TR . X PP G AR S R R 2% 24
HWELL AAC SR T —ERENIR, aKR
A DL S Fh SRR R 8 B ) ST e R FNARE A LA
N —BEHEIR A K1Y & F ( Bahat, 1980a, b) . Bahat
(1980a, b) 423 H —Fh LT B 2505 410 A AR A
FE MR AT BRI | Iy 44 Sk A [ o A
RICKN13) , TRl Tk gk i 2452 2 F A
IR B I ) SR 20 B T2 o8 1 7 2% Tl 284 5 L AR 1)
2% 24 (oK 25 AR ) BB RN 5 ) A7 —
FE 1Y X1 FEASZ B 5 4R TR R ) 251 T 4
FERT LB B — AR A L 7 30 UG [ A e 24, 7
AT HEAESARAKN LT, WA R—
R BIERARR 07 HR B 5 58 B i 5
SEUREE, T T M2 000 W] BB I 8 0 £ T A (A
13) . Bahat(1979, 1980a, b) FH k2% % 24 il 2h it B¢
TR LA R A5 b X R IRAR A Z S BT B

IR J5 1] 5 2 SR AR A3 8 o 24 15 SR AR
R, A AR AR A i 2, (HR R T
2l H 3R P TR AR K I TR B0 6 4% i 24 T R B
RN BEN . T 4G 002, 28 B 7 2% i 54
SEAEMETEE AT | M5 R WSt R I ZE S AL
AMRAE 945 0T 0 23 8 Wik 2% % %4 ( Anderson,
1936;Bahat, 1977b, 1979) . Ktk ol LAR #i BRI Ak
SURHERBE S 280 TR A AR A BUE $h 28R
F 19 25 2 8 7 LA R I 7 b J2 B4 07 7 6 B 5 B ( stress
intensity factor) F13 ¥ (toughness ) , IT RITTHHE R A
A/ ERJS IR B R R AR, L) B 2= ] L )
HuDE A AR SCS B E I,

[FRE  ERZ AT R (TR ) R FIRZ ]
JEFNTS A 1, — M T AEAE 3 Fha] RERYBILA
O sk BEERES, @ KILBEE; QO HERA
(Bahat, 1980a, b) , 1 i &4 3 A 7 | 55 2% % 54
IR —3 . BT E AN R IR R IETE R
TR X L AR 3 A R B N R bR 25 S
T30 3 A 2 il 244, 7T DA Bl RS AT B (T
FJZ ) —LE Yy BT, QYA b DL RN g i

Wi JZ= A UK Y 32 Bl 2 1 o Wy, 36 [ A
Gilbert (1905 ) i i fF A%, 2 Hh T vk 1 #5417 1) 55
AAEVK)N I S 217 4 Y crescentic gouge S ]
FEMIB B AR R i (B 12a) | 1T 3 R4 3 390 2 6
25ME . MR Y Harris (1943) i — 251448 T %20
PR A MK N2 3 07 [ Z [ R R . FEARGE
R ZZIER AT BT | 28 2 #9128 UM 3t v i) Bl 2R A
BRI IR g R R, S R R L
—FRAF DL T R B B EE 22 T MR (B 11b)
T &% T 2R A R B 8 B (L 10e) o ZRABLIAY
[ RS DB J2 8 i Rt 23 S A, HL 2 T I T Y
WFFEIE 2 LB, R RES D R A R AL, U H 2
JZHEREA— R IE W i X L85 H
e i AR R LA 2 T B AR TEA LU BIR L, [/ — 44
TR AN [R] B M 3, 3 0 3 AR AR ) R TR X
(W _F3RFi8 , Zhang Jin et al. |, 2011) , HR2ZHEZ4AN
AEIR By VI A mT LI s A B A (P 1) | T
TERA B AN [R) R AR P B, J2 T At ) BT A B
PR e oK LA K B J2 3 3 0 1) T A i 42

T 1L DX B Q8 U8 DX T s s b B L T
EPRRARIAR FIRZ #2200, X AER T RR A1
T iz ot v 5 A Bk A &R TAHEAER], ke
Kb KB 2L B — R TR IR A 5 75
(E2,183) o 1 ia i e v = 3 2 A I o iR e
J B A 22 BRI A ] BE SR AL A PR L B I 3R A5
H R 11 4648 (T8l 2b) ( Brzesowsky et al. , 2011) ,1E
HAERITE AL T, w] LATHIR0 3 R A i SR ) ol I ) R
ANFITTI], 29K 3 5 X o3 A B BEFI 28 B [ B,
McEwen ( 1981 ) 38 1 X Ba] 7K B Hp B hr A7 435 b D Je 74
U A7 W oa TR AT S T A R o3t T 3 A
A ZIE L, P B Type 1 Fl Type 2 24 54K -
AL TR LB R A W, I SRt 2 A 3 b Sy
7% & (Journal of Structural Geology ) 55—/~ 18 Al
R ZE WAL LT 3 A R B R

TEAR Pl A3 R v —Se i B iy T 7R A L)
G TGS R 7 AR Y 5E 0 AR AL X L AL
FEMR Heflf A it A v ] BE L 238 S ARURE 2% 8 2L i A4
M, [HIX SN2 B A Rl A G R s A Al
5, i iR ) B g R A N X, Molnar Al
Tapponnier ( 1975 ) Fll Tapponnier and Molnar ( 1976 )
BT SR 22 i RL ] S 0L R T R 3 B (slip-
line field theory) , F LA i B B EE Al B B2 A MR TP Al B
ST TR A IS HHE i T — R 5 A4 T2 8 1
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atk
b % BE ;
X ask weant B
\ L X
s
(a) (b)

/

(%) 4197 1 /2

i i 17

& 14 B3R — R A B il 119 9 28 S 45 5 ( Tapponnier and Molnar, 1976)
Fig. 14 Slip-line field model caused by the collision between the Indian and Eurasian Plates ( Tapponnier and Molnar, 1976)
LR CEDBERRER) 5 WA R (IRIEAR B ) A ol T30 2% , £ (0 2k B AR T e ST i 2R

The red spots indicate the edges of contact between the indenter—Indian Plate and the wedged body—Eurasian Plate,

the red lines represents possible cone cracks

B, IXBCWrZ R FORT 1) 2R, T E AR A2 b
RV R T WISRPE L G R x5 28 A T e
PEGUSR 2Z A AR S8 1 2 3 R 22 %
SUSRI ) BRI A B B 200, Xl e 5 5 57
TR PIPEA [ A 2 OC 2 (HLJ2 P A 8L 8 T ) )
TN SRR A L B2 ) S AR
WS (&1 14 ), i 28 Wy 27 b 2% B8 58 vl J2 HETE 1
2, LU RIS AR A Bl 2, T AR B XA &
BB — RV —Fg 2 E 18] B A AT 7E W BT L R 52
PG R R Y 2R DY 1] 224 A E U R DA KT RO s
FAL R A IEWTZ 5 Bk 22 R R Ak . T
Xk 28 Wy 2 B A AN [A] I iR ( Molnar and
Tapponnier, 1975; Tapponnier and Molnar, 1976;
Tapponnier et al. , 1982 ; Cunningham, 2005;Yin An,
2010;Yin An and Tylor, 2016) , {H'EfiTHY Hi & 7] i
SR ERR AL A O, TR R ZU AR e 2
O sl T X SER R

s UL Y2 b IR S R I I T ) 22 SR
R AR H Y MR 28 8 B R A RO Al Bk

( Molnar and Tapponnier, 1975; Tapponnier and

Molnar, 1976) , f& 7575 B BE— NI Al B gl 43 3 72 vh
W 2x B PR PR, JU AR 43 K A ) 40, ERJEE
M B 55 TV A B 0 il 428 15 3 i 2% Tt 224 1) 3 A T
HA &R O T s —SE {24 il 2L A ) 3
T 3X L) 3 7 J B2 ) 28 2ok 7 P e 80 3 i A
PO, 307 AR, A B AR Bl % ] &
AIVER  TE BRSSP A B R B, A, BARTEAE
Gk 2% Bl ST 5 v EE T 9 52 M AR /N ECE S B IR
1A LA Z2 0 T fE AR SRt e f v, S 5T
REGAETEA A] 200 | X 7 FEAK i — 2D ST

5 %5

25 2 B AR AE T AR R AT RL A — R E
F 5T AT, 187 i S5 2 45 el 3k K ik 3] 0600 (10 o
8 210 A Ay DX 3] 1 LR B 1) ) — o 47 A
SR 2 A7, B BAER BT U1 H AR A b i
R I S 3 A 2O X AR TARRIPER 75X,
M 250 S T 1 BRRAE 9 T 0 24, i 7 S T
I BUSCFAR LSRR HETE 2 5 s A
()2 £ R AR I BIAAS LU A BBV OC &R . R aE
SUTE Hb T U A AR T L N AN, B R AT L
FHR I 2 P o i B0 1 e PR R SR R A 2 o e
HEPR AR R ST AR F B ok 1 DL B B )22 1) i By 2
Jy ], XA AN RV 2498 i 3 A B AR i 38 ] LS B
PRS2 DURREREE DL R KW 1 8 A i A8 T A R i
IR RGN (N T 1 RO e s N e 2R W
HMESY kA BT HRL A — e 2 Y R 5 kR L R
KEGHASTE - E LR A T J 1) — R 51047 A2
PRI T AR, R ERATE R, WITRE (T
B RZ AT 1 R BRI S 5

Bigh P DL SOOI o B B 90 ARIE, E R
] s b ST AL B S8 O VR R 2% i L I SE L BN
5% AH 2 Th S FLAE (1960 ~ 1965 ) B4 28 T i o+t L 5
TEAN R B 7, L& 2R 0 3 B g 2k I A 0 )
KI5 W BEE MR (S o3 B MR A,
1965 ) 75 24 i ) [ P9 Al Ak 400 58 1 K, 5
W 28 558 H BUA I b AR S A B 5T Ao A RS A
JC RIS AS [R) 23 BEl i) A7 A W T AESL, 72 A
AR R Z F 520, A0 W20 5% 1wk X A2
JI0 S BRI R 2, S5 1 P 9 ) 1 2 02 DA
ANTTI A2 I M S S5 R A R, Bt
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Hertzian fracture: A type of neglected structure
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Abstract: The Hertzian fracture has always been an important research field in engineering and material fields,

but its application in geology is still rare, far from being as familiar as the Riedel fracture. However, the Hertz
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fracture is indeed widely developed in nature, ranging from micro scale to outcrop scale, from plate scale to
planetary scale. The Hertzian fracture is distinguished from the Riedel shear fracture as a point contact fracture.
They are both unique and commonly developed fractures in nature, representing different boundaries and stress
conditions. The typical Hertzian fracture belongs to the category of elastic deformation. Because of the point
contact, it forms a characteristic cone cracks in three-dimensional space, and turns into radial and ring fractures/
cracks on the plane. The angle between the cone crack and the point action surface is closely related to the Poisson
‘s ratio of the acted materials. On the profile, the cone crack generally has a certain angle of inflection, and the
angle between the lower crack and the sample plane becomes larger, which is a typical feature of the cone crack.
The Hertz fracture has many uses in the field of geology, such as measuring the toughness of materials, explaining
circular and radial structures, explaining the origin and shape of cone and arc fractures/cracks, judging the
kinematic characteristics of glaciers and faults, distinguishing crescentic structures formed by different fracture
mechanisms, etc. It can help restore the sedimentary environments and judge the ancient stress field during the
diagenesis or tectonic deformation. In the process of plate collision, the Hertz fracture can also be formed under
specific circumstances. This type of fracture will help us understand the origin and development of some faults and
the deformation of continents, and provide the interpretation of the deformation on the surface of terrestrial planets
(satellites).

Keywords: Hertzian fracture; brittle deformation; cone crack; ring crack; geological application
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