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Joints are planar tensile opening-mode fractures whose relative motion, as the fracture propagates, is perpendicular
to bedding plane and occur in a systematic manner to form a joint set. This paper discusses the mechanical control
of joint propagation, the relationship between join spacing and layer thickness, the join saturation, the frequency
distribution of join spacing, the joint density, the cross joint, and the development mechanism of joint from a lot of
recent joint studies in sedimentary rocks.
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T2 &Y% wEY EFS AR 9L T F vk
(Dunne and Hancock, 1994).

8 dAolA Hele) ZolEolpl et 7T (aperture)
o] ] = E3u) aspect ratiops B W, A £, &
g W ol Aoz AAFTHBai and Pollard, 2000).
Aele] she AdlllA fAlel5e] T2/ oE o
TZ R AR AgadM Ad dELe ol Aske
15 2 2F A ofF B FEE dSEs] A =
dQ2s kel 9ol 283 7o) Aok Tayler et al,
1999). 3¢ HAYNX Hele 7 Wil Hjsf 43
oz §A4 olge ®H} 71 F2E AlFsH €
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e A9s} E3t) o] & AAE B E(bed))
HY = QA obd = AR o] £7 Zeo|(E
g9 Eolye g8k Z T (mechanical layer thickness)
9} SslckBai and Pollard, 2000). <3714 S8z =
(layer)ol@d deJEo0] H3H4 dAo| FALGE F(layer)ll
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3 & & Jdoe AKE dEs] 1l 34E S(oed)
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(Narr and Suppe, 1991).
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o8k4) Z(lithology-controlled mechanical layer)# 4z
A =8H3 Z(joint-controlled mechanical layer)2-E
e 4 gl (Fig 1), A 93 T2 288ke
ol FA Asshe ¢ BIEA 2 AAle 92
W3 geky Ao xjolE vehlie 3ol $2AtHGross,
1993). da) 1A 88 F& 7|89 Al Ak
TR (cross jointyt FEIA E of r) st
Aea AL E ¢ lor o] A 71Ee] e Ale]
9] kA& e A4 A8k Fole} FHRf et al, 1998).
e Aalge 1 %o shte] EXZ(single bed)
Woll AT ol Ae|E Fle] F AA Aol
AT B A9 F& e wsle S de
(multilayer jointy2 YER}7]% FHch(Bai et al, 2000;
Odonne et al., 2007). AAE F7A A (stratabound
jointye} 3k FAE H|E73A] A (non-stratabound joint)
shed), HIE3A dele Aoke A489] A2 (interbed)
o] gloj o8] F-& Fdeh LIsla, o] A= AR
A @719 wehg 71dish7] o]ETHOdonne et al,, 2007).
F73A el dele] e 7o) #2sA £¥38t
Ak B)E74A "2l AMye dye] dold Hl#sk
7+8% 13230 A] F&HOdonne et al., 2007).
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Fig. 1. Illustration of joints confined to mechanical layers.
(a) Mechanical layer boundaries defined by lithologic
contacts (lithology-controlled); (b) Mechanical layer boundaries
defined by pre-existing joints (joint-controlled). Note that
joint spacing is proportional to mechanical layer thickness
(MLT) in both cases (from Gross, 1993).
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T2 Aol PekS wh=rh(Price, 1966; Ladeira and
Price, 1981; Narr and Suppe, 1991; Gross, 1993).
ol vlgle] wiFhEe delel| 423 °17‘FE‘:‘01 z
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2] Aol FE 4 917) wjEoltk(Narr and Suppe
1991; Gross, 1993; Bai and Pollard, 2000a). 3% &
AN F FA vlashe A @@Y704E5)
9] W= 0.10]8kA 1001*“‘*‘] & ZR=tKLLadeira and
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TS 8919 dog A4 5= AUrh(i and Saruwatar,
1998; Rives et al., 1992; Becker and Gross, 1996).
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Fig. 2. Median layer thickness and median joint spacing,
plotted by lithology (from Narr and Suppe, 1991).

%2 Al AMeld Asde]th(Narr and Suppe, 1991).
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Fig. 3. Histograms and fitted distribution laws of the spacing
of the generated fractures in the analogues model. (a) After
the few first fractures, (b) intermediate fracture density and
(c) high fracture density (from Rives et al., 1992).
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A8E 7Ral de) 248 2xe] WEE siAsige,
0]E¢] =FE Rives et al(1992)8] Z71¢tHA|d ¥
HeRA R3tar F7aA A T (multimodat)] thee
At Bx9} HFDANM FL T8 (unimodal) £ITE
& HojFa Qi)
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0ol 7P Axe] £33 AHE, 19 7R o
#old 79 LaPJeE A ASTHRives, et al,, 1992).

Bai and Pollard(2000a)= ‘33l <3 (incompetent
layer) Atolol] ZR1E (competent layery2 WE3h= Al
g 2Eg ALEsl Al 744 O] F T (aritical
spacing to layer thickness ratio; S/Tp7} o8 Ho
FAEH o] HI7F 10VdelA 10]3l=2 uigel wie} -de)
Hol| #8078 g3k FA5YLE AP =
FeiE W3te] & AJe] ZHol(stress state transition)
7h dofubA 1 o] o] ZH(infillingye FouHH
wethe Aotk o] A S/Tr & (0.8 <S/Te< 1.2y
A% gle B0 Aoz e Azl 31kl He
xale] 27& AT o] GA STpRkel 12 ool
Aele B3l Aol Sk 3l 0.80lsteld Al

& 34 wi7hige] A8 g 3 o opy ie
s1A] ¢bA Atk

follM olobr|st FeizkAe] AvighaEwie] viek STy
9 H] o9z M|z T3PIEIE Hede gk
EEAAte] vl M5 A (coefficient of variation: C,)E
Uehl71%= @chGillespie, 2003). C,7F 10131 U o
B} 7724 744 (anticlustered spacing).E E3PJEIS
YeplY, Cot 1014 o wie Brdoz Uyd 7t
Z(clustered spacing)®] BX 38l JElES ) A)g).

Hxsrt AF e wzhEe] disiA Nar and
Suppe(1991)37} Wu and Pollard(1995y= WE +89]
WG R 3 AANE e £33 7|& Helo 99
(opening)e] A2 Heje] we-g tjalg of st A4
g & vk YL Gross(1993)= HWHFE w7
Fol vHE dg glo] AF el Azlst gagel
w2} g8 74 2 Z2E(overlapping stress reduction
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o] AeE F4ksl7] 18] Narr and Suppe(1991)
= ] AXNAR F T 5F33A 9ag A5
(Fracture Spacing Index; FSDE Attt FSk= 574
Az 744 (median joint spacing)ell g S F F
Al 2gelx ALY 71€71=2 88t FSI gk
Hedre] AmaA AP 1S 08-1.59 HHAE
23 FSol F92 e AYUxE XA (Nar
and Suppe, 1991; Gross, 1993; Odonne et al., 2007).
T 7Y (Fracture Spacing Ratio; FSRy= o8 ol
Aty STAE dejxe F7 702 e Aol
FSI 29 Aolx ahte] Az & JePdthGross,
1993; Ruf et al, 1998). FSRS #4 L#EAe] AfH
37Ng FHe =F=A AEEM(Eyel et al, 2001)
FSRe] 8 4dg] dx7t EhOdonne et al., 2007).
7ARlZox ] dele] ReE dE] Tl Ausle]
Atz FATL SIS Ao THLadeira and
Price, 1981; Ji and Saruwatari, 1998). Wol7bA 7191
Fo] £ ASFo2 e UL ¢ Bt 123
9l 7HAs} v Ax g HoFEtHOdonne et al., 2007).
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ARl 248 S gashy dgsle A e 28 X9
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748t7)= SCHRuf, et al., 1998).

A ] THAL FAZ ZF4 (stratigraphic bed
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thickness)= THHHE 93 & A9 ALRE
Z)de] 7H2 (systematic joint spacing). & Y HE A8k
F S0 o 2 et & w48 4L o

TrdeEe] 7HAe 2ERITHRUf et al, 1998; Bai et al,
2002). Yol7bAl 7182l Aol &E™  (Price, 1966;
Ladeira and price, 1981; Narr and Suppe, 1991; Gross,
1993) Z(layen)FA7} 721289 7P75—!§ Ay wize

5 e 3 axpde] s 7o s At
@ 4 3UtHOdonne et al., 2007).

e ol& AR Uld fasE-So)
A33] Wb, o2 Hrt duiek o 3 A 3
A W xE, °]E Aol FAsAT 718 44
2ol e FaFdSge] A Aol o) A

g 7= "‘31 2% (intact rock)el A Az
TE YThRuf et al,, 1998).

2| we o)

ol

Az Aol BESE AFN E B3t I
(overburden) U] g2 o| FHr} Alto) /‘ﬂ"éﬁlr/}
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Ho® Hb Y80 FHSHE ATt AR
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T A Hrk(Twiss and Moores, 2007).

Narr and Suppe(1991)= & ] $-2H9]9] oFsh x)#o)x
o= el M7k A & 1 vhge] Aol 71E 2
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W23t Hobbse] BdlolA, 71 F(flaw)e] 3o
A IR kS AXsEEL 8 Hobbs Z9S
AAsHAThFig. 4). 150 sk izl A Hele 715
de Ale] F2b A golA] i A=t G
Zol7h 71 o] vy dyjz weeths Aolrh Xérﬂﬂ
oA etk HelzkE ¥ % waE EC‘M
SAIRE, A of] 4 Hel 7HREEE iR vl
979 FEATEEE Kol 4 rt LsE‘r(Rwes et al,
1992 : Becker and Gross, 1996, Odonne et al, 2007).
Narr and Suppe(191)=. o188 A3k 2 Fel4r}
Z7] 99 FErt 84 Boh oieATEE 3 A4t
xS FARE FEE 2 2 4 oS Aol E

o] Bde GAF Yellx] He Aol oigt °l°¥71
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et al, 2007). ¥, AN ARITE s AlES
(sequence)llAl thaag& A =
(throughgoing jointy= WH<8-9] 27 ]01]7‘? 27A dE=
iR er ZA A0 2 HIZAARo B =2 FSRAU7}
HE]”“‘ WS 3 Bdnow *717:1]*— Arksin
H5de)} wEd 57t U} (Becker and Gross, 1996).
e A o2l waels wabdee] e WA
F928 3°97] 7 (regional stress rotation mechanism)E.
A9E F UrhFig 5a). F E€¥ B ©Eel dEje
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an Stress 5
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Fig. 4. (a) Modified Hobbs' model of joint formation with
flaws randomly located at f1, £2,---,fn. (b) Tensile stress vs
distance in the jointed layer. The amount that a flaw reduces
the tensile strength of the jointed layer is represented by the
flaw length, so the strength at flaw f1 is Cfl, etc. Subsequent
joints form (c) at J1 and (d) at J2 (from Narr and Suppe, 1991).
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(a) Regional stress rotation model
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Stage 1. Starting stage.

(b) Local stress switch model
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Stage 4: Infilling of more systematic joints. Stage 5: Final joint patterns.

Fig. 5. Schematic representation of two different models that can lead to the development of orthogonal cross joints. (a)
Stress rotation model indicating a switch in the orientations of horizontal remote principal stresses through time. Note that in
this case orthogonal cross joints will develop between all adjacent systematic joints. (b) Local stress switch model whereby
orthogonal cross joints and systematic joints develop within the same stress field. Orthogonal cross joints will be found only
between the closely-spaced systematic joints due to the local switch in principal stress axes (Stage 3). However, with further
infilling of the systematic joints, orthogonal cross joints may eventually occur between any pair of systematic joints if their
spacing to height ratio is less than the critical value,(S/Tf) (modified from Bai et al., 2002).
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