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1-Introduction

The upper crust contains abundant joints and fractures that provide planar paths for fluids movement and
mineralization. The role of fractures geometry in hydrocarbon reservoirs for route providing and increasing
porosity and permeability are essential. Geometry and orientation of faults, fractures, and veins are mainly
related to the relative amounts of principal stresses (o1, 62, 63) and fluid pressure (Pf). For example, in oil
studies, mining, and economic geology, the geological distribution pattern of joints and veins depends on
relative amounts of principal stresses and fluid pressure (Mondal and Mamtani, 2013). The effects of principal
stresses and fluid pressure are not restricting on a distinct deformation phase. It means that in many cases, those
effects cause to increase in porosity and permeability and even generation of new minerals by reactivation of
older fractures and veins (McKeagney et al., 2004). In this paper, the quartz vein of Zaman Abad metamorphic
rocks at the southeastern of Hamedan was used for determining the relative amounts of principal stresses and
fluid pressure. For this goal, the pole, if quartz veins pattern, has been analyzed using stereographic projection
and a constructional solution of Mohr circle.

2- Material and methods

In this paper, we have used the method proposed by Jolly and Sanderson (1997) to analyze the relative state of
stress and Pf conditions that led to quartz veins emplacement in the Zaman Abad area (SE Hamedan). The
methodology involves using a distribution pattern of poles of veins in the lower hemisphere equal-area
projection. The orientations of principal stress axes (o1, 62, 63) can be obtained depending upon the type of
distribution (clustered or girdle) of the poles. Also, the angle (8) between veins and principal stresses can be
determined. Here 01 is the angle between 2 and average poles to the range of veins that measured on the 6263
plane. 02 is the angle between ol and average poles to range of fractures lying on the c1o3 plane. 03 is the
angle between o1 and the average range of poles to fractures measured on the o162 plane. According to Jolly
and Sanderson (1997), a clustered distribution of pole to fractures is related to Pf < 62 condition. However, a
girdle distribution results from Pf > 62 when the fluid pressure is higher than 62, fractures and veins developed
in the full range of orientations. Conversely, when the fluid pressure is smaller than 62, veins are formed in
limited orientations and small ranges. Bear et al. (1994) extended the work to 3D and introduced some equations
that describe the state of stress and Pf as below:

R — P — O3

0, =03
¢_O'2_O'3
- 0, =03

Here, R” is the driving pressure ratio, and O is the stress ratio. R” describes the magnitude of the fluid pressure
relative to the maximum and minimum principal stresses. There are two main principles in the distribution
pattern of poles to fractures and veins in the lower hemisphere equal-area projection. 1) clustered distribution of
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poles to veins orientations is obtained when they have similar orientations, implying that only a limited range of
veins can form; here, Pf < 2. 2) Girdle distribution of poles to veins is obtained when they have varied
orientations, implying that a wide range of veins formed; here, Pf > 62. In a girdle distribution, empty elliptical
space can be identified, the center of which defines c1. That helps recognize 6162 and 6163 planes and the
angles 02 and 03 on the respective two planes. In case of a clustered distribution, an ellipse enclosing the cluster
maxima identify 63 and helps define the 6103 and 6203 planes along which the angles 81 and 62 can be
respectively measured.

3- Results and discussion

Zagros Orogen formed by continental collision between Afro-Arabian continent and Iranian microcontinent, in
Late Cretaceous to Tertiary time (Berberian and King, 1981). The orogenic belt is the result of closure of Neo-
Tethys by consumption of oceanic crust at northeast-dipping subduction below the Iranian microcontinent and
subsequent the Late Cretaceous continental collision between the Afro-Arabian continent and Iranian
microcontinent (Stocklin, 1968; Ricou, 1971; Takin, 1972; Dewey et al., 1973; Berberian and King, 1981;
Alavi, 1994, 2004; Mohajjel and Fergusson, 2000; Blanc et al., 2003; McQuarrie, 2004). The occurrence of
polyphase metamorphism cases to form a wide range of metamorphic rocks in the study area. Slate and schist
rocks are the most critical regional metamorphic rocks. Some minerals such as garnet, andalusite and silimanite
are the evidence of the thermal Zagros Orogen formed by a continental collision between the Afro-Arabian
continent and the Iranian microcontinent in Late Cretaceous to Tertiary time (Berberian and King, 1981). The
orogenic belt is the result of the closure of Neo-Tethys by consumption of oceanic crust at northeast-dipping
subduction below the Iranian microcontinent and subsequent the Late Cretaceous continental collision between
the Afro-Arabian continent and Iranian microcontinent (Stocklin, 1968; Ricou, 1971; Takin, 1972; Dewey et al.,
1973; Berberian and King, 1981; Alavi, 1994, 2004; Mohajjel and Fergusson, 2000; Blanc et al., 2003;
McQuarrie, 2004). The occurrence of polyphase metamorphism cases to form a wide range of metamorphic
rocks in the study area. Slate and schist rocks are the most critical regional metamorphic rocks. Some minerals
such as garnet, andalusite, and silimanite are evidence of the thermal metamorphism effects. The evolution of
the quartz veins is the most significant geological feature in the area. These quartz veins are used as geological
markers to determine relative amounts of principal strain and fluid pressure in the area. The lack of mid growth
lines in the quartz veins shows the evolution of the quartz veins in high-pressure fluid conditions, and the rose
diagram analysis of quartz veins shows the wide ranges of quartz veins orientation. The stereography pole
analysis of quartz veins also shows the full range of strike and dip. However, the N-S and NE-SW veins are the
most dominant directions. According to the stereography pole patterns of quartz veins, the girdle distribution of
guartz poles is visible. In this case, the girdle distribution of quartz veins pole data and empty elliptical space
can be identified, the center of which defines 61. According to the pole pattern of the quartz veins, the amounts
of 82 and 03 were determined as 02 =15° to 62 =25° and 03 =34° to 63=72°. The pole distribution of quartz
veins reveals the Pf > 62 condition. Also, the driving pressure ratio and stress ratio were calculated in the range
of R'=0.82 to 0.93 and ©=0.77 to 0.81, respectively. According to the 3D Mohr diagram solution, the fluid
pressure are determined to be between 885.7 and 1044.4, which shows that the fluid pressure is closed to c1
stress in the area. These quartz veins are used as geological markers to determine relative amounts of principal
strain and fluid pressure in the area. The lack of a central growth line in the quartz veins shows the evolution of
the quartz veins in high-pressure fluid conditions. The rose diagram analysis of quartz veins shows the wide
ranges of quartz veins orientation. The stereography pole analysis of quartz veins also shows the wide range of
strike and dip. However, the N-S and NE-SW veins are the most dominant directions. According to the
stereography pole patterns of quartz veins, the girdle distribution of quartz poles is visible. In this case, the
girdle distribution of quartz veins pole data and empty elliptical space can be identified, the center of which
defines o1. According to the pole pattern of the quartz veins, the amounts of 62 and 63 were determined as 62
=15° to 02 =25° and 03 =34° to 63=72°. The pole distribution of quartz veins reveals the Pf > 62 condition.
Also, the driving pressure ratio and stress ratio were calculated in the range of R"=0.82 to 0.93 and @=0.77 to
0.81, respectively. According to the 3D Mohr diagram solution, the fluid pressure were determined between
885.7 to 1044.4 that they are closed to o1 stress.

4- Conclusion

Analyzing a polar pattern of fractures and veins with the application of Mohr circle construction methods helps
us understand the relative amount of principal stresses and fluid pressure. The relative principal stresses state,
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particularly the fluid pressure ratio regarding the 62, has an essential role in developing and distributing veins
pattern. This research shows the evolution of the quartz veins in the high fluid pressure, and almost near to the
amounts of o1 stress. This high fluid pressure is probably the most crucial factor for generating some minerals,
such as silimanite in metamorphic rocks. It can state that the intrusion of Alvand Batholith is the primary
evidence for high amounts of fluid pressure in the study area. The amount of stress ratio reveals that the 3D
shape of the stress ellipsoid is three axial oblate shapes.

References

Alavi, M., 1994. Tectonics of the Zagros orogenic belt of Iran: new data and interpretations. Tectonophysics 229, 211-238.

Alavi, M., 2004. Regional stratigraphy of the Zagros fold-thrust belt of Iran, and its proforeland evolution. American
Journal of Science 304, 1-20.

Bear, G., Beyth, M., Reches, Z., 1994. Dike emplaced into fractured basement, Timna Igneouse Complex, Israel. Journal of
Geophysics Researches 99, 24039-24051.

Berberian, M., King, G.C.P., 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian Journal of Earth
Sciences 18, 210-265.

Blanc, E.J.P., Allen, M.B., Inger, S., Hassani, H., 2003. Structural styles in the Zagros Simple Folded Zone, Iran. Journal of
the Geological Society of London 160, 401-412.

Dewey, J.F., Pitman I, W.C., Ryan, W.B.F., Bonnin, J., 1973. Plate tectonics and the evolution of the Alpine System.
Bulletin of Geological Society of America 84, 3137-3180.

Jolly, R.J.H., Sanderson, D.J., 1997. A Mohr circle reconstruction for the opening of a pre-existing fracture. Journal of
Structural Geology 19, 887-892.

McKeagney, C.J., Boulter, C.A., Jolly, R.J.H., Foster, R.P., 2004. 3D Mohr Circle analysis of vein opening, Indrama lode-
gold deposit, Zimbabwe: implication for exploration. Journal of Structural Geology 26, 1275-1291.

McQuarrie, N., 2004. Crustal scale geometry of the Zagros fold—thrust belt, Iran. Journal of Structural Geology 26, 519—
535.

Mohajjel, M., Fergusson, C.L., 2000. Dextral transpression in Late Cretaceous continental collision, Sanandaj—Sirjan Zone,
western Iran. Journal of Structural Geology 22, 1125-1139.

Mondal TK, Mamtani MA., 2013. 3D Mohr circle construction using vein orientation data from Gadag (southern India).
Journal of Structural Geology 56, 45-56.

Ricou, L.E., 1971. Le croissant ophiolitique pe’ri-arabe. Une ceinture de nappes mises en place au Cre’tace’ supe’rieur.
Revue de Ge’ographie Physique et de Ge’ologie Dynamique XIII, 327-350 (Paris).

Stocklin, J., 1968. Structural history and tectonics of Iran: a review. Bulletin of American Association of Petroleum
Geology 52, 1229-1258.

Takin, M., 1972. Iranian geology and continental drift in the Middle East. Nature 235, 147-150.

HOW TO CITE THIS ARTICLE:

Samani, B., 2021. Stress and pore pressure analyses using spatial pattern of quartz veins, SE
Hamedan. Adv. Appl. Geol. 11(2), 238-249.

DOI: 10.22055/AAG.2020.32995.2104
url: https://aag.scu.ac.ir/article_15868.html?lang=en




N

B P
) .ﬂ/’m’a?h
2

Yoo,lad V) oyg0 N Fe e slials Wbyl )5 (owlid (e

Oloed § 30 Cgia 3 5leS baS ;) S 6o 3l oolaiwl b gddiw jLid g g Jodoxi
Sl Sl
Ol jlaal jlaal ez g oSS i pole oAl o uilid s 09,5

X LVIRVZR SOOI R § o L V28 v SV A

*b.samani@scu.ac.ir

I |
ouS

5 P gl slo Ll 650 L g e §d gz )0 @ly bl oy (Siw sloaxls 0 35,155 slaaS, (SaisTy (5581 5l eoliul b Gudos ol 5o
WSed )3 S5 SaaS ) i w05 anl oad axsls y (Pr) (sdiie jlad 5 (01, 02, 03) (ol (slo (25 (orns p3lie (o) & (S3m s 590 01 s 3
oS (sl Gan A j9e jlogel puwy aribioe bl )3 gy 1STh S SG 5l (Sl g eog b obiga 5l amg 00guze saiad i Colue ob
Jlad o asb o (61)):;5L\> kel GRS a4 S0 g Ps=1044.4  Pf = 885.7 e Hlid oYL polie Pi> o2 Loyl oasms lis (635,165
w0 5 alxe @=081:0=0.77, R=0.93 t R'=0.82 o550 P e A 65,leS sle a5 4lp (9) G S g (R" S e
Ol s izmen abl oo gl Cgil 0095 (5Kl 5l Jol> i slajl cn BT o Shee b bLs )l 10 65155 oS ) dngi g (555 JSb 45w e i

J);uj/...ﬁ S ‘J);u A o ¢ i Cnd ‘6..ij[.‘.._9 )90 o),':/.) é‘wuw

o5 polie 4 gliws Sy ek adS G gla il
AT odlay wdbioe poley 9 anjen Sl G988 layull
2 ply g i polie 5 pFojluil 4 0B alliws leds,
il 5 Ygora 5 035 Jlo oo 5 ea) dsy (G955 Ll
Sy, Sl axilges LSl el ol 4t ps ki
(Paleo- ay o 45 polie o 555 o3l (sl e
yolie 5l oolizul L (Paleo-strain) au o iusly ¢ Stress)
el oad &l Gl (padine Lawgi (g Sl 5 cwlid e
-osls (Inversion method) sjlucys)ly s, Jle ol 4
sbabs; 5l o S szl 39 b S 4 bgye sl
" o S (2b Suz g (o polie Julow )3 ol
5 eolaiwl emen 508 sledg, [(Angelier, 1984) aab
golae Jdow 5o 30 codS g 55168 sl SIS C-axis ¢l ools
S8 ool oy50 g alyl alire pafiore Alwgy (o S
(Law, 1990; Kruhl, 1998; Law et al., ccil a3
G S e Ghey (SR sy Osen ey nizen 2004)

Sz oad )l Gledy; et Sl S RID (o) 5 55,
(Dunet, 1969; wssl oo iisly (oo polie (55 ojluil
Segy cnl e Fry, 1979; Ramsay and Huber, 1983)
Sleds) 6x5 ) 5 Gl sleas, b pgar leslanal L
kol S (s polie Jolod @y j50 018 Jo 50 (cor

Y

doddo
sl &5 el Syl Gl JiuSs 59l (e Aty
by Ll 0z ) 3985 b 318 uf g 3B polis ) (8 YL
OB 50 I KuulSd dwdin g (A (prizned g oo (2l545
Ol g Sl <S> 50 08Vl (b e alanlyy (1S5 000
95 buz b gpdge cnl Ll adlbioe Coal bl 2yl
llbow 5 Jol> (sdiie JLad (liae 5 (ol (Sletss (ond oo
"Ome) 3 Odme pakhe 5o Jle plgin il e SWBL LS s
e S ol letss (o polie golall ol
Sl llS sl Sl g eSS @58 (oS ;o i
30 ot Olalllas abs> ;0 e S (o ] owlal i
ot Jhw Szl Sloae (590 il 5l 5 ks
SpSee A i Jled g ol s polie cus G
5 kol e zs (Mondal and Mamtani, 2013)
S50 58 Sy o bejye g b SoeSls 4y pazie (gdbie Hlid
Lilyd (Fp e &8 Sl ol ez ool pogde Bboed ane
saze el el wilg oo diie slaylid 5 Lol sless
2 @l P L g il G g 5 (e eSS
(McKeagney wgs 5 cesad slaaxs, g oSSl skl
polie (oS0 il wliiipe; cole o et al., 2004)
heslital b sly 5 55 Gezmen Lyl (S p e
lge 21 )0 dpdy (o0 Dyge Suad OIS 5 (piige SV



Y O)Loa:} AR O)ﬁcb AR R uLu».iL)

N

Wb yioy 635 (ol (pee ’:""-’d/‘;"":‘?;”

s Delaney .coil sass 3 Jol> (VAAP) )l Ken 4 Delaney
Sl g anwsl oy Sy |y py OVl (VAAR) ) Ken

il 0003 &Il 03 O jgua Pt > on byl cod b Sl

P, > Omex t Onin + Omax ~ Omin cos 26 A =L|a.u|))
2
p _Gmax+am|n
f —
R=—% ovz PO o529 (7o)
max_— “'min T ax
2

hol Gleds Omin 5 Omax «Syme (20 i R 1 0 o8
xS 25 Om 5 Sl iy A5 Ty Sl 5 Sl
G 5 (S8 amins 0908 G gl oams (L 0 asl o0
b e ) Slosgame sammslis o wibie Sl Lol
s Pro s cou wlge o5 ool baf, L b Siuss
OLS S som du Lalpd 0 igd duze collad b (Suajl

e gy Ohgar 398 OYolae (gddie Hlid g IS Camdg polo
(Baer etal., 1994) sl o

R/ — pf _0-3 (\ﬂ 4@‘))
0, —03

¢ = 0, 03 (F alaly)
0, — 03

e b e 00iiS (5 S yme SLid e RT T 5 a8
5 e B g 0092 Jolam g 1Sl ol (sla (5 4y s
5 by KKl ol 25 g JSO o5 ooumoylis 45wl e
el Jles b Sas R™> 0 Lals s auly se s beas,
G CR IRV RS R'=0 L Pi= o3 ST gd same
Dot BB TSE 5 055 o5 oS85 51T, b (St
saly R'=1 il P 01 51 as aialgse same codlad o
sl IS ok Sl o b SSh a5 aeoie olis g 4
Jors Glie o S5l gz b ity SloKiS L 5 285
Lo oSSt b S8 55 o azalys Collab sy
oaims Las o Susls el sgumme @je5 (V 04l 0929 Jol g0
b b KiuSls oS ams oo olis 5 009y Ll alive Lins Sl
Sl KSs b g 28,5 walss S (g3g9me (ol o3gaxe
Jim sl b cow sogame 5 Sl sla ol e b iy
@i jLid 5l 15,5 02 5 e pl o 1285 sl I8
cdad 2595 aslb Pr> 02 a5 s (Y (Pr < 02) wib s
- SS 45 ans e Lt 5 0392 008 (555l Il Lo RS
anls b g Wgh oo JoSas (K8l cge ) gy 4o b e

Y¥Y

5 S M3l cdxwgi ;o boaisS J S oy yiage a5 (gdate HLid g
Lawgy b odsl 398 gyl oals aS sy aiis YL 3485
@l gam 9o sla Lo 0 (VAAP) o, Ken sDelaney

Gn A sla Julod 0 (pdie ple bwgs e g w08
(Joully and Sanderson, 1997; <335 |3 solizwl 5,90
o polie i jglaie, McKeagney et al., 2004)
QLe)‘ aalaio Ie 6}5)‘55 LsLmd.f) (§dhio )L..‘Z.é 9 L,’.Lo‘ s oS

el 85 15 sy 050 e 5yb gz o &bl oL

SLETY

Ll g (123Y) Sanderson 5 Joully  olyis o9,
S8 ool 550 (gdiie Hlid Jlade g ol slo il s Lyl
9 L‘bdf) ;/Jaﬁ )45..4.5 )‘ oolaiwl J.A\L..u u,uj) LJ"‘ ] A.aﬁ)f
J> oy Sy 650 5 Sl o2 aSD (o Lo SoSS
i me ol bl ey oal s Bl see 0nld
s ol e b (S e b oasSTy) b sl
5 o Sl 0 bly) uimen gl o8 e (o1, 02, 63)
o)‘..\)l 0203 axaw K9y » as ML\‘SA LQM A gosno u.]aé
0oy o SouSls acgoome cuad 9 01y 4 02 g so (5 S
degorme kb 5 O1 o agl; 03 5 0103 axmio g5, » &5
g g0 ‘_g).:fo}k\jl 0102 4xio Gy, p 45 odg Lmé_i....&..;
odad ousSTy aje (VA4Y) Sanderson 4 Joully Lol
Gdike Hlid aS 09d 0 Jols )l jo b SilSl dcgese
Glite jLid a5 90 40 (P> 02) wil (oSibe L 5l 55,5
b (K8 asgae oubid (Pr < 02) wily (uSilee (25 51 a8
FEmdds 4 Jol cdls jo ol wales Lis 1) (gogame obow
odgaze ;0 la KiuSs 02 i 4 Cowd (gdaie SLid 04
5 e olfaus g oad Codled wuaod s ey B g iy
JEE'S) u.:‘ )‘ OAJ}:J‘SQ 6939; uLP )‘ (g 00gdZe ) ‘Lgm
)‘ (g 00giZe yO ‘) eS| uL».Lo& Q‘?"LS‘Q 6]4")‘“) O
o5 5SS s pse o s ol L1 il 9,50 Sl
Sl odgazme 4o L b Sl 02 i 4y Coed (gddie HLid
Aries o SnSs L bLyjl o g ood Sis gogdme b
bowz osguone yo gl llils Glu S5 OYlew 98 Cx
ol sloiwr LS nlple 5 g welsS g58s (359
R azsi Syse Wb (Gase polie aly Jewsly a5 o)l se2g
5 (V- F) ol Koo g MCKeEAGENY  Lawgs oo a8l)| g, 0,5
oy (G dw s o (144Y) Sanderson 4 Joully 5
sL;JJL».A )L.MS 9 L}.&‘ GLQ.M ‘5~AM.) );JLAA lel)))| )9Ja.~o..\ )90 Oﬁlo
G 90 Slellas jo 43,5 & ygo SlMol § s A jo



Y O)Loa:} AR O)ﬁcb AR R uLu».iL)

N

Wb yioy 635 (ol (pee ’:""-’d/‘;"":‘?;”

s o2 )0 Jlew 398 5 Sl ialgS dsazme collad oLl
R S P VI G
o bimey oSl

Wl JT (al5055 0 yeS 5| 232 (w55 00,95 (e i yeS
(Berberian and King, 1981, Allen etal., &1 . i
3815 i s M s 5 SigiS5 sl 2004)
2 ez Sojluge wald 0,05 5 by 5o leo,l8 18, & a2, 1,
5 2ee Ll el 8,5 & y50 WS oo )8 5,55 5 iy oS
ol FP A e A wols aslsl po jeie o8 ol Suop
Gy ox po Jlo 5o el dgua 5l lons po ol Ko
(Tunini et al, oS o s Gyo 50 Jloyd yioxtlo O dg0>
Yool Somad owgldl slaatug a5 opl 4 axg L .2015)
wilidy Sl Gle,8 BT 5o (Gl Sesly95) o8 Lo (ygele
o9 4 gzly Lo SlMbl pite (nyiets (lppeS sladi oS
idlios ey oo b 0 lamie SEESS slidled o Sles
@295 losyeS ooy ablio g alE (cw)p 5 adlle
a2l 4 Ol ) Ll 5l Sy e a5 aeo oo (Lt 55LsS
Sged Sl el aliasS anpeS So sl Sl Jae Gl
Sl Sglite ;0S5 5l ban oS (nl (o250 ghale &5 (nl o e
5 bl JolSS bl Ste Ll Slogas il g S
(Al s ol ooz aw s 10 1) (2l8gS i peS (SigiSS
2 Olpl Glol gy nj 4 ek (gl gy il
b3l wmgy (B8 5 358 (6 2Rl (0 (kb S Jsb
Slilsdl s 5 (98] amio 5oy 2 050 s
=581 amio sl )b-lo)lb 5,55 (@ wanliS Bl 0 ST
ol 8,5 Sjgo wm 4y 4wl Bl o (lpl axio b ape
FoghS VE LA SlieeS an,eS ool (Alavi, 1994, 2004)
wiloe yol> sge U nyeels glaatigs Jold 5 o)l culs
&lm95 au S (McQuarrie, 2004; Yang et al, 2018)
O dw bl oy gz 4 50 Jled slisly o ST
S WS (V533 —deg)) lSle wipes () Lol
L0815 00,95 Cwly g oz wyeS (Vg Gl jemgaiis
dyeS oS wilbioe 310 oo - 0 Jled slalidl,
oS vt 0 1) (ISL,5 5B i Gl e - gaie G555
$lo,B 0595 5 w13 saims las JSG 80 5B o S as wiles S
(Mohajjel and  sslb o olpl 3§ by Olxio
[Fergussen, 2000; Mc Quarie, 2004)

YYY

B Jlw 5B o Slee 15U Cow iy la SaSS 5) (orms
S oy BT sl Jolos po elel ol 2 285 asalys
i J slad So il easSTy wse hils b Sousit i
OL Sy ouims i ()] 3550 a5 09 sl oty B JSS
Olrbo Caslse UL 4 o SaSs b (6651 ol all o
SaS 55 de Slxio 59, 03 5 02 L5 9 0103 0102 Lol
S re g oL Lo Sl b 58 Sl )0 0508 walss
s oo &)l 1 03 Condan o SusSs Cdad bosns jidsy oaw
0203 5 0103 ) 5 Jhol Sloxio Condgn plyie ol ool 5
e b 050 et Wl 555 2 1) 02 5 O1 slsy nolie 5 (
s p3lEe s 5 590 02l s i OISl 0 glaggl poolie o
(Joully and s salgs iy el gdaie Hlid ¢ Lol slo i
bl oz Sanderson, 1997; Bear et al., 1994)
(o F) oK 3 McKeageny Ly oas @l Yol
25 Sz (B) i cows 5 (RY) Spme jlad s polie

gy Al drwlxe i3

¢_02—03_1+c0526?2 5 ol
o,—0, 1+c0s26, © =)
b= 0,—0, =1_1—005292
o,—0, 1-cos26, ¢ k1)
—O.
R — Py —0s _1+c0s20, oV alad)
0,~03

2 iy (D) o5 s polie ms gz V5 7 S¥olas

29 3 (Pr<02) Sl slaosls cad dgamme goj95 <>
DS o )3 ooliiul 3,90 (Pf> 02) Lo KK dab ouiSTy,
b oS o St Gl slaabige I slosgamme ) S
Soze Sl by 5SS Bl sdie lad sl
JLad e ams e olas cusls amles 1) i (LSS
3 0gae mjei o (03 4 oo gdate Jlid) (Sl sdaie
SV cdite JLad o e 293 g aS) 5 o SiuSs s
oaips lid (Sl sl b (02 4 Soo3 (sdiie jLid)
Loy sdie Jlad o olfan sl 0aSTy Loy @y
4 26 Sl ol b b Sss 058 (01) sl Lol i
e pSoaz pled b et la St b 5 widloe JoSi



Y O)Loa:} AR O)ﬁcb AR R uLu.».iL)

N

Wb yioy 635 (ol (pee ’:'"’df;’:‘?;”

Fluid pressure

o3l s 3game (5931 51) 184S g Lo oSt dad  SauSTy (ool [0 i g (Gdite [Lid oz )08 Lol 38D (gdite jLid Ol o -) S
.(Jolly and Sanderson, 1997) sas oo olis |, b a8, cad g 595 (695! 31,5 g il (sla Judosi 1 0,5 (sletisn (oaiST

Fig.1. Changes of fluid pressure (gradual increase of fluid pressure) and change in spatial pattern of poles of
joints and veins (from concentrate to scattered). The dark parts show the pole pattern of the veins (Jolly and

Sanderson, 1997).

ol (SChan) ecews cujllal (v (Taghizadeh, 2017)
sbiwg, Jlg> 5 adlaie 28 5 5 Gble )3 (S slasxl
9 patuie JolS ah jgincd 0929 aiload (595 G9,m 520 605
il LS ol 3k sl 3 cuplal s sl
e Syl Sy a3l SlelS ish s (Sidbiu
ensd Cajalls-Cailonkon (F ool 00,5 slbomy s ol o
it Jlad 5 (B slaisy o (S sloaxls cnl (SChansi)
ST ey g ol dllowl gm0 o oS slaling, Jlg> 5 ddlais
Ezadykiyan et al, ) atsb o olSoe - oLl oloj 565 5o
Sl 5 coslal U5 )b 5 sk slesls a3, (2009
et 5l blend zole 65; p Suileddiw S5 (S9w
2 5k lalems 51 (S adbioe (Sow asgorme il la S g
azis bl ailse 535S sbaS, YL o515 adlaie oyl
=0 Olojle lawgd ool dugs ylaes VY
O Bl ooguse pl o (K ol ST ens ol
s regkS Ve alols jo Wgll el ooy g Wil oo SSg5950
2 Jled g s 0 (G358 0398 yiepe (Slalllas e3g0e
ossi oyt 5l o sl 5,31 eSLaS il e dibaie
ol dsdige Cgmime Gl - gt Jled (iSy 50 )8
=S (5,lade ol jed 4 (suSsisl 5 sl Xiw )l boee WSS
=L§)3 L’MJ)B)B Gla 3o aS el ool aslu &JL@ 9 Ja..w‘s S>> 6LD

ooooo

b Sbl by b po Olpl wg p) 4 el owgildl
Shahbazi et al., 2010; ) cul a3,5 K& cpjlel anls s

S g5 5l Wyl LS slacosl 5 iz (Yang et al., 2018
Ssdee ol A5 | gs cullS i b a5 wiile

YF¥

FaskS Yoo 10+ 530 45 gy bl s S S Gl
3O gokiew dilate 5l aS ull e jeghS VO sga> j0 2l g
Cowl 00l 00, S §yd Caiz 0 Gl adhie U oy Jled
Sy Sk Foo o aalllhe )90 aikie [(Alavi, 2004)
S ool w55 )3 ooy (slig, Jy> 5 tar 555
b SleSim | i e ) ad KB5S 5 o5 S5
dibane (Sow gloarly wiilioe Glrsew - gaie S9550
T S8 ol 5 005 s 5 (bl (st bitas
laaxly SSE ALl s Sudgm 9 Cagsas 26 oilanln
Ll bLs,l 80 yiin ;0 g 0390 oolw dilate ,o (lans S
O e Sl Sl )0 Bliee oz 5 oSS O g
slaaxly Slold Jds 4 g o0g (oS O g (Siw slaoxg
-0 Jleis (gl Sldllas o S obo) (et 5 sl
oy il pwlids cpey Al jo JuS aig, wiz 0929 cpl b all
(et el odd i )0iS puwlidine) plojle Lawgs
O 551 o yle axlllas o0 dilate ;s ounlive B Siws sloasly
mou s @S opl (S05095m {SChY) s o )l8
sy ailios sanlin LB e (3,0 Jlod 5 (g8 oy slo
5 Popsaiedll oSl 9zg pas 5 Ug)S sladls dysy
Showyr b S glaaxly ol b GleSs
L L) 5 5 slealS ol o o0l s 05Ky Sn
Sl wjgieed 5l gm g ARtend Gl A B o
o) (Schsy) lacws eyl (v (Taghizadeh, 2017)
Oyt bl dihie 0y Crz leds o (S slaasly
A et oS5 31 o biges g linl SIS al, il e
Sl 00,5 obml (Kaw axly cpl jo GlaSU plew g o0y



Y O)Lou:: AR 0)50 AR R uLu»JU

N

Wb yioy 635 (ol (pee ’:'"‘d‘/’*’:‘?‘”

Owey i @Y IS (Yang et al., 2018) el ooy wglics
5 DY S izman e o lid | aslllas 590 aihaie (owlid
090 ddlaie cwlidiee) Eresd g @)Ul ald S 4 CY

s o sl | dafllas

G g Sl 5 hwlgas slaXis (Aliani et al., 2012)

wllee 9pl8 lte glgl 5 coums FlS Jld o
oS Silasle KT 51 wllks (Shahbazi et al., 2010)

@ Jlo gelee Vo dg0> (b )3 039 nl ilisie slagisn &)

% 2
“ a n
o,
- -
Lag] Lag]
——— Asphaltroad ——— Non-asphalt road
X Mine @ Residential arcas
[Quaternary] Uy
G g
[ Recentalluvium |\ /Q/z/ —=
@ Young alluvium ~
. L
Q| W Pegmatite granite o
b ; Cordierite schist b
)
Andalusite sillimanite schist  (J
Sillimanite schist
Slate
Garnet schist
Andalusite schist
Starurolite schist
o / o ’
48°40 4845
b o -
48 40 4845
k) N A = % ‘o0
“ pir \ ) Lo & ~ £
g 3 Mekrabi o Lo}
W rE Dchno Asadollah Khan
S
Legend
Rock unit
\:I Alluvium unit
—— —— —— Fault
1 Foliation
—> Lineament
> -
i s
Lag} L}
0 075 15 3 45 6
——
o 4 o v
c 4840 4845
NE
Kamery Village
B —
& \ R ———
Schg - \
. Sch,an \ ?
S —

sloas, SuSly S S5 Joges olped @ anlllas 390 aihate o sle 4t (D) anlllas o)90 ddlate cwlidiyee) aiis @) -Y JSo
el ey and Jlad T ) S sleasly Jlg 5l Sooleds cwlid e # peus (€) 5 Dglisie 03g0mme (il j (635,155

O3S (el ey Glojlos
Fig. 2. (a) Geological map of the study area, (b) structural map of the study area with the rose diagram of

quartz veins in the six different positions, and (c) schematic geological cross section from rock units (taken
from 1:100000 geological map of Hamedan, Geological Survey of Iran).
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Fig. 3. Microscopic view of the most important of the schists rocks; (a-b) garnet schist, (c-d) andalusite schist,

and (e-f) silimanite schist.
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Fig. 4. (a-d) Evolution of quartz veins with different orientations in the andalusite schist rocks of the study
area. The view directions have been shown in photographs.

-2 0, —
G=1150 g§=55 671150 9§=¢113
gzjsso Pr=9395 Ufsm Pr=1020
=220 ¢ 6=220 O f
R =0.855 R =0.92
@ =078 @08
_ 62 =20 -
S o ooi1s0 2722
G860 1 o0 I 63=58
I Py =080.2 9860
o220 L - =946
R =088 7220 R 0855
2 =0.79 % =0.79
6y =25 _
clj;;go 03 =72 22 :;i
z{zzo P =885.7 B 10444
Ly R =0.82 Rf, os
el & 077

olie (s g 590 410903 (sam aws Jolos B3 5 02 sLls; 5 ol Gla s bl raend (55,155 sloaS, (SaSTyy b ol Sgy ol -0 S
Aslllas 8 )50 ddbais 3l oogame i ;0 IS Cond 9 S pore jlid (gdate HLad o Lol sledss s
Fig. 5. The stereographic projection of pole of quartz veins, determination the orientation of principal stresses

and 6, and 03 angles, 3D analysis of Mohr diagram and determination of relative value of principal stresses,
fluid pressure, driving pressure and stress ratio in the six different parts of the study area.
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