S i/ &
L &
Car (3010%°

AFAs )40 Bl 5 53l O oled (et Sl Ulpl O el ey g s— pede 4 5
No. 12, Atumn & Winter 2016, pp. 80-93 Iranian Joural of Petrolum Geology

S las FLs gl Ll sl sl ol e slie ¢ T gsbl Ol b pge

O il oSl (e ke saSLEls (ot 55 155 s gmtils”
U ol o8l (s g 0SSl Sty
535 sl oS5 (G
USRI (1 JNCCH PRIV O NS G- P BN PO
O onisl s oKl (e ke oSSl Jslel’
*mahin.farhadian@gmail.com

\Ya7 Jlbjﬁ g):'_)'i"\‘ ALY J(JJ} C,J:lijﬁ

o A

5 S gble s il slul L S glaes 5 5 OIS B T 3 U o el daolis IS
53 63k sLolis S s (g3l SO pSS Sdled 5 sl oS - Sl 5 Sslite Glagis e b L
-t S Lyl st Sl 3,5 s 0 a5 Canlodd (31 OlaSL 5 Ol OLSe il sla s
33 Olgu s 5 S cope Jld 0LES S av 31 ol JS ()5 Sasden a3l Lie aslllas ol 55 .5
VOL9b (o clale b Olis Lides LaoLd S ol 5l sdd ol Slajl8 sl ooy 01l 01 S (St ol s
(=YY ppmvol.%) oG =0l «(+/+ 2\ =+/VAY VOL%) 0Ly, (/4 FA=V/Y VOL%) 0Ll oS laie 5 AV/YF-44/)A
5 (\=VA ppmvol.%) o5 (V\-#% ppmvol.%) ol 53! YV ppmvol.%) sle—ol (0-Y#Y ppmvol.%)ob 4 5 5
GopSoten S Sz 5 Ole O5odes 5 00 S o ponl Camd p3lis Lites (+/0V=2/F VOL) o SaiuS] (5
OLES 1) (s g pde 5l ol sl 5 sl anlllan 5 50 Slolis IS 51 =5 2 sl S5 e 5 Line ol il
sy s (pl b Sl Gl VI %0 b IV o S ol Cans b 5 o SenST (g3 . ias o
35 68 Oppee a4 ST des e Ol Jle SO sS5 ab cpl s 1 Jled e K 5 (550 Ssoder Sl s

2pi ol oltle sladaoe 5 wlidipns (Kb si) Slallas b 5 el adis
Ol 0K 2l slassine dajlS L 035 5 n S @sisnl O plerd oS5 0L S gddS” SladS

cOb g i (e S5



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

asde —\

Jole (Ole Bikae) (638 306 .05 o JSKis b 5 5Lid 5 VL j g 3153 gy Sladass 5o AL IS
=S 5l s slae Y P Y 0] el ame glaelll b S sbees 2 s Sl IS bglone 0IVL 3 jege
SIS VA s el Ll ATl ks g oL IS St e LSS 1) Ll slal s se a0l
3l iy 5 s (@bl L3 Bdas aS 5505 5525 abos Ghle 53 QLS IS Yeeve 5 (S bl s OLis
FYY] wheas 5158 s ble s 5 S5 = Gk slos e Glos el slos G slys OIsb
Loy Gop St S g 2 LOLL S Coeal 5 S5 (il (b f 5 (SO e [os vy
by slelfls 5l st Lolzs S [FY @8 XY X0 Y Y] bl ) iz 6ok
@bl (s 3 s 5 bolaassT cdle s b cias gladss Ol SO sS glacdls golatilis)
s Ogmen Laile 3l ol 0leyd) (S5 (s Smine 5 wess Ol b (u Sosdn mlbe 352 5)
“ s Dbl 5 Jler gl 5 Cf Sk (B 5 s Slaglen (Dhas Sast 5 S8 (omiley,
Gl S o 55 5 3wl s bkl s Slad 5 p SAST (63 5 Ol SIS ge K 53 plm) b
St asls Oy 38— 28 glaas = sl Lssl 5o bolis 8 51 V] Llas 35138 a5 5550 [VY] (28
Llods Sl e el 53 Saodes b sl Gk 5l s 58 5 8 ool Ao 0¥ LB sl e eslinal
Gl Sas Ll i 5 dias e Fo SESS SaaelS glalss 55 Vsene LOLS S 10 & ) XY (F4]
gl e Gble pl 53 Vb glabes 5 ozl s 0L 1 o 5 sbaasY (655 S ook VL il 51 (sl
-0l IS 51 el ST slacy Sosen Wi sy oo plowil Sl YO Y 14 PT3535 o Dligny 53 JT 5050
Ci-Cs oSl 035508 5 1S assnl 5 (CU(C + Ca) S5 oS5 ululy bies (Sit 5 oL sl
Gl ass V8 aS sl Ol i OLE SV gy, » essn! Sllas [Fr O OF OF O A] oo
T AAEA A IR PR (AW SPRC G JIVRE e JUI I SN ESR AP TSR RNE G JUR SRR I §{ RSP PR IY
53 0LEd IS (63l sluss leds 3158 Olas sbys Il slaalllr 5 555 bos Gy 53 Ol slaolis IS
O5SE s s 3 Ll sl 51 sy Ll Lol el 30158 0laSL 5 0ol 0 Se ol 5 St o sm
SR e 4 Olnl Grd s 52 OLSe (Sis ol SLOL IS 655 2 a8snl 5 plend 55 Slillas
TS g S TR IS ERR R~V S CIL VARGV 1 W el aibie ol ys LS| glag le 5 o Saodea sl o o Sl
S Solaptisad 5 488 DI s 255s Olnl OLSe (SE Jorlp 53 Oligm s 5 (8 S b 0L S
SO O3 5 S L asinl 5 S50 oS 5 caledielnl o8 nl 5 plend 55 Olllas 6l WS
L OLbLi,l 5 W3l Lise cpond (sl addllas 5550 GLOLEE IS 55 0 SAuSIes (28 Csisnl oS5 5 oS50

Al Al e e U6 S e Jeily

andllas 5y g0 aibin puwlid e s Y

s dsb gaskS Ve LS s i oS S p il sl siie S 5l S 0L S sl s

W40 0l 5 ol ) ooled ot Il Ol Sl i ey ims 3 — ake 23 A



Cose S5a 2l 5 p g el Fa st s 4l S 51yl Cledd IS Ll sl amin 5 oo o 5iLS
male Jola 0T VU e kS ¥ oS [YF V] ol (K2 Bikes oy S2eshS V1t s 05 ol a8 S5

F L) VL Ol L5 s 518 kS Y culis b glaculin, 55 655 2 a5 Sl sloyl glacd 5 < gla

FoskS Y L) pul Olguy 5 [Y7 YA] Wsd oo o338l a3 Y= sl b ilh8 095 53 (Cubks eslS

oSlie 5 als3ol ot lilis OIS Ll gla s 53 LOLES S sl Lsd oo 5553 Slesl 4 (Culis
NS el 53 OIS OIVL 4 jzeie oS ol il S S Glalid @ mal 5o al Gl 5 Slga, SAd
s (S5 85 5 SRSl ) el b ol okl asls sl () JK2) [0) Y0] 558 e | Sl
OLSe (e oS Jols dly lem cpl VY] sl 3ls aseds 0156 033 55 ol ol 5 slgss Loy
534S L,S e sl 3 Jele OLSG 5s 01l Gido s sleolis IS STl Jle OS5 S O (A
L S Wlod anigh GaseS gy 3 Sl cul (V JS2) 3503 32y JLL psee 51 Sl Sl Al )
s Gl s bl lasl, K8 % hrd oo @0 ol O S Sl Aol o aalsl 50 s st o
o SO gm0 3 S e OLSe Coger s el 01 S oot sdalin s gladsly 3 &S Lz

45(;.«:‘ d‘eju_g &L«a LSLQCM & L)\.)g,\.:;: LSLQQ)LA )‘ L;Q.prs g}‘): L}AL.Z:} &:;\M‘ L;;.;\J.‘)‘f L;La)w LSYL’
(X UKD [N dil e oS Cosim 53 01,8 bl o B Jles s Obtalr ol 5 5

Mud volcanoes

Subcretion Zone

Mud volcanoes
()

Ocean Crust

Accretion Zone

(S

SKm

S6E SSE DE QF SE &E
T T T

Pakistan

ccretionary wedge

Makran deformation front

man Plate

(Gl s

Y PS5 53 AB s shasal 53 ¢ e (0 (Y] Y0¥ (S 5 (5 e 3 Olal G b st w28 (- IS

~ S o b Jled (e ol o5 28 4l s w0 ks e 8 (S350 i 51 O1Se alln sle ) s
b el by 2o kS VE A b 5 (5 PNl e b oy (Al s b ek YV L el
S dd el UL ol s OLSe 5 el OS5 Jeld SIS Sl b b s S
a Jom 3l gl pd oS 03 g el sualls Glawls glaaY hals IS )5 sl Sose 4 She e S
e S 0L 31 s 6 3 sl e b 53 [V OTA] dins e 0LE 1 Ll s 5555 5l AL b e
b g oS Lledd axig b b Ole L s bl o &S B lavgze ails glaanls ¢ Sl g B (9) Sla

J}lajh%\"' )CAAW}A?" LL;ZLZJJW&| L)ﬁu}oMWuJOWM&@)‘}S LguuLjf-

! Basal Decollement

W40 Ol 5 ole )Y osle (ot Jlo Ol ki i (e gy — ke 4 225 [AY



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

5 0l e 3 018G szl 53 e ol by g LS5 [TV YA] coslods LSa5 Ll sl 5 don 55550 50 s
oo 3B b 53 e s ge S G RIsl s sl (B0 by e o e 4 S > s 4 Okt
wodelVL Il 5 o) Codmod 5 ol cds Slga (Sl st gy U ey e Ol 55 i
o Sl st Ol 51 el LS YAl WS e 5ot Bl by IS Gss 2 osr S
5 S Sl Gl pn B gty Ol 51 (SWNL (B s s ol S 15 Jles ALS 5 S
S 5 53 0 1S GO S s 5 lse e OIS (R 3 [TA] i i ol Lo gl S
N84 0AY0 (sladla s OV SLi8 IS o s 2 Wl e 5145 Clods Jlad (S 55SS adlate cpl Jla 5
Soli b S5 BLIaS [TF O O8] o 0leeSL 01 S ol diu 08 Sos 5 53 Oles bs 53 YoA¥ 5 Yo
o Sl eds a0 Ol OLSe Jorlge solis IS 55 8 5 58 VL 0158 [9V] conlazils adkeie ol 53 glos ) sl
ey gboody badlaie ol glailis 8 01y 55 Jlazl B3V Olsl e 6 2205 VIA 335 5 o s 28 #/7 4305 5
33 et 35n e 33 B 55 ey sy 5 L3 O e Lol e L0l IS ol Rl aas e DL

.C,.w‘c.k.:: J:J)‘Jf ;\.L>¢.!“” 5 UJ»‘ ‘}L

g ) radens
el S )
N 3 ;
gl ol i
SN
e
e o=
'N b S0
K
S g ot
*
e
0 Km
E 0 [ 61°30°F
asds gloal,
¢ alsS = ik
bt
O s i a8 s
A a
A b
oSy
3, 3
3 kY oyl
b . s e
i g
=
e oIl . ~ s 4 S Sl
d
o8 S

AT Yo v ((Fas 5 el L) e gaOlis I8 5 ol O Ko i ey 4l (Y K2
e %t (P
adlas 390 slaOLES |5
Q}SU Ju‘eJ.J: O U‘j‘i‘ u‘)gA ‘-;1<~:> J’-‘)"" L dbjmﬂ.)v.w} w& 46}‘).:): JL&A uL:..le Aw GUJUQA U'il DL
rl>u| QLZ.:.Z}J L@,ﬁ lo i (abu‘ U‘j‘i‘ Q\J,_{A Lfi":'} J"l)"" 6LAQLZ.9J§ S » Lflj;-’]i\ 9 ‘_;:L:MZ‘}:} Oldles

L;\‘UJUQA [a cY c‘f J" 4?0 49\ 4YY] C,M\GJ)..' M)j‘;j}éj)}ﬁf‘jj) a\f.l.l) )\M Lhdl.wﬁﬁ U'l‘ Ls))f IS

W40 0l 5 ol ) oled i Jlo Ol S ol (a5 — oade 4 25 [AT



ol DSty Ol S St blis 53 DS IS 55 5l e ol o3 55 [VF] YooY J0liSas 5 alecds Loy
el 2 S D S 5l S i a8 cled

sSjﬁJ.g OU’JJ?—\—\'

Sope 0L S al L3 Sl ed bt kS Ve S Sl sk V0 5s S 0L S
o YA G a5 O3 U1 (5958 055 48 el OF o3l 53 Jib b Loy e (pie 5 (535 0 b e

o Ssodea slpe and oAl L Lde (NS a8 5p Jld IFAY ol o T @)U 05 Gl paiged Olej o uL:..eL}f
Clled Yool a8 s Lol 50 0lis 8 e Cand 5 S Sl o ol 5l 58 sl Lol an

Ji&) Cewlodlds (b)‘) Jj....a;- ol JSJ dla_é Q}a.ijf‘*s&.b') OL:JJf gﬁungﬁﬂ)mwk}jwl

RN Y4 o _ el
CMJ:dug\,«q;(gs(g",.u‘n.\.:'fﬁuﬁﬂ}n}&)\f)biy,&dw)é‘}mgjsjjjbub‘}fj‘@u(u&“v‘_;Uth.f:

Al 05 B 53 558 Sl ol b 4 (555 S ot 2lss e s A L Bde S £y 5 (@ OL IS G0 s

o8 Ol JS-Y-v
SOl I8 s O gl 13 Sl el ed alled (6 lS VA 5 S sl (6 ,meslS Y s e OLiS S
SALS axls Cope 4 0L IS ) S e il Lo U g OIS 5 a8 by 5o 45 adkee sla
6.}[.:) ;.\.wdl.éa.}f JJ)J@ C)l;- JS|JS &f»‘ )‘ A.hi.. wJ«;: J.) LS)@ 6\.@&_)[-\?- C_',\_..a‘ d:}) )L:.w.i QT u%)w‘

Sas gl sl Glbl glg ety 5l AU 55 0 Jlexsl aS 515 s g (g 51 S s Ll s e eIl L

? Delisle et al
W40 Ol 5 ol )Y osle (ot Jlo Ol ki i (e gy — ke 4 20 [AE



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

SLblag o S gl Sl S oladad 5 JuS ) s el OLEE IS cnl sla sl s VL ()5 el
Sl 52) JKo S Bl el S S5 5 WSl s = sl Olpe & JuS 255 Kl Ll e 0L S
Sl LS ol o5 2 essnl G (omIf la JK2) asl (Wlawsls 13 Los 5 s baslsle ol
el s Ll Lie Ol e O 0diS L (gla s SU Jane 5 Ol (g5l 5 b OlnST AL

Ol o e 0L JE-T-

2ols 13 Sl ol ed B2 dled (620 kS PO 5 0L g o gl G b (520 5kS Y 5 Ol g e OLES IS
el o ¥ wlas 3 5 e FIO OF Geo el Ly e Vv 5 gl 2 10 L )il bos e Sy g0 4 OLES S
7 H2S 58 g 38 Gl zs 2 Lolen 5l (6)5 S50k lse and b L 53,5 oS s 5 S
(oD (sla JSC5) 555 o plaiad

Y 3 DT A vin O a T e
(S Sarex A 51 (AU O s Ky (00T 51,5 4zl s SIS sl 5 e 0L IS 51 oled (L1 Fsla S5
K gl g s sloly S st K55 5 bl g Sn e Olge 4 Jul 5 pa (o

& r2

0L s modics Owa alas 5 58 slols Lol sdy, e T (& O g ot bLﬁiJf 5 el (Ahdgls IS5

W40 Ol 5 ole )Y osled (o Jlo Ol ki gl e g5y — ke 4 25 [AO



4&“.&0 u:"jj_f

S b 03 38 Goslmer 5 i e Sl eslizal ( (S Gble 53 0L S SIS 51 (sols i sed Sras (p sl
- OB gLl Ol el Jlaw KO sladad Gy b ol oS el Sl gl Ol Sl ek p gladns
Sy o 4y isas 53 058 Olge OLEB S S8 51 (gols paised o0 3 oo i 655 8 S50 5 S
Joee 3 S les Sl @ Jrame 23 OLEs S laslE 51 (ools pa sed Joes bl 1 e Al e 2158
Gk s s Sikd el Cand Lislen 5 pldl s ST Sl 55 ke el A el 13 W3S 2
3905 3 S Gl (P USE) At ol OF S5 3 guls o 4505 OLL b 5 Al esls 3 Cw&‘.;q Sl
JB b = s ol s Sl s S S, 5 cid 2 G e B8 e e L e
8 sy sl a:‘b)‘j;&m;gijl emﬁwdﬁwo)ﬁmdwiww.w\ odalie
4.:,.:..:ASL;."jL;-)JU'@JijJWﬁ&M)JJ}U)M))J}QMﬁ)\w}bﬁ&aﬁ\)ﬂ)ﬁgi¢w
55 el oo 5 edls 1B et Wlas gy eIl s e 5 SRl s M) Sl 6 e
G 3l agm e sah Of s 4zl oK & 5 e 1y i OB b g i 00 3l e S (Cal) o il b
S o $ S s S8

S ol Sl sl&ilesl o 3 sl 5 bt SESE 6l 2 ke YOU o L 5K 5ad Vo asdllae ol b
Carle Juo (538 G313 siley S olaws 4y 8555 s 5 4 pai S5l oalinad b 518 lads sed olKiulosl L3 i Jlu)
5 iab S s Gl SHSKET 4 seme pomen 5 IS4 S Poraplot Q slad s L AGC 100-400
Ol OBl ke ol (g5 So5den (38 DS 5 SIS 5 plulid 4 536 Joas cpl A Gas 3 “adad gl
D578 bt DSt (0 SAaS (g5 Jald (550 S 5000 8 glaslS 5 OIS 5 Oliy=0l 5 550 QU015 53l
ROWI YA G PV ST IUL TN

(3%C- 1 SuSl 3 5 (8°C-CaHg) Ol (87°C-CoHg) OLI (3°C-CHa) Ok (P*CIPC) 1S osssl Cund
& bgites GC s 5 Sl ol 3 oA (6,283l GC-C-IRMS s s (' 1sS) bls,l 3l eslizul L 35 COy)
3 DS 5 A 3l ey e S 3 Plus XL Finnigan Delta o o5 Sl 4 O (5,5 5 Bll 058
534S Las Vevr les b olaeast ae U CU-NI-PE Gl 2>l o) 55 5515 lawiions POroplot Q o s Lo 55 ol K&
PSSt (g5 5l Nafion® L Llome G by OF i L O 5 o St (g3 40 by Soodes il
sl ) b del Ceds GC-C-IRMS 55,5 b 55 (8D-CHy) Olie 355,08 o 5553 G S oo 205 50l 350
s ol Sslee a5 VYO0 gles 55 55,0 055 3 Hy 5CO, w0 31 S5ks S Ot Jaw sy il 5l e Olie 45
b %0) ' oo sy o s alie S (S o3l 5 syl e e iSeul 4 lediios Hy e A2

Lol s H (gl o2 ¥/ 5 BC Gl /Y S35 b5 (O3, 1) VSMOW 5 (¢ S (¢l ) VPDB

3 Molsieve

* Thermal conductor detector
® Flame ionization detector

® Couple

" Per mil

W40 0l 5 ol ) ooled ot Jlo Ol Gl i ey ims 5 — ake 23 [AT



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

adlas 340 GO 8 3 51 51 (gl paigad oy, FUKS

_\4

“asanl s SN wps glaadl-0
OLis 8 a5 ladiped op ST (63 5 o Sooded LB O3sdes (0 S 25snl 5 S5 oS5 s
e 5lie 035 el ol e pamem o3 QAP0 B OAAY oy Ot ldie . conlols w1\ Jgle 55 aslllae 5 50
@ Ll o AV BAY o NoJAr Cd 5 0301 055,550 Slds 03 5YL 5 Ol s oot OLES IS (658 (slaaigad s
23 Sl YV L85 15 55 O3St 4 055 50 S S 4 4 5L AL (G000 i 5ad (b 53 (5 aedl Slon 5505 Jds
A3 5 O3Sl 5 O3 polie 350 planil [pn pmomad ol Jlds 4 S NofO slis L (5 sl s
S Ol Slie Lsd e e i Ve 8wk pslie 5 B sl (pl (b3 oS Sl ol b gl
() Jsd) Sl ANV VOLY O g e e OLES IS 58 55 150 S5 1 Gl

St anlllan 5 LS o (3L s g 0503 plendipiS Sladul B 0 1 age (B Ok op S ol Sl S
alsl 33ks b o3 joldes Sl 53 Oke ls OF Wi cy 53 oogr S8 Ole 055008 5 (S 503!
Slales 36 Zowd JTslse ot S5 el iy i Slas) 0 s 2530 S pme oa 5 W5 o0 L S L
Ira] s g o 23l S palie SlacSin a0 53 ASS) 3 5 53b5 sl Slasl U3 ppizmen [YF] 3550 A5 5L
S5 IV 2)ls [l 55 BBl 528 ol s pls ST (lome 5 slesB bl s Jle s sled L Ol
o I alse 51 30 Ole 3 S 15 eslinad 5 ge Cilisie glaline Lasis 53 Llg e Ok O350 5 2 S ossnl
Ola 5 [M] ol b SL lasnl s 51 3b Jlus Son Obe b S5 s Obe o5 Al SS3p0 5 b SS3gm Ll
- JSE e 5 COp (slrl T 53 b 3l SL Ok [OV] ol pledtge 5 (sleS Ty 5l S0 S s
ov] s

Eow—F

Dlie el ol S [OA OF FA & A] ot ool 3 K550 5 5 ol S Lie s (sl 535 el
b b 51 Yol SIS [0 OAT wis 03ls it L2 PC ke Ja 5 ey o 5 0 SSpn 5 5 S
Lide oS Coslodd 805 (00 5 =¥ 1) SGse 5 38 51 (F40 5 = ) S Sy 0 S el e
52 S5 YVIVO %0 B =YYNVF S o555l o 1l Olie b anlllas 3550 OLES IS a5l 0 o)l b3 8

qu,&da mM.ES Js 9 Sis 6&,@ “ J:" (100 X C2+/(C1 + C2+)) C,u}la) u.a;-u UAL»I‘J.: LA)K Sl 413; )]a.:

W40 Ol 5 oler )Y osle (ot Jlo Ol i plid (e gy — ke 4 25 [AY



L oandlas 5,50 O3 S 51 g2 slas [OY] daes os O 51 i Cusby asla bl 5 gbaslS &S
Kgd o gemen S la3E VOB Y i U usby asls il

5,5 515 eslizal 5550 W38 Lie cpuns (sl [0 18Dy blis ;587°Cy 5 [A] C/(Co#+Cq) blis ,38°Cy slapl SLs
it 0Lz IS 55 5 [¥A] s LIl il lassiin osisnl 5 JsSse S5 gl esls (A 5V gl [SK2)
@ged lodd osls OLES anslie sl 50 [VP] Olasly O S Liul3l s sl sice 5o Ol Sy Jor 5 ) < Shuls
23 Olgm i 5 cpoe OIS IS 5B (glads pod a3 5,8 oo 513 S50 5 035dms 53 S0 OLES IS 5K
2GS S Sk s 14 Orlee dul B 0l an ST LS e 513 O rlee Al b e pome
S5 a3l s gdms 53 50 OlusSl olis IS ) o B 4 A (V Jsd) oL Sl 51 s = slas8
el 88 )3 4 5L 0kast 5 0l gbolis 8 51 s 5 byl L j5 sl &S (V JSK2) L,8 a5l 3
L5 oo LT e (S35 5 ol iy 0L S 53" BLil e o STl pladl 3,50 il (S350 4t
oo p allae 53 WS Line 55 Cglie pie ol Al Ll 51 e T Sl Lo gt ol i3y sl
Sl D] Clods sdaline 55 Ol 3T 5 (OLE) sy g o Slasy Wbl dile Lis Cilisen bl glaolis S
o= S8 Ol S Lgsnl polie Al plsl [YY] YooV Jle s OGes 5 550 Lo b oS (glanlllas 55 Jle
aets Saiige 5 bdae b 5 S5 sm bles (sa3 esdme 53 o 53 Ulnl 53 Olie (sla bl 5 5 WaOLEs IS 51 ed
JK0) W58 o 513 S5 se 5 endome 3 IS0 (‘\;ﬁi’)-’ asdllas 5550 SLAOLES IS (gaan 35 (slad sl A o3l
S el VY %0 BN S gl palis b5 /0 U 5l zeS axdlas 3 5e laolis S aes 53 CO, luis (A
) KBl a5 Aul 3 s 5 [FP] i Slacn Ssoder (S3158 b OgrlonS| AnT 3y oo (goa LS
K305 53 49) 8°Cez 587Coop (shls asllas 3,50 SLAOLEE IS aen 5l bt laslS ol [TV] (+Y %0 5 -8
0 Lolis I8 .ol bagp Sssdes o 452 dul b ) pam pde (SoAlilis 4 dten e (A5 (5 So3ll Sy
0% 3l SN a5l oS5 L sl L sl 5l s e e anb oKL K oolgs
LT o] S sl G el ST U 55 o 4 S i 55 555 5 C1/Co+C5>500

S XS e 15 Kohse s Lie s 6l 0L Olse 4 CoCy s0IT 88C L pspl cud S
sl LLIL; 5 bieds da L s ,m byl b js edd W5 a8 s by S slias (2158l b 55l
b S GGy ogisnl S S s e sl SSSse s gl Jl S oS S cleds
=0lis IS 58 Ci-Cy seolIT 8C (slaesls Jlo i (o581 00 FY FF OV OF O] 548 o A5 Ole O a2 s
Lice (V Jsdor « S350 58 4505 6l L5 3°C-CaHg 5 Lads yoi aan (5 3°C-CoHp 58°C-CH,) anlllae 3,40 (sla
o Al S Y s s LLS 51488 I s AT 350 slapl SLs baw s S das e 0L 1 W S5 se
550 sOLES IS 5l el o S 53 (V Jsdr) Cor oy Sosda oS Slais (8 5 AV la |S2) 550
3Kk am s VoA 51 5VL glabes o3 JT slpe ol 2eSs Jaw s Loy Soods opl 45 3503 5505 0 andllas
Solm Al S (b s mle glagn Soodes ol B el IS 55 S slacdled 5 Lpd o A5
spb g JoSi5 Il slge JulSS o o nl 3 55 S35 Slie S b e JSCES S3BIS al e 55 0358 ekt

& Plumbing systems
® Methane seeps

W90 0l 5 ol ) oled i Jlo Ol G ol (a5 — onde 4 5 [AA



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

Sgn s Laie 3l (6,505 dalpd Obgon padis 5 s sla0lid 8 53 sl sl 6 laasd ol ulo [OA 4]
S e ol sl Line oS o ol 5 Sl- YL 2l s e 0L 1) 0 Se sla0Les S 5l e s5T sl
slpe VU Los o 55 5l 2 W38 ol il K550 5 Ol 53 O1,Se Jlad (S 555 055 5o andllas 3550 laolis
e gl b ol & das e LS 1 055 Gl @30S ek Jemily 5 At 4Bl (Hls 3 amdo 3

b Al g andlae opl b 53 Ol el 5 S slaolis S 55 e,

Ol 81K Jol g 55 anllas 5,50 OLES IS ds (552 S 5002 SL3E 903l 5 Fs0 90 oS 5 b N dsor

Lolas S oL SEF O Ol g ks
N YO ¥ 'Yo/sa" N YO P et N YO YY'05/AQ"
A olase . o ey o\ e et
E 04°04" FV/A) E 04°00" ) ¥/¥ E $)°1V rY/¥q
IRVO-))
oS yai IRVO-+) IR\O-+Y | IR\O-+# . ] sl e Sl
& Al Gl el I S _
S s
C1 (Vol.%) qv/Ye qA/Yo 4A/10 0\V/A\ q4/\A
C, (Vol.%) \TAR /280 /v oY +/*Y0 o/v0
Cs (ppmVol.%) V48 1 A AR 04
iC, (ppmVol.%) A\ 0 0 \% VY
nC, (ppmVol.%) Yyl Nd Nd Y Y
iCs (ppmVol.%) Y Nd Nd \ \
nCs (ppmVol.%) YV Nd Nd Nd Nd
Ce+ (ppmVol.%) VA \ ) \ \
He (Vol.%) Nd YRR /e /004 -
Ar (Vol.%) o/ o/ /0 ViAy -
H, (Vol.%) Nd Nd Y Nd -
0, (Vol.%) AR VAR YA Yal B
CO, (Vol.%) AR Y o/+4 o/t Yl
N, (Vol.%) /4 \/t Y% Yv/en _
C,/Cos 1oV YiAV/0 \VoY/Y \WeE/E \WeE/E
88C, %1 —YV/Vo —YVAL S AOA -
SDC, AL —\oY/¢ -\oY -\iv -
31C, -YY/A —\A/0 VAL . LA -
3Csy -\4/0 - - _ _
3"co, Al -V v -V -\ -

W40 0l 5 ol ) osled ot Jlo Ol Gl i ey ims 5y — ake 23 AR




Ol O So ol g K2 sl

OLzs I8 65,5 o slasls Ll

o ol i
ol ol
Sape W
Yo 8
Rty
Oligeyniin ©
olasly ol Sa
Vosflals e
[ERLETNE
e T
as glalusT
IS (BN Ql_gu.:i ¥

(s pladail B

100000
Biogenie Oxidation
10000
1000 *
&
Q
43
100 .
Mixing™-
10
L T T |
-100 -80 -60 -40 -20
81°C %, (PDR)

st 5 [17] DLaSly 5 01a0 01,Ke s aadllan 3550 SO IS (b3 [A] Cp/ (Co + Ca) Jilas ;3 87°Cey o Sls v I

[¥a] aa OLlwT ol

T T T T 120
-70 [~ MICROBIAL METHANOGENESIS .
2 D ol o155 els oy Lis 45
S = Oligypoaion 0
BT VO Sapz B
I ! P F
J | Yogee O
50— ! ! = 80 — Carbonat
= | : Reduction
" | THERMOGENIC |
* I GASES ! F
= 40| | . - =
¢ | ! z
o y I
© a0f | Ny, | i ]
| | <, [ Geothermal
| ! O@‘)flﬂ “ . Hydrothermal
I i r"l)(:(' it WY
200t _____ > N, el
e — =~ ll
, Fom i
%, €
°
10 )"00( Q =
| 1 : + ] T I T I
-20 -10 0 10
-400 -300 -200 -100
8"C (CO,) %o BD-C,(%0)

m_;sb .[Y’A] 613CC02 Jal:u BL 613CCH4 f‘;“d" R JSJ
ol A S alie

58 [#] 3D-CH, Jtas s °C-CH, ¢l Sl A Jss

Ol ! bljg.a 35 andlas 3,0 ‘5\AbLiéJf

6 S i =V

ol s LSS Lyl amio 5 4 oy amio oS wsly b GELs R s 4 O Sl sle ) st

5 SosSadea S 5 OT S 51 b e 0L 5 asly (155 amio Sligey 04 oS1 e 4 e (L5 5
O s ST 055 slaolis 8 calods Al 5 S Gble js o 28 glaolis 8 LS culg s
Jld SLEs S v (6o Saodes LSl Lite ) i IS by S Bdas 5 ilise slagg3 058 0 sl
5 68 B S5k S Cldllas 3 eslial b Ol O aolbl s slaysiin 53 Olsmpmdins 5 Sy (8
L ole Bies LoLzs IS ol 51 el S Loy s el o5l e o e cib-s58 SISl S
G5 5 O Okl Ol OB s 5l OB 50l Ols s OBl oS Sllis b 5 AV/TE-4/NA V0L oy il

SNOY/Y %o b =VYE/A O3, 5 -YVVO %o B YTV S assnl Caws oslie b Oke i oSS

“VE/¥ % B =YY/ U"JS &fﬁj"‘wk"ﬂ JJSJ.:.WS‘ > el L;")j" 6LAJL§ Q}y;@éa“.’bm

W40 0l 5 ol ) oled ot Il Ol S gl ey ims 3 — ake a2 |30



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

Lao Sooded s s dul b g e 5 Sbm Ol i 255l Comd olis ol s 4 5 T Lie 6ls
s 1l e S5 Tl 51 50 (6 Ssoted Slapiom )y Jlazsl (ias il b el
Slasltle plad s b Srelr pland 385 Slallas o ST e oo OLE 1) (2555 b ke ol b sl 5 L
g g adkaie pl 53 (S 55 s ol (b ey Oladllas ismen 54U SLES S

188 5 wlews

it L 5 S ey s oS Selod planil )5S Ol 5 O Kk 5l Cules Gadis olex LioSs ol
5SS Ol ygd K35 5 (Sad Sl oylsl ey 03l sk dmallie SBT 5l el oY eaen 34l
5 el e e e 0Ll Sl S G ol a3 (6)Ses bl 0Ll S 0
e 55515 blou g aemy e 553 5515 il el ol S5 (Sl Lot S5 OLBT 1 1552 g (515Kl
33,5 o SRl

.

@L.a
‘wuwﬁ) U;UJJ .Lf:) 4.l.>u (Q\ﬁ\ 6UBQLL_‘>J§ » L5“:“J§" Lr a\ﬁb) GCMM.:% QLL.‘BJ§ AY’/\Y‘ 35 cDJJﬁbJ < cebb';.)l«o [\]
YO-YA amin FA ol

ST o&ils (ilel Ll asllas (KL 0lis IS S cladily, (65555, 505 S ITAQ z S el sl e [Y]
AV=VY i Vooslels 2 JL U.ﬂ}’\ﬂ A d,a}kw‘

OLS slaplis IS sl a5 Sl 8 cule s 5 Bome IYAr 0SBl o (S s oS oS (sl sls Y]
VYV domis CAY e (o p sk anllad tlgl (6 Ko S Coaal 5 Sl Ol e

3 (AIN) e L3 S S5 58550 55 o S s AT 5 L wcdlle (Gloms wcdll (sl cp i ‘.C‘U:)lﬁ [f]
I a5 o8l (sl 5 Wil alome sl 5 (Sos slagtss 31 sl b 0T S 5 T idao S5 0etd
ATACINAPEVIFI L S RO

oKl chnmn g 5 Wl alme 10T Gla S5s 5 Ologp 0LedisT Go5 53 Wly IS 0L S ) OYAY (IS [0]
YAV wis b osled Ol 5h 5 Oliaw

[6] ABRAMS, M.A., 2005, Significance of hydrocarbon seepage relative to petroleum generation and
entrapment: Marine and Petroleum Geology, 22, 457-477.

[7] ARTHURTON, R.S., FARAH, A, and AHMED, W., 1982, The Late Cretaceous-Cenozoic history of
western Baluchistan Pakistan--the northern margin of the Makran subduction complex: In: LEGGETT, J.K.
(ed.) Trench-Forearc Geology: Sedimentation and Tectonics of Modern and Ancient Plate Margins,
Geological Society, London, Special Publications, 10, 373-385.

[8] BERNARD, B.B., BROOKS, J.M., and SACKETT, W.M., 1978, Light hydrocarbons in recent Texas
continental shelf and slope sediments: Journal of Geophysical Research, 83, 4053-4061.

[9] BERNARD, B.B., BROOKS, J.M., and Sackett, W.M., 1977, A geochemical model for characterization of
hydrocarbon gas sources in marine sediments: Offshore Technology Conference OTC, 2934, 435-438.

[10] BERNER, U., FABER, E., SCHEEDER, G., and PANTEN, D., 1995, Primary cracking of algal and
landplant kerogens: kinetic models of isotope variations in methane, ethane, and propane: Chemical
Geology, 126, 233-245.

[11] BILHAM, R., LODI, S., HOUGH, S., BUKHARY, S., MURTAZA KHAN, A., and RAFEEQI, S.F.A,,
2007, Seismic hazard in Karachi, Pakistan: uncertain past, uncertain future: Seismological Research Letters,
78(6), 601-613.

[12] BROWN, K.M., 1990, The nature and hydrologic significance of mud diapirs and diatremes for
accretionary systems: Journal of Geophysical Research, 95 (B6), 8969-8982.

W40 0l 5 ol ) oled oid Jlo Ol S i (s ims 3 — abe 23 |



[13] CHUNG, H.M., GORMLY, J.R., and SQUIRES, R.M., 1988, Origin of gaseous hydrocarbons in
subsurface environments: theoretical considerations of carbon isotope distribution, Chemical Geology, 71,
97-103.

[14] CRITELLI, S., DE ROSA, R., and PLATT, J.P., 1990, Sandstone detrital modes in the Makran
accretionary wedge, southwest Pakistan: implications for tectonic setting and long-distance turbidite
transportation: Sedimentary Geology, 68, 241-260.

[15] DAI, J.X., WU, X.Q., NI, Y.Y., WANG, Z.C., ZHAO, C.Y., WANG, 2.Y., and LIU, G.X., 2012,
Geochemical characteristics of natural gas from mud volcanoes in the southern Junggar Basin: Science
China Earth Sciences, 55, 355-367.

[16] DELISLE, G., VON RAD, U., ANDRULEIT, H., VON DANIELS, C.H., TABREZ, AR., and INAM,
A., 2002, Active mud volcanoes on- and offshore eastern Makran, Pakistan: International Journal of Earth
Sciences, 91, 93-110.

[17] DES MARAIS, DJ., STALLARD, M.L., NEHRING, N.L., and TRUESDELL, A.H., 1988, Carbon
isotope geochemistry of hydrocarbons in the Cerro Prieto geothermal field, Baja California Norte, Mexico:
In: M. Schoell (Guest-Editor), Origins of Methane in the Earth, Chemical Geology, 71, 159-167.

[18] DES MARAIS, D.J., DONCHIN, J.H., NEHRING, N.L., and TRUESDELL, A.H., 1981, Molecular
carbon isotopic evidence of geothermal hydrocarbons, Nature, 292, 826-828.

[19] DEVILLE, E., GUERLAIS, S.H., CALLEC, Y., GRIBOULARD, R., HUYGHE, P., LALLEMANT, S.,
MASCLE, A., NOBLE, M., and SCHMITZ, J., 2006, Liquefied vs stratified sediment mobilization
processes: insight from the South of the Barbados accretionary prism: Tectonophysics, 428, 33-47.

[20] DIMITROV, L.I.,, 2002, Mud volcanoes: the most important pathway for degassing deeply buried
sediments: Earth Science Reviews, 59, 49-76.

[21] DOLATI, A., 2010, Stratigraphy, structural geology and low-temperature thermochronology across the
Makran accretionary wedge in Iran, PhD Thesis, geological institute of Swiss Fedral institute of technology,
309.

[22] ETIOPE, G., FEYZULLAYEV, A., and BACIU, C.L., 2009a, Terrestrial methane seeps and mud
volcanoes: a global perspective of gas origin: Marine and Petroleum Geology, 26, 333-344.

[23] ETIOPE, G., FEYZULLAYEV, A., MILKOV, AV., WASEDA, A., MIZOBE, K., and SUN, C.H.,
2009b, Evidence of subsurface anaerobic biodegradation of hydrocarbons and potential secondary
methanogenesis in terrestrial mud volcanoes: Marine and Petroleum Geology, 26, 1692-1703.

[24] ETIOPE, G., MARTINELLI, G., CARACAUSI, A., ITALIANO, F., 2007, Methane seeps and mud
volcanoes in Italy: Gas origin, fractionation and emission to the atmosphere, Geophysical Research Letters,
34, L14303.

[25] FOWLER, S.R., WHITE, R.S., and LOUDEN, K.E., 1985, Sediment dewatering in the Makran
accretionary prism: Earth and Planetary Science Letters, 75, 427-438.

[26] GALIMOV, E.M., 1988, Sources and mechanisms of formation of gaseous hydrocarbons in sedimentary
rocks: In: mM. Schoell (Guest-Editor), Origins of Methane in the Earth, Chemical Geology, 71, 77-95.

[27] GULIEV, I.S., HUSEYNOV, D.A., and FEIZULLAEV, A.A., 2004, Fluids of Mud Volcanoes in the
Southern Caspian Sedimentary Basin: Geochemistry and Sources in Light of New Data on the Carbon,
Hydrogen, and Oxygen Isotopic Compositions: Geochemistry International, 42, 688—695.

[28] HARMS, J.C., CAPPEL, H.N., and FRANCIS, D.C., 1984, The Makran coast of Pakistan: its
stratigraphy and hydrocarbon potential: In: Hag, B.U. and Milliman, J.D., (eds), Marine Geology and
Oceanography of the Arabian Sea and Coastal Pakistan, Van Nostrand Reinhold New York, 3—-26.

[29] HOSSEINI-BARZAI, M., and TALBOT, C.J., 2003, A tectonic pulse in the Makran accretionary prism
recorded in Iranian coastal sediments: Journal Geology Society London, 160, 903-910.

[30] HUNT, J.M., 1996, Petroleum geochemistry and geology: 2" Edition: Freeman, W.H., San Francisco,
California, 743.

[31] Jenden, P.D., Kaplan, I.R., 1988, Origin of natural gas in the Sacramento Basin, American Association of
Petroleum Geologist Bulletin, 72.

[32] JONES, V.T., and DROZD, R.J., 1983, Predictions of oil and gas potential by near-surface geochemistry:
AAPG Bulletin, 67, 932-952.

[33] JUDD, A., 2005, Gas emissions from mud volcanoes, Mud Volcanoes, Geodynamics and Seismicity,
Proceedings of the NATO Advanced Research Workshop on Mud Volcanism, Geodynamics and Seismicity,
Baku, Azerbaijan, 20-22, 147-157.

[34] KASSI, A.M., KHAN, S.D., BAYRAKTAR, H., and KASI, A K., 2013, Newly discovered mud
volcanoes in the Coastal Belt of Makran, Pakistan—tectonic implications: Arabian Journal of Geoscience,
7, 4899-4909.

W40 0l 5 ol M) oled i Jlo Ol S ol (a2 — onde 4,25 [T



S e LSS gl Ll e usle sloaT ¢ ol e 3l «g3bl Olbole b -pgo

[35] KOPF, A., 2002, Significance of mud volcanism: Reviews of Geophysics, 40(2), 2.1-2.52.
[36] KOPF, A., Klaeschen, D., and Mascle, J., 2001, Extreme efficiency of mud volcanism in dewatering
accretionary prisms: Earth and Planetary Science Letters, 189, 295-313.

[37] KOPP, C., FRUEHN, J., FLUEH, E.R., REICHET, C., KUKOWSKI, N., BIALAS, J., and
KLAESCHEN, D., 2000, Structure of the Makran subduction zone from wideangle and reflection seismic
data: Tectonophysics, 329, 171-191.

[38] KOTARBA, M.J., and RICE, D.D., 2001, Composition and origin of coalbed gases in the Lower Silesian
basin, southwest Poland: Applied Geochemistry, 16, 895-910.

[39] KREULEN, R., and SCHUILING, R.D., 1982, N,-CH,-CO; fluids during formation of the Déme de 1°
Agout, France: Geochimica et Cosmochimica Acta, 46, 193-203.

[40] LINK, W.K., 1952, Significance of oil and gas seeps in world oil exploration: AAPG Bulletin, 36, 1505-
1540.

[41] MATTHEWS, M.D., 1996, Migration: a view from the top: In: Schumacher, D., Abrams, M.A. (Eds.),
Hydrocarbon Migration and its Near-surface Expression, AAPG Memoir. AAPG, Tulsa, 66, 139-155.

[42] MCCOLLOM, TH.M., and SEEWALD, J.S., 2007, Abiotic synthesis of organic compounds in deep-sea
hydrothermal environments: Chemical Review, 107, 382—401.

[43] MILKOV, A.V., 2000, Worldwide distribution of submarine mud volcanoes and associated gas hydrates:
Marine Geology, 167, 29-42.

[44] NEGARESH, H., 2008, Mud volcanoes in Sistan and Baluchestan Province, Makran Coast, SE Iran:
Bulletin of the Geological Society of Malaysia, 54, 1-7.

[45] NEGARESH, H., and KHOSRAVI, M., 2008, The geomorphic and morphometric characteristics of
Napag mud volcano in the south eastern of Iran: Journal of Humanities the University of Isfahan, 30(2), 51-
68.

[46] PALLASSER, R.J., 2000, Recognising biodegradation in gas/oil accumulations through the §C
compositions of gas components: Organic Geochemistry, 31, 1363-1373.

[47] PLATT, J.P., LEGGETT, J.K., YOUNG, J., RAZA, H., and ALAM, S., 1985, Large scale underplating
in the Makran accretionary prism, southwest Pakistan: Geology, 13, 507-511.

[48] PRINZHOFER, A., and PERNATON, E., 1997, Isotopically light methane in natural gases: bacterial
imprint or diffusive fractionation?: Chemical Geology, 142, 193-200.

[49] RAY, J.S., KUMAR, A, SUDHEER, A.K., DESHPANDE, R.D., RAO, D.K,, PATIL, D.J., AWASTHI,
N., BHUTANI, R., BHUSHAN, R., and DAYAL, A.M., 2013, Origin of gases and water in mud volcanoes
of Andaman accretionary prism: implications for fluid migration in forearcs: Journal of Chemical Geology,
347, 102-113.

[50] RICE, D.D., and CLAYPOOL, G.E., 1981, Generation, accumulation and resource potential of biogenic
gas: AAPG Bulletin, 65 (1), 5-25.

[51] SCHLUTER, H.U., PREXL, A., GAEDICKE, CH., ROESER, H., REICHERT, CH., MEYER, H., and
VON DANIELS, C., 2002, The Makran accretionary wedge: sediment thicknesses and ages and the origin
of mud volcanoes: Marine Geology, 3087, 1-14.

[52] SCHOELL, M., 1980, The hydrogen and carbon isotopic composition of methane from natural gases of
various origins: Geochimica et Cosmochiica Acta, 44, 649-661.

[53] SCHOELL, M., 1983, Genetic characterization of natural gases: American Association of Petroleum
Geology Bulletin, 67, 2225-2238.

[54] SCHOELL, M., 1988, Multiple origins of methane in the Earth: Chemical Geology, 71, 1-10.

[55] SHERWOOD LOLLAR, B., LACRAMPE-COULOUME, G., SLATER, G.F., WARD, J., MOSER,
D.P., GIHRING, T.M,, LIN, L.H., and ONSTOTT, T.C., 2006, Unravelling abiogenic and biogenic sources
of methane in the Earth’s deep subsurface: Chemical Geology, 226, 328-339.

[56] SKINNER, J.A., and MAZZINI, A., 2009, Martian mud volcanism: terrestrial analogs and implications
for formational scenarios: Marine and Petroleum Geology, 26, 1866-1878.

[57] STAHL, W., 1977, Carbon and nitrogen isotopes in hydrocarbon research and exploration: Chemistry
Geology, 20, 121-149.

[58] TISSOT, B.P., and WELTE, D.H., 1978, Petroleum formation and occurrence: Springer-Verlag Berlin
Heidelberg New York Tokyo, 699.

[59] WASEDA, A., and IWANO, H., 2008, Characterization of natural gases in Japan based on molecular and
carbon isotope compositions: Geofluids, 8, 286-292.

[60] WHITICAR, M.J., 1999, Carbon and hydrogen isotope systematics of bacterial formation and oxidation

of methane: Chemical Geology, 161, 291-314.

W90 0l 5 ol ) oled i Jlo Ol S ol (a2 — oade 425 [T



&
Car (3010%°

P Ahs P(;i.

< ‘ |\;“«L7"
AY-Ar 21140 Dlies 5 554 Y osled (ot Jlo Olpl Gl bl e sl — ol @00
No. 12, Atumn & Winter 2016, pp. 80-93 Iranian Joural of Petrolum Geology

Origin of seeping hydrocarbon gases from onshore mud
volcanoes in Makran coast of Iran

M. Farhadian Babadi, B. Mehrabi, A. Mazzini, E. Poludetkina, A. Shakeri
* mahin.farhadian@gmail.com

Received: June 2017, Accepted: August 2017

Abstract

Mud volcanoes are geological structures formed as a result of gas emission, mud-fluid
mixing and variably sized rock fragments in onshore and offshore settings. These structures
are different morphologically which considered as significant marker of modern crustal
movement and neotectonic activity. Occurrence of numerous mud volcanoes on the Makran
accretionary prisms in Iran and Pakistan are reported which caused by the convergence of
the Arabian and the Eurasian plates. In this study, origin of discharged hydrocarbon gases
from three active onshore mud volcanoes; Ain, Borborok and Sand Mirsuban in Makran
coasts of Iran were examined. The released gases of all these mud volcanoes are dominantly
methane with concentration between 97.24-99.18 vol. % and minor amount of ethane (0.04-
1.2 vol.%), propane (0.001-0.194 vol.%), n-butane (226 ppmvol.%), iso-butane (5-363
ppmvol.%), n-pentane (37ppmvol.%), iso-pentane (1-66 ppmvol.%), hexane (1-78
ppmvol.%) and CO2 (0.07-0.4 vol.%). Carbon and hydrogen isotope ratio of methane and
its heavier derivatives indicate thermogenic source for emitted gases of all investigated mud
volcanoes and evidences of the absence of biodegradation. CO2 with carbon isotope ratio of
-11.1 to -14.3%o is organic in origin. Our research suggests the presence of hydrocarbon
system and active source rock in Makran active tectonic area. Although the occurrence of
an exploitable gas reservoir in this area has to be confirmed by geophysical measurements,
geological survey and structural settings.

Keywords: Mud volcanoes, gas chemical composition, carbon and hydrogen isotopes, gases
source, Makran accretionary wedge of Iran, Borborok, Ain, Sand Mirsuban.
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