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Erathem System Seri |Formation| Thickness| Lithology Description
Lighq grey, thick bedded to massive lime-
stone and cherty limestone, Ammonite bear-
ing
Upper | lar 600 m
Q
=
@?
wv
<
; Brown calcareous sandstone at the base,
= Middle da]ichay 280 m light green marl with intercalation of grey
limestone and alternation s of grey lime-
stone and marl with abundant Ammonite
(%]
=
Q
N
2 Lower
=
shemshak 1100 m Alternations of black, thin bedded coaly
shale and green, thin to medium bedded
sandstone
(5]
ot
2 U
8 pper
jam
g .. Alternations of grey, thick bedded fossilifer-
g Upper jirud 450 m [ L L ous limestone and black, thin bedded shale
% with intercalantion of quartz sandstone
A
Upper : -~
o ghell Shale, green shale, mika siltestone
& Middle
B
Q
=
@) Alternation of dark green micaceous sand-
Lower lashkarak stone (Ichnofossil bearing) and green mica-
ceous shale with intercalations of grey, thin
| bedded limestone
2
Q
S
2 Upper Dark grey dolomite, yellow shale and marl,
< PP . — ; .
a5 mila | grey limestone and shaly limestone
(Brachiopoda and Trilobite bearing), silt-
stone and quartz sandstone
= Middle
<
=
Ma)
g Purple, thick bedded quartz, sandstone with
6 lalun 400 m intercalation of purple, thin bedded argilla-
ceous shale
Alternations of purple, thick bedded quartz sand-
Lower Zagun 100 m stone and purple, thin bedded argillacerous shale
_______ Alternation of cherty dolomite, limeston and
barut 290 m ZZZZZo2< violet argillaceous shale
Light brown to grey, massive cherty dolo-
Precambrian Upper | soltaineh 300 m mite, stromatolite bearing
Legend 400
ESEE Limestone - Coal Marly limestone ~ a——a—a—s Rescrve Fault
:"‘:m: Marl + L + Igneous rock Sandstone 200
L _—__—_E Shale # Dolomite Sandy limestone 0
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Focal

i of
occurring in the interval 1948-1976.

Focal i

jons of
occurring in the interval 1976-2002.

of slip vector
(maximum principal stress)
Special notation
GPS in Ew fixed
= frame, 1 cmfyr
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Abundance, atoms of element per 10 ® atoms of Si

(0 )loeige) o) yolie b o] gl § Stiads il (sl oijl (Lol polie gl Y=Y Jgaor
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104 —

Major industrial metals in bold

Precious metals in jtalic

Si / Major rock-forming elements

Rarest 'metals'

Atomic number, Z

60.31 51.27 58.9
17.69 16.90 15.18 19.28 15.20 16.90 18.78 16.7
0.74 0.87 0.76 0.64 3.90 1.14 1.19 1.6
1.09 1.68 1.87 2.83 2.20 2.86 2.19 2.06
2.61 3.58 2.88 5.26 3.40 3.97 3.68 3.6
1.07 0.94 0.92 1.23 0.50 0.70 0.99 0.78
0.03 0.04 0.09 0.05 0.09 0.06 0.11 0.08
0.10 0.12 1.20 0.42 4.20 3.63 1.29 2.2
0.11 0.05 0.11 0.07 0.13 0.16 0.16
6.31 6.55 10.43 12.5 5 5.65 7.18 6.91
2.91 0.20 1.55 00.0
11.41 8.54 6.84 6.5 6.3
SH1 SH3 SH6 JE(JIROD)
Main phase Quartz Quartz Quartz Quartz
Minor phase ng’rgri:’l%}];lﬁ?’ Hg;z:;giitt:’ nlig:faitlll,l(:llllali(t):’ Hgtei;ocfilllr,l(:lhbli(;e’
Muscovite, Calcian
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Signal A = SE1 Date :19 May 2013
EHT = 20.00 kV WD= 14mm Photo No. = 6511 Time :8:53:24

S A P

(SEM G185 S ) axlllao 3,90 ailaie olos gl oy 1o 58 15 Y-V S

-

Signal A = SE1 Date :19 May 2013
Photo No. = 6518 Time :9:03:15

adlate o) Lo )0 39250 (SiuSiig Sao b ol o (Coslon = IS (slojliw ) ol apnST la SIS-Y-Y JSs
axdllas »))yo

S5

Quartz

X 9um ! Electron Image 1

Sy e SEM pgas )5 jlewald 5 35,158 «(Sukil) (o) 0] ST sla SIS -F- S8
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SSpectrum 1
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10um ! Electron Image 1

Full Scale 829 cts Cursor: 0.023 ke (84740 cts) ke

SEM/EDS s glas jo axlllac 5,90 ddlais ol o ;o 00l odwlive (YU pglai dalol) colsl g ooy -0-Y S
(S = pg Sl alai)

Dolomite

f 10um ! Electron Image 1
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' Keller, 1963, Albery et. al., 2003
¥ Ralph, 1968

¥ Schichi & Takagi, 2000

¥ Scanning Electron Microscope

® X-Ray Diffraction

* Transmission Electron Microscope

" High Resolution Transmission Electron Microscope
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' Sorption
" CEC - Cation Exchange Capacity
¥ Organophilic-Metaliferous
(Singh, B. K., 2007) 095 0 o Joxd55 § (oo 4l (iol33l el ooy slo IS j0 (o G aasls T F
® Taxonomic
* Micropore
¥ Microstructure
* Flakes
% Acicular
'* Intermixed

" Mixed layer
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Interlayer
Layer type material Group Subgroup Species (examples)
1:1 None or H,O Serpentine— Serpentine Chrysotile, lizardite,
only kaolin (x ~0) berthierine
Kaolin Kaolinite, dickite, nacrite,
halloysite
2:1 None Talc—pyrophyllite Talc Tale, willemseite
(x~0)
Pyrophyllite Pyrophyllite
Hydrated Smectite Saponite Saponite, hectorite,
exchangeable (x~0.2-0.6) sauconite, stevensite, etc.
cations
Montmorillonite Montmorillonite, beidellite,
nontronite
Hydrated Vermiculite Trioctahedral Trioctahedral vermiculite
exchangeable (x~0.6-0.9) vermiculite
cations
Dioctahedral Dioctahedral vermiculite
vermiculite
Nonhydrated True mica Trioctahedral true Phlogopite, biotite,
cations (x~0.5-1.0) mica lepidolite, annite
Dioctahedral true Muscovite, illite, glauconite,
mica paragonite, celadonite
Nonhydrated Brittle mica Trioctahedral brittle  Clintonite
cations (x~2.0) mica
Dioctahedral brittle ~ Margarite
mica
Hydroxide Chlorite Trioctahedral chlorite Clinochlore, chamosite,
(x variable) nimite, pennantite
Dioctahedral chlorite  Donbassite
2:1 Mixed-layer Variable None None Hydrobiotite, rectorite,
(regular) corrensite, aliettite,
tosudite, kulkeite
Modulated None No group name  No subgroup name  Antigorite, greenalite
1:1 layer (x~0)
Modulated Hydrated Sepiolite— Sepiolite Sepiolite, loughlinite
2:1 layer exchangeable palygorskite
cations (x variable)
Palygorskite Palygorskite
Variable No group name  No subgroup name  Minnesotaite, stilpnomelane,
(x variable) zussmanite
x=layer charge/O;, (OH),

oy
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K, Fe*, Mg, Fe*3, Al oMl
Mg, Fe, Al Oy
Fe™, AI® (Mg .5>) Y
Al Cuidgls
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100
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S 04 o
D 60 t "/' Arid . .
L ]
50 h_ LA L M
0 5 10 15 20
AL203+K20+Na20 (0/0)
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¥ Clark, 1984
¥ Gromet, et. al., 1984, North American Shale Composite
¥ Taylor & Mclennan, 1985, Post Archean Shale
® Ronov & Migdisov, 1971, Russian Paleozoic Shale
* Ronov & Migdisov, 1971, North American Mesozoic Shale
V' Li, 2000, Upper Crust
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Slaygeis, ,o 1, (Ve ¥ USE) Y slamis (55lg0 gumbioey Cll> sl slo s 45 8,150 (S0 5>
adllas o500 ddlate l ahads (plolow Juds 0lo oo lid SEM slaldl 59 Ko (puiorad o oo
ICP zuls oSl (o ol oo ylid 1) ooy gl S5 g nXd 3 oYL oS 5 a5 0gy o> s
YL S 5l slalis e axdllas 0,90 adhaio LIS Lo o Jléj 5 ol slo ot ICP-MS 4
waipd S O3 s Slolhd elal o 1) Sliieds aijle gl ol (VY=Y SK0) dis b lis
(XRF 3 XRD (sl Ul zls pimen g Jods 5 loKiwawle 5l oo 418 5 S50 ablio ulul )

Y = JS8) el Il o cigs o (LS5 gmsy SIS 5 35158 slo 155 bes o5

Percentage
clay-size constituents 0-32 33-65 66-100

Field adjective Gritty Loamy Fat or slick
=]
£ Beds Greater than Bedded silt Bedded mud Bedded claymud
£ 10 mm
2
'g Laminae Less than Laminated silt Laminated mud Laminated claymud
Z. 10 mm
3 Beds Greater than Bedded siltstone Mudstone Claystone
g 10mm
g h
= | Laminae Less than Laminated siltstone Mudshale Clayshale

10mm

o Quartz argillite Argillite
[}
)
—§~ Low
g u Quartz slate
£ High
= Phyllite and/or mica schist

(Boggs, S., 2009 ;I 43,5 ») Lb glyil jo zuly gonaads -#-Y oo

! platy shale
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Spectrum 1

f 10um 1 Electron Image 1

ol laaing Lol jan (oduzmn ol SIS 5 5,95 s,10) olows Jols SEM/EDS (81 59 ,Sis s guai -V Y=Y SO0

Al,O4

caco, — ‘ Sio,

\.\.’)Lw (_thbJ.z..i‘; Lg..\.».:t\.a.,.fa 9 JS b_wqu_alf O Sy CaCO0s3-Al,03-S10, u:'it; dw P‘)fl-.’.') -Vf-v JS..a
(Hossininejad, R. K. & Spencer,R.J, et.al, 2012 ;| ax8 5 ,)) axlllas 0,50 dilaio Sious
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Atomic number, Z
B RS [ JirEEs
Elements DL (Detection SH1 SH3 SH6 Neogene Shemshak
Limite) ppm ppm ppm ppm Shale(ave) Shale(ave)
Y 0.5 13.7 14.1 7.8 33 11.86
La 1 28 30 6 45 21.33
Ce 0.5 75 82 17 90 58
Pr 0.05 8.23 8.51 1.91 10 6.16
Nd 0.5 25.9 26.2 6.6 36 19.56
Pm
Sm 0.02 6.25 6 1.63 7 4.62
Eu 0.1 1.18 1.17 0.15 1 0.83
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Itis estimated that nearly 78% of the
world’s 3.3 trillion barrel oil shale
resource is located in the U.S.
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Symbol | Atomic | Density | Melting | Boiling Crustal Vicker’s Crystal
number | (gcm)’ point point | abundance | hardness® | structure'*
(°C)! °C)" (ppm)z
Sc 21 8 85 Hex

Scandium 2.989 1541 2832
Yttrium Y 39 4.469 1522 3337 30 38 Hex

Light-rare-earth elements

Lanthanum La 57 6.146 918 3469 30 37 Hex
Cerium Ce 58 8.160 789 3257 60 24 Cub
Praseodymium Pr 59 6.773 931 3127 7 37 Hex
Neodymium Nd 60 7.008 1021 3127 25 35 Hex
Promethium® Pm 61 7.264 1042 3000 4.5 x10% - Hex
Samarium Sm 62 7.520 1074 1900 5 45 Rho
Europium Eu 63 5.244 822 1597 1 17 Cub

Heavy-rare-earth elements

Gadolinium Gd 64 7.901 1313 3233 4 57 Hex
Terbium Th 65 8.230 1356 3041 0.7 46 Hex
Dysprosium Dy 66 8.551 1412 2562 34D 42 Hex
Holmium Ho 67 8.795 1474 2720 0.8 42 Hex
Erbium Er 68 9.066 1529 2510 2:3 44 Hex
Thulium Tm 69 9.321 1545 1727 0.32 48 Hex
Ytterbium Yb 70 6.966 819 1466 2:9 21 Cub
Lutetium Lu 7l 9.841 1663 3315 0.4 77 Hex
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Mineral chemistry Mineral chemistry

Aeschynite (Ce,Ca,Fe, Th)(Ti,Nb),(O,0H), Corceixite (Ba,REE)AL(PO,)(PO,OH)(OH),
Allanite (orthite) (Ce,Ca,Y),(Al,Fe),(SiO,),(OH) Goyazite SrAL(PO,),(OH),*H,O
Anatase (Ti,REDO, Hingganite—(Y) (Y,Yb, Er),Be,Si,O,(OH),
Ancylite-(Ce) SrCe(CO,),(OH)*H,0 Hupngliofisige) BaCe(CO,),F
Apatite Ca,(PO,,CO,),(F,CI,OH) I:Iydrc‘).xylbastnasne—(Ce) (Ce,.La)(COJ)(OH,F)
B ite— (Ce)? (Ce,La)(CO,F |Il‘l'?0l’lll.&(Y) Yz(s|o‘)(cc.),)
;'“ a _lt T Kainosite(Y) Ca,(Y,Ce),8i,0,,(CO,)*H,0
il L Ca GEeNTIEEl Loparite~(Ce) (Ce,Na,Ca)(Ti,Nb)O,
Britholite—(Ce) (Ce,Ca).(SiO,,PO,),(OH,F)
Brockite (Ca, Th,Ce)(PO,)*H,O Monazite—(Ce) (Ce,La,Nd, ThPPO,
Calcio-ancylite (Ce) (Ca,$1Ce,(CO,) (OH),*H,O
Cerianite—(Ce) (CE",Th)Oz Mosandrite (Na,Ca,Ce)sﬂ(SiO)zF
Cerite-(Ce) Ce,*Fe*(SI0,), SIO,(OH)|(OH), Paristie(eal Ca(Ce,La),(CO,)F,
Cheralite—Ce) (Ce,Ca, TIPSO, il S REEINO,
Chevkirjite (5,0e, bl Fet MBI EEDSI05 1 pyrochlore (Ca,Na,REE),Nb,0,(OH,F)
Churchite<(Y) YPO,22H,0 Rhabdophane—(Ce) (Ce,La)PO,*H,O
Crandallite CaAl(PO,),(OH),*H,0 Rhabdophane—(La) (La,Ce)PO,*H,O
Dov'ente (synchysite—(Y) YCaF(CO,), . Rinkite (Ca,Ce),Na(Na,Ca),Ti(Si,0,),F,(O,F),
Bidiatyie N (Ca,Cel (b Muvi 1) SamarskiteY) (Y,Ce,UFe*),(Nb, Ta i) O,
15i,0,,(0H,Cl),
Euxenite-(Y) (Y,Ca,Ce, U, Th)(Nb, Ta,Ti),O, Steenstrupine—(Ce) Na, Ce Mn**Mn’*Fe,**(Zr,Th)
Fergusonite—(Ce) (Ce,La,Y)NbO, (5i,0,,),(PO,),*3H,0
Fergusonite~(Y) YNbO, Synchysite—(Ce) Ca(Ce,La)(CO,),F
Florencite—(Ce) CeAl,(PO,),(OH), Thalénite(Y) Y,5i,0,,(OH)
Titanit h Ca,REE)TiSi
Florencite(La) (La,Ce)AL(PO,),(OH), Ja"',e,(sP =r) (u T':l c) '0'05
Fluocerite—(Ce) (Ce La)F, SHIEEE S THERE
Fluocerite—(La) (La,Ce)F, Vitusite~(Ce) Na,(Ce,La,Nd)(PO,),
Fluorapatite—(Ce) (Ca,Ce),(PO,),F T
Fluorite (Ca,REEF Aanotiee 110 e
Gadolinite (Ce,La,Nd,Y),Fe**Be,Si,O,, Yatrofluorite {08,
Gagarinite—(Y) NaCaY(F,Cl), Yttrotantalite~(Y) (Y,U,Fe*)(Ta,Nb)O,
Zircon (Zr,REE)SIO,
Gerenite~(Y) (Ca,Na),(YREE),$i,0,,-2H,0
140
120
- Bayan Obo (China)
z'wo— perod
3 Transitional
£ period
£
g Mountain Pass (USA) period
S5 60
% Monazite-placer period
S To the
g 40 late 1800s
&
B /
27 - ~ usa -
| ~ Other
T T T 1
1950 1960 1970 1980 1990 2000 2010
Year 11-5206-15

(Henderson,1984) S ;ob jolic saisS jolo g oaisS adgi ooes sl jeis V-0 S
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DL (Detection THIS Chondrite
Elements Limite) SHn%l SH:] SH:] STUDY NASC uc MPC APM | CLO
ppm PP PR PP (average)

Y 0.5 137 14.1 7.8 26 2.1 22 146 9 180
La 1 28 30 6 213 0.354 31.1 30 38000 20.1 20
Ce 0.5 75 82 17 58 0.934 67.03 64 55700 377 40
Pr 0.05 8.23 8.51 1.91 621 0.129 9.1 7.1 4630 434 8
Nd 0.5 25.9 26.2 6.6 19.56 0.676 304 26 12540 15.1 45
Pm
Sm 0.02 6.25 6 1.63 4.62 0.213 5.98 45 1000 28 20
Eu 0.1 1.18 1.17 0.15 0.83 0.080 125 0.88 120 0.52 2

Gd 0.05 4.84 4.64 1.68 3.72 0.283
Tb 0.1 ()6 0 () 0.27 0.493 0.53

' Fu, et. al., 2010
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' Metalloid- Oxyanionic
¥ Bradl, H. B, 2005

¥ Allotropic Shape

¥ Stantol, L., 2004
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' Heederik, j. p, 2006

e ————
Earth's crust (mg kg ™)

Igneous rocks (mg kg™)
Mafic

Acid

Sedimentary rocks (mg kg™)
Argillaceous

Sandstones

Calcareous

Raw energy material (mg kg™")
Coal, hard®

Fly ash®

Crude oil

Petrol

Soils (mg kg™
Light sandy
Medium loamy
Heavy loamy
Calcareous
Organic
Waters (ug ™)
Snow®

Rain®

Ocean, sea®
River®

Air (ngm?)

Urban®

South Pole
Greenland/Shetland Islands

\¥5

As

05 = 25
05 - 25
1 = 25
S -1
05 - 12
1 - 25
7 -24
60

0005- 0.14
002 - 2
<01 -30
13 =37
z =3
<01 -67
0.1

03 - 04
12 = 37
011 - 94
2 =53
0.007

06

\



(Kinniburgh, D.G., Smedley P.L., 2007 ;I a:3 3 ;) alizes ba IS 50 S, Sloly -F-0 Jsux

Mineral

As concentration range (mg kg

_l)

Sulphide Mineral:
Pyrrhotite
Phyrotite
Marcasite

Galena
Sphalerite
Chalcopyrite

Oxide minerals
Haematite
Fe oxide (undifferentialed)
Fe (IIT) oxyhydroxide
Magnetite
Ilmenite

Silikeate minerals
Quartz
Feldspar
Biotite
Amphibole
Olivine
Pyroxene

Carbonate minerals
Calcite
Dolomite
Siderite

Sulphate minerals
Gypsum an hydrite
Barite
Jarosite

Other minerals
Apatite

Halite
Huorite

100-77,000
5-100
20-126,000
5-10,000
5-17,000
10-5000

Up to 160
Up to 2000
Up to 76,000
2.7-41
<1

0.4-13
<0.1-2.1
1.4
1.1-2.3
0.08-0.17
0.05-0.8

1-8
<3
<3

<1-6
<1-12
34-1000

<1-1000

<3-30
<2
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Earth's crust 36- 96 09- 17

Igneous rocks

Mafic 1 -140 03- 30 0.2;03¢
Salic 10 -23 25- 6 13;1.6°
Sedimentary rocks

Argillaceous 10 -12 3 -4 1.0
Sandstones 2 -4 05- 06 <03-1.0
Limestones 2 -3 22- 25 07
Soils

in Europe 34 -105 08-110 =

in the USA 6.1 - 76 23- 37 06

(Finch, R., Murakami, T,1999) calizes sleXaw ;o Jlopguilysl slo SIS Slgl 8 -A-0 Jgoe

Minerals with uranium as an essential component

Minerals with uranium as a minor component

Name Formula Name Formula
~ Uraninite (Uit USREE*M?*)0u4._,-. Betafite (Ca, Na, U)a(Ti, Nb, Ta):05(OH)
Coffinite USi04 - nH20 Brabantite Ca(Th, U)(PO,)2

Brannerite (U, Ca, Y, Ce)(Ti, Fe)20¢ Davidite (Ce, La)(Y, U, Fe*+)(Ti, Fe®t)50(0, OH),,
Orthobrannerite  (U%*, U4F)(Ti, Fe)20g(OH) Ekanite Cag(Th, U)SigOa0

lanthinite Ut (US+0,)04 (OH)s(H20)g Huttonite (Th, U)SiO,

Ishikawaite (U, Ca, Y, Ce)(Nb, Ta)O, Kobeite-(Y) (Y, U)(Ti, Nb),(O,0H),
Lermontovite U(PO,)(OH)(H,0), Mckelveyite-(Y) BagNa(Ca, U)Y(CO,)s(H20)3
Moluranite HyU(UO,)3(MoOy)7(Hy0)45 Monazite-(REE)  (La — Sm)PO,

Mourite UMos042(0OH)10 Plumbobetafite  (Pb, U, Ca)(Ti,Nb),0s(OH,F)
Ningyoite (U, Ca, Ce, Fe),(POy)s -1~ 2H,0 Plumbomicrolite  (Pb, U, Ca),Ta;0g(OH)
Petschekite UFe** (Nb, Ta),Og Plumbopyrochlore (Pb, U, Ca),__ NbyOg(OH)
Sedovite U(MoQ, )2 Samarskite-(Y) (Y, REE, U, Fe**, Fe?*)(Nb, Ta)O,
Uranomicrolite (U, Ca, Ce),(Ta, Nb),0s(OH, F) Thorianite (Th,U)0,

Tyuyamunite Ca(UO,)2(V20s)(H20), Thorite (Th, U)SiO,

Carnotite Ka(UOs)2(VaOs)(H20)3 Thorogummite (Th, U)(SiOy)1-2(OH),,
Torbernite Cu[(UOs)(POy)]a(Ha0)s Tristramite (Ca, U, Fe’*)(POy, SO,4)(Hs0)s
Autunite Ca[(UO2)(POy)]2(H20)10-12 Yttrobetafite-(Y) (Y, U, Ce)(Ti, Nb, Ta),0g(OH)
Vyacheslavite U(PO,)(OH)(H,0)2 5 Yttrocrasite-(Y)  (Z, Th, Ca, U)(Ti, Fe“)g(O, OH)g

Note: REE — Rare Earth Element

Gl cos +F 5+ slaclls a5 coul +F 5 +F @Y mlaST s aw 5 VVYYgem T3
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' cheralite-ce

¥ Kabata, A. & Mukherjee, A.B., 2007
" Renmann & Gritat, 1998

fWMSY, 2004

® Depleted U

* Zavodska, L. et.al., 2008
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Environmental compartment Mn

Earth's crust (mgkg™) 716 -1400
Igneous rocks (mg kg™')

Mafic 850 -2000
Acid 350 -1200
Sedimentary rocks (mg kg™')

Argillaceous 400 - 850
Sandstones 100 - 500
Calcareous 200 -1000
Raw energy material (mg kg™")

Coal, hard 50 - 100
Fly ash 325 - 360
Crude oil 01 - 1
Petrol 0005- <0.1
Soils (mg kg™

Light sandy 7 -2000
Medium loamy and silty 50 -9200
Heavy loamy 100 -3900
Calcareous 50 -7750
Organic 10 -2200
Water (ugI™")

Rain -

Sea 02 - 04
River 002 - 130°
Air (ng kg™)

Urban/Industrial 50 - 900
Greenland 28 - 45
South Pole 0004 - 002

' Kabata & Mukherje, A. B, 2007
\VOY



G955 99 &l lgiry ool -Y-0
5 Wedg) 3l ol @elsz (golatdl Sl Gloim (65,1 Jgare mlie clil 5 Glalay oo
Sl ooles alosl a5, 5 ey oS b .o oads soliiul o iul 5 SLeaST glite slrogeds
iilon Bjlate é ST (slaan 35 Sl oalisial o651 (omels &1 9381 335 Sl mizen 5 e
5 6970 S shol Wlgton ( JT cordsgh) (ngs SOSSS 3l oslinal b g Hlo 23 sloanle ¢ Jos

9 ok sl ol ohg b Ll 2l))9 59,008 g padle; Cusal 4 isu (pl )0 0gd 8L pe

010 e aslllae 8,90 ddlaie e

Sl ) Caod| -V-Y-0
osole slad &y (Gxio (Swij ol g 5 351 @l 51 (S lsin Slps 5l Sadle;
g S5 a5 WolSy 5 g (550 el @ lgee Sl eyl (sl IS o ae 51
welas] 8> 4 bﬂ Gloos 5,5 o o Ve sgas a5 5,5 oLl Lg)'L.,..jL:ﬂ 90 5 Silw oY9d Lo
dbal )0 ohg &5 Jd ()8 Wy cmle S g 4 Sdle) b gy 5 o e s
SoSol s 355 ig; 00,5 41 g 0aisS Sy slaslns il S5y (o S il O]
Slgi g 0gdge S CoheS Gl el a5 ST 8 o%igr (65)5LES (eosS g g (e
Sodle; azgs BB g (gt sboo )5 plo alex 5l (egian uloll g codl S ags (A 005
IS ABA) 53 (Jall ormr uilil G215 ol iloe So3ilial 5 (2550 b (omie olsiny
o 0,k QAL Joleo Yoo 0 Jlo (LL B (&), 5 98 SO Loo Sl Jlaml g oahad 153
&l JS 0o 0 YV cpils Caws o by molie o 35 55 o5 0,Ldie V2P L 1S ol a5 o0y 041
P Ao, WL ez g p90 ad, 0 Sy pld as,0 VW L dewg, adlowe 1hls Lis e
LAY a5, ol jo aegin W‘)ﬁ] Sodley pled Sl o) Glpl 05,5 e )18 o slaas,

3 Sk e, 1o wer Jbd olee sl pls Sdley 5 ek VA adgi b spiie 0oy Llo

VoY



590l 50 5eiS calin g IS lo s 0y pas saimolis el Cpl el 43S 18 o> slde
0392 35 5 2 55l (ol e (lnl 50 HeSTed il oo 4G ok ABL (oo SelE; (500
@lepion 4 Sdle; @ eanl LYl 5 adlbios 5 slassl ple g e 555 can o 4
SEran Jake VY-0 s V1 -0 Joliz 10 05dis jpame 5 0900 (55luildls By (55lus¥sd syl
b 9 08 5l es3S e 5pdlo( Bpt 5l pleyS il ond ools plis Cas 98 cnl o Sale
S i SleMbl ool a5 a3, ey (V¥-0 Jsoz) ol 50l cloass> Lol o5wils
Joily hlo sadhie (22555 guje 4l ohig ok jllle; dilaie AYVD (0l 8Ys8 Lo
elsl il @il e sled & 8 e VI Lzl 0,30 b 58S 0 gl Sl
PSS 2 kS Aree B Feee  Sil 5 98 Sl el S e Sele) el
O osekes YN L Jolas VYYE BOYAL lalo b ,eiS 5o Saoudle; adgi uSilos 5wl o
o9 o oSSl VT-0 Jgam 10 «((9lS (s pale sools o oSGL) cal ool 155 L jo
550 dilais o Sild ) ans o HLid 15T Sidle) el o | (axdllas 350 dilaie) 3,5 5,0l
wion sled b Sledol 5ol g3 S5 15 0% 1988 5L oS prals Lol 3lolis alocr 5 55 aslllne
@]l sl atus ol a g4, IS @ g5l S5 slas bl g lels as ;o o] ©oé 0 o5 4SS ok
2ol red 45 03,5 oo Bl JoSo 5 g8 pe Jlo cigiae )] 0 S Sl Jds a4 &S

Do pise YU calisee polio o 1) sl o p)lS

VWE e By 5l Sdle o8 s

\of



Al aslale) Scldle ) lgil SIS 4y VWWAY Lo jo ol pl Sildley ol jolo 5 s jlg =V -0 Jgo

OYAY. (55,
GYo ,l52) 6o¥s oyl (Jby gawkae) Jb )y 93] (&) 9 T
sy
Yy/a OYY/Y VYa/A 0dlLS 00 8 (v u.....;b..j
AV #514 V9l o0 8, i (6 b il
SEEYEIY BY-YE-)Y 155 - A 00k 03,528 g s Sl b
FYIA Faviy Y0 (o)) b JE;
DFYAYIY FFAVYOA/A YYY-avy/A SS e 9 SS g8 L5 e Sl
\VAYOR) AFNVE- Y YYA- 145/ Sl ly JS
3l jols
\O-Y/- VYAQB/Y 7a7V/4 00l 03,83 o (6 d Sile
YO/ YAY Y YYYVA/ 00k 03,2 og slKidle Lo
Yv/Aa YAVIY YAOIY 08 ;48 o o
¥IA YVIA AYIA S5t 5 S5 g8 5 et Sl
YAAD/A yFavo/f ARAARYAY Slpole J5

() VYVO-AY sldle (b olaaol ol Cgd 6l )15 0 Siudle; B pan jlaie -V V-0 Jgax
10,1y Sl 5 oo

by 13 Kodle; luie

VYAYOAQ
YFAYOYY
VOYANF&
VOAFEYY
VOAYYF .
VOANAYY
VAOYVAY
Vo-\Y- ¥

((JEETIT)
YFFanY
Yagys.
AYEYOA
AOFYYY
AAVYYYY
AAOFY
AdaB0Y
AANDAY Y

& a0
£NOPYY

FADVAY
Y.va-A
yyaay.
FADVNA
FAYYYO
FOYYYY
FIOYYY

(o5 )152) 5T 9,8 mlio slaasly 5l (golans S5 g oo dtans Sodle; G pan (50 =V V-0 Jgo

Yo
Yo
YA
\Y
Yo
YA
\FA

ATAIA

(
651 3T 3,8 angi 50

g3 09,5 98 drwgi 5k
Sl pg,s 9,8




OYN g 0) oyl 5sdle s onne 3blo -VY-0 Jgux

sailesdly JS
o o pld Sl plsd xbd pld Ao [ 4ol pb
AR A VYO \of Yef ol
YOAY,0 VAFY fayv VWAL ol b Jaiie) 555 50 5,1
YPY.A \Fo Vo YVA Syl
60 [N 04 14 ok
V-aYAY av\yvy \V\FP AR Foes

il o VWAV Jlo LT ol oas oMol 53

OFAY o531 aalisl ) 558 (310 5L 5| (s omals 5 0l 58 (8,8 55l ool 1 F-0 s
1200

1000 .

5 B
i} 600
e}
400
200
1375 1376 1377 1378 1379 1380 1381 1382
S e ol 182 181 195 200 179.5 205 135.8 131.5
e 5ol 51 26 48 43 45.5 43 14 8.5
L PSSR PY 175 193 247 259 264 286 350 327.2
|l S 377 378 510 426 421 395 446.1 450

S S g 38 o] -Y-Y-0
S5 99w lie 13551 Candy Sz (s orBies oig 5 Ol 3 (5 ko (sakeaddle

IS 6,555 51 (6l dxins g,y SeKiw) olo Yol Sledd oo, SLKiw g ase> )

\OF



S olge cbliz 5 gazs a3l 50 Jgtue Jalse plo g (0,579,000 clide S Dluogas 0aiiS
Mol mlbie plo a4y cos

0 SoySlg 00 G Sadle ) rasiles (655 pebie wlie 352y pe e 4235 ans g s

i alinlie o5 ol 0031 Cu s sl (g e 1S Pl B b e g len (53

s5bte 4 0an T sla )5 Tail co (s o8 Jl 50 St s & g okl Lo 4 Sg0me i S'g 0 ol

aid pion Oladss 5 onile Bl ool aiS mlie Vo o+ BPL sgu il sl o o by 5 Slass]

ol siyaalin Ten Nl mte SO laie 4 oliw Jod atilen dilog; (oguy S a0

\“..‘
PRSP

«SEgSDlgd 5 Slslyd bl Jelds o jails Jugple daded 5,0 (SHE) olge i

(Flolge cl 3500 5 b (o j0 a5 cunl alS Jlile D13 g gy — gl (SO o5
Ao oo S5 (159,85 pb a1y (salx Jaloel Lls culed 48 g oad Jootio | (sloduzry &l s
ol 6l s 15 e ) 45 el S 45 ao s VIV B) ey S8 5 Lot JT )8 slsiome
2 s sladed (oulidime) Glagley G p oy pe o pe Vel G @ Algi e JI5
e o e abie oSG el sasie VLI o LS ailos S Gl piges, Eoiie sloy e
o5 ,lo) il oo liif—l)o Cds ool aSlil g Jgamo (y3Bwe plp VW 0g0> a5 0wy o Voo« BPL

T(lss jo o Jods Slaoss (0 55,5

' Wingall, 1994

" Townes, 1993

¥ Alternative

¥ Posamentier & Weimer, 1993
® Tissot & Welte, 1984

” Russell, 1990

VoY



5 Ugl (il oSS sl i ohug 5 s3I Jlod Tty 429> ay0n 8 Wile

B by ab glo s i Tlbplo mVLI S, el samio SYLT o o b Lok o " Siagsls
role Jo 0 fanlse Clas o Lis JS 0 385 cuis Jud e (038,55 alex 5l (liwgaia
Sty b a5 Wk e BLAIST 6)b8 Ejea opil BIE Fo b YO ogam ez b Laid Lo fus

Faob a3l Ll 51 eolaBl (g0 o 0 ol xSos 00| )0 (6599355

Soysbe o)l GYsb Gl gl whax 2lis 59 @l Slllls G olnl o

b 55 d iy Oheo VTAS Lo 4o 5, adg> Stnds wilo b et 55, 2 (sboaSs Slalllas
bl Baiow g (o p Sewd 5o Sllllas (ol g )33 Sbys (s 0 Olnl Sl slaite o ol
oortigs Olalllas yo Slsld 5,08 a5 JshST, 5udg e s LT 5l ol ey gl bl s
21555255 9398 Jrilly Blod jl aalllae 890 adlate JI&5 5 ol (ot sladiges <o ST )ls I
Ol 3 Jed o5 Ll plyend S0 5 428)5 18 Sis 58 adg ohug 2l Al ye o
Esb 5 Jeily (ol badiges 51 (S0 )0 4z 3 (ol (D50l an S cn e Jle Jed o3le) o5
o (ol Je) laaigad 51 (Sil oloasd G he2) Conl Jou8 BB 12 5 Gl (lies 51>
Gﬂ oolo s axg5 b Yol g 004 BT ly il oy a5 05,9 3> 0 sl Ll > E5b Il

255l ol a4 (58 s 15T et clin 51> g5l 5 28

' Piceance
¥ Kentucky Tennesse .Utah Wyoming
¥ Sao Paelo
¥ Chattanooga
® Russell, 1990
olea”

RULCEFII e Y
YOA



(xwo o o, 15) s o )5 plu -F-0
sygn ol T 23l 5,518 o 55 o8 28 o K5 slaall; ol § slic
Gloo)lw 9dg ((55,3liS Caato ;0 5)18) 00l ol (g paie jealgus ags L AT a0
Ol 30 5 (Gmb 42 )0 Glowm Getila) loww a5 )3 (625,10 S (2185005 «(Seilon
St izl oS 5 5D v g 0aisS (g, o] (oSl adgi ol LaoVh — cendig o mlio o
b slo 09 S (Vb slaclile g (ol Ghi) 4B L ), 0jy oS lo JsSge b (S

e sl 2l g Sl wdgi — (iluglersle alize mlio jo polic opl (loe osliiul

Jd gpaie plio ) 65,0 Wsd oo 00,0l bl glgil jo Blhas Jxio ez dlex |
wiles pulie pB3 0925 b (g (2leSle slacudlad 5 Slal b Lo o pue g Sijenil 95 0292)
G519 g b (S s (goladdl plaiz Bl o g Jlo i a5l w5 85
Sraie plad ol ladn 5 5l asly oo () TalS 5 (5 )91,8 — Jlamiial (ails 0938055, Gl 5

Sl jled 4 sans]

G S axas —0-0

3o e b s pdleg oyl (S3le ey s g S 35l sl il (s 3l Coonl

S SS gg canlllas 8,90 ddlaio Sedley o 4SS ek el 0090 Ll )57 51 (6 s 4> g5 0590
o095 5 S rare bl mbs ojle o 03,515 1) 598 Gudg 3L 5l LiSu g aBls Cunel e ]
LQJT Sl iy fuimen g adlllas 3,90 dilaie sl i JsbST) 1,0 9 ICP,ICP-MS “_QT

Ay 4o e bl e iyl o LA S5 ol sla Ll Slllas Ccadd] &> o S,lge lawgs

' Fines Shale

ATAR



5 (pss 5 porlys) sligin yolie 35 5 St wiilen S5z polie Jlogil «spaie 0,050

5,90 alas R _b)l.w LSILC)E oL:.w LSLQJ*“" 59 (1"9?.)‘“’5 'oy..:l.uY) A_i».w éB)oLS J@L.c °}.’.5’.

S sddiges 3 238,590 pBS sl Az g LB a1 9)lge 4 G canIllas

Aoy ys g il gl T TV g5 & Ll 3T 5 anls |, onlie sliite Sias Zollf o aslllas

D30l 595 093 5y s paie Lo Jbogil 4365 md g eols lis | g eS

\Fe



S I g g (5 35 AR

\F)



lu‘
@.

Sldllas g ((Sore (oondgss 9 (S5 950) (Gome Slalllas (ol oo (o) p ulal

22,5 blaul 1y 55 zls Gl s asdllas 090 ladises JI condiss

FlsS Gl (atls jeax 4 o)Lil lllas 550 ddlaie o ol Sopd (ol B )
eslod alox 5l ol GlaarnSg 0 g anST Guizmen 5 (Lol 5B Glyie 4 jlewald g coby]
WCooglgd (S i oyl Slied Wile L5 g s ol ol £88 A 2 10 1 g Cudgedd
ol slo o oaijle o8 polic alox 5l o )lS 5 CugeSun (o) ouilsm la SIS
Vi) 6355,T g9 4 Stads Wjlor slocKimanls on] o jleds 4y aibaie jo J5 4
oS ighioe 000 880y 5 3L D g ¢ I VL S 40 a5 ity 3l 8l
(22,30 BV ) Cody s Y jga> 4 b anlllas )50 ddlate slaSdle ) Jlplo
S e 0 )Ll (o0 V5l 2eS) Cadiad g Cais i

UCC UC gz 0 5)lg0 a5 Copd adlllas 050 adlain Jloj g ol slo Jos g5k, luge Y
La g Ce o3 S0l yolic As Th U Mn (g e gl g i Sk ek
Gy SlasMa ¢ plianivgss g solamdl Slalllae Coonl p ogdle a5 ools Las Ll o 1,
isls s |y el Jlogl 38z 5 o sl e aiedb o 5 |, (lane

slades B85 clice 5l S olerdgs slapl Sbo 9 (SS90 (ol Slalllas Y
Qi Soilen Jemie a5 alils o yeu0eil S slive b Sudd mlio 5l axdllas )50 adlais
(CIA =179/37%) slais slice 4l o

il 655 BB 2 @l (I sorbiesy i o -F

S 2ipKap 3 1y Wl G55 B @l 5l el anlhe o0 Wike 55 JT olga sl Llod

iz 10595 10 (6 VL ol 51 (e g obw Jl) o5 (sladiges

\FY



Jolis 55 (Sl oo 4z I wilaid 5 )18 Sas 58/ (655 095 50 ades Jemsly bl 51 Lok

Ngd oo (2,5 9,000 canlie Blov (slyle = olow o) 5/ i al> o a5 099

5 ol addllas 550 dilaie gloaiges yiins yo I ojled ) [SLE (ST (glo 5 Lo

il 118 1) (0,575 008 Lide S Sladllas cga canlin Jonily wi3le ol ecales o

Oldl Jas peS Zn Pb Cu asiled Lis grae pBd S5 sla luils 5l g s -0
Sbime b g 81 Lol Co-Cu ais oS JoblS SSg590L Zn-Pb uSows sla Lusls
b anslio JB aslllae 5,50 adlae slafed 4z ST oaiins ool o (ogm) SloSw
rolie Jlogl (ate; )0 ohg yide Olalllas Ll st S5 sla)ludls 51 (55kn
Al I 55 2 golatdl YL coeal | Wlgioe (Siz polie § S (S p0L

il ial33l 1 opdle o5 el age g bl e alaz 5l dilaie o Srlé; o Sne -5
55 g il Ll o 58 4 oie (( F03lsm g Gl Jelge il 50 ddlats slo fod
yolie 5 S5l 5l (6 ks (s5lodli] izman g e aiilen 456 sla SIS slml ( JT olse
20,5 o S jlazes a4y (S
Sldllas Coonl e g S 13 epauilysl wblon 3l L polie 51 (6 ks L;‘LQ&.;T G axgi b
2 St ailo lo Jod il 50 (condsSS g e S O] & 4 g ool
iy aSST py ogdle JI&5 g ol (sloduds .ol 255 b g (ogaamo canlllan 590 adlaie
slgain W aiilow Cuwnl Sl 10 g paie gilo g bl il ) cale o158
Sloded @35 2 Gone 5 Jl adsl 5 (oSS ctmgly S e aSalxil Gl a5 005 e

Sgs aiBls Ll a4y polais] O ygo 4 a8 55 & g0 dndllas 050 ddlaie jo Slieds A3l

\FY



Tai



\FO



cs"*’)lé C‘.UA

plesls ezl v Jol A "l pf Smlyg3 (ol aiz™ (VYD) g e SLET )

axbo VOB 588 lidicpee

YVAY GML..»Q.,..Q) oleslw <l el "&‘ﬂ] ‘sml.u.uu.a.o)" AYAY) & . L;’L“" Bl -y

Sely55) Slow e Sl e Sy (e VYYD alabios e o SLBT Y
5 o)Lo.,.'f: (Cyo ) 95.1.9 dollad "(G’l‘“

MoleS polie pandis 4 ohy (5,5 L pyzrlr ConS LS oberdsS

&_)‘)L».v.o)" ¢ ‘ ‘ @5.:.700 9y LSA)D'[Q.’?).:.Q "(SJ-SM) swl.’w.':) c.i’».m"‘(\" ’Y)c r:‘ ;L’ —O
YAV agie Bl slg>

Sl o 0,555 gl " ol Kaalle) S " (YRN) i g y0u> F

LAY @y 9o bume byl pls owy " YY) o, o ol 5.0y & b Jb, -A
"B 3l S JE ] 4 Sl

oBiils ol el "u»)l.é TS i conbigi g L;NLH&QM)" AYaY) e b, -4
DAY

s, ¢ el Sldlas g g s oli.i:..;b":é‘).‘lfo Aol LG (YAY) o cou, )
doao YoM Obels Jlals o 5,1 0g8

sl sl eSS 5 bsl (VYAY) ) (oo Somse 9.0 bl c 0 (sow, - V)
OY) Vo Lo ot § S A oyl 3 olGGID poke alxo " 15 5« laals ahaiie gLl o
vy —

gy s Sg gw”g" (YAY) 8 Cangs b ol golos wo byl a0 op oe>, VY
Moy3b (e asgaze o @l yo polie Ol sl g
Mol by T OYAY) o olo, Y
&lis g 55,9liS pole oisls ol jLacs] "4.5"") s S8 » Slaoaia" (\YAS). poad, VY
55

155



(635 5pdl) Stads w5l L5l " OVWWYA 2 g ey 5 e S5 5 (Gloy-10
Ol olibime; ezl Ginled (ag 533 sy 5 g ks ool L S plyin
VYA — YV lris

! ygunS goly Al (VYAV) (s 005 g0l Oyl5g 0)9iS (5l paiis Lol —V#

Molpl Jd b o ald (onS Some liliaST g cwliime) Hlojle =YY

50 0Vl polie olaowigh) aoigh (owyp odb,) (owlid)l5 el Ll (1 ¥A+) o plw—VA
s oy oMl ol3T olsls ' aimacins ; oass 5l ol lae 4zl jo Sligu,

09,5 38 pBS g (wyebew v bl o oniigh adlbo" (VYAQ). o Ny dew -1
Voot (s g BlassT" o g

RO v LSOV S () L KD IR BUNCSWER &

b pled "l axe wlis | sty ST ags "OYAY) o0 055l 5 e g =T
e .>|9.o

swl...ww Cand ) 9 ‘_s.wl.u.»w Soww ((YYYS) e ‘oo‘)’&é..i) Y L5'°L°| KVOWER O
DY o leds ()9S yao; pole slaools Lo oloL "9 @l Sl jo glxds Wil

. 5"-‘*‘)—‘ "Sodo dilas l.. 4.0.0;9‘ "ﬂ"(\\”?‘)é)& )}_.J‘ g, “.é)’ C,SJ..ZI)—YV
lass]

&}Lﬂ) ‘5J.|— é‘;jﬂ 3 ‘s.o.w" :.933" (\VA?) ck_é (:)"\'.’ ctj £50L0‘ J.:.w ¢ & Q)é d)&u—vf
el ot o g8y 5 53 S

099y § S ) dauze yo &.,,;.wj uf%ﬂ &% 9 (X "(\YAY) ‘o Laﬂ).cao o sle Y0

RUIPWER I ~IC Y PRSIV WL ) oliiulod g ow lod y0gd " Q—| 3 WA FRRVREp

£

M ol i U 9Ny b 5 I ol gh3 "OTAD) ¢ o (IS 5 o (SLETE
@97 @ OYV)ezigbobe 55 (B0 55 @8k« ol oz cpoailyd e g p (uggls TV
Ol e o o8 5 SBlessT ey pos ol pl Bjlake juf (58255 9,08 @b (Floade

A0F TR o)l 3155
29,0l 1/ Voooee ali” (VWAY) G oK1 5 2 oo olS o & oo « b olas YA

.")9....5"’ ‘5"'\” oblies! 9 ‘;.»L.\.wu.m) ul.o)l.w

\FY



055 ;o ¥ 5 b lawiile pigmsylazms 5 (B S (VYYA) Sz g5 (LS -YA
WJleiom oy lya5 azly oMl of5T sl8iils s )| (sl IS anliy bl " (B 5,0 oylons (5040
Axbo FA

s dos BlaaST Ol 55 g SleMbl acgama (VWOR) (3,0 5,0l S Jlej &8 i -
Mess 4l jo Sw &,

S g ooy (25 (651 asb 1,5 alme™ (VYAY) olnl 6550 5590 40 ol -Y)
Sl

b5 ael LL ((\YAQ) o8 e g e ol ¢ g dwel o 6,80 LYY
4l o Siad Wil (BF Gyml G 5 () oo ¢ lid Siw Slasin il
Mgpls 3,8 Jlod o o>

Sligusy LS sl Joud addllas "OVYAY) o gly5h g, (lbgsl e | geomo o iz XY
ol Galed (s plans gpalled Gl = Gy Selisd @lsl e
BF — PP Oolio « ol ] owlicds

Mg mLlh VY eeree g Al (Yoo V)i p 03 oz gz sp9-TF

Caodl g 0,5 Liceo (oudd oy b S 2 Glawaic" (\YAF) .o oY
P sod) 553 iz e a3

09 o § g SbaiBl (cwy @' VYAV Go (ool 6 s P« 0 Slogla T
e jasze 9 55 (i paads jlpen (S (SO I s wldgi sla

Moyl (555 uML’ 29 e (oo 9 Jud e (3L WV, Slog VY

olEsils ezl ol Sla" ome p B3 owliomoy Jawol " (VWAY ). o6 jsssin; ~YA
FOV o ol on 5

\FA



Refrence

1- Abdula R.(2010) “Petroleum Source rock analysis of the Jurassic sargelu
formation, Northern lrag”.

2- Akande W.G.N., (2012) “Evaluation of Hydrocarbon Generation Potential Of the
Mesozoic organic-Rich Rocks using Toc content and Rock-Eval pyrolysis Techniques”
Geosciences, 2(6), pp 164-169.

3- Alavi M., (1996) “Tectono stratigraphic synthsis anol structural style of The
Alborz Mountain system in The Northern Iran .journal of Geodynamics”, 21 : 1,
pp.33.

4- AllenBach f. (1966) “Geologie and petrography des Damavand und seiner umgebarg
(zentral Elburz)” iran , Mitteilang Nr , 63 , Geologisches Institut , ETH — Zurich , 114
pp

5- Amidi A. , MagidiJ. (1977) “geological map of hamedan”. Scale:1/250,000.geological
and mineral survey of iran,one sheet.

6- Anke M., GeA C.K., Gmbh N., (2004), “Elements and their compounds in the
environment”. V. V, PP. 886-875.

7- Arthur J.D.,Bruce .E,.Langhus P.G.,(2008) “An overview of modern shale gas
development in the united states”. A consulting, 21 pp.

8- Assereto R. “(1966 Geological Map of upper Djadjerud and lar valleys (central
Elburz , Iran ) with explanatort Notes”. Institute of Geology . university of Milan , 86
pp.

9- Assereto R. (1983) “The paleozoic formation in central elburz (Iran)” (preliminary
Nate), Riv . paleotology and stratigraphy 69 : pp 503 . 545 .

10-  AYLMORE L. A. G., QUIRK J. P. (1960) “Domain or Turbostratic Structure of
Clays” Nature 187, pp 1046 - 1048.

11- Barker C.,(1974) “pyrolysis techniques for source rock evaluation” the AAPG
Bulletin. 58, pp 2349-2361

12- Barnard P.D.W. (1967) “Flora of the Shemshak Formation. Part 2. Liassic plants
form shemshak and Ashtar” Riv. Ital. Paleont. Start., 73(2), pp 539-589, Milano.

13- Barnes, C.E., Cochran, J.K., (1990), “Uranium removal in oceanic sediments and the
oceanic U balance”, Earth and Planetary Science Letters, Volume 97, Issues 1-2,
February 1990, pp 94-101.

14- Bhatia M. R. (1983) “Plate Tectonics and geochemical Composition of Sandstones”.
Journal of Geology. 91, pp 611-627.

15- Bhattacharya p. , Smith E. , et al. (2002) “Arsenic in the environment: A Global
perspective”

16- Bhattacharya p. , jacks G. , et al. (2002) “Arsenic in Ground water of the Bengal Delta
plain aguifers in Bangladesh”

17- Birdwell j. E (2012) “Review of rare earth element concentrations in oil shale of the
Eocene- Green River formation” USGS.

18- Boggs S. (2001) “Principles of Sedimentology and Stratigraphy (third edition):
Upper Saddle River, New Jersey, Prentice Hall”, pp321-447.

19- Boggs, S. Jr., (2009), “Petrology of sedimentary Rocks”

20- Bostrom K,(1973), “The origin and fate of ferromangan on active ridge sediments”
Stockholm Contrib Geol 27, pp 149-243

21- Bradl H. (2005) “Heavy metal in the environment” Vo. 1.

154



22- Brandik K. , Muller A.S. and et al. (2004) “Influence of manganese deficiency on
manganese enzyme activity and gene expression in growing rates”

23- Bunnell J. E. (2007) “A globally emerging discipline, geologica Acta” ,vol .5, N.3,
pp.273-281

24- Cassa M.R, Peters K.E, (1994) “Applied source rock Geochemistry” The petroleum
System From Source to trap: AAPG Memoir 60

25- Chen T.B., Zheng Y. M., et al. (2005) “Assessment of heavy metal pollution in
surface soils of urban parks in 170ppsala” china.

26- Clark, A. M. (1984) “Mineralogy of The rare elements. In Rare earth element
Geochemistry” Developments in Geochemistry, Z. Elsvier. PP. 33-61.

27- Cluff, R. M., Shanley K.W. , Miller M.A. (2007) “Three things we thought we
understood about shale gas, but were afraid to ask” The Discovery Group, Inc, Denver,
CO (2) BP America Production Co, Houston.

28- Cook L.W., Breyer J.A., Kinely T.J,(2008) “Hydrocarbon potential of the Barnett
shale (Mississippian), Delaware basin, west Texas and South Eastern New Mexico”
AAPG Bulletin, Vol.92, No.8, Pages 967-991

29- Condie K. C. ,(1993), “Chemical Composition and evolution of The Upper
Continental Crust, Contrasting Results From Surface samples and shales”. Chem. Geol.,
104, 1- 370.

30- Cullers R. L., (1994), “The Controls on the Major and Trace element Variation of
shales™ siltstones and Sandstones of Pennsylvanian-Permian age From uplifted
Continental blocks in Colorado To Plat Form Sediment in Kansas, USA.Geochimica et
Cosmochimica Acta, 58 (22) , 4955-4972

31- Curtis J.B.,(2002) “Fractured shale gas system” AAPG Bulletin 86(11). Pp 1921 —
1938.

32- Davies R.J.,Mathias S.A.,Moss J.,Hastoft S.,Newport L.,(2012) “Hydraulic
fractures: how far can they go” Marine and petroleum geology, 37(1), pp 1-6.

33- Dean, W., Arthur, M.A., Claypool, G.E., (1986), “Depletion of '3C in Cretaceous
marine organic matter: Source, diagenetic, or environmental sigal?” Marine Geology,
Volume 70, Issues 1-2, February 1986, Pages 119-157.

34- Demaison, G., Huizinga, B.J., (1991), “Genetic Classification of Petroleum
Systems (1)”, AAPG Bulletin, V. 75, Issue 10. (October), P 1626-1643.

35- Deru, Xu., Xuexiang, Gu., Pengchun, Li., Guanghao, C., Bin, X., Bachlinski, R.,
Zhuanli, H., Gonggu, F., (2007), “Mesoproterozoic—Neoproterozoic transition:
Geochemistry, provenance and tectonic setting of clastic sedimentary rocks on the SE
margin of the Yangtze Block, South China “ Journal of Asian Earth Sciences, Volume
29, Issues 5-6, 1 March 2007, Pages 637—650.

36- Dill H. (1986), “Metallogenesis of early Paleozoic graptolite shales From The Grae
Fenthal Horst (Northern Bavaria-Federal Republic Of Germany)” Economic Geology,
81, 889-903.

37- Ding, A, cheng, L, Liu, p. teng, Y, (2001) “plant Response To metal Contamination
at a oil shale Tailing site in Maoming, south, chin” caround water menitoring &
Remediation

38- Dioison A., Segueria Braga M.A. (2009) “Clay minerals and iron oxides-oxy
hydroxides as finger prints of firing effects in a limestone monument”

39- Eberl D. D., (1984), “Clay mineral formation and Transformation in Rocks and soil”
40- Engleman, E., Jackson, L., Norton, D.R., (1985), “Determination of carbonate carbon
in geological materials by coulometric titration”, Chemical Geology, Volume 53, Issues
1-2, 20 December 1985, Pages 125-128

\Ve



41- Espitalie J., Laporte J. L., Madec M., Marquis F., Le Plat P., Paulet J. and Boutefeu
A. (1997) “ Meihode Rapid de characterization des rochs meres de leur potential petrolier
et de leur degree devaolution ” Francais petrol 32 (1), 23-42.

42- Fildani, A., Hanson, A.D., Chen, Z., Moldowan, J.M., Graham, S.A., Arriola, P.R.,
(2005), “Geochemical characteristics of oil and source rocks and implications for
petroleum systems, Talara basin, northwest Peru” AAPG Bulletin, V. 89,
No. 11 (November 2005), P. 1519-1545.

43- Finch, R., Murakami, T., (1999), “Systematics and paragenesis of uranium minerals”,
Reviews in Mineralogy and Geochemistry, January 1999, v. 38, p. 91-179.

44- Force ER, Cannon WF,(1988). “Depositinal model for shallow marine manganese
deposits around black shale basins”. Econ Geol 83:93-117

45- Foron R. (1941 )” Geologic du plateau Iranian (iran, Afghanistan , Balouchistan )”
Memories du Musum National dhistorie Naturelle(pans) , etremis , A jour per Lauteur
en 1969.

46- Gaettani m . (1965) “The geology of The upper Djadjerud and lar valleys (Northiran)
paleontology, Brachiapads and Molluscns from Geirud Formation , Member Acupper
Devomian and Tournaj sian” Riv, ital. paleont. Start. , 21,3, 679 -771,eis. 68 - 75
47- Glaus M . (1965) “die Geologie des Gebietes nordlich des” insst . E. T.H . u.
zurich,N.s,No.48,165p, 35 fig, 2 pl, I carte.

48- Gromet LP,Dymek RF,Haskin LA,Korotev RL,(1984) “The north American shale
composite its compilation, major and trace element characteristics” Geochim
Cosmochim Acta 48, 2469-2882.

49- Harnois, L. (1988), “The CIW index: A new chemical index of weathering”
Sedimentary Geology, Volume 55, Issues 3—4, 28 March 1988, Pages 319-322.

50- Hartwig A.,Shulz H.M.,(2010) “Applying classical shale gas evalution concepts to
germany — partl: the basin and slope deposits of the stassfurt cavbonate in branden burg”
Chemimie de erde — geo chemistry 10,pp 77-91.

51- Hallam A. (1977), “Anoxic events in the cretaceous ocean” Nature, PP. 15-160.
52- Haxel G. B., Hedrick J. B. and Orris G. j. (2002),” Rare earth elements-Critical
resources For high Technology” U.S. Geological Survey Fact sheet 087-02, 4 P.

53- Hedrick J. B. (2001), “Mineral information” Geological survey, U. S.

54- Henderson P. (1984b),”General Geochemical Properties and abundances of The rare
earth elements” In rare Earth element Geochemistry, Developments in
Geochemistry. 2, Elsevier, PP.1-32.

55- Hewitt M.(2007) “unconventional oil”

56- Hayashi, K., Fujisawa, H., Holland, H.D., Ohmoto, H., (1997), “Geochemistry of
~1.9 Ga sedimentary rocks from northeastern Labrador, Canada” Geochimica et
Cosmochimica Acta, Volume 61, Issue 19, October 1997, Pages 4115-4137.

57- Hoatson D. M., Jaireth, S., Miezitis, Y. (2011), “The major Resources element
Deposits of Australia” Geological setting, exploration, and Resources.

58- Horsfield B., Schuls H.M and Wit M.D, (2009). “Shale Gasian unconventional
Hydrocarbon resource in South Africa? Some preliminary observations” 111" SAGA
Biennial technical meeting and exhibition Swaziland, 16-18, page 546.

59- Hossininejad R.K.,Pedersen R.J. and Spencer M.P.B. (2012) “Mineralogy,
geochemistry and facies description of a potential cretaceos shale gas in western
manitoba” Manitoba geological survey, p.151- 159.

60- Hunt J.M. (1996) “petroleum geochemistry and geology” (2™ Ed) Pages 291-370

\AA



61- Ibrahim M.I.A., Hind H.A. and Al-Hitimi (2000) “ Albian- cenomanian Palynology,
palaeoecology and organic thermal maturity of well DK- B in the Dukhan oil field of
Western Qatar ”GeoArabian.5: 483-508

62- Ji-min yi, Hyo-Taek chon, Min Park, (2003).” Migration and Enrichment of Arsenic
in the Rock-soil- Crop plant system in Areas Covered with black shale”, The scientific
world journal, 194-205, Korea.

63- Jen A.s., (1991). “Weathering of some Norwegian Alum shales: I, laboratory
simulation to study acid generation and the release of sulphate and metal cations” Acta
Agric, scand, vol. 41, pp.13-35.

64- Jeng A.S., (1992). “ Weathering of some Norwegian Alum shales: II, laboratory
simulations To study The influence of Aging, Acidification and liming on heavy metal
Release” Acta Agric. Scand., sect. s, soil and plants Ci, Vol. 42, PP. 76-87.

65- Jones J.H. (1994), “experimental Trace element Partitioning. In AGU Handbook of
Geophysical Constants” J, in press.

66- Jones R.W. (1987) “organic facies, advances in petroleum geochemistry” London
Academic press. Vol.2 Pages 1-90.

67- Kabata A., Arun P. and Mukharjee B., (2007) “Trace elements from soil to human”
68- Keller w. D. (1963) “Digenesis in clay minerals: A Review”

69- Kinniburg D.G. andSmedley p. 1. (2007) “A review of the source,behavior and
distribution of arsenic in natural waters” Applied geochemistry.

70- Kowalski, W.R., (1978) “Critical analysis of Cambrian ichnogenus Plagiogmus
Roedel” Annales de la Societe Geologique de Pologne 48, 333-344.

71- Lee j.s. and Kim k., (1998). “Migration and dispersion of trace elements in the rock-
soil-plant system in areas underlain by black shale and slates of the o k chon zone,
korea, journal of geochemical exploration”vol.65, pp. 61-78.

72- Li, Y.-H., (2000), “A Compendium of Geochemistry: From Solar Nebula to Human
Brain” Princeton University Press, Princeton, New Jersey 0-691-00938-4.

73- Liorens, J.F., Fernandez-Turiel, J.L., Acefiolaza, P., Medina, M.E., Sardi, F., (2001),
“Assessment of a Smelter Impact Area Using Surface Soils and Plants”
Environmental Geochemistry and Health, March 2001, Volume 23, Issue 1, pp 65-78.
74- Lissot , R.P & weite, b.H, (1984) “petroleum formation and occu.rence, znd Ed .
spriajev Berlin Heidelborg new York™ 699 p.

75- Machemer, S.D., Reynolds, J.S., Laudon, L.S., Wildeman, T.R., (1993), “Balance of
S in a constructed wetland built to treat acid mine drainage, Idaho Springs, Colorado,
U.S.A.” Applied Geochemistry, Volume 8, Issue 6, November 1993, Pages 587-603.
76- Mahjoor, A.S., Karimi, M., Rastegarlari, A., (2009) “Mineralogical and Geochemical
Characteristics of Clay Deposits from South Abarkouh District of Clay Deposit (Central
Iran) and Their Applications” Journal of Applied Sciences, 9, 601-614.

77- Marching V ,Gundlach H,Moller P, (1982) “some geochemical indicators for
discrimination between diagenetic and hydrothermal metalliferous sediments” Marine
Geol 50,241-256

78- Martinelli  G. “  petroleum  Geochemistry”  Encydopedia of life
Supporsystems(EOLLYS)

79- Mc Carthy K. ,Rojas K., Peters K., Niemann M., Stankiewicz A. and Palmowski
D.(2011) “Basic petroleum Geochemistry for source Rock”

80- Mclennan S. M., Taylor S. R. (1991), “Sedimentary Rocks and crustal evolution:
Tectonic Setting and Secular Trends. Journal of Geology” 99, 1-21.

81- Mills RA,Wells DM,Roberts S,(2001).”genesis of ferromanganese crusts from the
TAG hydrothermal field” Chem Geol 176, 283-293

\ VY



82- Morgan j. j., Stumm w., (1996). “Aquatic chemistry chemical Eguilibria and rates in
natural waters” 3d Ed. New York, john wiley sons, Inc.

83- Mosaferi, et al., (2003) “Occurrence of arsenic in Kurdistan province of L.R.Iran”
84- Mukherjee A., et al., (2006) “Arsenic contamination in ground water: A global
perspective with emphasis on the Asian scenario” pp.142-163.

85- Mukherjee, A.B., “Causes And effects of arsenic contamination Drinking water in
173ppsalal731730: A critical Review”.

86- Muller, G., (1969) “Index of geoaccumulation in sediments of the Rhine River”
Geojournal.

87- Munn O D., et al., (1996) “Manganese and cobalt cytosine, and methy cytosine
complex”

88- Nath B. N., Bau, M. Ramalingeswara Rao, B., Rao, Ch. M. (1997) “Trace and rare
earth elemental Variation in Arabian Sea Sediments Through a Transect across The
Oxygen Minimum Zone” Geochimica et Cosmochimica Acta, 61 (12) 2265-2388.

89- Nesbitt H. W. and Young. G. M. (1982) “early Proterozoic Climates and Plate
Motions inferred From Major element Chemistry of lutites. Nature” 299, 715-717.

90- Nickson, R.T., McArthur, J.M., Ravenscroft, P., Burgess, W.G., Ahmed, K.M.,
(2000) “Mechanism of arsenic release to groundwater, Bangladesh and West Bengal”
Applied Geochemistry, Volume 15, Issue 4, 1 May 2000, Pages 403-413.

91- Okunlola O. A., Idowu O. (2012) “The geochemistry of clay stone-shale deposits
from The Maustritchian patti formation”, south bida basin, Nigeria. Earth sci-Res, Sj.
Vol. 16, No. 2, 57-67.

92- Pasley, M.A., Gregory, W.A., Hart, G.F., (1991), “Organic matter variations in
transgressive and regressive shales”, Organic Geochemistry, Volume 17, Issue 4, 1991,
Pages 483-509.

93- Peters, K. E., (1986), “Guidelines for evaluating petroleum source rock using
programmed pyrolysis”, AAPG Bulletin. V. 70, P. 318-329.

94- PettiJohn F. J. (1975), “Sedimentary Rocks”. 3rd Edition, Harper and Row,
Publishers, 628 P.

95- Posamentier, H.W., Weimer, P., (1993), “Siliciclastic Sequence Stratigraphy and
Petroleum Geology--Where to From Here?: GEOHORIZONS”, AAPG Bulletin,
Vol. 77 (1993), Issue: 5. (May), P. 731-742.

96- Potter, P. E., Maynard, J. B., Pryor, A. W. (1980), “Sedimentology of shale”

97- Rad , F . K. (1986 ) “Ajurassicc de Ha in The eastern Alborz “, NEiran . Jaur ,
petrolonm Geology , V.9, p. 281 —294.

98- Ralph, E., Grim, (1968), “Clay mineralogy”, (New York: McGraw Hill Book Co.).
99- Rice D. D., Claypool G. E. (1981) “Generation, accumulation and resource potential
of biogenic gas” AAPG Bulletin, Vol.55, page 5 -25

100- Richard H. Bennett, R.H., O’Brien, N.R., Hulbert, M.H., (1991), “Determinants of
Clay and Shale Microfabric Signatures: Processes and Mechanisms”, Microstructure of
Fine-Grained Sediments Frontiers in Sedimentary Geology 1991, pp 5-32.

101- Rollinson, H., (1993), “Using geochemical data: evaluation, presentation,
interpretation: Longman Scientific & Technical”, Harlow, 352 p.

102- Ronov, A.B., Migdisov, A.A., (1971), “Geochemical History Of The Crystalline
Basement And The Sedimentary Cover Of The Russian And North American Platforms”,
Sedimentology, Volume 16, Issue 3-4, pages 137—185, June 1971.

103- Roser B. P., Korsch R. J. (1986), “Determination of Tectonic Setting of sandstone
— Mudstone suites using SiO2 Content and K20/Na20 Ratio”, Journal of Geology, 94
(5), 635-650

\ VY



104- Rubio B., Nombela M.A.a and vilas F., (2000). “Geochemistry of Major and Trace
elements in Sediments of The Ria deVigo: an assessment of metal pollution”, Marine
pollution bulletin, vol, 40. No.11m pp.968-980.

105- Rudnick R. L. and Gae S. (1995), “Composition of The continental Crust”

106- Rullkotter, J., Michaelies, W. (1990) “the structure of kerogen and related
materials: a review of recent progress and future needs” organic geochemistry, Vol.16,
Page 829-852

107- Rundick R. L., Gao S. et al., (2004). “Petrology and geochemistry of spinel period
xenolits from Hannoba and oixia”, North china craton.

108- Russel, p.l. 199. “oil shales of the world , Their, oriqin, occurrence, and
exploitation: pergamon press, wewyork ,753p.

109- Salem H. M., (2000).”Uranium ores and The Environmental impact on human
Health risks”

110- Pasley, M.A., Gregory, W.A., Hart, G.F., (1991) “Organic matter variations in
transgressive and regressive shales” Organic Geochemistry, Volume 17, Issue 4, 1991,
Pages 483-5009.

111- Shichi, T., Takagi, K., (2000) “Clay minerals as photochemical reaction fields”
Journal of Photochemistry and Photobiology C: Photochemistry Reviews, VVolume
1, Issue 2, 29 December 2000, Pages 113-130.

112- Singh B. K., SagarNayak P. (2007), “instrumental characterization of clay by
XRD, XRF and FTIR” Indian academy of sciences, Vol. 3, no. 3, pp. 235-238.

113- Smith K.S., et al., (1999) “Sorption of trace elements by earth materials an
overview with examples relating to mineral deposits” Review in economic geology, 6A,
pp.161-182, Ml:society of economic geology.

114- Smyth M., (1983) “Nature of source materials for hydrocarbons in cooper Basin,
Australia” AAPG Bull. 67, 1422-1426.

115- Sorby, H.C. (1908) “On the application of quantitative methods to the study of the
structure and history of rocks” Quarterly of the Geological Society of London.

116- Stach E., Mackowsky M., Teichmuller R. and Chandra G. H. (1975) * Stachs
textbook of coal petrology” 2" Ed, Berlin, Gebruder Borutraceger, Page 424 26- 27.

117- stampfli G.M. (1978) “Erude gedogique del Elburz orientalous de Geaobd — e
Qalous Iran N — E” These geneve, pp 329.

118- Steven P. (2012) “The shale gas revolution: developments and changes”
Chatamhouse, pp 12.

119- Suttner L.J., Dutta P.K. (1986) “Alluvial Sandstone Composition and
palacoclimate. Framework Mineralogy” Journal of Sedimentary Petrology 56, 329-
345.

120- Suzuki Sh., Rahman jalalur M. J. (2007) “Composition of Neogene shales from the
Surma Groups Bengal basin, Bangladesh: implications for provenance and The tectonic
setting” Austrian journal of earth science, vol. 100, PP. 54-64.

121- Taylor S.R., Mclennan S.M. (1969) “Index of geoaccumulation in sediments of
the Rhine River”

122- Taylor SR, Mclennan SM. (1985) the continental crust:its composition and
evolution” Blackwell scientific publications, Oxford, pp 312.

123- Toth JR. (1980) “deposition of submarine crusts rich in manganese and iron” Geol
Soc Am Bull 91, 44-54

124- Tourtelot H. A. (1979) “Black shale- its Deposition and diagenesis” clay and clay
minerals, vol. 27, No-5, pp. 313-321.

\ VY



125- Townes, H.L. (1993) “The Hydrocarbon Era, World Population Growth and Oil
Use--A Continuing Geological Challenge: Presidental Address” AAPG_Bulletin,
Vol 77 (1993), Issue 5. (May), P 723-730.

126- Turekian KK,Wedepohl KH. (1961) “distribution of the elements in some major
units of the earth crust” Geol Soc Am Bull 72, 175-192.

127- Tyson, R. V., Pearson, T. H. (1991) “Modern and ancient continental shelf anoxia:
an overview” Geological Society, London, Special Publications (1991), V 58, p 1-24.
128- VLF Lavergreen. (2005) “Black shale as a Metal contamination source”.

129- Way, B. Eastler. (2006)” Black shales”.

130- Weaver, BL et al. (1985) “Geochemistry at DSDP Leg 82 Holes™.

131- Wedepohl K.H., Delevaux M.H. and Doe B.R. (1978) “the potential source of
lead in the Permian kuperschifer bed of Europe and same selected Paleozoic Mineral
deposits in the fedral Republic of Germany” Mineral petrol, PP 273-281.

132- Wedepohl K.H. (1971) “Environmental inFluences on the chemical Composition
of Shales and clays” oxford, Pergamon 8. PP 307-333

133- Wakita H., Rey P. and Schmitt R. A. (1971) “Abundances of The 14 rare-elements
And 12 Other Trace elements in Apollo 12 Samples: Five igneous and one breccia rocks
and Four Soils” Proc. Second Lunar SCi, Conf 2, The M. I. T. Press, PP 1319-1329.
134- WHO. “guidelines for drinking — water guality 2004 vol 1,Geneva pp 488-496.
135- Wronkiewicz D.J., Condie K.C. (1990) “Geochemistry and Mineralogy of
Sediments From The Venters dorp and Transvall Super groups” South Africa Cratonic
evolution during The early Proterozoic, Geochimica et cosmochimica Acta, 54 (2), 343-
364.

136- Xiugen f. Wang J., Zeng Y., Tan F, chen w. and Feng X. (2010b) “Geochemistry
of rare earth elements in marine oil shale- A Case study From The Bilong Co Area,
Northern Tibet” china, oil shale. V. 27, P 194-208.

137- Zavodska L., Kosorinova E., Scerbakovo L. and Lensy J. (2008) “Environmental
chemistry of uranium” e, Hu. ISSN1418 - V108.

138- Zheng, Y., Spears, DA. (1999) “Geochemistry and origin of elements in some UK
coals” International Journal of Coal Geology.

139- Zi-jian W. (1999) “Major environmental and ecotoxicological processes of heavy
metals in lean River polluted by discharges from minig activities” journal of
environmental science, vol.11 no 30,pp 322-337.

VYO



Abstract

The study area (Dehmola) at a distance of 20 km southwest of Shahrud belongs to a part
of the wide eastern Zoghal dar area. Formations of Precambrian (Soltanieh formation) to
upper Jurassic (Dalichai) can be observed in the stratigraphic columns of Dehmola area,
thus, Shemshak formation with dominant lithology of shale (green, black and charcoal),
sandstone and coal layers, that is one of the biggest and the most important formations of
the area, was selected as the goal of most organic geochemistry studies examining the
hydrocarbonization potential of Shemshak formations shales in Dehmola area. Because
many subjects associated with shale behaviors, particularly environmental and economic
geology, inorganic geochemistry and also organic geochemistry, are controlled by
lithological characteristics of the source rocks and related closely together, each subject
will be addressed in an individual chapter. Mineralogical composition of all study
formation shales that is based on the results of XRD, XRF, ICP instrumental analysis and
also the studys of SEM / EDS micrographs, points to the presence of quartz, feldspar, iron
and micaceous minerals (muscovite, biotite and chlorite). Zircon, dolomite, sulfide
minerals (pyrite), are among the trace elements recorded by X-ray diffraction of black
and charcoal shales of the study area. The normalization of shales of the study area
especially black and charcoal shales, to references including NASC, PAAS, shale global
average, neogene shale of the Surma group from Bengal, Bangladesh points to the
anomalies of rare soil elements especially Ce and La, trace elements U, Th, Mn, As, etc.,
and also demands the high importance of economic studies and specific environmental
considerations. In most cases, green shales did not show any particular element
anomalies, but in some cases (such as uranium and thorium) showed severe depletion.
High amounts of quartz and illite in studied shales as well as the use of common ratios of
trace elements such as La / Th, also referred to the derivation of the felsic sources with
granodiorite composition, in addition to the dominancy of detrital controllers. According
to the use of diagrams associated with the determination of the history of the source rock

weathering or A-CN-K' and A-CNKOFM? and high concentrations of A1203 and also
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CIA> 50, Shemshak formation shales have endured severe weathering in the source area.
Shemshak formation sandstones that in most areas showed the signs of varnishing and
alteration, consist of quartz, feldspar, chlorite, mica, rubbles and also iron oxide, and are
likely belong to arkosic sandstones. Coals of the zone also represent the dominant

composition of vitrinite and inertinite

Organic geochemical studies of shale samples results based on the application of Rock-

Eval pyrolysis 6 instrumental analysis are summarized as below:

1. The type of the majority of samples with a range of organic matter of TOC = 0/08-
23/4 belonged to kerogen types III and IV that included mature to hypermature in
terms of the spectral thermal maturity. While the darker samples show higher
thermal maturity.

2. Most of the shale samples are located in gas zone, dry gas and entry to metagenesis
phase in terms of the production potential.

3. Distribution of HI values in relation to Ol and also the use of TOC values suggest
the D facies boundaries in the majority parts of the study area indicating
continental and extremely oxidant environments.

4. Organic geochemical analysis performed (Rock-Eval pyrolysis) on samples
suggests the presence of a significant amount of organic material rich in oxygen

(relatively high OI), poor in hydrogen (low HI) with continental or marine origin.

Keywords: Hydrocarbon, Shale, Shemshak, Dehmolla, Rock-Eval



Department of Earth Sciences

Master’s Thesis

Economic Geology

Topic:
Evaluting The Hydrocarbon Creating Potential of

Shemshak’s Formation Shale In Shahrod’s, Dehmolla Area

Supervisors:
Dr. F. Fardoust and Dr. A.R Rabbani

Author:

M. Hamidi Zhale

2014 Summer



	1
	2
	3
	4
	5

