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1-Introduction

The Garau Formation, Neocomian—Middle Albian in age, comprises black shales rich in organic matter and dark
gray argillaceous limestones containing bitumen. This intra-shelf basin formation includes the most significant
hydrocarbon source rocks in the Zagros Basin. Its type section is located on the northeast flank of Kabir Kuh, in
southwest Lorestan Zone (Wynd, 1965). Considering several lines of evidence, including the presence of
partially dissolved planktonic foraminifer shells, thin-bedded radiolarian cherts, and the absence of index
palynomorphs and shallow-marine fauna and facies, the depositional environment is interpreted as a deep basin
(Navidtalab, 2013). Due to the diachroneity of the formation in other parts of the Lorestan basin, it is extended
to Cenomanian (Ezampanah et al., 2013) or even Coniacian (James and Wynd, 1965). The deeper water of the
Garau Formation retreated gradually northward and as a consequence, interfingering can be observed at various
levels between this unit and the shallow-water carbonates (Setudehnia, 1978). Despite the good economic
potential of Garau Formation, there is a few published record of this formation in the northeastern part of
Lorestan Basin. For this reason, the sedimentary environment and biogeochemistry of the Garau Formation
were studied at one stratigraphical section at the Khorram Abad anticline.

2- Material and methods

A total of 137.5 m of outcrop at the center of the Khorram Abad anticline in Lorestan (SW Iran) was measured
and logged to determine the depositional environment and microfacies of the Garau Formation.

Dunham (1962) classifications for facies interpretation were used, based on 110 thin sections. Rock-Eval data
for ten samples are provided by the National Iranian Oil Company (NIOC) to evaluate organic matter content,
quantity, and variation within the RFZ interval. The data are compared and integrated with other obtained, and
the integrated dataset has been used for paleoenvironmental interpretations.

3- Results and discussion

Eight facies from deep marine were recognized in the Garau Formation (Fig. 1). These facies briefly discussed
below: Mudstone microfacies, fossiliferous mudstone microfacies, radiolaria wackestone/packstone microfacies,
Peloid packstone microfacies, Planktonic foraminifer radiolaria packstone microfacies, planktonic foraminifer
wackestone microfacies, and intraclast wackestone/packstone microfacies.

Results of the Rock-Eval 1l pyrolysis are summarized in Table 1. The TOC of samples from this rock unit is
relatively weak and varies from about 0.24 to 1.28.

Hydrogen index (HI) is used to model the quantity of extracted hydrocarbons and classify kerogen typing (Hunt,
1996). A diagram of HI as a function of Ol were used (Fig. 2) to determine the type of kerogen. According to
this graph, the organic matter of Garau source rock is mainly kerogen type 11, and it has minor kerogen type Il1.
Using the data of Rock-Eval pyrolysis and plotting S2 as a function of TOC (Fig. 3), the Garu formation's
hydrocarbon potentiality was studied. The classification of hydrocarbon potentiality of Garau formation as a
source rock, based on the TOC contents and S1+S2 parameters seems to be weak.
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Fig. 1. Schematic diagram of a deep marine environment of the Garau Formation.

Table 1. Results of Rock-Eval pyrolysis of 15 samples.

s, s, s, s L 2 TOC
No ; ’
Formation Area ; . PR 7 : mgHc/gR mgCO,/g .
(gHc/gRock) mgHc/gRock mgCO,/gRock C - Rock Wit%
*GA-6 Garau Khorramabad 02 044 1.02 424 60.2 139 0.73
*GA-10 Garau Khorramabad 1.02 039 098 445 105 265 037
GA-11 Garau Khorramabad 13 0.16 0.16 440 18.6 186 086
*GA-14 Garau Khorramabad 0.69 0.89 183 432 88 181 101
*GA-20 Garau Khorramabad 025 037 0.73 442 154 304 024
GA-25 Garau Khorramabad 028 12 1.02 432 244 208 049
*GA-27 Garau Khorramabad 191 0.85 0.89 425 66 69 128
*GA-30 Garau Khorramabad 0.62 1.01 1.02 433 935 94 1.08
*GA-33 Garau Khorramabad 11 0.83 192 416 76.1 176 1.09
*GA-40 Garau Khorramabad 0.16 034 0.94 433 130 361 026
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Fig. 2. The diagram of the hydrogen index against the thermal maturity indicates the maturity and the type of
hydrogen of the samples (Hunt, 1996).
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Fig. 3. The S2/ TOC diagram shows the hydrocarbon potential (Peters, 1986).

4- Conclusion

The Garau Formation at the Khorram Abad anticline has a thickness of 137.5 meters. Petrographic studies led to
the recognition of 7 microfacies that were deposited in a deep marine environment. The data obtained from the
geochemical analysis of the Garau Formation and the variation of S1+ S2 with TOC confirmed that Garu source
rock in Khorram Abad anticline has a very low potential for hydrocarbon production. The variation of hydrogen
index with oxygen index also clarified that kerogen of Garu source rock is type I11.
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Table 1. The results of Rock-Eval analysis of Garau Formation samples.
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Fig. 5. Photomicrographs of identified microfacies of the Garu Formation in Khorram Abad anticline; (a)
Mudstone microfacies, sample no. 5, (b) Fossiliferous mudstone microfacies, sample no. 11, (c)
Radiolaria wackestone/packstone microfacies, sample no. 34, (d) Peloid packstone microfacies, sample
no.6, (e) Planktonic foraminifer radiolaria wackstone to packstone microfacies, sample no. 27, (f)
Intraclast wackestone/packstone microfacies, sample no. 28, (h) Intraclast wackestone/packstone

microfacies with basal erosional surface (arrow), sample no. 29, and (i) Orientation of intraclast particle
in Intraclast wackestone/packstone microfacies, sample no. 28.

Slo)lud) 3929 pae uizmes Wiloe dlu)S 8 oy S asdllao 5 ygo ddbuio 4 g5 Wijlw gy Joo
PR 59y 2 loyS JIg Centd & 0aiiSanl slecsz ol hd sl 5l 9,5 wile aslllae 3,50 i o

a>g5 L (Tucker et al.,1993) wib e ) g5 5l wloyS Lo Gaos Lidu asls slo s gl Goes 5005 10,65
sor s Wl gamaies wad glulid Glelis oo G polie b diagig gisle 5 b gbooylus ) sl o
9 Opby slaslaibinl ulul p laojlus ) (g3g0e 5 (il> P i S ees 0 S Olsl e 5 Cusm s JT olse
w8 ks (Wilson 1975; Flugel 2004) s,k im0 3 sl Sleld lao )l ) ol o Wlazdly Conni 45 4,8
wibes pases BB wile ool 10 L0 Gres 5 lo)lus, moles ) 0 oS (S g b olyed U5 sl e il
ol Wl onds JSis ) g9 5 Lo S pjinly Sy 0 &S Slaess oS o oleiin | o5 6550 b Lo Gres 50
B o) bz ) SEres idu 4 bgipe b uraldy S aited ol SogSodl slaaisS Ko a5 el s s gl
3529 Sod Sy 3l (FISE) wleads olulis (Outer ramp) Casey, ) aibo by ol 09 0y g B85 cams lis
ey S ey plas e ol e SulgedS ol ol i, Al g g8 Wile woliin msm, Joe (1997

ilign Lo S sy ST 5o esims ot aalae 850 by 59 o0 et sla

FFA



¥ oolads V) 090 N Fe e 5l

N

d:é).m...) "gof)ls QSNL‘M UM) ;l!flh./nl/’y:a?;b

1 intraclast wackestone/packstone microfacies

2 Planktonic foraminifer wackestone microfacies

Upper photic zone
_| Lower photic zone

3 Planktonic foraminifer radiolaria packstone microfacies

4 Peloid packstone microfacies

5 (Radiolaria wackestone/packstone microfacies

6 Fossiliferous mudstone microfacies
7 Mudstone microfacies

aslllas 5550 oy 50 9,5 Wil Sleds (pgmy Jow - S

Fig.6. Schematic sedimentary model of the Garau Formation in the study section.
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of hydrogen of the samples (Hunt, 1996).
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Table 2. Evaluation of hydrocarbon potential using S1, S2, S1 + S2 (Peters,1986).

S1+S2 S2(mgHC/gTOC) | S1(mgHC/gTOC) Hydrocarbon
potential
0-3 0-2.5 0-0.5 Poor
3-6 2.5-5 0.5-1 Fair
6-12 5-10 1-2 Good
12< 10< 2< Very good
1000 -
* GA-30
Poor Fair|Geod | # Excellent
100 ; mGA-14
g Very good A GA-S
= GA-40
=z 10 Good
3 GA-33
= Fair
“ * GA-20
1 -
. E Poor GA-27
GA-11
0.1
0.1 1 10 wo 43
GA-10
Toc [wi)

(Peters, 1986) wil o oliensSgy0ue Jomils S5k So/TOC jlages - A IS
Fig. 8. The S2/TOC diagram shows the hydrocarbon potential (Peters, 1986).
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Fig. 10. The HI/TOC diagram values to determine the organic surface (Jones, 1987).
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