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Compositional maturity
Sample Qm Qp K-F Pl VRF MRF SRF TOTAL Q+CH F+RF Q+CHIF+RE
C1 86.0 4.9 5.0 1.2 0.0 2.9 0.0 100.0 90.9 9.1 9.9
C4 78.5 3.3 5.9 2.1 0.0 9.4 0.8 100.0 81.8 18.2 4.5
C7 82.6 14.2 1.9 0.2 0.0 1.1 0.0 100.0 96.8 3.2 30.2
C11 72.1 6.1 10.8 1.2 0.0 9.8 0.0 100.0 78.2 21.8 3.6
C16 89.8 6.1 2.2 0.0 0.0 1.0 0.0 100.0 95.9 4.1 23.4
C21 64.3 12.0 12.2 0.8 0.0 9.1 1.6 100.0 76.3 23.7 3.2
C24 82.4 6.9 8.5 0.0 0.0 2.2 0.0 100.0 89.3 10.7 8.3
C27 73.7 115 3.9 1.0 0.5 9.4 0.0 100.0 85.2 14.8 5.8
C30 64.5 15.7 7.1 0.6 0.0 11.2 0.9 100.0 80.2 19.8 4
C32 91.1 5.6 1.4 0.0 0.0 1.9 0.0 100.0 96.7 3.3 29.3
C36 65.1 13.2 15.0 0.4 0.0 55 0.8 100.0 78.3 21.7 3.6
C41 86.7 10.6 2.0 0.0 0.0 0.7 0.0 100.0 97.3 2.7 36
C45 69.8 7.4 8.7 1.1 0.0 12.4 0.8 100.0 77.2 22.8 3.4
C49 76.4 6.1 9.3 15 0.0 6.7 0.0 100.0 82.5 17.5 4.7
C52 81.4 4.7 11.3 0.8 0.0 1.8 0.0 100.0 86.1 13.9 6.2
C55 87.5 8.9 2.0 0.0 0.0 1.6 0.0 100.0 96.4 3.6 26.8
C59 73.4 9.1 6.2 1.2 0.0 9.4 0.7 100.0 82.5 17.5 4.7
C62 87.4 8.5 2.4 3.0 0.0 17 0.0 100.0 95.9 4.1 23.4
C65 89.3 7.7 0.9 0.0 0.0 2.1 0.0 100.0 97 3 32.3
C67 90.2 6.3 1.1 0.0 0.0 2.4 0.0 100.0 96.5 35 27.6
Average 79.61 8.44 5.89 0.75 0.02 5.11 0.28 88.05 11.95 7.4
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Compaction, fracturing and cementation, the main diagenetic events:
An example from upper sandstone of Lalun Formation, Binalud Zone, Iran
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Introduction

The siliciclastic Lalun Strata (Early Cambrian), in the Binalud zone, with thickness of 70 metres in the
Chenar area, rests with an fault contact on the Early Cambrian sedimentary rocks (Soltaniyeh dolomite). This
strata overlain with erosional surface by Eocene conglomerates. The upper part of this strata contains
sandstone that compare with upper sandstone unit of other parts (Porsoltani et al., 2014; Poursoltani and
Ghotbi Ravandi, 2015). This formation is red to reddish-brown in color, and mostly purple. The one
stratigraphic section was logged graphically, and 67 fresh sandstone samples were systematically collected,
and 50 thin sections were made. Petrographic modal analyses were done using a Nikon Eclipse E400 Pol
microscope, with 500 point counts on 20 samples. Four polished thin sections were studied to determine the
composition of mineral components. The Scanning Electron Microscope (SEM) used was a LEO 1450 VP at
an acceleration voltage of 30.00 kv.

Discussion

Based on field and laboratory studies, two facies association including sandstone and shale have been
identified. The sandstones are fine- to medium-grained and grain-supported, with some coarse-grained and
well-rounded components. Based on angularity, sorting, and matrix content, most sandstones are mature and
submature. Detrital grains are quartz, predominantly monocrystalline quartz with subordinate polycrystalline
guartz, K-feldspar and plagioclase, lithic grains, and accessory minerals and micas. Lithic grains are mainly
metamorphic (quartzite) and sedimentary (sandstone and chert), with a few volcanic grains. Heavy minerals
include opaques, zircon and tourmaline, scattered or present as a thin laminae. The sandstones have a
compositional range from quartzarenite to subarkose and sublitharenite (Folk, 1980).

Results

The Lalun sandstones experienced diagenetic events that included compaction, fracturing and cementation.
The predominant cement is silica, but some samples contain considerable proportions of carbonate, iron
oxides and clays cements, with minor authigenic minerals. The silica is typically non-luminescent, and
mainly occurs as syntaxial overgrowths on detrital quartz grains; reddish rims of very fine-grained material
that probably include clay and iron oxides mark the contacts between authigenic and detrital quartz. Silica
also forms pore-filling cement in primary pores, and large volumes of cement lie along primary and
secondary fractures (McBride, 1989; Friis et al., 2010). The cements occupy inter- and intragranular spaces,
form veins and fill fractures, and vary from microcrystalline to coarsely crystalline in the case of calcite. Iron
oxide cement is present throughout the Lalun Formation as an alteration product and cement. Clay minerals
present less than other type of cements, but illite and kaolinite are the main clay minerals cement in Lalun
sandstones (Ketzer et al., 2005). Dissolution is prominent in the sandstones. Detrital K-feldspar, quartz,
volcanic rock fragments, and carbonate cement all show evidence of partial to complete dissolution. In
feldspars, the proportion of voids is variable, with dissolution prominent along cleavages and fractures. The
sandstones show variable degrees of mechanical and chemical compaction, which is particularly prominent
where early cements are lacking (Mansurbeg et al., 2008). Grain contacts include elongate and concavo-
convex, point contacts in rare cases, and sutured contacts that indicate intergranular pressure solution and
deformation at a more advanced stage. Quartz and feldspar grains have been intensively fractured but the
fractures have been largely healed through silica cementation, allowing the grains to maintain their integrity
(Milliken, 1989; Dickinson and Milliken, 1995). This was evident using SEM and CL techniques, which
show that the majority of grains contain fractures. Based on petrological and geochemical studies, it is
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interpreted that diagenetic history of the Lalun sandstones can be related to early, deep burial and late stages
(Abdel Wahab, 1998; Salem et al., 2005).

Conclusion

Based on petrogragpic studies of upper sandstone units of the Lalun Formation, in Binalud Zone,
compaction, fracturing and cementation (mainly silica) are the most important diagentic events of these
sandstones. The cements occupy inter- and intragranular spaces, form veins and fill fractures, and vary from
microcrystalline to coarsely crystalline. The sandstones show variable degrees of mechanical and chemical
compaction, which is particularly prominent where early cements are lacking. Quartz and feldspar grains
have been intensively fractured but the fractures have been largely healed through silica cementation,
allowing the grains to maintain their integrity. According to diagenetic events, diagenetic history for the
Lalun sandstones, in study area, is related to early, deep burial and late stages.

Keywords: Diagenesis; Lalun Formation; Early Cambrian; Binalud.
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