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sedimentary geochemistry and environmental pollutants of theBandar-e Anzali map (scale 1/50000) (EbrahimiPargou and

DarvishiKhatooni, 2023).
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Table 1. The sedimentary fraction weights (in grams) obtained from the sieve-shaker device, dominant roundness-
sphericity of the clastic sediment particles, sediment type and depositional environment.

Weight W W W W W W W< - Sediment Depositional
SEple Sa.(gr) 2mm 1mm 500pn 250p 125p 63p 63 p RELniiEss | SRy Type Environment
AZ-115 | 10041 | 515 | 17.91 | 1831 | 2035 | 2145 | 412 | 11.98 SR Low- gms Shore
moderate
AZ-124A | 10013 | 06 | 036 | 105 | 297 | 717 | 453 | 80.86 SA-SR Low- (@)sM Flood plain
moderate
Low- .
AZ-124B 100.01 3.97 2.14 8.6 37.27 29.4 412 14.08 SA-SR moderate (g)mS Point bar
Low- .
AZ-132 A 100.22 0.07 0.34 0.82 0.11 0.53 1.6 92.42 SA-SR moderate (gM Flood plain
AZ-132B | 10016 | 0.04 02 23 093 | 296 | 11.84 | 80.03 SA-SR Low- (g)sM Flood plain
moderate
AZ-155 A 100.01 0.08 0.12 1.2 3.05 20.18 29.92 45.8 SA-SR mlt;c(i):\r,a?lte (g)ms Crevasse splay
AZ-196A | 1001 | 265 | 371 | 275 | 198 | 743 | 264 | 7919 | SA-SR Low- (@sM Flood plain
moderate
AZ-196B | 100.21 0.1 0.05 11 248 | 343 59 | 83.94 SA-SR Low- (g)sM Flood plain
moderate
Low- .

AZ-241 100.16 - 0.47 0.77 0.83 7.25 17.24 70.66 SA-SR moderate sM Fluvial channel
AZ-268A | 10004 | 342 | 19 | 28 | 205 | 5388 | 1363 | 222 SA-SR m'(;g;’:;te (@ms Crevasse splay
AZ-268 B 100.44 6.15 0.15 0.25 0.24 1.25 1.69 80.55 SA-SR Low- gM Flood plain

moderate
AZ-268 C 100.01 16 0.93 0.59 0.81 9.38 352 | 79.79 SA-SR Low- (9)sM Flood plain
moderate
AZ-274 A 100.05 1.87 0.78 2.67 6.03 16.41 11.44 54.77 SA-SR m(%g:r/‘;te (g)sM Wetland/Lagoon
AZ-274B | 10013 | 3227 | 11.03 | 152 | 1683 | 1235 | 513 | 42 SA-SR Low- gs Washover
moderate deposit
AZ-274C | 10002 | 051 | 079 | 093 | 142 | 515 | 1667 | 70.02 SA-SR Low- (9)sM Flood plain
moderate
Low- Washover
AZ-277T A 100.03 0.02 0.02 0.34 1.81 57.8 21.39 14.02 SA-SR moderate (g)mS deposit
AZ277B | 10007 | 024 | 026 | 08 | 911 | 7014 | 169 | 07 SR Low- @S Washover
moderate deposit
AZ277C | 10013 | 397 | 211 | 18 | 627 | 3223 | 1086 | 2063 | SASR Low- (@ms Washover
moderate deposit
AZ-279 A 100.31 0.2 0.51 1.08 1.94 8.37 4.87 77.1 SA-SR m(%g:r/‘;te (g)sM Wetland/Lagoon
AZ-279B | 10002 | 013 | 028 | 064 | 225 | 2359 | 2028 | 46.28 SA-SR Low- (@ms Washover
moderate deposit
AZ-301 100.1 14.18 8.78 13.52 16.53 38.78 6.27 0.47 SR Low- S Shore
moderate

Low-

AZ - 9B 100.3 44.5 15.82 10.02 13.44 13.33 0.78 1.82 SR moderate sG Backshore
Low-

AZ-9C 100.12 2.27 4.54 11.77 26.09 51.41 2.37 0.82 SR moderate (9)S Backsore
Low-

AZ - 11A 100.49 37.35 24.7 9.95 7.39 8.72 4.6 8.46 SR moderate sG Backshore
Low-

AZ-11B 100.14 13.82 32.61 17.01 11.38 16.12 1.75 6.43 SR moderate S Backshore
Low- Washover

AZ - 17A 100.13 0.42 0.55 4.35 28.31 55.22 7.61 2.29 SR moderate (9)S deposit
Low-

AZ - 19A 100.58 0.34 3.85 5.43 6.76 9.99 10.57 64.86 SA-SR moderate (g)sM Wetland/Lagoon
Low-

AZ - 22A 100.56 8.29 3.66 9.15 10.46 7.96 25.82 31.06 SR moderate gmsS Crevasse splay
Low-

AZ - 22B 100.11 1.85 3.05 5.45 5.66 5.57 1.37 69.08 SA-SR moderate (g)sM Flood plain
Low-

AZ - 22C 100.13 4.22 3.45 10.14 23.08 15.78 8.65 34.41 SR moderate (g)mS Crevasse splay
Low-

AZ - 29A 100.26 5.5 19.78 27.53 22.26 20.23 0.8 1.98 SA-SR moderate gS Foreshore
Low-

AZ - 39A 100.02 0.09 0.17 0.51 1.37 5.98 31.59 56.68 SA-SR moderate (g)sM Wetland/Lagoon
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Continuation of table 1
Weight W W W W W W W< A Sediment Depositional
Sl e Sa.(gr) 2mm 1mm 500pn 250p 125p 63p 63 p Rotluslgesy | Sty Type Environment
Low-
AZ-42A 100.65 0.14 0.47 8.87 35.53 | 28.63 7.54 17.61 SA-SR moderate (g)ms Coastal plain
Low-
AZ-42B 100.16 4.23 1.26 1.18 2.1 3.02 4.31 80.41 SA-SR moderate (g)sM Coastal plain
Low-
AZ-46 100.08 0.8 0.31 0.41 0.56 24.84 31.95 38.92 SA-SR moderate (g)mS Crevasse splay
Low-
AZ-47A 100.69 58.94 15.29 7.92 5.77 6.07 1.66 4.24 SA-SR moderate msG Point bar
Low-
AZ-49A 100.13 7.91 2.89 2.37 1.33 7.23 25.68 45.75 SA-SR moderate gM Overbank
Low- Washover
AZ-49B 100.85 2.98 0.7 13 2.82 30.14 | 33.84 25.26 SA-SR moderate (g)ms deposit
Low-
AZ-49C 100.84 0.29 0.17 0.26 0.39 3.76 35.48 55.57 SA-SR moderate (g)sM Wetland/Lagoon
Low-
AZ-52A 100.04 0.2 0.44 0.8 2.15 1594 | 2455 | 47.41 SA-SR moderate (g)sM Flood plain
Low-
AZ-52B 100.7 0.44 0.09 0.51 3.25 17.8 22.16 52.03 SA-SR moderate (g)sM Flood plain
Low-
AZ-53A 100.15 36.99 10.62 4.22 4.48 3.72 0.74 34.98 SA-SR moderate mG Point bar
Low-
AZ-57A 100.31 0.27 0.26 0.34 6.95 41.22 34.7 13.21 SA-SR moderate (g)mS Crevasse splay
Low-
AZ-57B 100.54 0.02 0.11 0.24 341 43.45 29.53 22.71 SA-SR moderate (g)mS Crevasse splay
Low-
AZ-66A 100.11 0.02 0.06 2.14 31.94 38.9 6.51 19.89 SA-SR moderate (gmS Point bar
Low-
AZ-69A 100.09 23.47 2.5 3.47 1.92 2.97 7.08 54.09 SA-SR moderate gM Overbank
Low-
AZ-T2A 100.15 3.23 1.21 0.88 291 12.43 7.78 66.65 SA-SR moderate (g)sM Flood plain
Low-
AZ-72B 100.24 0.65 1.68 3.02 6.78 11.28 6.49 62.43 SA-SR moderate (g)sM Flood plain
Low-
AZ-72C 100.12 1.79 1.02 0.72 247 26.71 31.04 32.71 SA-SR moderate (g)mS Crevasse splay
Low-
AZ-T6A 100.65 0.23 0.1 0.16 2.1 24.9 47.39 22.3 SA-SR moderate (g)mS Crevasse splay
Low-
AZ-81 100.19 51.75 15.77 13.36 6.39 3.96 3.64 3.18 SA-SR moderate sG Fluvial channel
Low-
AZ-84 100.65 0.09 0.29 6.16 28.42 35.41 8.14 19.03 SA-SR moderate (gmS Point bar
Low- (g)ms/
AZ-92A 100.53 0.03 0.4 0.47 0.82 18.88 30.22 48.72 SA-SR moderate (g)sM Overbank
Low-
AZ-92B 100.11 - 0.02 0.28 11.73 36.53 14.3 35.15 SA-SR moderate mS Point bar
< Low- Point bar
AZ-93 100.3 0/00 0.03 0.24 6.85 51.17 22.98 17.31 SR moderate mS (aeolian sand)
Low- Barrier dune
AZ-97 100.55 0.15 0.15 2.14 11.9 76.77 3.68 3.78 SR moderate (9)S ridge/Sand dune

Fluvial channel
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Fig. 3. Sandy mud sediments forming a part of the PishRood river channel bed in Tolam-shahr (looking towards northeast).
Part of the channel is also composed of gravel-size particles.
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Fig. 2. The position of the samples collected from different depositional environments of the studied area on the gravel-sand-
mud triangle. Most of the components are located on the sand-mud side.
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Table 2.The sedimentary fraction weights (in grams) obtained from the sieve-shaker device, dominant roundness-
sphericity of the clastic sediment particles, sediment type and depositional environment of the previous samples.

Sample Weight W W W W W W < - Sediment Depositional
No. Sa. (gr) R 1mm 500pn 250p 125p 63p 63p RO EES SEIEY Type Environment

Low- .

AZ-14 100.05 2.69 5.37 21.56 32.55 28.75 3.79 4.32 SA-SR moderate (9)S Fluvial channel
Low-

AZ-22 100.27 7.87 3.44 14.26 | 20.63 | 44.89 4.46 1.62 SA-SR moderate gs Shore
Low-

AZ-24 100.29 2.12 5.56 12.99 | 30.38 | 31.78 5.18 7.35 SA-SR moderate (9)S Backshore
Low-

AZ-31 100.08 117 14.91 37.52 27.89 13.92 1.24 1.04 SR moderate (9)S Backshore
Low- Washover

AZ-32 100.12 2.96 3.51 7.69 19.33 | 36.65 13.08 12.41 SA-SR moderate (gymS deposit
Low-

AZ - 36 100.27 0.17 0.07 1.65 19.86 52.8 14.32 9.67 SA-SR moderate (9)S Backshore
Low-

AZ - 41 100.24 0.35 <0.00 0.03 0.24 73.62 23.59 0.95 SA-SR moderate (9)S Foreshore
Low- Backshore

AZ - 45 100.08 - 0.12 4.92 37.01 54.37 1.87 0.87 SA-SR moderate S
Low-

AZ -51 100.06 0.35 - - 112 84.28 13.16 0.04 SA-SR moderate (9)S Shoreface
Low-

AZ -53 100.25 29.8 17.27 9.6 15.04 | 23.12 2.12 2.2 SA-SR moderate gs Backshore
Low-

AZ-71 100.03 - - 0.009 1.37 82.28 14.73 0.54 SA-SR moderate S Shoreface
Low- Barrier dune

AZ-T72 100.07 - 0.06 0.6 6.88 82.62 8.42 0.24 SA-SR S ridge/Sand

moderate
dune

Low- Washover

AZ-73 100.01 4.47 0.73 1.28 29.97 57.75 2.6 2.32 SA-SR moderate (9)S deposit

AZ-T77 100.04 1.44 0.26 0.68 2555 | 46.16 12.67 9.08 SA-SR mlgge\zl\rle;te (g)mS/(g)S Coastal plain
Low-

AZ-111 100.5 25.69 9.82 12.46 10.46 | 34.86 3.51 0.86 SR moderate gs Shore
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Fig. 4. Abundance of sediments types in the studied area. Slightly gravelly sandy mud and slightly gravelly muddy sand
deposits are more abundant than other types of sediments.

G, gravel; g, gravelly
(g), slightly gravelly

S, sand; s, sandy

M, mud; m, muddy
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Fig. 5.The abundance of sediments types in different sedimentary environments
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Fig. 6. X-ray diffraction diagram in sample AZ-71 (shoreface). Q = quartz, Sm = smectite, Cal = calcite, F = feldspar.
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Fig. 7. Sediments components. A- Rock-fragment (R) and quartz grain (Q) in sample AZ-9B (1 mm fraction). B- Rock-fragment (R)

and plant debris (P.D.) in sample AZ-22B (2 mm fraction). C- Marine (M.B.) and non-marine (N.M.B.) bivalves in sample AZ-17A (1
mm fraction). D-Rock-fragment (R) and quartz grain (Q) in sample AZ-19A (500 micronfraction). Pay attention to semi-rounded (SR)

and semi-angular (SA) particles.
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Fig. 8. The rock-fragments of fluvial system. A- Shale fragment (sh.f.) and sandstone fragment (S.F.) in sample AZ-53A (point
bar sub-environment) (XPL). B- Sandstone fragment (S. F.) and volcanic fragment (V. F.) in sample AZ-53A (point bar sub-

environment) (XPL). C- Volcanic rock-fragment (V.F.) in sample AZ-53A (point bar sub-environment) (XPL). D-
Metamorphic fragment (M.F.) in sample AZ-14 (active channel sub-environment). E. chert fragment (Ch.F.) and sandstone

fragment (S.F.) in sample AZ-142A (Crevasse splay) (XPL).
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Table 3. Dominant identified facies and depositional environments in the studied area (with the exception of point bar).
It should be noted that the identified facies for the marsh environment is similar to the wetland/ paleo-lagoon

environments.

Sedimentary Facies

Non-homogenous medium to fine-grained
poorly to moderately sorted gray to brown
(2)mS/(g)sM/(g)S with rock-fragment

Non-homogenous fine-grained moderately to

Depositional
) Environment

Coastal plain

5 s Depositional

Sedimentary Eacies Environment
Non-homogenous coarse to fine-

grained poorly to moderately sorted

gray to brown Backshore

(2)S/gS/gmS/msG/mG/sG with rock-

fragment and marine bioclast
Non-homogenous medium to fine-

well sorted gray to brown (g) S/S with rock-
fragment and marine bioclast

Non-homogenous fine-grained well sorted
gray to brown S/(g)S with rock-fragment

Non-homogenous very coarse to fine-grained
moderately sorted creamy brown to gray
sM/(g)S/sG with rock-fragment

Non-homogenous medium-grained poorly to
moderately sorted gray/brownish
gray/brownish cream gS/(g)S/(g)mS with non-
marine/marine bioclast and rock-fragment

Barrier dune ridge
(sand dune)

Meandering river
active channel

Washover deposit

grained moderately sorted gray (g)S/gS
with rock-fragment and marine bioclast
Non-homogenous fine-grained poorly
to moderately sorted
brown/cream/black (g)M/(g)sM/gM
with rock-fragment and plant debris
Non-homogenous fine-grained poorly
sorted brown/black/brownish
cream/grayish green (g)mS/gmsS with
rock-fragment and plant debris
Non-homogenous fine-grained poorly

Foreshore

Flood plain

Crevasse splay
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Fig. 9. Components of coastal plain sediments. A- Rock-fragment (R), feldspar grain (F) and quartz grain (Q) in sample AZ-42A (1
mm fraction). B- Rock-fragment (R) and plant debris (P.D.) in sample AZ-42A (1 mm fraction). C- Quartz (Q), marine bivalve
fragment (M.B.) and rock-fragment (R) in sample AZ-42B (1 mm fraction). D- coastal plain depositional environment with abundant
vegetation (looking towards south). Pay attention to semi-rounded (SR) and semi-angular (SA) particles.
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Fig. 10. Coarsening upward sequence in the coastal plain (looking towards north).
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Fig. 11. Sedimentological and depositional environment column of the coastal plain. It should be noted that in the upper
part of the sequence, bioclast fragments (marine bivalve) were observed.
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Fig. 12. Components of meandering active channel sediments. A- Rock-fragment (R), feldspar grain (F) and quartz grain (Q) in sample

AZ-14 (500 micronfraction). B- Rock-fragment (R) in sample AZ-81 (1 mm fraction). C- Non-marine bivalve (N.M.B.) and rock-
fragment (R) in sample AZ-81 (2 mm fraction). D- Rock-fragment (R) in sample AZ-241 (1 mm fraction). Pay attention to semi-

rounded (SR) and semi-angular (SA) particles.
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Fig. 13. The meandering channel of the Sefid Rood River and recentpoint bar (looking towards north).



Yyy g UL\M) 9 ).ulg ¥ o)Lo..’b AY 6,99 ‘Lso).g)lS stul.a.w&_”.u})

Imm

—

C )
$lais 9 —B (o o V 03)) AZ-ATA digei ;0 (Q) 354155 053 5 (R) Souwos ;o —A 5l gy Sligm )y odidd Jusid li! N0 JSi
39 (R) Kowwed 3 9 (Q) 34195 058 —~C (o duo ¥ 05,) AZ-53A diges 4o (P.D.) oS askad 5 (R) Sowwos )5 (N.M.B.) sl jomé
Slyd 4 (59 s5we Bes 05,) AZ-93 diges 1o (F) jlwwadd 5 (Q) 3,15 &lyd (R) Sowes s -D (9,50 Bee 05,) AZ-92B aiges

D9 498 (SA) ,loa gl3a0s 9 (SR) e yFans

Fig. 15. Components of Point Bar sediments. A- Rock-fragment (R) and quartz grain (Q) in sample AZ-47A (1 mm fraction).
B- Non-marine bivalve (N.M.B.), rock-fragment (R) and plant debris (P.D.) in sample AZ-53A (2 mm fraction). C- Quartz
particle (Q) and rock-fragment (R) in sample AZ-92B (500 micronfraction). D- Rock-fragment (R), quartz (Q) and feldspar
(F) grains in sample AZ-93 (500 micronfraction). Pay attention to semi-rounded (SR) and semi-angular (SA) particles.
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Fig. 16. A- Truncation surface between point bar and overbankof paleo-channel in the Pasikhan River margin (looking
towards west). B- Close view of image A.
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Fig. 17. Sedimentological and depositional environment column of the fluvial system (point bar and overbank) in the

PasikhanRiver margin. It should be noted that in Point Bar, weak cross lamination and in the boundary between Point
Bar and the overbank, truncation surface and in the overbank, plant debris were observed.
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Fig. 18. A- Weak cross lamination andwind-blown loose very fine to fine sand sizeparticlesin the upper part deposits of Paleo-
point bar in the Pasikhan River margin (looking towards the east). B- Redrawing of the cross lamination in image A
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Fig. 19. Paleo-overbank deposits (floodplain and crevasse splay) in the MasooleRoodkhan margin (looking towards

north).
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Fig. 20. Components of floodplain sediments. A- Rock-fragment (R) and quartz grain (Q) in sample AZ-72A (500
micronfraction). B- Quartz (Q), feldspar (F) and rocl-fragment (R) particles in sample AZ-72B (500 micronfraction). C- Quartz
grain (Q), plant debris (P.D.) and rock-fragment (R) in sample AZ-124A (1 mm fraction). D- Mica (M) and plant debris (P.D.)
in sample AZ-52B (500 micronfraction). Pay attention to semi-rounded (SR) and semi-angular (SA) particles.
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Fig. 21. Components of crevasse splay sediments. A- rock-fragment (R) in sample AZ-26A (1 mm fraction). B- rock-fragment (R) in
sample AZ-22C (1 mm fraction). C- Non-marine bivalves (N.M.B.), non-marine Gastropoda (N.M.G.) and rock-fragment (R) in sample
AZ-155A (500 micron fractione). D- Mica (M), quartz particle (Q), feldspar particle (F) and non-marine ostracoda (N.M.Q.) in sample
AZ-155A (500 micronfraction). Pay attention to semi-rounded (SR), rounded (R) and semi-angular (SA) particles.
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Fig. 22. Sedimentological and depositional environment column of the overbank (crevasse splay and flood plain sub-
environments) in the Masoole River (MasooleRudkhan) margin. It should be noted that plant debris were observed in both

sub-environments.
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Fig.23. Marsh environment and herbaceous plants in SofiandehRoga area (NahangRoga River margin, Anzali paleo-lagoon)

(looking towards east).
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Fig. 24. Constituents of the washover deposits (A to C) and the wetland/paleo-lagoon/marsh environment (D). A- Brackish
bivalve (Dreissea polymorpha) in sample AZ-17A (2 mm fraction). B- Plant debris (P.D.) and Non-marine gastropods (N.M.G.)
in sample AZ-17A (2 mm fraction), C- non-marine (N.M.B.)-marine (M.B.) bivalves and rock-fragment (R) in sample AZ-17A

(1 mm fraction). D- plant debris (P.D.), ostracoda (O) and rock-fragment (R) in sample AZ-19A (250 micronfraction). Pay
attention to semi-rounded (SR) clastic particles.
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Fig. 25. Washoverand wetland/paleo-lagoon deposits in the Anzali wetland margin (Abkenar area, AZ-19A and AZ-

17A samples) (looking towards west).
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Fig. 26. Sedimentological and depositional environment column of the outcropped sequence in the Abkenar area
(wetland/lagoon environment and washover deposits; Anzali wetland margin). It should be noted that plant debris were

observed in both environments.
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Fig. 27. Marine (Cerastoderma glaucum) and brackish water (Monodancacaspia) bivalves in washover deposits s of
sample AZ-277C (2 mm fraction).
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Fig. 28. Components of washoverdeposits. A- Mica grain (M), plant debris (P.D.), non-marine bivalve (N.M.B.) and non-marine
ostracoda (N.M.O.) in sample AZ-277A (250 um fraction). B- Non-marine Gastropoda (Lymnaeidae sp.) and rock-fragment

(R) in sample AZ-277C (1 mm fraction). C- Rock-fragment (R), quartz grain (Q) and feldspar grain (F) in sample AZ-277B
(250 micronfraction). D- Non-marine Gastropoda in sample AZ-277C (2 mm fraction).
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Fig. 29. Coastal zone (depositional coastline) and its smaller parts on the Caspian Sea coast (Ateba Boulevard in Bandar-
eAnzali) (looking towards west). The Mean high and low water level are roughly drawn. The foreshore is located between the

high and low water level and the backshore is located from the high water level to the land. The shoreface is located from the
low water level to the deeper areas of the sea.
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Fig. 30. The foreshore in the wall resulting from the bed incision (shore area) by the river in Ateba Boulevard (Bandar-eAnzali).
A- Fluvial channel in the shore area (looking towards the east). B and C- Very low-angle stratification dipping seaward in
foreshore sediments.
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Fig.31. Components of sediments in the foreshore area. A- Rock-fragment (R) in sample AZ-29A (2 mm fraction). B- Rock-
fragment (R), quartz grain (Q) and feldspar grain (F) in sample AZ-29A (250 micronfraction). C- Marine bivalve
(Cerastoderma glaucum) in sample AZ-41 (2 mm fraction). D- Quartz grain (Q), mica particle (M) and ostracoda (O) in sample
AZ-41 (250 micronfraction). Pay attention to semi-angular (SA) and rounded clastic particles.
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Fig. 32. The backshore in the wall resulting from the bed incision (shore area) by the river in Ateba Boulevard (Bandar-

eAnzali). A- Fluvial channel in the shore area (looking towards the north). B and C- Gravelly bioclastic horizonat the base and
aeolian sands (sand dune) in the upper part of the backshore sequence.
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Fig. 33. A, B, and C - Weak cross lamination in eolian sands in the upper part of the backshore area (near Tolam-Shahr)
(Sample AZ-97) (looking towards north).
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Fig. 34. Components (rock-fragment (R) and feldspar grain (F)) of eolian sediments in sample AZ-97 (1 mm fraction).

Pay attention to semi-rounded clastic particles (SR).
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sequence. B) Incomplete sequence of shore barrier (barrier system) in the studied area.
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Fig. 37. Progradation/regression of the shore barrier and shoreline from the past to the present. A- The high sea- level and the
connection of shore barrier to the coastal plain. B- The beginning of the major sea-level fall along with short-term cycles of
sea- level rise, creating a lagoon behind the shore barrier andbarrierprogradation towards the sea. C- The development of
Anzali lagoon along with the continued sea-level fall. D- The low sea-level and lack of connection between the sea water and
the lagoon and the transformation of the lagoon environment into a wetland in the present.
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Abstract

In this research, the facies and marine, coastal and continental depositional environments have been
investigated in southern part of the south Caspian Basin (middle part of the Gilan province; Bandar-e
Anzali area). In this study, seventy-one surface sediment samples were taken unsystematically from
three hundred and twelve recorded points in the shallow areas of the Caspian seabed and surrounding
land. Four sediments types, slightly gravelly sandy Mud, slightly gravelly muddy Sand, slightly gravelly
Sand and gravelly Sand constitute the largest percentage of all components.Based on X-ray diffraction
studies, the sediments are composed of calcite, quartz, feldspar, mica and smectite. The components are
classified into two categories: clastic (quartz, feldspar, mica, rock-fragment and clay minerals) and
organic-biogenic (plant debris, marine and non-marine organisms (ostracoda, bivalves and
Gastropoda)).In general, sedimentation has been done in three areas: land (continental), transition
(shore) and marine. The land part composed of the fluvial system (active channel, point bar, flood plain
and crevasse splay), coastal plain, wetland, paleo-lagoon, marsh and washover deposits. The transitional
and marine parts composed of the shore barrier and the shoreface, respectively. The shore barrier
sequence consists of foreshore, backshore and shore dune ridges. Non-marine bioclasts (such as non-
marine bivalves Monodancacaspia and Dreissea polymorpha and non-marine gastropods such as
Lymnaeidae sp.) in wetland/lagoon, marsh environments and washover deposits and marine bioclasts
(such as bivalves Cerastoderma glaucum) has been observed in the washover deposits, shore (shore
barrier sequence) and shoreface environments.The sea-level fluctuations (the general trend of the
relative sea-level fall along with the short-term fluctuating cycles of sea-level rise and fall), cause the
shifting of the facies and shoreline towards the sea (progradation/regression) from the past to the present.

Keywords: Surficial deposit, Sediment type, Fluvial system, Marine zone, Sea-level fluctuation

Introduction

Study of the sediments of modern depositional
environments such as shallow and deep marine
parts (shoreface and offshore), shoreline, coastal
plain and fluvial systems, valuable information
for accurate identification and separation of
paleomarine, coastal and continental
environments. In this research, Bandar Anzali
area has been investigated for sedimentology,
identification of sedimentary facies and
depositional environments in the middle part of
the Gilan province. The studied area is located in
the southern part of the South Caspian basin and
in the Alborz structural zone. In this research,
Bandar-e Anzali's geographical coordinates (37°,
29,59 N and 49°, 14, 59" E (northwest margin);
37°, 29, 59" N and 49°, 29, 57" E (northeast
margin); 37°, 14, 52" N and 49°, 29" , 59"
(southeast margin), and 37°, 14, 54" N and 49°,

14, 59" E (southwest margin)) has been
investigated.

Method and materials

In this research, seventy-one surface sediment
samples were taken unsystematically from three
hundred and twelve recorded points in the
shallow areas of the Caspian seabed and
surrounding land for sedimentology studies
(particle size, mineralogical composition (thirty-
five samples), sediment constituent, sediment
type, sphericity, roundness and sedimentary
facies) by Van Veen Grab (marine and wetland
samples) and shovel (land samples). The samples
were analyzed by Vibratory sieve shaker
(Fritsch-analysette 3 Pro) (for particles above 63
microns) in the sedimentology laboratory of the
Geological Survey of Iran (GSI). Folk's method
(Folk, 1974) was used to determine the sediment
type. Morphoscopic and morphometric studies
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have been carried out using a Nikon microscope
(model SMZ 1500) in the range of sizes from 2
mm to 125 microns. X-Ray diffraction
measurement to identify the mineralogical
composition on bulk samples (thirty-five
samples) has been done by X-ray diffractometer
Siemens model (D5000) (voltage 40 kV, current
intensity 30 milliamperes, copper cathode lamp
and 2-Theta angle 4 -70 A”) in GSI.

To determine the roundness and sphericity of
clastic particles, Powers (1953) comparative
chart was used for sand-sized particles. In
addition, the prepared thin sections (22 samples)
were studied to accurately determine the rock-
fragment types. Also, to identify the sedimentary
facies, the parameters of the diversity of the
sediments, Mean dominant particle size, sorting,
color, the sediment type and the major
constituents have been considered. According to
the field observations, identified sedimentary
facies and the position of the sedimentary units in
the sequence (compared with the upper and lower
units), the depositional environments have been
determined.

Results and discussion

Major sedimentary components are composed of
sand and mud size particles. Four sediments
types, slightly gravelly sandy Mud, slightly
gravelly muddy Sand, slightly gravelly Sand and
gravelly Sand constitute the largest percentage of
all components. Based on X-ray diffraction
studies, the sediments are composed of calcite,
guartz, feldspar, mica and smectite. The
components are classified into two categories:
clastic (quartz, feldspar, mica, rock-fragment and
clay minerals) and organic-biogenic (plant
debris, marine and non-marine organisms
(ostracoda, bivalves and Gastropoda)).The
studied sediments have a wide range of rounded,
semi-rounded to semi-angular clastic particles.
Very few sedimentary structures (very low angle
stratification, cross lamination and truncation
surface) have been observed. In general,
sedimentation has been done in three areas: land
(continental), transition (shore) and marine. The
land part composed of the fluvial system (active
channel, point bar, flood plain and crevasse
splay), coastal plain, wetland, paleo-lagoon,
marsh and washover deposits. The transitional
and marine parts composed of the shore barrier,
and the shoreface, respectively.The shore barrier
sequence consists of foreshore, backshore and
shore dune ridges. The large amount of sand-
gravel size particles, microtidal regime, the slow
relative sea level rise are the primary and
important conditions for the shore barrier
formation. Rock-fragments are one of the

dominant components in all identified
environments. In addition, plant debris are the
main constituents in floodplain, crevasse splay,
wetland/lagoon and marsh environments. Also,
non-marine bioclasts (e.g. non-marine bivalves
Monodanca caspia and Dreissea polymorpha
and non-marine gastropods such as Lymnaeidae
sp.) in wetland/lagoon, marsh environments and
washover deposits and marine bioclasts (e.g.
bivalves Cerastoderma glaucum) has been
observed in the washover deposits, shore (shore
barrier sequence), and shoreface environments.
The sea-level fluctuations (the general trend of
the relative sea-level fall along with the short-
term fluctuating cycles of sea-level rise and fall),
cause the shifting of the facies and shoreline
towards the sea (progradation/regression) from
the past to the present.

Conclusion

Field observations and facies analysis of various
deposits in the studied areas indicate their
deposition in a wide range of environments,
including the meander river system (active
channel, point bar and overbank areas (flood
plain and crevasse splay), coastal plain, wetland
(present time)/lagoon (past time), washover
areas, shore (foreshore, backshore paleo-
backshore) and shoreface.

Coastal plain, active channel, point bar are
mainly composed of rock-fragments. Flood plain
and crevasse splay are mainly made of rock-
fragments and  plant  debris.  Paleo-
lagoon/wetland and marsh environments are
mainly composed of rock-fragments, plant debris
and non-marine bioclasts (ostracoda, bivalves
and gastropoda). Meanwhile, The washover
deposits are mainly composed of rock-fragments,
plant debris and non-marine/marine bioclasts
(ostracoda, bivalves and gastropoda) and
foreshore, backshore and shoreface areas are
mainly made of rock-fragments and marine
bioclasts (bivalves, gastropoda and ostracoda).
The presence of shore deposits (such as sand
dunes (aeolian sands)) associated with the upper
part of the backshore area in the parts far from the
recent sea (in the parts far from the recent coast)
indicates that the sea level is high stand in the past
time. The general trend of the relative sea level
falling (along with short-term fluctuating cycles
of sea level rising and falling) from the past to the
present, a trend of facies shifting and the shore
line towards the sea has been revealed. The
evidences of four shore barriers (shore deposits)
have been observed from the past to the present
time.



