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1-Introduction

The Paleogene is one of the essential geologic periods that lasted about 43 million years and comprises
the first part of the Cenozoic Era, which consists of significant and extraordinary geological events.
One of these shocking incidents is the recovery, diversification, and turnover of the larger benthic
foraminifera, especially within the P/E boundary interval. The Cretaceous-Paleogene extinction crisis
eliminated many of the Maastrichtian larger foraminifera, but the Early Paleocene was a recovery period
for some other larger benthic foraminifers (Boudagher-Fadel, 2008).

Undoubtedly, one of the essential faunal groups is the larger benthic foraminifera (LBF), which have
a significant role in studying the paleontology, stratigraphy, paleoecology, and paleoenvironment and
recognizing sedimentary basins characteristics. LBFs are excellent criteria and markers for delineating
the P/E boundary in carbonate platform deposits (Hottinger, 1997). Within the Early Paleogene period,
the LBFs were significant carbonate platform sediment contributors in nearly all Circum-Tethyan basins
and replaced the extinct species in the K/Pg crisis (Philip, 2003). Abundance, diversity, vast
distribution, high tolerance for nutrient shortages, and good ability to suffer different environmental
conditions such as temperature, water energy, light intensity, substrate type, depth, and salinity are the
main characteristics of this group, so these advantages as well as, biofacies bounding even on a regional
scale and restricted areas, make them as significant index microfossils, carbonate producers, good depth
dwellers, excellent shallow-water environmental and palaeoenvironmental indicators. From the Late
Paleocene (Late Thanetian), the nummulitids, alveolinids, orthophragminids, and some large rotalids
(Miscellanea) became abundant and thrived in the Tethyan shallow tropical basins. By the end of the
Early Paleogene, these LBF groups were occurring in high abundance and diversity. During the
Paleogene, shallow-water carbonate platforms were distributed over large areas of the peri-Tethyan
region, accounting for most of the global neritic carbonate production during Eocene times (Philip,
2003). The essential characteristic of the studied Paleogene carbonate deposits is the abundance and
diversity of the LBFs. Larger benthic foraminifera were major rock builders in tropical and subtropical
shallow seas, especially in the Circum-Tethyan realm. They lived in warm, oligotrophic, shallow waters
within the photic zone (Hottinger, 1983).

The Lurestan basin, located in the Zagros Mountains range in SW Iran, is a major Paleogene
carbonate platform located at the low paleolatitudes (about) in the southern rim of the Tethys. The
Upper Paleocene — Lower Eocene Taleh Zang Formation is a prominent sequence of carbonate-

* Corresponding author: m_majidifard@yahoo.com

DOI: 10.22055/AAG.2023.42218.2324
Received: 2022-10-30
Accepted: 2023-01-11

814



wVa

shahid Chamran Adv. Appl. Geol. Autumn 2023, Vol. 13(3): 814-835

University of Ahvaz

dominant shallow-water deposits rich in swarms of the Early Paleogene LBFs. In the examined sections,
this formation consists of carbonate-detrital-siliciclastic lithology composition, unlike the entire
carbonate composition type locality. There are also several variations in biota, mainly in the
foraminiferal accumulations' nature, age, distribution, and platform evolution settings.

This study aims to identify the Early Paleogene LBF assemblages and their associated microfaunas
and the dating of the Taleh Zang Formation sedimentary sequences in the studied sections. The final
aim is to assess the platform evolution stages of the Early Paleogene carbonate Taleh Zang Formation
and compare the obtained results with the three evolutionary stages of the Late Paleogene low
paleolatitudes carbonate platforms of the Circum-Tethys, proposed by Schiebner and Spiejer (2008).

2-Material and methods:

This study is conducted in three steps: reviewing the previous and related studies, a field survey, and
laboratory studies. First, field surveys were conducted in two well-exposed outcrop surface sections of
the Taleh Zang Formation in southwestern parts of the Lurestan area, including related field
measurements and sample collection. Samples were collected every 1to2 to meter intervals. More than
152 samples were collected systematically, and 160 thin sections were provided. The laboratory studies
comprise microscopic studies, which were entirely based on the identification and age determination of
the Early Paleogene LBFs and the definition of the related SBZs, which are the critical factors for
determining the platform evolution stages. Two surface sections were measured in detail alongside the
southern flank of the Daryageriveh anticline at 48°37'01" E,32°52'02" N and the northern flank of the
Rit anticline at 48°14'15" E, 33°04'08" N.

The stratigraphic succession of the Upper Paleocene—Lower Eocene Taleh Zang Formation of the
Lurestan Basin (Zagros Mountains, SW Iran) is a sequence of shallow-water deposits that comprise
mainly shallow-water carbonates accompanied by some marl, sandstone, and shaly limestone. This
succession was deposited in a low paleolatitude platform of the eastern Paleogene Tethyan realm.
Within the Late Paleocene, carbonate sequences of Taleh Zang Formation consist of numerous larger
benthic  foraminifers such as Nummulites, Ranikothalia, Miscellanea, = Operculina,
Assilina, Discocyclina, and Azzarolina, within the Early Eocene consist mainly of the larger benthic
foraminifera such as Alveolina, Nummulites, Assilina, and Orbitolites. The thickness of the Taleh Zang
Formation varies from place to place due to interdigitation with the underlying Amiran and overlying
the Kashkan Formations (James and Wynd, 1965; Motiei, 1993) and syntectonic depositional conditions
(Saurra et al., 2011). This formation is absent in some areas, and the Kashkan Formation directly
overlies the Amiran Formation (Rajabi et al., 2011). Generally, this formation is carbonate-dominated,
formed by limestone and interlayered marls, shales, and bioclastic sandstones deposited in a shallow-
water environment (James and Wynd, 1965; Motiei, 1993).

3-Results and discussion:
As mentioned earlier, the microbiostratigraphical studies were chiefly based on determining and
defining the LBFs and their ages. Briefly, these studies in two selected sections are as follows:

Rit section comprises the Late Thanetian LBF assemblages such as:

Miscellanea miscella, Miscellanea iranicus, Miscellanea rhomboidea, Miscellanea juliettae,
Miscellanea primitiva, Ranikothalia nuttali, Ranikothalia sendensis, Daviesina cf. khatiahi,
Glomalveolina levis, Assilina azilensis, Assilina yvettae, Nummulites convexa, Nummulites cf. catari,
Idalina sinjarica, Alveolina pastisilata, Alveolina cf. globula, , Glomalveolina primeava,
Psuedolithonella cf. richeli, Sakessaria dukhani, Kathina sp., Haymanella elongata, Haymanella
paleocenica, Dictyokathina simplex, Kathina cf. delseota, Cribrobulimina carniolica, Vania cf.
anatolica, Vania labirynthica, Miscellanea sp., Idalina sp., Coskinon rajkae, Glomalveolina sp., Idalina
sinjarica, Haymanella elongata.

Daryageriveh section contains the Early-Middle Cuisian LBF assemblages such as:

Assilina granulosa, Assilina plana, Assilina laminosa, Assilina sublaminosa, Assilina postulosa,
Assilina cf. hamzei, Assilina locunata, Nummulites atacicus, Nummulites globulus, Nummulites
fossulatus, Nummulites cf. exilis, Nummulites burdigalensis, Nummulites mamilatus, Nummulites cf.
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atacicus, Alveolina cf. danieli, Alveolina globusa, Alveolina oblonga, Alveolina cf. rugosa, Alveolina
cf. stercusmuris, Alveolina cf. decastroi, Alveolina cf. lehneri, Alveolina cf. fornasinii, Alveolina cf.
colatiensis, Glomalveolina cf. minutula, Discocyclina ranikotensis, Discocyclina sella, Discocyclina
discus, Orbitolites complanatus, Operorbitolites cf. latimarginalis, Cuvillerina vallensis, Lockhartia
conditi, Lockhartia tipperi, Rotalia cf. trochidiformis, Heterostegina sp., Actinocyclina sp.,
Opertobitolites sp.

Before discussing the principal results and applying the Serra-Kiel et al. (1998) Paleogene LBF
biozonation, as well as the Scheibner and Speijer (2008) and Hontsch et al. (2013) platform settings
studies, it is necessary to provide brief descriptions for them at first.

The shallow benthic zones (SBZs) provided by Serra-Kiel et al. (1998). This biozonation proposes
20 Paleocene—Eocene biozones, from SBZ1 to SBZ 20, covering the Danian to the Priabonian time
scale in all Paleogene Tethyan platforms. This classification is mainly established on the Paleogene
alveolinids and nummulitids. From the point of view of the Paleogene platform evolution stages,
Scheibner and Speijer (2008) provided the platform evolution stages according to the Early Paleogene
paleolatitudes, coralgal, and larger foraminiferal facies distributions. They are presented in threefold
carbonate platform evolution stages in the Early Paleogene low paleolatitudes (below 20°N), mainly
located at the southern rim of the Tethys. In summary, these stages are as follows:

- Platform stage I, or coralgal platform comprising SBZ 1 to SBZ3, is dominated by the Early
Thanetian colonial and solitary corals and encrusting organisms, mainly red algae.

- Platform stage Il or coralgal and first larger foraminiferal platform, restricted to SBZ4 and
domination of typical Late Thanetian LBF assemblages in low paleolatitudes (Nummulites,
Ranikothalia, Miscellanea, Operculina, Assilina, Discocyclina, Azzarolina).

- Platform stage I11 or larger foraminiferal platform, including SBZ 5 to SBZ16, is defined by the
Tethys-wide domination of the |llerdian to Lutetian LBF assemblages (swarms of
Nummulites, Alveolina, Assilina, Discocyclina, Orbitolites).

In general, according to the identified LBFs and their ages in both examined sections, it is possible
to determine the correspond SBZs and platform evolution stages of the Taleh Zang Formation sequences
in each section.

4-Conclusion:
About the obtained data and comparing them with the mentioned Paleogene biozonation and the
platform evolution stages, the following results can be obtained:

- Rit section: considering the swarms and high abundance of the Late Thanetian LBFs,
particularly Assilina, Ranikothalia, and Misellanea, and the limitation of the coralgal facies, the
overall biozonation of the Taleh Zang Formation platform in this section can correspond to SBZ 4
that is restricted to the platform evolution stage Il or the coralgal and first larger foraminiferal
platform.

- Daryageriveh section: According to thriving and turning over swarms of the Early Eocene LBFs,
lack of coral facies and limitation of algal facies, and the defined age of the index LBFs, it can be
considering the overall biozonation of the Taleh Zang Formation to SBZ 10- SBZ 11with the age
of Early-Middle Cuisian which corresponds with the platform evolution stage Il or the larger
foraminiferal platform.

- The above data revealed that, the Taleh Zang Formation platform settings encountered significant
changes during the Early Paleogene period in the studied sections; the reasons for these noticeable
age differences, microfossil assemblages, microfacies, and platform evolution settings in this
formation can be attributed not only to the depositional and sedimentary processes but also to the
tectonic activities, the processes which causing noticeable thickness and facies variations and
record the diachronicity of the lithostratigraphic units across the basin.
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Fig. 1. Geological map and locations of the selected sections in the studied area.
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Ranikothalia nuttali, Ranikothalia sendensis, Daviesina cf. khatiahi, Glomalveolina levis, Assilina azilensis, Assilina
yvettae, Nummulites convexa, Nummulites cf. catari, Idalina sinjarica, Alveolina pastisilata, Alveolina cf. globula,
Glomaleolina levis, Glomalveolina primeava, Psuedolithonella cf. richeli, Sakessaria dukhani., Periloculina sp., Kathina
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Fig. 4. Biostratigraphical column of Taleh Zang Formation in the Rit anticline section.

09 oale ldss pl e el ol
2 leige 9l 1) ey (3 e 5 SBZA i
Sy Olgy dsgerme U5 Al Wil jo 5 i) 4t
bl SBZ 4 s 095 5 et (il o 2 il
.(Bagherpour and Vaziri,2012; Rajabi, 2013) wloas
als wile Jlgs 0 a5 Ovulites Arabica ;o > 4555
(V2aY) Kuss 5 Herbig Lawgs oo soslie alaie ol S5
)°5JH°)°5W6‘WML°)@AM&LA)°
(55U sloarigs 5l 5 L ,o (Galala Basin) Jl> ass>
el 0ad (Byre by gl g Gmey sl e @
5 s (Y+10) Sobhi g Hussein s ¢ S0 (b
G5 cpl lp adgm ol jo oal anigs oy5edl slaaile

AYY

Ranikothalia nuttali 15 _cge sbaiss jea>

Siles Coskinon rajkae, Haymanella elongata
(Serra- wsb o SBZ4 4 SBZ3 s slayyg; 0dgame
il olaaiss b ljen jsa> LI Kiel et al., 1998)
.Glomaveolina levis Assilina yvettae
,» Miscellanea primitiva 4 Dictyokathina simplex
Speijer (V23A) ol Kea g Pignatti lawss oladlas olul
4 (Y++) ol,Kea 4 Drobne 4 (v-+q) Scheibner ,
Wl p Ngde i8S Sl o SBZA s (95 edgasme
«(Y++) Scheibner g Speijer lLig o plxl wlibs
(Y-10) o, Ke2 g Vicedo ¢ (Y- +9) o, Sen 4 Drobne
b atls (S Sy liig) seh> 4 axs b
, Azzarolina daviesi 5 Glomalveolina levis



Y o)Lo.ai'J AY 0,93 AR L)L“'M)

%

wa ot M &
Wiy 635 (ol (e Sl Eart s

Wynd, ) Miscellanea-Kathina Assemblage zone
2 ol el o as cdF L s pustlly e 40 (1965
ol a8l S exle g p e slaaiile

.M‘oo;

SasS ) dz Cawj als b SBZ4A s 55

(¥ oylouds o) 099 5Ly (g adl oy -Y-F . Miscellanea rhomboidea .Glomalveolina levis

655 ains S -)-Y-F Dictyokathina simplex .Daviesina khatiahi
o 45 Sl Calies sie VOY iy onl 4o 5 4l sl Assilina , Assilina azilensis Nummulites catari
0 5 el W53l 55y 1 @bl 5 slss S50 4 ol i a>45 L .(Serra-Kiel et al., 1998) 55 5 o s YVettae
)‘)§ Qw “"’)L““’ 200 é“’b 9 )w ‘:‘)9“’ i OT <5’UL’
S Jols i ol 50 S5 ab w5l (P JSK0) 0,05 oo
GQ&T&MWs&)f;d‘“ﬁsWdu&]
sl e gbal () sl Al hoge

(Y JS8) ol (S aals U S g 50,8 9 (5S>

olyo ()59, 5, anele eizres 5 laaisS (nl LI jph> 4
S yd Ol p 3y Mol (olasl 2 dzmed g sl ot
iz gble jo 53l 558 ouds aloxl wlllas 5 (5550
oad plulid cd o g, degemme (i (398l adg>
Ol e 43 s SBZ A s (95 40 oy el o 50
Olrs39) aegoze Ll 51, sty (g5 cnl ols Gl ey
LYY o)led i) 09 ol o2 Ol o by

Ly o8l oy SO Al aijles (o eads plulid GlacSilr g cudyo s, 5 S 0 S
Glomalveolina levis () , ) Assilina azilensis (d) Operculina subsalsa (c) Operculina salsa (o) Discocyclina seunesi @)
() (9= 4Ls) Ranikothalia nuttali (k) Sakessaria cf. dukhani (j) Miscellanea cf. iranicus ) 5 (h) Miscellanea miscella (@)
5 () Daviesina cf. khatiahi , .Miscellanea sp . Ranikothalia nuttali (m) (..l,) .Miscellanea sp .(.>) Alveolina pasticilata
Miscellanea .(.>) Coskinon rajkae .(=..!,) Dictyokathina simplex (q) Alveolina cf. pasticilata (p) Azzarolina daviesi (0)
Ovulites arabica (t) 4 Idalina sinjarica (s) Dictyokathina simplex (r) (. cf. iranicus

Fig. 5. Some of the identified LBFs and algae within Taleh Zang Formation in the Rit section.

(a) Discocyclina seunesi (b) Operculina salsa (c) Operculina subsalsa (d) Assilina azilensis (e) Glomalveolina levis (f)
and (g) Miscellanea miscella (h) and (i) Miscellanea cf. iranicus (j) Sakessaria cf. dukhani (k) Ranikothalia nuttali
(middle of figure) (1) Alveolina pasticilata (left), Miscellanea sp. (right) (m) Ranikothalia nuttali, Miscellanea sp.,
Daviesina cf. khatiahi (n) and (o) Azzarolina daviesi (p) Alveolina cf. pasticilata (q) Dictyokathina simplex (right),
Coskinon rajkae (left), Miscellanea cf. iranicus (below) (r) Dictyokathina simplex (s) Idalina sinjarica and (t) Ovulites
arabica.
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Fig. 6. Field view of Taleh Zang Formation in the Daryageriveh anticline section. View towards the southwest.
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Assilina locunata, Assilina placentula, Assilina plana, Assilina sp., Nummulites atacicus, Nummulites globulus,
Nummulites fossulatus, Nummulites cf. exilis, Nummulites burdigalensis, Nummulites mamilatus, Nummulites cf.
atacicus, Nummulites sp., Alveolina cf. danieli, Alveolina globusa, Alveolina oblonga, Alveolina cf. rugosa, Alveolina cf.
stercusmuris, Alveolina cf. danieli, Alveolina cf. decastroi, Alveolina cf. lehneri, Alveolina cf. fornasinii, Alveolina cf.
colatiensis, Glomalveolina cf. minutula, Discocyclina ranikotensis, Discocyclina sella, Discocyclina discus, Discocyclina
sp., Orbitolites complanatus, Operorbitolites cf. latimarginalis, Cuvillerina vallensis, Lockhartia conditi, Lockhartia
tipperi, Rotalia cf. trochidiformis, Lockhartia sp., Operculina sp., Heterostegina sp., Bigenerina sp., Orbitolites sp.,
Actinocyclina sp., Opertobitolites sp., Idalina antiqua, Quingueloculina sp.

sloo,lgiw s ) ansl> 40 a>o5 L Ll .(Zhang et al., 2013) ol s sl Sl dcgaza g

Halimeda cf. nana, Halimeda fragilis,

Halimeda sp., Ovulites elongata, Ovulites arabica,
Salpingoporella sp., Cymopolia sp., Belzungia sp

b (smo (395 (2l 45 Sy o0 515 40 S92 90 e, (Seesd

els catls geg sladisS Slgl S g s
Nummulites  burdigalensis, Nummulites ) .
sleaisS ruman s mamilatus, Nummulites beamonti 5 bebewsSans 5 itdgegs bkl o 90

aib e SBZI1 JI SBZ9 i) slayys) Sleogas
ot slodaiss jga> 4 a5 L .(Serra-Kiel et al., 1998)

5 Assilina postulusa slaass o5 g Liduw! i calises
Discocyclina 445 oes 4 Assilina spinolusa
5 SBZ 10-SBZ 11 i slays; e390xe ,o dispansa
Serra-Kiel etal.,) o .5 o )3 lo cyin (535S o
ShFr oSl B8 o sl Sl o (2016

, Nummulites globulus s uidges csloaisS Nummulites > 4 Nummulites atacicus
) 59) § Ot 295kl e & Nummulites atacicus O3S e & Blale (398 (S dogece TOSSUNtAIUS
g9 ol Lol (Afzal et al., 2011) wilouss ools cene SBZ 8 Sy oy Bl I g wlbiee Gl g i

Assilina plana Assilina granulosa .l L] .
o> e S Lol en Assilina laminosa
Nummulites  burdigalensis  asle  uigeg

o I BlEs 1l 33 ol Sladls K0 ot o iys OD2 1OSBZ i sloia) 0 Lty 500 e

Rahaghi, 1978, 1980, ) wiloas (o155 55 o 65 b ! auil,d o Nummulites fossulatus «5s3 .o .5 oo sl> 11

sman sasls slawiss Lo b laaisS oyl al,en (1983 Olos adbie ;3 Geizon 5 SBZ 10 (s g5 09900me 0
ol 008 5,155 55 SBZ 12-SBZ 13 sy cslogys; b

AY#



Y O)LQ-A:J AY 0,93 AR ul.».u.uﬁ)

w

FEEA La . &s
A8 s LS%-.')lS gs""l""‘“" O ].‘sqfofj,:;.-;a@b

.(Pfender, 1938; Sobhi and Hossain, 2015) ¢l suus
slaiss o, as can; anl L SBZ10 s o5

Alveolina canavarii, Alveolina schwageri,
Alveolina  minuta,  Alveolina  cusinensis,
Nummulites burdigalensis, Nummulites planultus,
Nummulites rotularius, Nummulites thalmanni,
Nummulites subdistans, Nummulites pavloveci,
plana, Assilina placentula, Assilina Assilina
Discocyclina archiaci. aspensi, Assilina escher,

SIS iz Sy ansb b SBZI1 e g5
slaass

Alveolina canavarii, Alveolina dainellili,
Alveolina decastroi, Alveolina Alveolina histrica,
Alveolina oblonga, Alveolina globosa, cremae,
Nummulites praelasvigatus, Nummulites
Nummulites Nummulites kapellosi, burdigalensis,
Nummulites ~ Nummulites natidus, escheri,
Discocyclina fortisi. archiaci, Assilina laxispira,

@ a>45 L .(Serra-Kiel et al., 1998) uis 5 o (s
Olrsiey degeme ;5 398 (ALl slaaisS 5l golass 9
095 9% 2 3l G al o S5y 4l il g et lulil
L Geizmed g olpod (o o2 (i) degerme S g (Slm)
e 3blis ,o S 3gd oud plol Slalllas ,y oliu
bl 2 398 Sty (e, dsgere (S 39y adg>
SBZ (s sy 4 035l Seinyo e, sk
0315 Cund Gloo 5 iy (sS4 9 SBZ 11510
3 oad plelid (55 Sl (lydhe, degerme Wgd oo
&y BB jlog Sbys madl (Bp K Al wile
Sy 09in) ) e Nl g Oliiey gz
(Wynd, 1965) Opertorbitolites subzone L ff o L
PR Wik )3 ()l 4l jo a5 sl Gty gl (pe 4
Sl b sald iy gl el Bl drngs
2 151 )l 45 009 Cliyn iy, o slouiz
Sl (ol )3 g Sy ay g ol 3w ez el
Boudagher-Fadel and ) wlatsls comem il33l as
30 oS 598l slaase> 5l s s wsilea (Prrice, 2020
Sl yd e, (e jlndil g anwgi Gl 55 Gl ) 4l
(A USS) el g £984

AYY

Orbitolites .
Cuvillerina  , Alveolina globosa .complanatus
vallensis

L)) abor 5l s 0393l adgo e 3blie 4
Oeiizme bawgi ()l pl g lee (o (Blye LSl A 5 pas
Of 5 e wload ()55 Gloo 5 iy (58S e S0
2,5 )Ll (S 9 )lge 40 Glgs o0 alox

(YIY 03aY AAAY aYY ave) Hottinger
ol o Serra-Kiel ((V49A 124F) ), 4 Pignatti
oo g LESS (Y- + V) Racey «Y-Y- .Y-)# N43A)
oL, 5ee g Drobne «(Y:-A) oK o Adabi «(Y--A)
o Kes 3 Ozcan «(¥-+4) o Kea ¢ Shahid «(v--9)
Di «Y--49) Ghafor and Baziany «Y:\: &Y--.V)
(Y+V+) o, 4 Carlo
(YY) o Ko 5 Ozce «(Y-)Y) Rajabi «(v-\Y)
(Y VF) o Kea g Bukhari (YY) ), Kea 4 Vicedo
oL, 4 Benedetti (YY) o, 4 Papazzoni
Oen 5 Hadi (YY) ol Kea 5 Amad «(Y-\V)
«(Y+Y2) Hyam «(¥-19) -, 5Ken 4 Sajjad khan «(v-19)
(Y+Y+) Okur and Kutluk 4 (v-Y- .y-1d) Sarkar

Nummulites  burdigalensis

Bagherpour and Vaziri

Ll gl slabd gl sloaiss (55 » 5 Syl Slalllas
Loyl b aid )5 w5l s 03980y iz slaadg> o adly
e Oldiey ol pesles sleasss 5l il eul pldl
13,5 o)Ll 50 lee 4 oyl oo

Alveolina  globusa, Alveolina  oblonga,
Alveolina cf. rugosa, Alveolina cf. stercusmuris,
Alveolina cf. danieli, Alveolina cf. decastroi,
Alveolina cf. lehneri, Alveolina cf. fornasinii

390 SlaaigS SH 3gb (puiine S| (5 b 125 5obo o5
dsS o 2 SBZ 11 3 SBZ 10 ciws slagyg; o)L
03lgils 31 s Sl 4555 ailoads ool Coed Sloo g i
Slgw, 4o 55 Ovulites elongata L« Udoteaceae
yan ;5 b gl §p0 Jlod )3 JS 0,0 )3 S92 g il S

Ol Gl o S 50 g gyl e



£y

ez

9l a

%

J

Ay (69,15 (bl (o

Y o)l.o.a.':: AY 0)30 AR OLH.M)

o -
‘oN ajdweg gnnuguﬂuumwga.!,ﬁ»unnﬂmﬁuuauuuuwmuuﬁuuuuw.,!z.i.:nnunnmmnwﬁuwuuﬂmss78543z1 MM
0000000000 000000000000000000000000000000A000000000000000N0000000000000d 00
BJBBUOSO SOYINAQ b + - <o v vonvrncieniiiiiiii e et aeneens R N S N P e sio s e
BOITRIR BRI[AAAQ) s 55541005 55308 5 B AR A SO S SR S50 B0 FAS SRS i A S ———
sijibey epauiijeq
eueu ejjodowd|

‘ds elbunzjeg

Spiolu | -

‘ds say/031qi0
smeueydwod sa31j031qI0 |
m:EbSE o mw:%wwdo .
“ds s8//03/q4 o|

o.o%n euynasedo| -
sisuajered 'Jo euynasado|
“ds seyynwwiny | -
snjnqojb saynuwnN
SmeINssoy saylnuwnN
18][1AND SaYNWINN
Ruowesq sy nwWwinN

sandstone

T°
c
©
Qo
2
©
~
o
£
S
=)
c
o
o

Sandstone

~ Siltstone and shale
Red Marl

-
IIEE

e/mnuiw euljos,
ejfos euljo£209s1q| -
sisuajoyjuel euljafaoasiqg| -
esuedsip euljoha00siqg|
snasip euljaf209siq| -
SisuajjeA eunajjaand
esoulwe|qgns euljIssy
esojnuesbgns eujissy
ejmuadseld euljassy

eddium bedded limestone

Thin bedded limestone

o
c
o
-
7]
o
E
°
o
k=]
°
o
Eel
£
o
£
-

Gray Marl

i

11

L

Legend

AYA

033 5050 b 3y p0 S5 als w3l glane g e -V S
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Fig 8. Some of the identified LBFs and algae within Taleh Zang Formation in the Daryageriveh section.
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Fig. 9. Figures related to the vast LBFs turnover in the Daryageriveh section, contemporary with many of the Early Eocene
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limestone containing the Early Eocene LBFs, Sample No. D 7, (c) Marls containing abundant Early Eocene LBFs, Sample

No. D 11, (d) LBFs derived from marls, washed sample, Sample No. D 20, (e) and (f) Slightly weathered hand samples
containing swarms of the Early Eocene LBFs, Sample No. D 28 (e), and Sample No. D 73 (f).
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