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Abstratct

Miscellaneidae are Paleogene larger index microfossils (Middle Paleocene—Early Eocene) that are important for biozonation of
shallow marine deposits. These large benthic foraminifera have distinct architecture and ornamentation schemes which
differentiated them form Nummulitidae and Rotalidae families. Miscellaneidae have different taxa that essentially are usefulness
for biostratigraphic and palaeobiogeographic investigations. For biostratigraphic studies, age and systematic determinations of
miscellaneidae, Middle Paleocene—lower Eocene deposits of two outcrop sections are investigated in the Padagi village in the
north of Zahedan. These stratigraphic sections mainly consist of alternation of marls, marly limestones and limestones with
237.5 m thickness for PE section and 222.5 m thickness for PEP section. Study of different Misellaneidae genera led to
identifications of Miscellanea miscella, Miscellanea juliettae, Miscellanites primitives and Miscellanites minutus that shows
standard biozone SBZ3—-SBZ6 and therefore suggested Late Paleocene—Early Eocene age. Moreover, global distribution
patterns of older species of Miscellaneidae represents that these species belong to the eastern Tethys basin.
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Introduction:

Large benthic foraminifera (LBF) are important fossil and
extant forms that in respect to systematic and
biostratigraphy, extensively are studied and some
biozonation schemes based on them are suggested. This
group of foraminifera shows rapid diversification events and
sudden extinctions in the geological history (Hallock 1985).
Development and occurrence of them related to the
warming period, relative dryness, sea level rising,
development of tropical and sub-tropical habitats and
decreasing of oceanic cycles in the global scale (Hallock and
Glenn 1986). In the Early Cenozoic, Nummulitids
(Nummulites, Assilina and Operculina), Orthophragminids
(Discocyclina) and Alveolinids (Alveolina) are LBFs that
distributed in the shallow water oligotrophic environments in
the Tethys ocean and are one of the most important
carbonate producers in the inner and middle ramp
environments (Bouxton and Pedley 1989). Therefore in the
eastern Tethys, LBFs such as Miscellanea and Ranikothalia
are found in the Early Eocene of carbonate platforms, whilst
Alveolina are less important and Nummulites is not found
(Scheibner and Speijer 2008a). In addition, in the other part of
Tethys ocean genera such as Miscellanea and Ranikothalia,
after Paleocene-Eocene boundary accompanied with
Nummulites and Alveolina assemblages are found. In

Paleocene and Eocene of the Tethys basin LBF biozonation
are represented by Sarra-Kiel et al. (1998) which based on
these group of foraminifera Paleocene and Eocene series are
divided into 20 shallow benthic zones (SBZ1--SBZ20). The
boundary between Paleocene and Eocene is considered
between SBZ4--SBZ5 (Scheibner and Speijer 2009).
Miscellaneidae are an index microfossils that are very
important group for zonation of Middle Paleocene and
earliest Eocene shallow marine deposits. Miscellaneidae
family have different genera and species that are used for
biostratigraphic and paleobiogeographic studies.

Material & Methods:

For LBFs biostratigraphic investigations of Padagi section,
125 rock specimens are collected and 580 thin section are
prepared. The systematic determination of foraminifera, in
level of genus and species, are done by using of binocular
microscope and then based on identified LBFs, the age of the
succession is suggested.

Discussion of Results & Conclusions:

Studies of different genera of Miscellaneidae in the thin
sections and isolated forms led to identification of
Miscellanea miscella Miscellanea juliettae. Miscellanites
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primitivusMiscellanits minutus that accompanied with other
fossils are suggested the Late Paleocene—Early Eocene age.
Miscellanea miscella in Salt Range, Egypt and Aquitaine
(south western of France) appearance in the SBZ4 (Late
Thanetian) and continued up to SBZ6. Zhang et al. (2013,
2018) has reported Miscellanea miscella from SBZ5/6 in the
Tibet area (eastern Tethys). In Padagi section, this species is
found accompanied with Ranikothalia nuttali, Assilina
dandotica, Discocyclina sella and D. Ranikotensis, which
shows SBZ4 and in thSBZ5/6 and suggested Late
Paleocene—Early Eocene age. Existence of Miscellanea
juliettae, Vania anatolica, Miscellanites primitivus and
Glomalveolina primaeva in the lower part of the Padagi
section shows SBZ3 biozone and Late Paleocene (Early
Thanetian) age. This fossils assemblge belong to the SBZ3—
SBZ6 standard biozones that with respect to Miscellanea
miscella distribution pattern and accompanied with
Miscellanites and Ranikothalia and absence of earliest
Eocene benthic foraminiferas such as Nummulites, Alveolina
and Ranikothalia in the Padagi section shows that the
mentioned species belong to the eastern Tethys which has
migrated to the younger time horizons to the western Tethys.

In Iran, different species of Miscellanea and Miscellanites
in the Taleh-Zang Formation, Zagros Mountain, Shiraz and
Sistan basin (Rahaghi 1983) are reported. In the Tibet area

differentiation and diversity of genera and species, primary
dimorphism and adult size of shell of LBFs such as
Keramosphaerinopsis haydeni (SBZ3), Daviesina langhami
(SBz4-5), Miscellanea miscella (SBZ5) refer to, probably,
Paleocene LBFs more faster and quickly has evolved relative
to the western part of the Tethys and shows that LBF
turnover (LFT), in the eastern part has happened earlier in
time (Zhang et al. 2013, 2018).

With respect to the abundance and development of the
Ranikothalids and Miscellanids and absence of Alveolinid
genera and species in the SBZ5/6 biozones and similarities
of foraminiferal assemblage indicated that the Padagi section
and Late Paleocene—Early Eocene sediments are deposited in
eastern part of the Tethys in the north of Zehedan. Abscene
of Nummulites and Alveolina genera in Early Eocene time
fascinate the survival of these genera in the eastern Tethys.
In the other part of the Tethys, especially western Tethys, the
Paleocene LBFs, totally replaced with Nummulites,
Alveolina and Assilina genera (Orue-Etxebarria et al. 2001).
With regards to affinity and similarity of LBF assemblages
(widespread of Ranikothalia and Miscellanea and absence of
Nummulites and Alveolina genera in the SBZ5 and SBZ6) of
Sistan basin (Padagi section) with Indus basin (in Pakistan
and India) concluded that, palaeobiogeographically, the
mentioned basin are related to the eastern part of the Tethys.
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Miscellanea miscella (d'Archiac & Haime 1853)

Oy e (Slmtin gy oSG i S IS o

Ol Jpely Glae o g Sl L Ll S
OLds 2 31l o pngs Sl it 5 lile de Cava
My Lol a gy gls ol sy e Sl o wa
JStany s Gl VT (S8 e b s e
Ol Gy oS laads P S el
ol AT o0 it e s edal i a ey
o gl b s S e ol sl
s s Y LS VY L A (s
Y/$ a3 55 50 o VA Slad te ke VA sl
352 oy sd 2 Sl e YV slss e s
e e /¥ LYY s gl (55, i I syl
A I Sy o sdballae (SLak pai 5 Sl
OV Jpds) dyls e e o /F0 oYY a3 U (g5, S
S by (Mhsaad b algl o 03 SS S5 53

"’J;u‘ R 3 s e > |y proloculus

Slacks, 5 spde ST Lo g Sl g3,k slacks,
Ll s an S5 slad g,y JUKS sladilas I islias
Slae e 53 Ol e 1y ads) Sl cpl Lols s Ll
by Gom WY LS ws UL s Lo
Sy o4 Ay b Sasm Y ol e dle ckilens
slao)lss 5o Lol aileaaSs L;Laﬁ:.w;.-ﬂ B J;Jda
G Al B Wgd e AL e e Sl 5 gl
Sie s Kes la Ko b oS 5 ba Dby A
o les JUS e SO osd s Olen s ety
fagy o JUS glasilas ol b Lligy o ) Lo
sdodigy JoS psbas laaSs Slip LSS 5 aans L

(Y J88) 253 00

0.5mm

> Miscellanea s 55 il g b5 le jole e Y J52

(alp: alar prolongation, f: foramen, (s, %5 9 2l sl 5

px: paries proximus, bic: biconch wall, pct: peripheral
chamber tip canals, isc: interaseptal canal system, spc: spiral,
canal, up: umbilical plate, p: proloculus)



WA Sk p g ool VF oy osled ¢ oty s (oo b ¢ ol gy 5 ()0 (sla 253,

AP

S 6K i 5 T s 83151 3 i 5 o )bl DML - J g

QOuter cross diameter of the embryon

Deutroconch (D) Protoconch (P) Megalospher (M)
Sample N Range(mm) Mean(mm) Range(mm) Mean(mm) Range(mm) Mean(mm) Species Foraminifera
PEP17 70  0.07-0.17 0.14 0.13-0.25 0.17 0.31-0.36 0.32 M.miscella
PEP35 37 0.13-0.19 0.16 0.15-0.21 0.18 0.28-0.40 0.34 M.miscella
PEP37 2 e - el 0.2-0.28 0.29 M.miscella
PEP38 200 0.08-0.18 0.12 0.11-0.22 0.14 0.19-0.40 0.23 M.miscella
PE40 100 0.02-0.16 0.08 0.07-0.21 0.16 0.15-0.36 0.34 M.miscella
PE1 31l e - ———— - 0.05-0.36 0.06 Mi.primitivus
PE1 9 e e el 0.04-0.6 0.05 Mi.minutus
PE3 1 e e e e 0.04 0.04 Mi.minutus
PE5 10 004 0.04 0.04 0.04 0.03-0.08 0.05 Mi.primitivus
PE8 39 0.05 0.05 0.09 0.09 0.03-0.14 0.07 Mi.primitivus
PE10 22 emeemeeemen e B st N 0.1-0.08 0.09 Mi.primitivus
PE17 19 012 0.12 0.13 0.13 0.12-0.31 0.21 M.juliettae
PE21 11 e e ———— e 0.01-0.12 0.11 Mi.primitivus
PE21 R i B e 0.07 0.07 Mi.minutus
PE23 2 e e ———— e 0.02-0.06 0.04 Mi.primitivus
PE43 18 e - ———— e 0.05-0.06 0.05 Mi.primitivus
PE44 3l e - m—————— e 0.002-0.08 0.05 Mi.primitivus
PE46 19 0.08-0.13 0.1 0.2-0.15 0.16 0.15-0.28 0.22 Mijuliettae

(Plate 1,2, 3) 5 S lax 3,03 J e iS5 5
&l S ¢la§ Miscellanea miscella :coUa>Ss
68 ool ol Titss s3lgls 5 s plulis
Sso g 53 L ddlee 31 (1853) Haime s d'Archiac
e S5 b S I gladigad ilez S 3 pme SluS,
leds sdalie OLSl 2 Sl s Bl alis il
s Miscellanea ;| g5 92 Vadia araba adaw s
Aquitaine 3 «2s > o3 Il Bogdome > (LS o
SBZA 055l Sop sl b b (el o b0 )
slaaises 31 (gsldad s .daea ol s (late Thanetian)
i) Ol S Ol e bl L S s S
M. 5 (SBZ5) Miscellanea miscella &5 55 o (5,121
i I glaw o5 5|6 35> 5 (SBZ4) rhomboidea
Ol L ar bl b5 1) s s Sk
S 85 50 o S 5 el o ppanty s o
olislh B8 55 loy S (sl el Ko op 4 SO
b SBZ4 0355L 51 ey dusls glls 5 Osl e S |
(2013, 2018) Ol,lKan 5 Zhang . S o ki ;s SBZ5
(B D) & iU 3 SBZ5/6 I 1, sdisl &5

Ranikothalia nuttalli L of en &5 -pl Wles S 5158

}g)ﬂﬁ_wﬁ;)lu\_o\‘&fd_wjjg?adlg_&‘)s

Ja_..ejjsj_ftgl%_.ibl_g)gh_.ﬂlcla_ﬂ»g}ﬁ_.iu_w.,\p
ks e s as e ulea Sea S, oLapustule
s S s sl o a5 aslea Y Ly i
}C_,_w‘J_':.ﬁkfbk_w\ J}.\Jéb ;.Lwﬁj_wJ_!\bM
D34l g o yes A e e Frossd >
Pl ol ot il ey OF G p s
e s s e el gl S s sl
Hottinger .c—ul = 60 >, L= 8@ Sla fomy 595
9 wﬁ f)b g:,.:.’_..p) s.l_..hhg)l_.:..: 6Lmu;~ (2009)
%j@db&ﬁw)&éum_ﬁ)éa.\ﬁm
3oy Sl sl Ll o oS S8 gla Sl
SJ_ATJJT_.;“JE 6jjjﬂ 6Lbu,l_>u A led oJ:_\ij..:: 3l
Y yans 4 Wledd JUil Laads 51 a5 S L auy
(Plate 1, 2, 3) koo J_wol slaalls 5l S
salie Gl g aS 1) s ool sl kb slad S

<> « S Daviesina langhami



AV kjl_;ﬂé*j%w}éﬁy.kw

.. Miscellaneidae &5l 5l Solarn plobd 5 puliday 5555

Lo Miscellanea juliettae  £,5 :ola=Ma

Lol sod 0T Gl Sis ples b Jlide o 51 el
—ial g S8 S Moomiscella I e85 555 ke
M. L: 4..,._1\_5» L g:,..w‘ );g_.d.ijb Lguajlﬁ) L) 4.;; Lfi‘ ;‘)\Vb‘
oo A s alie Glas o sldad 5 slal yvettae
Sy sl sinnsl B L owlie G55 55 8 5 Lpde e
33 Ll .l ea (early Thanetian) SBZ3 o43ub S5
dabie @y s alie Sl s,w & 31 Ecophenotype
<Jl. 5> Dandot vilage 33 sd>=s 3 ,2s ,> Wadi Araba
JLJ" DL ch.T:JL; :b}f ..L'\.A.)L;c QL»:._V b Qt.wsli C.)
Vania Glomalveolina primaeva L ol jon axllzss ) 4
S 535 » o> Miscellanites primitivus s anatolica

(¥ JK8) cnl SBZ3 053 50L LSS

Miscellanites primitivus (Rahaghi, 1983)
oesls cleay |, Miscellanites .. (2009) Hottinger

I s S8 sl Wbl s sbas slaforamina
Miscellanites primitivus (Rahaghi Ol seas RS
Sy kb Al esks ladls 5 S LAl 1983)
‘U.wﬁ MJ}J LY M G b )VT ‘;M‘}i}k PLY .U)‘J
e b 65 Clne 3 gl slls OF sl
)‘ é)L;.w.’ DL sl M‘L?LA ))}’).} cbuﬁrﬁ L;:—Q.“ A;Lvls
G obasly S 5l g 0L a8 (h e a5 5
Iy ssd e oy by fomy 9o A s a8
d o s e e VO 4 plgad s (S S
GVE spde olad cpl bt oo e oo Vo w &Jﬁ.ﬂjjlﬁa
Lol o)ls 2505 e )90 UJJ;-T 03 A oz VP
shly S, I JSal Ll sl ~le g Cds @
a>b s foramina & 5l Glme s,
(s U dmio il L oaS Lo interiomarginal

S e 1 5L L8 el JUIS G 1L lumen § i

D. ,D.dispansa [Discocyclinasella Assilina dandotica
S 355 o 0dss (PEP) axllass, 5o JI55 55 ranikotensis
g_;’“‘j"ijLi el SBZ5/6 9 SBZ4 L;LAQ)U{L ;M:QLL.;

sl M Q’"‘f“ Jib‘_&?‘”‘t’:

Miscellanea juliettae Leppig 1988
Miscellanea miscella U avslis 55 S jaus Ko SN s

5 ok el S e Sk 5SS Ay gLl
3050 00 5 55 Al KL adeen w0300 (9350 B (g5
YA spde Aol e ol Sess Bl gl
Sl Eemunss Al s e YV 5l e e
ol s S S gla Sl gls 5 i b Sl
et IS 0ls laabes I lazas o Ll gy b a0
Ol Li) Sl atug Heme sladglil S Lol s
5 el 0o NS 5 a5l (g350m b o le iy
Il sy 0028 5 b by ST s
b s L 5 g ol e By S S
oo A1 VA BT Calbs 4l cod U s
S 535 S sk e Sla 53 53 o5
shas 5 Al e des VA BV ool @l s
e o Sl 20e YY BVA oo a5 Lae o
G o/0A (gogme k3 L (Biconch) zendss i K
S o3 ek glels glawse ol e e 0N\
S Ljls e dee /XY G NY a5 b as S cedanIlas
sddanllas Lok s 4 Sl (g Rhn (Gogee kB Dl
( $U dmio () Jsd>) Lzes (2009) Hottinger L. o
LS o I oz lumen 1, Sy dees sladUS
o3 cpalygs 5 533U d=is s Weloophole 1 >
J-s JLSL ks 04,5 interlocular glas X5
o b g LI Sl sla e gl 5 0L
bl Tt Glain o ol stiliges gl
S Glassems Jise o amg s 50 Loz (ol sl

(Plate 4) 1S o sl 1) oL gla o 53



\w\}f_gL(,.M)u‘w&g‘e)u‘@j@Ju‘@uwﬂ”d)&% Gl tags M

S ol U dmi o S s 4l |, intercameral
S e s lad L cdas o Adg | Las o
SIS oty I S (B a3 5 0
S a0l Cub s s ol S S i I el
o5 eddaalllae glaaspad i,y o e Lo o/ 1
VPG00 ($ e B L S e sl i
(Plate 5) (\ Jsa>) Lo ﬂdu

31 Miscellanites minutus b >
il w5 dl s Miscellanites  primitivus
B 58 At a3 8 55 Lo, o
laforamina xS slias L sddos 26 G aw JKs
Miscellanites minutus >, 5 o 5L o 4 ileslS s
L aS cmul ol plalis O ol s ol a5l Lgs
Dictyoconus  turriculus .Glomalveolina  primaeva
sl ol yor SBZ3 0555k el gls foud plu

S S Lol en i 8 walassyge B o
Vania Miscellanea juliettae .3l SBZ3 53 5L el

s~ 833d= Glomalveolina primagva  anatolica

LS e oslgli 1y (early Thanetian) e o 534

TSR RCIU RS WA N VA B S-S I PP IV L)
Lol e e 2NY U /) (oo LB sddaallas
(Plate 5) (\ Jsa>)
U o ediaiS oS dypl sbad sl ol
e 83l (adl B 2O s) Aquitaine > (Narp
5 Olgl 53 €sad ol s o OLAS 1y SBZ3 055 sb
odbl sl el e s Apulian Lsls oo
03 e B8 cl sl a5 (4l B s se)
5 SBZ3 (slals; sl > (Zhang et al. 2013) <5 iU
of o Jaie &S candllaes g0 JI55 3 )l 5 2.8 SBZ4
s Vania anatolica Miscellanea juliettae L
slasplis &S 343 0 o> Glomalveolina primaeva

.l (SBZ3) early Thanetian o &3 5d>s

Miscellanites minutus (Rehaghi1983)

spd= ,dab gl 5 ISl e (i SIS JIS
YO sgd has ol ysaS Ls e e V/FLSV/0
S35 >y o 593 Q—.’.J—"‘TJJ U’\,L_Z\(._A P
dal e (¢ ome sLn s 3 (pile)ales ¥ 550~
CM_.JﬁL;_Q.:«(.Jg_éK_.Zp@}JJ)_iv_A
L Sila S W ol e sinteriomarginal




A}

b S e 5 w55 e

... Miscellaneidage &5l gl Solate ool 5 oliday o5,

<
ra
] o
2 % g Section g-
A5 0 g LBF
— e
— e
— ee
- .
- ()
e e
= e
Q =
= o0
55 LR
o R
o2 °
K g = ° e
<=
A o
= e i‘ ii

3

Il
b

P ot

J

]
Mi.primitivus

M
Mi.

g
33

S BB R 3 et ol ey

Series
Stage

N Section

2 PEP

Eocene

Illerdian

Sample No

Paleocene

Thanetian

I

LBF

LEGEND

» Nodular limestone
Bio

st

Limy marl

Gypsiferous marl

Thin-bedded Ist Conglomerate

’ .
Medium-bedded Ist Aglomerate

Sm

M.miscella

s (s 831 515) S5 Sty slo il 3 (5, ot S ol ¥ S



WA s o o)l VP gy )lad ¢ oty 5 (o gl gy 5 55800 slaj2s

055 D5 b Taidhs 53155 & S 5 (30 o sl

Plate 1. figs. 1 and 3. Daviesina langhami Smout 1954, figs. 4-10. Miscellanea miscella (d'Archiac and Haime 1853) figs. 11-13.
Miscellanites primitivus (Rahaghi 1983) figs. 11-12- External lateral view of Miscellanites primitivus, figs. 13: External
apertural view with apertural face of Miscellanites primitivus

per: simple periphery; wsut: whorl suture.b: beads.
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Plate 2. Miscellanea miscella (d'Archiac and Haime 1853). Equatorial sections of megalospheric forms, in transparent light.
Abbreviations: bic: straight wall between protoconch and deuteroconch that indicates the biconch quality of the
nepiont; f: foramen; isc: intraseptal canal system; spc: spiral canal, px: paries proximus; up: umbilical plate.
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Plate 3. Miscellanea miscella (d'Archiac and Haime 1853). Axial sections of megalospheric forms, in transparent light.
Abbreviations: alp: lumen of alar prolongation; bic: biconch wall; f: foramen; isc: intraseptal canal system; pct: peripheral

chamber tip; px: paries proximus; s: septum; spc: spiral canal, up: umbilical plate.
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Plate 4. Miscellanea juliettae Leppig 1988; figs. 1: Subequatorial section of microspheric form with structural details; figs. 2-4:
Equatorial sections of megalospheric forms; fig. 11: Subaxial section of microspheric form; figs. 5-10, 12-13: Axial sections of

megalospheric forms
Abbreviations: co: canal orifices; f: foramen; isc: intraseptal canal system; pct: peripheral chamber tip; spc: spiral

canal; up: umbilical plate.
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Plate 5. Miscellanites primitivus (Rahaghi 1983), Miscellanites minutus (Rahaghi 1983). figs. 1-3: Axial and subaxial sections of
megalospheric forms of Mi. primitivus; fig.4: Subaxial section of microspheric form of Mi. primitivus; figs. 10 and 12:
Equatorial and subequatorial sections of Mi. primitivus; figs.5-8: Axial sections of microspheric forms of Mi. minutus; fig.11:
Equatorial section of microspheric form of Mi. minutus

Abbreviations: f: foramen; sk: supplemental skeleton as revealed by an enveloping canal system; spc: spiral canal;
up: umbilical plate.

5,8 ledd plosil Miscellanea i cilises glas S SIS 85 am sk

s 33 3l e WS 5 bay Miscellanea miscella el i 58 50 (gles 1S claaallas O 5SU



.. Miscellaneidae &5l 5l Solarn plobd 5 puliday 5555

S Ol ys (2 (Leppig 1988) il 553 G
e AL o o S s 53 Soals a5l s sl
Rehaghi .(Rajabi et al. 2012) il sds 5158 s
s Miscellanea sla o 5l alss Laas S (1983)
O 4 Ol 255> 5 51,03 40 s |, Miscellanites
5 5 pled (2 Al il 03 S (e ey s
S5 HL S W) iy 5 eSS 5 e o
a5 S S gla il 3 S5 ey
Daviesina (SBZ 3) Keramosphaerinopsis haydeni
(SBZ 5) Miscellanea miscella 5 langhami (SBZ 4-5)
ol S Sz sl il b oS ol 5l 4 6L
S S AU s Sm e s S5 Yoz
Gl il b same i o Yol 5 Llasl eSS, 2
(Zhang etal. ol o3l Bl 5353 G2 s (LFT) S5
Gl il b sdos i > S 55 (2013, 2018
Lol 5 b JlSO slads) 3w Olg o 1y S5 S
(Hottinger 5,15 LUl pos 81 = s g2l 350 ol S aiis
(f L) 1998)

i 3L a8 sl caalllaes e sla 5 5o
31543 M. juliettae &5 S 45 s Ll Miscellanea
(S5 5 Gl el 5l p L) 2 s
Mi. minutus Mi. primitivus slac S .col sl 55158
Lgd poodus B0 e iUy 45 M. juliettae
0555 a0 Ll «(f IS2) zea M. miscella 5l 5 a3
Al Gl ey w9l e s Glomalveolina primaeva
slaas S Lol an Sy 5, 5> Mumiscella i S
Asillina dandotica (R. nuttalli Ranikothalia sahni
oJ— > Glomalveolina levis s Discocyclina ranikotensis
L5 SBZ4 i3l (o K wur duls 530S0l a5 555
.| SBZ5/6

s ) S Ab e o L S gla I
(o 155 5 bl Olos ¢ pyor 3 ok 3 dles
WS 5 G sl Oldlis) dile) et sla i sla s
SIML miscella 5 (Gl o b s 5 o Ol ]
Aa 5ISBZ6 055l o> 5SBZ5 L Jslee (slals b
Ll e 5158 (Tewari et al. 2010; Mathur et al. 2009)
s Discocyclina ranikotensis L o ,oa M. miscella  s¢b
oy 3= (SBZ3 5 su_i ,alb) Ranikothalia sindensis
LS 5 AuS e asia |, SBZ4 5 SBZ3 slais)sl
i YL 51 SBZ4 .o SBZ5 5 SBZ4 (slalss b
PR 5LeT (Afzal et al. 2005) oleast s ooyl sl
(Afzal and Daniels OlwSL ;3 VUL W3le s o SYLL
|, M.miscella (o) S 55 51 5 5 . Job e 4el3 1991)
0353 am aS WUles .S 55058 M. rhomboidea sl
M. 5,8 45 .(Hottinger 2009) <l ol 550> SBZ4
b Bl S sl JIg 55 Yaens M. juliettae s miscella
s (Afzal 2011; Hottinger 2009) & 5% o o> 35w s
ASSEE S s o700 ssba M. juliettae Jl slad so
M. s LT 831000 caas 5 M. miscella J slas sos 5l
Olewst s ool sl yastls s 5 & s juliettae
(Hottinger 2009 Serra; Kiel et al. 1998) SBZ3 <L S
sl
sMiscellanea i lizes glaa S 5, 8 s L
slasl s s 5 )l o xS s Miscellanites
Mi. primitivus 25,8 v 5,5 0l Ol 5 o Lol oLl i
$SBZ3) sle cpw sl o 4 M. juliettae 5 Mi. minutus
S5 s =5 Slasl 2 0SS (primaeva 055 5,
sl (Leppig 1988) (lw (s 5uS 5 sl b (Ll
et s 8L s s ML miiscella &S oS Il 55 cilons
U5l 5SBZ5/6-SBZA) iy (il L lsl LS

U sy 3,8 5 ol g 5 2.8 (slyls (cucumiformis



WA s o o)l VP gy )lad ¢ oty 5 (o gl gy 5 55800 slaj2s a8

% Study area

O M jullietae
@ M yverae
@ M primitva
© AMi minutis ?
® Al meandrinus
@ AL miscella

} primaeva zone

} cucumifornus zone

> Miscellanites , Miscellanea cidisw slas 8 Lzl 5 s —¥ Ko

(Leppig 1988) wl-Sho! (Suil b ¢ o &b g3 i oo 551 — o 5l

(238 B0l gl = Al 5 50 Gle S S50 AE -0 S
S8) andllaes ;g0 Adlats ol g pizman o (SCOtESE 2014) i g5 e L3I

55 Tats Bl Glae cilies gla i dadlas
Miscellanea miscella  glea S Lol o S56 bl
s Miscellanites primitivus  [Miscellanea juliettae
sla fod aar gl S us e Miscellanits minutus
Sl b st oS moe el e el e
a g S ledy (S e sl
4S ol SBZ3-SBZ6 s kil slalsssb S o

Miscellaneidae &3 gL 545l Ol s2cas M. miscella
Pt A o e s A S 5 e kil
late b ool &, Yl 5 (Leppig 1988) o35 s
o slaas § 51 el sIThanetian- early llerdian
Cro—w 4z Thanetian b S sasl 5 4> 5 4 Miscellanea
(F JS2) (Leppig 1988) sl 63 S & rlge 3,5 >
Sl S ©orlee see (e 5 01l Sandse 0SS
Aas e 0L | Miscellanites o 4l



.. Miscellaneidae &5l 5l Solarn plobd 5 puliday 5555

paleoenvironments of the Paleocene Lockhart
Limestone from Kotal Pass Kohat, Northen
Pakistan. Pakistan Journal of Hydrocarbon
Reserch, 15: 9-24.

Afzal J. Williams M. Leng M. J. Aldridge R J. and
Stephenson M. H. 2011. Evolution of
Paleocene to Early Eocene larger benthic
foraminifer assemblages of the Indus Basin,
Pakistan. Lethaia, 44: 299-320.

Alve E. and Goldstein S.T. 2002. Resting stage in
benthic foraminiferal propagules: a key feature
for dispersal? Evidence from two shallow
water species. Journal of Micropalaeontology,
21: 95-96.

Bralower T.J. and Thierstein H.R. 1984. Low
productivity and slow deep-water circulation in
Mid-Cretaceous oceans. Geology, 12: 614-618.

Buxton M.W.N. and Pedley H.M. 1989. Short paper:
a standardized model for Tethyan Tertiary
carbonate ramps. Journal of the Geological
Society (London) 146: 746-748.

Cowen R. 1983. Algal symbiosis and its recognition in
the fossil record. In: Tevesz, M.J.S. McCall,
P.L. (Eds.), Biotic Inreractions in Recent and
Fossil Benthic Communities. Plenum, New
York.

d 'Orbigny A. 1826. Tableau méthodique de la classe
des Cephalopodes. Annales des Sciences
Naturelles, 1: 96-314.

d“Archiac E.J.A. and Haime J. 1853. Description des
animaux fossiles du groupe nummulitique de
I’Inde. Gide et Baudry, Paris, 373.

de Blainville H.M.D. 1825. Dictionnaire des Sciences
Naturelles F.G. Levrault, Strasbourg and Paris,

41:59-98.
Delage Y. and Herouard E. 1896. Traité de Zoologie
Concrete. Tome |I. La Cellule et les

Protozoaires. Schleicher Fréres, Paris, 1-584.

Fligel E. 2004. Microfacies of carbonate rocks.
Analysis, interpretation and application.
Springer, Berlin, pp 976.

Hallock P. 1985. Why are larger foraminifera large?
Paleobiology 11: 195-208.

Hallock P. Glenn and E.C. 1986. Larger foraminifera: a
tool for paleoenvironmental analysis of
Cenozoic depositional facies, Palaios 1:55-64.

Hottinger L. 1998. Shallow benthic foraminifera at the
Paleocene- Eocene boundary: Strata, ser. 1, 9:
61-64.

Hottinger L. 2009. The Paleocene and earliest Eocene
foraminiferal Family Miscellaneidae: neither
nummulitids nor rotaliids. Carnets de Géologie
/ Notebooks on Geology, CG2009/A06, 1-41.
http://map.iranview.com.

Kaever M. 1970. Die alttertidren Grossforaminiferen

Stidost-Afghanistans unter besonderer
BerUcksichtigung der Nummulitiden-

Miscellanea miscella &, jLizl 5 i & wax 5L
s Ranikothalia ; Miscellanites (sls > U of sl s s
Wl el el Bl Sy la el B il g
« olisl JIg s Orbitolites , Alveolina Nummulites
S 53 5 03 Fr5 S g 655 nl b B
el 03 S Ol o8 el Gty Sl Sl
s Ranikothalid — sleeslgls 528 5 JSlsls
SLa S 5 s s4eS L ozalls 5 Miscellanid
cals 5 ool 5 SBZ5/6 s Tt sl sl
Glaaig 5 Sk G S ol GL S 555 slads yams
P R 03 Oals Jled 0 5 el = e sl
5 Miscellanea  (la i psl5 Llodd (p il S
Lo Rl Bd S e sl s Ranikothalia
Gl o Wl g pbolesl cul - Ses (SBZ5/6
LasS ple b ocanslaos gl by 5 308180
b Alveolina 534S s Nummulites s 55 .ol sl J 28
o 03 L S Sz sl ptial b ool Gl oy o S
(S J,fiz g G S S R S R g
ssba el S Saxn sl il b Jsens (slad se
2%l Alveolina 5 Nummulites Assilina L Js
Cul 3 5 4lls w4 L (Orue-Etxebarria et al. 2001) Ll
Gla i 5 a8) S Sty gl il b (slaas s
s Nummulites ,..> 5,5 Miscellanea , Ranikothalia
oJ.j:)li :L.af .L»)L;a J.h; @ ‘J")‘L’.’.‘ :Ldj? L (;-h”
o33 bLI 53 J,d e b a8t gLl Jhi

NG

References

Afzal J. and Daniels C. H. V. 1991. Foraminiferal

biostratigraphy and  paleoenvironments of the

Paleocene to Eocene Patala and Nammal formations

from Khairabad-East, Western Salt Range, Pakistan.

Journal of Hydrocarbon Reserch. 3: 61-27.

Afzal J. Khan F.R. Khan S. N. Alam S. and Jalal M.
2005. Foraminiferal  biostratigraphy and



\w\}f_gL(.,.wu‘w&g‘e)u‘@,wJu‘@uwﬂ),d)&aﬁ Gl tags M

Smout A.H. 1954. Lower Tertiary foraminifera of the
Qatar Peninsula. Bulletin of the British
Museum (Natural History), 9: 1-80.

Zhang Q. Willems H. and Ding L. 2013. Evolution of
the Paleocene—Early Eocene larger benthic
foraminifera in the Tethyan Himalaya of Tibet,
China. International Journal of Earth Sciences,
102: 1427-1445.

Zhang Q. Willems H. Ding L. and Xu X. 2018.
Response of larger benthic foraminifera to the
Paleocene-Eocene thermal maximum and the
position of the Paleocene/Eocene boundary in
the Tethyan shallow benthic zones: Evidence
from south Tibet, China. Geological Society of
America Bulletin, 131, No, 1/2.

Morphologie, Taxonomie und
Biostratigraphie. Maunsterische Forschungen
zur Geologie und Paléontologie, Miinster,
Heft, 16(17): 1-400.

Leppig U. 1988. Structural analysis and taxonomic
revision of Miscellanea, Paleocene larger
Foraminifera. Eclogae Geologicae Helvetiae,
Basel, 81: 689-721.

Loeblich, A.R. & Tappan. H. 1964. Foraminiferal
Classification and Evolution. Journal of the
Geological Society of India, 5: 5-39.

Orue-Etxebarria X. Pujalte V. Bernaola G. Apellaniz E.
Baceta J.I. Payros A. Nunez-Betelu K. Serra-
Kiel J. and Tosquella J. 2001. Did the Late
Paleocene Thermal Maximum affect the
evolution of larger foraminifers? Evidence
from calcareous plankton of the Campo
Section (Pyrenees, Spain). Marine
Micropaleontology, 41: 45-71.

Pawlowaki J. Holzmanna M and Tuazkab J. 2013.
New supraordinal classification of
Foraminifera: Micropalaeontology, 1-10.

Pfender J. 1935. A propos de Siderolites vidali et de
guelques autres. Bulletin de la Société
géologique de France. 4: 225-236.

Rahaghi A. 1983. Stratigraphy and faunal assemblage
of Paleocene-Lower Eocene in Iran. National
Iranian Oil Company, Geological Laboratories,
Teheran, Publication, 10: 73 - 49.

Rajabi P. Maghfoorimaghadam A. Gharib F. 2012.
Microbiostratigraphy of Taleh Zang Formation
in the Lorestan basin, Geosciences, Geological
survey and mineral explorations of Iran,
86:155-160.

Ross C. A. 1974. Evolutionary and ecological
significance of large, calcareous Foraminiferida
(Protozoa), Great Barrier Reef. Proceedings of
the 2nd International Coral Reef Symposium,
Brisbane, Australia., 1: 327-333.

Scotese C. R. 2014. Atlas of Paleogene
Paleogeographic Maps (Mollweide Projection),
The Cenozoic, PALEOMAP Atlas for ArcGIS,
PALEOMAP Project, Evanston, IL Maps 8-15,
1.

Serra-kiel J. Hottinger L. Caus E. Drobne K.
Ferrandez C. Jaurhi A.K. Less G. Pavlovec R.
Pignatti J. Samso J.M. Schaub H. Sirel E.
Strougo A. Tambareau Y. Tosquella J. and
Zakrevskaya E. 1998. Larger foraminiferal
biostratigraphy of the Tethyan Paleocene and
Eocene. Bulletin de la Société Géologique de
France, 169: 281.

Sigal J. 1952. Ordre des Foraminifera. In: Piveteaul J.
(Ed.)) - Traité de paléontologie. Tome |I.
Masson. Paris, 133-301.





