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Late Cretaceous to Early Eocene Foraminiferal Biostratigraphy of the
Rakhi Nala Area, Sulaiman Range, Pakistan

Jamil Afzal’

ABSTRACT

Shaly intervals from Late Cretaceous to Early Eocene
sediments of the Rakhi Nala Section (Sulaiman Range)
were analysed for the foraminiferal microfauna
(planktons, smaller and larger benthics). The faunal
record is interpreted for the precise age and
paleoenvironments. These fresh results, in the light of
modemn biostratigraphic knowledge, are compared with
the previous biostratigraphic informations available
about this area. Several discrepancies regarding the litho
and biostratigraphy from the previous literature were
addressed and tried to remove.

INTRODUCTICN

The Rakhi Nala section (29° 59',70° 03", located in the
middle part of the Sulaiman Range of Pakistan, is situated
about 40 km South-Southwest of Dera Ghazi Khan, Punjab
province (topographic sheet 39 G/1) (Figure1). Thick and
complete sequence of sediments ranging in age from
Cretaceous to Eocene are well exposed along the Gaj-Fort
Munro road. The section known from the beginning of the
century is a reference section for the relevant formations of the
Sulaiman Range. it is well known outside of Pakistan too, not
only due to its completeness of sediments but aiso due fo its
fossil contents, especially of microfaunas. The main objectives
of the study were:

a) to clarify the different and  contradicting
biostratigraphical results as reported in the literature.

b) to investigate Cretaceous to Early Tertiary rocks based
on a new set of world-wide accepted standard foraminiferal
zonations and

c) to acquire new data for
palecenvironments.

describing their

GEOLOGICAL SETTING

The main sedimentary basin of Pakistan is the Indus Basin,
which is subdivided into three parts, Upper, Middle and Lower
indus sub-basins. The studied section of the Rakhi Nala is
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situated in the middle part of the indus Basin which is called
the Sulaiman Province as well. The indus Basin as a whole
belongs to the westermn part of the Indo-Pakistan Plate.
Paleazoic to Mesozoic sediments of the eastern fold beit of the
Indus Basin were deposited on a broad shelf area of the
passive continental margin of the Indo-Pakistan Plate
(Bannert, 1992). The fold belt developed since the Paleocene
as a result of the main collision of the Indo-Pakistan Plate with
the Eurasian Plate (Bannert, 1992). The studied area as well
as sample locations are shown in Figure1

Cretaceous to Eocene sediments are named in this paper
according to the nomenclature of Shah (1977) and in
descending order are mentioned below (Figure2).

Early Tertiary: Kirthar Formation, Ghazij Formation,
Dunghan Formation, Ranikot Group (Khadro and Bara
formations)

Late Cretaceous: Pab Sandstone , Fort Munro Formation,
Mughal Kot Formation, Parh Limestone, Goru Formation,
Sembar Formation

SHORT HISTORY OF THE PREVIOUS WORK

The geological and paleontological investigations of the
famous Rakhi Nala section of the Sulaiman Range started with
the publication of Vredenburg (1908). He described larger
foraminifers (Orbitoides) from the Cretaceous units.

Eames (19524d,b) based his pioneer works on direct
lithological observations. He measured and named the
different lithological units of the Rakhi Nala section from Late
Cretaceous to Late Eocene (Figure3). The different lithological
units were subdivided into local zones, local stages and local
series. Eames (1952 a,b) used the foraminiferal record for the
corresponding age assignments.

Nagappa (1959) summarized the available lithological and
faunal informations of the Rakhi Nala section and other areas
of the Indus Basin and surrounding areas. He developed a
regional depositional history of the Cretaceous to Eocene
sediments of the India-Pakistan-Burma region.

A second phase of investigation of the Rakhi Nala section
started when the Hunting Survey Corporation (1961) under the
Colombo Plan Project, measured and sampled the
Cretaceous to Tertiary rocks of the Rakhi Nala section. These
samples were later on studied by various authors as given
below.

Bayliss (1961) described larger foraminifers from
Cretaceous to Late Eocene strata. Latif (1961) studied Tertiary
planktonic foraminifers and developed a planktonic
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Figure 1- Map representing the study area and sampling locations along the Rakhi Nala section.

foraminiferal zonation. He subdivided Late Paleocene to Early
Eocene sedimentary interval in to five zones,

Marks (1962) selected some of the Cretaceous samples
from the above mentioned set of samples and presented a
statistical relationship among different parameters of the
various species of Orbitoides (larger foraminifera) from the
Mughal Kot and the Fort Munro Formations (the "Orbitoides
Limestones and Shales" of Eames, 1052a).

Samanta (1973) reported results on Tertiary planktonic
foraminifers from the same set of samples. He recognized
eight Paleocene to Eocene planktonic foraminiferal zones
following the zonation of Bolli (1957a).

Since 1985, a third phase of investigation started under the
Pakistan-German Technical Cooperation Project between the
Hydrocarbon Development institute of Pakistan (HDIP,
Islamabad) and the German Geological Advisory Group of the
Federal Institute for Geosciences and Natural Resources
(BGR, Hannover). Several field parties sampied different
areas in Pakistan inciuding the Rakhi Nala section in order to
evaluate the hydrocarbon potential of strata dated
biostratigraphically by means of index fossil groups
(foraminifers, calcareous nannoplankton and
dinoflageilates)(Porth and Hilal Raza, 1990).

Kothe (1988) investigated samples from the Late
Cretaceous part of the Rakhi Nala section for the nannofossil
record and applied a calcareous nannoplankton zonation. The
Tertiary sediments were dated with the help of both

nannofossils and dinoflageliates and zonations were
presented.

Weiss (1988, 1993) reported planktonic and larger
foraminifers from the same samples (asinvestigated by Kothe,
1988) of the Cretaceous to Eocene rocks of the Rakhi Nala
section and correlated eight larger foraminiferal assemblages
of Maastrichtian to Eocene age with standard planktonic
foraminiferal zonation of Caron (1985) and Toumarkine and
Luterbacher (1985).

LITHOSTRATIGRAPHY AND SAMPLING

In 1990, HDIP/BGR field party carried out another
reconnaissance field trip to the Rakhi Nala area covering the
section from Rakhi Gaj up to Fort Munrc. The lithological units,
as seen in the field, were identified following the descriptions
of Eames (1952a) and Shah (1977). Samples wers collected
from the Late Cretaceous Mughal Kot Formation to the Early
Eocene Ghazij Formation. The Mughal Kot Formation was
measured in detail and sampled systematically, while other
formations were sampled randomiy in sequence. Sample
locations were marked as accurate as possible according to
the lithological description of Eames {1852a) (Figure 1,4 and
8). The samples were preferably collected from the shaly and
marly intercalations of these units in order to obtain washed
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Mughal Kot Formation

The formation comprises the "Inoceramus Clays", the
“Badded Clays” and the lower part of the "Orbitoides
Limestones and Shales" of Eames (1952a). It consists of
dark-grey to bluish, bedded, calcareous mudstones and
shales. The contact with the overlying Fort Munro Formation
is covered along the road side, the lower contact was also not
exposed. Only the upper part of the formation was sampled
(samples RN 10-12),

Fort Munro Formation

In the middle part of the Sulaiman Range area, the formation
consists of the upper part of the "Orbitoides Limestones and
Shales" of Eames (1952a). Its basal part shows
brownish-grey, thin bedded to bedded argillacecus limestone
beds, partly nodular, and contains several shaly to marly
intercalation. The limestone contains common fossil debris,
larger benthic foraminifers (Orbitoides). The middle part is
covered by talus and consists of argillaceous limestones with
thick shaly intercalations. The upper partis agrey to dark-grey,
thin bedded, sandy limestone with reddish-brown, iaminated,
sandy partings showing low angie cross beddings. Borrow
fillings, common benthic foraminifers, bioclasts, molluscan
shells, and sea urchins were observed.

The upper contact with the Pab Sandstone is conformable
outside the area studied here (Shah 1977). In the Rakhi Nala
section a low angle (more or less 5 degree) unconformity was
observed. The Fort Munro Formation was measured and
sampled systematically. The thickness is about 178 m.
Fourteen samples (RN 48-61) were collected. Additional 4
samples (RN 6-9) were randomly taken. Their data are
included within their nearby systematically taken samples
(Figure1). Samples containing additional data are marked with
an asterisk on the distribution charts (Figure4).

Pab Sandstone

Pab Sandstone lies above the Fort Munro Formation. it is
a thick sequence of whitish to light-brown, weathering
yellowish-brown, thick bedded to massive, medium to
coarse-grained quartzose sandstone showing common low
angle cross stratification, common clay pebbles and channel
filings. Along the traverse, 11 sampies (RN 19-29) were
collected while additionally 5 samples were randomily collected
from this formation.

Ranikot Group

The group consists of two formations, which correspond to
the "Venericardia Shales" and the "Gorge Beds" of Eames
(1952a).

Nagappa (1959) placed the "Gorge Beds" within his Ranikot
Series as its lower part. Bayliss (1961) considered both the

"Venericardia Shales" and the "Gorge Beds" as equivalents to
the Ranikot Series. Shah (1977) mentioned the lithological
units as Khadro and Bara Formation, respectively.

Khadro Formation

The Khadro Formation corresponds to the "Venericardia
Shaie" of Eames (1952a). It consists of greenish-grey shales
and calcareous sandstones (Shah, 1977). The formation was
not sampled during this study.

Bara Formation

The Bara Formation nds to the "Gorge Beds" of
Eames (1952a). it consists of dark-to medium-grey, grey to
brownish-grey sandstones, sandy limestones with occasional
dark-gray shale interclations. No fossil content was observed
neither in the field nor in the washed residues. Five samples
(RN 31-35), one from the lower part and four from the middie
part were collected from this formation.

Cunghan Formation

According to Shah (1977), this formation is restricted to the
"[Lower Rakhi Gaj Shales" of Eames (1952a). Nagappa (1959)
placed this unit within his Ranikot Series as its upper part.
Bayliss (1961) separated the "Lower Rakhi Gaj Shales” of
Eames (1952a) from the Ranikot Series of Nagappa (1959)
and called it Dunghan Formation including a basal limestone
bed, the so-called Imegularies Bed, of the "Upper Rakhi Gaj
Shales” of Eames (19522a).

The Dunghan Formation consists of dark greenish-gray to
bluish-gray shales. The contact with the overlying Ghazij
Formation is gradational. Four samples (RN36-39), cne from
the lower and three from the upper part were collected.

Ghazij Formation

This formation comprises four lithological units termed by
Eames (1952a), the "Upper Rakhi Gaj Shales” the Green and
Nodular Shales", the "Rubbly Limestones”, and the "Shales
with Alabaster”.

Nagappa (1959) considered these units as belonging to his
Lakhi Series. Bayliss (1961) restricted the term Ghazij
Formation to the lower two units and included the upper two
units within his Kirthar Formation. Both Nagappa (1959) and
Bayliss (1961) placed the lower boundary of the Lakhi Series
or their equivalent rock units {Ghazij Formation) at the top of
the Irregularis Bed, while Shah (1977) included this limestone
bed within the Ghazij Formation.

The lower part of the formation corresponding the lower
two units of Eames (1952a) consists of thick greenish shales
with some nodular limestone beds. The upper part
corresponding to the upper two units of Eames (1952a)
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consists of a thick nodular limestone sequence with thin,
greenish-gray, shaly interclations followed by a band of
massive gypsum. Eight samples (RN 40-47) were collected
from the "Upper Rakhi Gaj Shales" the "Green and Nodular
Shales" and the "Rubbly Limestones" of Eames (1952a).

MATERIAL, METHOD AND PRESERVATION

Standard technique was used to wash the shaly/maristone
samples, for each approximately 200 gm. The dried residue
was passed through a set of sieves to split the sample into
fractions of different size. Larger foraminifers were picked over
500 micron sieve while planktons and smaller benthic
foraminifers were picked over a sieve greater than 200 micron.

It was attempted to pick as many specimens as possible
from the washed residues. The distribution values of
foraminifers are presented semi-quantitatively, based on the
number of specimens of each species per equal volume of
washed residue: very rare = less than 3 specimens, rare =4-10
specimens, common = 10-25 specimens, and abundant =
more than 25 specimens. To find out different ratios, for
example the ratio of the planktonic to benthic foraminifers (P/B
ratio), the abundances are converted into percentages.

Cretaceous planktonic foraminifers were identified following
mainly Robaszynski, Caron, Gonzalez & Wonders (1984) and
Caron (1985), while Tertiary planktonic foraminifers were
identified mostly after Bolli (1957a), Blow (1979) and

‘Toumarkine & Luterbacher (1985). Smaller benthic
foraminifers were identified according to Haque (1956),
Murray (1961), Loeblich & Tappan (1987), Jenkins & Murray
(1989) Balli, Beckmann & Saunders (1994) and Namoura &
Brohi (1995), while larger foraminifers were identified after
Davies & Pinfold (1937), Smout (1954), Nagappa (1959),
Hottinger (1960), Marks (1962), Bayliss (1961), Schaub (1981)
and Weiss (1993).

BIOSTRATIGRAPHIC RESULTS AND DISCUSSION
Late Cretaceous Foraminifers

In total about 40 samples fromthe Late Cretaceous interval
were investigated, 3 samples from the Mughal Kot Formation,
22 samples from the Fort Munro Formation and 16 samples
from the Pab Sandstone.

The Pab Sandstone was found to be completely barren of
foraminifers. Mughal Kot Formation and the lower part of the
Fort Munro Formation yielded rare planktonic foraminifers.
Smaller benthic foraminifers are rare to common throughout
the interval, whereas larger foraminifers are common in the
middie part and rare to absent in the upper part of the Fort
Munro Formation. No larger benthic foraminifers were
observed in the top most part of the Mughal Kot Formation,

About 16 planktonic,2 larger benthic and many smaller
benthic foraminiferal species were identified from the
Cretaceous units (Figure 4). Due to the very poor preservation
of the smaller benthic foraminifers, which are taxonomically
not so well known as the planktonic foraminifers, an open

nomenclature was used occasionally for some of the benthic
specimens.

The planktonic foraminiferal assemblage from the top of the
Mughal Kot Formation (RN12-10) to the middle part of the Fort
Munro Formation (RN48-56) is given below. Based on these
species, two planktonic foraminiferal zones are recognized.

Globotruncana linneiana, G. arca, G. ventricosa, G.
bulloides, G. rosefta, G. insignis, G. rmariei, Globotruncanita
stuartiformis, pseudoguembelina costulata,
Archaeoglobigerina cretacea, Rosita fornicata, R
patelliformis, Heterohelix globosa, Hedbergella holmdelensis,
Pseudotextularia elegans and Globigerinelloides ultramica.

Globotruncana aegyptiaca Zone

Age :Early to Middle Maastrichtian
Type :Interval zone

Definition :Interval between the first occurrence of
Globotruncana aegyptiaca (base) to the first occurrence of
Gansserina gansseri (top)

Formation :Top of the Mughal Kot Formation to the middle
part of the Fort Munro Formation

Interval :RN 11-55

Comments :The base of the zone is not proved.
Globotruncana aegyptiaca and Gansserina gansseri were not
observed in this section. According to the international
stratigraphic ranges, the last occurrences of the
Globotruncana ventricosa and G. Linnaeana indicate the
upper limit of G. Gansseri Zone and it is the same level where
G. gansseri appears (Caron, 1985). Therefore, the last
occurrence of both these species (in sample RN 54 and RN
55 respectively) were used here to mark the top of the G.
agyptiaca Zone.

Gansserina gansseri Zone

Age : Middle to Late Maastrichtian
Type :Interval zone

Definition :Interval between first occurrence of
Globotruncana gansseri (base) to the first occurrence of
Abathomphalus mayaroensis (top).

Formation :Fort Munro Formation
interval :RN 56-61

Comments :Only parts of this zone were represented by
long-ranging planktonic foraminifers. Because of the
shallowing upward sequence of the sediments, planktonic
foraminifers disappear while only common to abundant smaller
and larger benthic foraminifers were observed. Therefore, a
question can be raised about the upper limit of this zone.
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Figure 5- Stratigraphic ranges of selected Late Cretaceous larger foraminifera.

Discussion on the Age of Fort Munro Formation

Fromthe Cretaceous sediments, samples mainly from the

Fort Munro Formation were investigated, whereas few

samples from the top of the underlying Mughal Kot Formation
were analyzed. As a whole, the sediments comrespond to the
"Orbitoides Limestone and Shales" of Eames (1952a).

Williams (1959) placed the whole sequence between the
Parh Limestone and the Pab Sandstone near Mughal Kot area
~ under the Mughal Kot Formation but he recognized the upper
part as Fort Munro Limestone member. He reported larger
foraminifers, such as Omphalocyclus macroporus and
Orbitoides spp. from the later, and dated the Fort Munro
Limestone member as Maastrichtian.

Nagappa (1959) following Eames (1952a) commented that
the "Orbitoides Limestones and Shales" are Campanian to
Maastrichtian in age.

Hunting Survey Corporation (1961) and Bayliss (1961)
placed all the Cretaceous units of Eames (1952a) under the
name Pab Formation, which were separated in two parts, the
Pab Sandstone member and Mughal Kot Limestone member.
From the later, Bayliss (1961) reported larger foraminifers,
such as Orbitoides media in association with Omphalocyclus
macroporus, Siderolites sp. and Discorbis sp. and he dated
this part as Maastrichtian.

Marks (1962) reported larger foraminifers, such as
Orbitoides tissoti minima, O. tissoti compressa, and Siderolites
cf. calcitrapoides, from this unit ("Orbifoides Limestone and
Shale" of Eames (1952a) and dated it as Middle to Late
Campanian.

Later on, Shah (1977) raised the rank of the Fort Munro
Limestone member of Williams (1959) to a formation which
was considered as Campanian to Maastrichtian.

Weiss (1993) summarized "inoceramus Clays", the
"Bedded Clays" and "Orbitoides Limestones and Shales" of
Eames (1952a) under the name Mughal Kot Formation
following Williams (1959). His Mughal Kot Formation
corresponds to both the Mughal Kot and the Fort Munro
formations according to Shah (1977). He reported the
"Inoceramus Clays" and the "Bedded Clays"of Eames (1952a)

as barren of planktonic foraminifers, whereas the Orbitoides
Limestone and Shale sequence contains abundant to rare
larger foraminifers such as Orbitoides tissoti, O. media and
Omphalocyclus macroporus. Based on these he dated the
Orbitoides Limestone sequence as Early Maastrichtian.

In the light of the above mentioned references, it is difficuit
to evaluate the exact age of the Fort Munro Formation. The
authors mostly based the age of the formation on larger
foraminifers and it is obvious that more or less the same
species were reported, but their age assignments zre different
ranging from Middle Campanian to Early Maastrichtian.
Therefore, a summary diagram was prepared to comgare the
stratigraphical ranges of some of the common larger
foraminiferal species in other areas as given by different
authors (Figure 5).

As far as the planktonic foraminiferal data in this report is
concerned, it was not possible to place late Cretaceous
planktonic foraminiferal zonal boundaries exactly. The reason
most probably, be the shallowing upward sequence of
sediments causing unfavorable conditions for planktonic
foraminifers. All planktonic foraminiferal species, identified
here, range stratigraphically from Campanian to
Maastrichtian. According to Caron (1985) Globofruncana
linneiana and G. ventricosa, which get extinct just before the
Globotruncana aegyptiaca-Gansserina gansseri zonal
boundary here in this section disappear slightly before that
horizon where all plankions disappear. Following Caron
(1985) the last occurrence of these species is taken as the
upper limit of the Globotruncana aegyptiaca Zone (Middle
Maastrichtian). |

The nannofossils from the Cretaceous part of the Rakhi
Nala section, as shown by Kothe (1988), indicate the presence
of the CC 22 Zone of Sissingh (1977) ("Bedded Clays" and
basal part of Orbitoides Limestone, dated as Campanian) and
the CC 23 Zone (most of the Orbitoides Limestone, dated as
Maastrichtian), which are based on last occurrences of zonal
and additionai species. It is not mentioned whether these last
occurrences are stratigraphically and/or paleoenvironmentally
caused.

The larger foraminiferal species Omphalocycius
macroporus, which is considered to be restricted to the
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Maastrichtian, was reported by Williams (1959) from the
Mughal Kot area. It is also reported and photographed by
Bayliss (1961) and Weiss (1988, 1993) from the "Orbitoides
Limestone and Shale” of the Rakhi Nala section.

Moreover, Dorreen (1974) reported two zones of the
Maastrichtian, the Gansserina ganssen Zone and
Contusotruncana contusa Zone (equivalent tothe G. gansseri
Zone of Caron, 1985) from strata between the Parh
Limestone and Pab Sandstone (equivalent to the Mughal Kot
Formation) in the Gaj River section of the Balochistan area of
Pakistan. Her Mughal Kot Formation is equivalent to Mughal
Kot and Fort Munro Formation at Rakhi Nala section (see also
Namoura and Brohi, 1995).

Therefore, from combined interpretation of nannofossil,
larger benthic and planktonic foraminiferal data and the ages
of the equivalents of the Fort Munro Formation in other areas,
the most appropriate conclusion is that the age of the Fort
Munro Formation is Maastrichtian, fitting within the planktonic
foraminiferal Globotruncana aegyptiaca to Gansserina
ganssen Zones.

Early Tertiary Foraminifers

Seventeen samples from the Tertiary interval of the Rakhi
Nala section were analyzed (Figure 6). The Bara Formation
(RN 31-35) is completely barren of foraminifers. The Dunghan
Formation (RN 36-39) has shown that its lower part is also
barren of foraminifers while the upper part yielded some Early
Eocene foraminifers. The Ghazij Formation (RN 40-47)
yielded common to rare planktonic and smaller benthic
foraminifers throughout whereas common larger foraminifers
were recovered from the middle to upper part of the Ghazij
Formation (RN 42-47).

Following Berggren and Miler (1988), planktonic
foraminiferal zonations were recognized as follows:

Morozovella aragonensis/Morozovella formosa
Zone,P7

Age :Early Eocene

Type :Concurrent range zone

Definition :interval between the first occurrence of
Morozovella aragonensis (base) to the last occurrence of M.
fonmosa (top).

Interval :Sample RN 36-39

Formation :Dunghan (upper part)

Other planktonic foraminifers are: Subbotina linaperta, S.
tniangulanis, Morozovella aragonensis, M. formosa gracilis, M.
formosa formosa, M. aequa dolabrata, M. acuta, Acarinina

wilcoxensis wilcoxensis, A pentacamerata, A. wilcoxensis
straboceila, A. pseudotopilensis, A. broedermanni

Muricoglobigerina  soldadoensis  soldadoensis.  and

Pseudohastigenina wilcoxensis.

Morozovelia aragonensis Zone, P8 (not identified here)

Age :Early Eocene
Type :Partial range zone

Definition :Interval between the last occurrence of

. Morozovella formosa (base) to the first occurrence of

Planorotalites palmerae (top).
interval :Not sampled
Formation :Ghazij Formation
Remarks :Because of the large sampling gap between
samples RN 38 and RN 40, this zone could not be identified.
Subbotinae inaequispira Zone, P 8

Age :Early Eocene

Type :Partial range zone

Definition :Interval between the first occurrence of
Planorotalites palmerae (base) to the first occurrence of
Hantkenina nuttalli (top).

Interval :Samples RN 40-61

Formation :Ghazij

Other planktonic foraminifers are: Subbotina linaperta, S.

frontosa, Acarinina pentacamerata, A. pseudotopilensis, A.
wilcoxensis strabocella, A. aspensis, A. hagni, Acarinina aff.

camerata, A. spinuloinflata, Planorotalites ex gr.
palmerae-pseudoscitula, Turborotalia griffinae  and

Pseudohastigenina wilcoxensis.

Characteristic larger foraminifers are: Nummulites
hoogenradi, N. globulus, N. crasseomata, N. atacicus, Assilina
granulosa, A. spinosa, Operculina jiwani, Lockhartia hunti, L
conditi, L. hunti var. pustulosa and Discocyclina cooki.

Discussion on the Age of Dunghan Formation

Eames (1952b) did not mentioned foraminiferal fauna from
the "Lower Rakhi Gaj Shales" which is here named as the
Dunghan Formation.

Nagappa (1959) stated that these beds are virtually barren
of foraminifers. He also commented that only the upper beds
are characterized by the first occurrence of planktonic
foraminifers, such as species of Globigerina and Globorotalia,
and other smaller benthic foraminiferal species. He considered
that the faunais probably of Paieocene age and the beds might
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be equivalents of the Ranikot Series of Sind (Lower Indus
Basin).

Balyiss (1961) reported that the shaly part of these beds are
barren of larger foraminifers. He mentioned that the sediments
are attributed to the late Paleocene Globorotalia velascoensis
Zone. He piaced the upper boundary of the Dunghan
Formation at the top of the first thin limestone bed the
so-called "Irregularis Bed" which yielded first Early Eocene
larger foraminifers, such as Nummuilites atacicus, Assilina
granulosa and other (Nagappa 1959).

Latif (1961) placed the upper limit of the Dunghan Formation
at the base of the Irregularis Bed. He reported a number of
pianktonic species, such as Globorotalia pusila pusilla , Gr.
aff. pseudomenardii, Gr. rex, Gr. aequa, Gr. compressa, Gr.
elongata, Gr. velascoensis, Gr. angulata, Gr. aragonensis, Gr,
broedermanni, Globigerina soldadoensis, G. triloculinoides
and other. Based on these species, he recognized three
zones, Globorotalia angulata Zone, Gr. crater Zone and Gr.
rex Zone, and dated the formation as Paleocene.

The occurrence of Paleocene and Eocene species suggest
that for some of the Paleocene species he used a broad
definition. But cannot be further commented without proper
examination of his collection.

Samanta (1973) reported that the lower part of the Dunghan
Formation is barren of foraminifers. He described planktonic
foraminifers from the upper part of the Dunghan Formation,
such as Globigerina soldadoensis, G. trianguiaris, G.
triloculinoides, Globorotalia velascoensis, Gr. aequa, Gr.
acuta, Gr. angulata, Gr. aragonensis, Gr. aspensis, Gr.
broedermanni, Gr. chapmani, Gr. esnaensis, Gr. formosa
formosa, Gr. formosa gracilis, Gr. marginodentata, Gr.
occlusa, Gr. pseudomenardii Gr. subbotinae, Gr.
velascoensis, Gr. wilcoxensis and others. Based on these
species, he dated the Dunghan Formation as Paleocene to
Early Eocene. Many of his species have been recovered
during the present study.

Kothe (1988) investigated samples from the "Lower and
Upper Rakhi Gaj Shales" and based on the nannoplankton,
she recognized NP 4,7 and 9 zones.

Weiss (1993) placed the Gorge Beds s.|. (= sensu lato),
which include the "Venericardia Shales" and the "Gorge Beds"
of Eames (1962a) under the name Dunghan/Ranikot
Formation which corresponds to the Khadro and Bara
Formations of Shah (1977). The Gorge Beds s.1. were sampled
by Weiss (1988). The "Lower and Upper Rakhi Gaj Shales" of
Eames (1952a) were not strictly separated lithologically and
biostratigraphically and were placed under the Ghazij
Formation. Weiss (1993) confirmed the presence of many
planktonic foraminifers reported by Latif (1961) and Samanta
(1973), i.e. Globorotalia anguiata, Gr. pseudomenardii, Gr.
pusilla, Gr. velascoensis, Gr. formosa formosa, Gr. aragonesis
and others. Based on these Weiss (1993) recognized several
planktonic foraminiferal zones, for instance Planorotalites
pusilla pusilla - Morozovella angulata Zone, F.
pseudomenardii - Morozovella velascoensis Zone and M.
formosa Zone, indicating a Middle Paleocene to Early Eocene
age for the interval of the "Lower and Upper Rakhi Gaj Shales"
of Eames (1952a).

The results of the present study are shown in Figure 6. The
basal part of the Dunghan Formation is barren of foraminifers,
as reported above. The samples studied here were not taken
as densely as studied by Balyiss (1961) and Latif (1961).

Especially the middie part of the Dunghan was not sampled.
Therefore, most of the Paleocene zones, such as
Planorotalites pusilla pusilla Zone, Morozovella angulata
Zone, Pl pseudomenardii Zone and M. velascoensis Zone
according to Toumarkine and Luterbacher (1985) as reported
by Weiss (1993) under his Ghazij Formation, and their
equivalents, as reported earlier by Latif (1961) and Samanta
(1973), are not proved. Thus, the present study does not
provide further informations on the oldest age of the Dunghan
Formation . Only one zone, Morozovella formosa Zone (P7) of
Early Eocene, was recognized. The present results regarding
the top of the Dunghan Formation are in accordance with
Samanta (1973) and Weiss (1993).

Discussion on the Age of Ghazij Formation

According to Shah (1977), the Ghazij Formation, as referred
here, corresponds to the lithologies of Eames (1952a) ranging
fromthe base of the Irreguiaris Bed, which is the top most part
of the "Lower Rakhi Gaj Shales”, to the base of the "Platy
Limestone" of Eames (1952a).

Eames (1852b) has subdivided the sediments, which are
summarized as Ghazij Formation including the "Upper Rakhi
Gaj Shales”, "Green and Nodular Shales”, "Rubbly
Limestones" and "Shales with Alabaster”, into several units
based on the total fauna. These units were subdivided into
several local zones, local stages and local series. He
mentioned larger foraminifers, such as Assilina granulosa, A.
leymeriei, Nummulites irrequilaris, Alvedlina ovoidea, Rotalia
trochidiformis, Dictyoconoides vredenburgi and others, from
these units and dated them as Early Eocene.

Nagappa (1959) reported a similar larger foraminiferal
fauna, such as Assilina granuiosa, Nummulites irreguiaris, N.
atacicus, N. pinfoldi from the unit which is here called Ghazij
Formation (his Laki Series) and placed it within the Early
Eocene.

Bayliss (1961) incorporated the two basal units of Eames
(1952a), the "Upper Rakhi Gaj Shales" and the "Green and
Nodular Shales", within his Ghazij Formation, while the upper
two units, "Rubbly Limestones" and "Shales with Alabaster”,
represent the lower part of his Kirthar Formation. He described
Early Eocene larger foraminifers from the two formations, such
as Nummulites atacicus, N. globulus, N. hoogenradi, N.
fossulata, N. crasseomata, Assilina granulosa, A. laminosa,
A daviesi, Orbitdlites complanatus, Alveolina oblonga, A
lepidula, A. globosa, Lockhartia conditi and Discocydlina
archiaei and dated them as Early Eocene.

Latif (1961) reported several planktonic foraminiferal
species from the lower haif of the Ghazij Formation, such as
Globorotalia palmerae, Gr. esnaensis, Gr. broedemmanni, Gr.
pusilla pusilla, Gr. aff. pseudomenardii, Gr. aequa, Gr. rex,
Globigenina soldadoensis, G. linaperta and other species on
open nomenclature. Based on these species, he identified four
planktonic foraminiferal zones, such as Globigenina sp. 5,
Hastigerina pseudoiota, Globigerina esnaensis, and
Globorotalia sp. 4 Zones, and dated the unit as Early Eocene.
Most of his zones which are based on open nomenclature are
local zones. As such they can not be cormrelated exactly with
intemational planktonic foraminiferal zonations.




10 Foraminiferal Biostratigraphy of Rakhi Nala

Samanta (1973) did not discussed in detail the lithology and
limits of his Ghazij Formation. He appears to follow Bayliss
(1961). He reported 11 planktonic foraminiferal species from
the lower half of his Ghazij Formation, such as Globigerina
soldadoensis, G. mckannai, Globorotalia aspensis, Gr.
broedermanni, Gr. esnaensis and placed his Ghazij Formation
in the Globorotalia aspensis-Globorotalia esnaensis Zone of
Early Eocene. Many of his species were identified from the
lower half of the Ghazij Formation (=the Ghazij Formation of
Samanta 1973). The present results are in accordance with
these resuits.

Kothe (1988) reported the corresponding units of the Ghazij
Formation as completely barren of nannoplankton, only some
dinoflagellates were reported from the Ghazij Formation of
Shah (1977). Based on these, she described a local
dinoflagellate zone (Pak D-1X) from the upper part of the Ghazij
Formation. She correlated this zone with NP 12 to early NP 14
(equivalent to planktonic foraminiferal zoned P 7-9), and dated
the formation as middle to late Early Eocene. This broad age
assignment is stilt in accordance with the present resuilts.

Weiss (1988, 1993) restricted the term Ghazij Formation to
the "Lower and Upper Rakhi Gaj Shales" of Eames (1952a).
The upper three units of the Ghazij Formation, "Green and
Nodutar Shales”, "Rubbly Limestones and "Shales with
Alabaster’ of Eames (1952a), were placed as lower part of the
Kirthar formation. Therefore, the lower Early Eocene part of
his Kirthar Formation is part of the Ghazij Formation of Shah
(1977). Weiss (1993) reported that this part is completely
barren of planktonic foraminifers, while larger foraminifers are
present, such as Nummuilites fossulata, Assilina spinocsa, A.
laminosa, A. leymeriei, A pustulosa. Based on these larger
foraminifers, he described as A leymeriei - N. fossulata
Assemblage Zone of Early Eocene for this part of the Ghazij
Formation. From the lowermost part of the A. leymeriei - N
fossulata Assemblage Zone of Early Eocene which is clearly
the top most part of Ghazij Formation (the middie and upper
parts of the "Rubbly Limestones" and the "Shales with
Alabaster" of Eames, 1952a), no planktonic and no larger
benthic foraminifers were reported. Based on previous
investigations and present results, it looks quite reasonable to
consider the lower half of the Ghazij Formation as presented
by the Morozovella aragonensis Zone (P8, supposed to be
present) to the Subbotina inaequisipira Zone (P9) of Berggren
& Miller (1988). In the upper half, the planktonic foraminifers
are rare to absent but common larger foraminifers of Early
Eocene age are present. No typical Middle Eocene species
was reported neither previously nor in the present
investigation. Based on larger foraminiferal species, as
Assilina granulosa - Nummuilites crasseomata - N. hoogenradi
-Dictyoconoides cooki Assemblage is defined. This
assemblage may be correlated with the P9 Zone of Berggren
& Miller (1988).

ZONAL CORRELATION AND AGE ASSIGNMENTS

Since the present study is based on the analysis of larger
sample intervals, the zonal boundaries are difficult to be
correlated exactly. Nevertheless, based on the informations
given by the authors mentioned above, the zonal boundaries

can be re-evaluated in the light of present status of
knowledge.

A zonal correlation diagram showing the most important
Early Tertiary planktonic foraminiferal and nannoplankton
zonations published by Bolli (1957, 1966), Bolli & Cita (1960),
Luterbacher & Premoli-Silva (1964), Blow (1969, 1979),
Martini (1971), Premoli-Silva & Bolli (1973), Stainforth et al.
(1975), Toumarkine & Luterbacher (1985) and Berggren &
Milier (1988) is given including the zones known fromthe Rakhi
Nala section as reported by Latif (1961), Samanta (1973) and
Weiss (1993) (Figure 7).

Late Cretaceous Zonation

Although many authors have published data on the
Cretaceous sediments of Rakhi Naia section, only sporadic
data of planktonic foraminifers were reported Nagappa (1959).

Kothe (1988) identified the Tranolithus phacelosus Zone
(CC23) of Sissing (1977), which has been comrelated with
planktonic foraminiferal Globofruncanita calcarata to
Globotruncanella havanensis Zones (Late Campanian to Early
Maastrichtian) of Caron (1985). Weiss (1993) did not report
pianktonic foraminifers from this interval but he correlated a
Larger foraminiferal Orbitoides media-Omphalocyclus
macroporus Assemblage Zone with the Globoturncanelia
havanensis and Globotruncana aegyptiaca Zones of Early
Maastrichtian age.

Early Tertiary Zonation

Before the 1960’s only sporadic occurrences of planktonic
foraminifers fromthe Rakhi Nala section were known Nagappa
(1959).

Latif (1961) was the first who proposed a zonation scheme
of the complete Tertiary interval. He defined zonal boundaries
based on the abundance of the respective species. Latif (1961)
and later on Samanta (1973) tend to develop planktonic
foraminiferal zonations of acme nature. Samanta (1973)
however, gave criteria to define zonal boundaries. He
appeared to follow Bolli & Cita (1964) and Luterbacher &
Premoli-Silva (1964). A number of problems were faced to

correlated these different zonations which are discussed

below.

Problem 1

McGowran (1968) tried to re-interpret the zones of Latif
(1961) and correlated with the standard planktonic Zones. The
occurrence of Gr. pseudomenardii before Gr. ehrenbergi from
his Gr. angulata Zone, needs verification where as the
occurrence of his Gr. aff. pseudomenardii together with Early
Eocene species is of particular interest to verify the total range
of this characteristic species in the Sulaiman Range.

Samanta (1973) reported the co-occurrence of both Gr.
pseudomenardii and Gr. ehrenbergi, from the same
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Figure 6- Distribution of Early Tertiary planktonic and benthic (larger and smaller) foraminifera.
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stratigraphical horizon. Weiss (1993) reported only Gr.
pseudomenardii from this level.

Because the upper most part of Gr. angulata Zone of Latif
(1961) show the presence of Gr. pseudomenardii, therefore,
the Gr. angulata Zone of Latif is correlated with the P3 and
base of P4 Zones of Berggren & Miller (1988) where as zones
of Samanta (1973) below the FO of Gr. pseudomenardii are
correlated with P3.

Probiem 2

A problem regarding the Rakhi Nala biostratigraphy is the
separation of Globorotalia crater FINLAY from Gr.
velascoensis (CUSHMAN) and Gr. caucasica (GLAESSNER).
The second zone of Latif (1961), the Globorotalia crater zone
is based on the common occurrence of Gr. crater. From the
reference list, it seems that he followed Hornibrook (1958),
who for the first time illustrated the holotype of Gr. crafer. This
illustration shows a great similarity with Gr. caucasica and Gr.
velascoensis. Blow (1979) examined FINLAY’s paratypes of
Gr. crater and concluded that the illustration as given by
Horibrook (1958) was not correct (Blow, 1979, p. 996), aiso
see comments of Berggren (1977). Latif (1961) reported Gr.
velascoensis from a limited interval of his Gr. crater Zone
which is from the middle part of the Dunghan Formation. It is
more or less the same stratigraphic interval from where
Nagappa (1959) reported Globorotalia aff. velascoensis while
Samanta (1973) and recently Weiss (1993) reported Gr.
velascoensis. There is a strong possibility that Latifs Gr. crater
is actually a form related to Gr. velascoensis. Moreover, Gr.
crater is always reported from the Early Eocene (P 6bto P 11
Zone, according to Blow, 1979). Therefore, the Gr. angulata
Zone of Latif (1961), which shows co-occurrence of both Gr,
pseudomenardji and Gr. velascoensis, (his Gr. crater) can be
correlated with most of the P4 and P5 Zones of Berggren &
Miller (1988).

Similarly, Samanta (1973) defined his Globorotalia
velascoensis Zones as an interval between the first
occurrence of Gr. velascoensis and the first occurrence of Gr,
subbotinae. But his Gr. velascoensis appears much eartier
than Gr. pseudomenardii. Therefore, his Gr. velascoensis
Zone is correlated with parts of the P4 and P5 Zones. Weiss
(1993) identified this interval as equivalent of the standard
Planorotalites pseudomenardii-Morozovella velascoensis
Zones (lower part) equivalent to P4-P6a Zones of Berggren &
Miller (1988).

The base of the Globorotalia aequa Zone of Samanta
(1973) is defined by the first appearance of Gr. subbotinae,
Gr. marginodentata and Gr. wilcoxensis. The base is also
marked by the disappearance of Gr. velascoensis. Samanta
(1973) correlated correctly this zone with the Gr. rex Zone of
Bolli (1957). Subsequent studies confirmed that Gr. rex, which
is now Gr. subbotinae (Stainforth et al. 1875), and Gr.
velascoensis occur together for a short period of time at the
end of the P5 Zone of Blow (1979). Toumarkine & Luterbacher
(1985) and Berggren & Miller (1988). The occurrence of Gr.
subbotinae has been used as a marker of the P6 Zone of
Blow(1979) and that of P6a Zone Berggren & Miller (1988).
Therefore, Gr. aequa Zone of Samanta (1973) is here
correlated with P6a Zone.

Probiem 3

In the Rakhi Nala section, Latif (1961) identified the
Globorotalia rex Zone in sample 3572. At the base of this zone
he reported Early Eocene species such as Gr. rex (=Gr.
subbotinae), Gr. aragonensis and Gr. broedermanni together
with Paleocene species, such as Gr. compressa and Gr.
pusilfa which might be a reworked element or a contamination
because their stratigraphic ranges do not fit together. Latif
(1961) placed this zone as a part of the Late Paleocene which
was placed by the original authors (Bolli 1957a, Bolli & Cita
1964) at the basal part of the Early Eocene.

According to McGowran (1968), the co-occurrence of Gr.
aragonensis with Paleocene species requires expianation.
Ignoring the presence of Gr. aragonensis he correlated Gr. rex
zone with the standard planktonic foraminiferal Gr.
velascoensis Zone of Bolli (1957a).

Samanta (1973) studied the same stratigraphic interval.
From sample 3138, he reported the last occurrence of Gr.
velascoensis. Inthe next sample above (3572, not 3672) which
is according to the scale approximately 25 feet higher, he
reported Gr. formosa formosa and Gr. broedermanni where as
from a slightly higher level, he reported Gr. aragonensis.

Weiss (1993) reported the co-occurrence of Gr. formosa
and Gr. aragonensis from the same level which was confirmed
by this study.

Therefore, Gr. rex Zone of Latif (1961) and Gr. formosa
Zone of Samanta (1973) are comrelated with the standard
planktonic foraminiferal Gr. subbotinae and Gr. formosa Zones
of Toumarkine & Luterbacher (1985) or with P6c¢ to P7 Zones
of Berggren & Miller (1988). whereas the Gr. forrmosa Zone of
Weiss (1993) is correctly defined according to the given
references.

This interpretation refiects a probable time gap, which is
equivalent to the P6 Zone of Biow (1979), to an interval from
the Morozovella edgari Zone to the lower part of the M
subbotinae Zone of Toumarkine & Luterbacher (1985), or to
the P6c Zone of Berggren & Miller (1988). Similarly, the resuilts
of Weiss (1988, 1993) show a time gap which might have
existed from the base of the M. edgar to the top of the M.
subbotinae Zone or, most probably, up to the lower part of the
M. formosa Zone. This gap might also result from large
sampling intervals. The time gap cannot be concluded from
the results of Kothe (1988), because the Early Eocene interval
which she reported is barren of nannoplankton.

Problem 4

The Globorotalia sp. 5 Zone of Latif (1961) is difficult to
correlate. This species with 5 globular chamber in last whorl
can be related to Gr. pentacamerata, therefore, tentatively
correlated with M. aragonensis Zone of Toumarkine &
Luterbacher (1985), lower part of P9 Zone of Blow (1979) and
P8 of Berggren & Miller (1988).
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Figure 7- Correlation of the various Paleocene-Eocene standard planktonic foraminiferal zonations in comparison with
the local zonations in Rakhi Nala area proposed by different authors.

A= Acarinina, G = Globigerina, H = Hantkenina,

M = Morozoveila, Mg =Muricoglobigerina, P = Planorotalites, Gr = Glogigerinithica, S=
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Figure 7- Correlation of the various Paleocene-Eocene standard planktonic foraminiferal zonations in comparison with
the local zonations in Rakhi Nala area proposed by different authors.
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Problem 5

The next two zones of Latif (1961), Hastigerina pseudoiota
and the Globigerina esnaensis Zones, are also of acme nature
which are likewise difficult to correlate exactly. According to
Blow (1979) Hastigerina psetdoiota HORNIBROOK (1958) is
a junior synonym of Pseudohastigenna wilcoxensis
CUSHMAN & PONTON (1932) ranging from P6b to P12 Zone.

The Globorotalia esnaensis Zone is based on the
abundantly present Globorotalia esnaensis. Blow (1979)
considered this species as a junior synonym of Gioborotalia
(Acarinina) wilcoxensis ranging from P6a to P7 Zone of
Berggren & Miller (1988). Latif (1961) reported Gr. palmerae
from this zone which is restricted to P9 Zone according to all
the references. The typical formof this species is not observed
rather an intermediate form between Planorotalites
pseudoscitulaand P. paimerae has been observed in the lower
part of Ghazij shale.

On the other hand, Samanta (1973) reported Gr. aspensis
which is ranging from P9 to P10 Zone from his Gr. aspensis
to Gr. esnaensis Zone. This species has also been observed
in this interval. He himself tentatively correlated his Gr.
aspensis to Gr. esnaensis Zone with the Gr. aragonensis Zone
of Balli (1957a) which is partially correct in the author's view.

Therefore, based on the discussion of species, Hastigerina
pseudoiofa and Globorotalia esnaensis Zones are correlated
with P9 Zone of Blow (1979), with the Morozovella
aragonensis and A. pentacamerata Zones of Toumarkine &
Luterbacher (1985), or with P8 to P9 Zone of Berggren & Miller
(1988). '

PALEOCENE/EOCENE BOUNDARY

Within the Dungan Formation (Lower Rakhi Ggj Shale),
there is possibility of a time gap or a condensed section which
might be close to the Paleocene/Eocene boundary. As awhole
this unit represent very slow sedimentation rate. About 775
thick interval of Lower Rakhi Gaj shaleis a chronostratigraphic
unit representing a time interval from M. angulata (P3) to M
formosa (P7) Zones of Berggren and Miller (1988) as
evidenced through all the previous and partially in present
planktonic foraminiferal studies. Additionally Kothe (1988)
identified nannoplanktons NP4 to NP9 Zones of Martini (1971)
within the same interval, also indicating slow sedimentation
rate approximately in 7-9 million years of time span in contrast
to the 3630’ thick Ghaxzij shale ranging in age from P8 to P9
Zones of Berggren & Miller (1986) representing approximately
2 million years of sedimentation time.

Following all the previous and fresh studies the resuit which
is more prominent is the occurrence of M. formosa Zone just
above the M. velascoensis Zone near the top most part of the
Dunghan Formation. Samanta (1973) has reported the last
occurrence of Gr. velascoensis at sample 3138, and from the
next sample 3572 (about 25 higher) he reported the first
occurrence of Gr. formosa formosa. By definition this very
short sedimentary interval (not studied by either of the author)
must be attributed to the P6¢ Zone of Berggren & Miller (1988)
considering the last and the first occurrences are evolutionary
disappearances and appearances, respectively. If this interval

belongs still to parts of the Gr. velascoensis and/or the Gr.
formosa Zones, it is likely that a hiatus might exist.

PALEOENVIRONMENTS

Informations regarding the paleoenvironments of the
different formations of the Rakhi Nala section were briefly
summarized by Nagappa (1959), Bayliss (1961) Kothe (1988)
and Weiss (1988)

Presently, palecenvironments of the Cretaceous to Eocene
sediments are based on the qualitative and semi-quantitative
analysis of planktonic and benthic foraminifers, presence and
absence of the larger foraminifera, Plankton/benthic ratio
which provides informations about the distance fromthe shore
line (Grimsdale & Morkhoven, 1955), keeled/non keeled ratio
of the planktonic foraminifers which reflect water depth
relationship (Hart, 1980).

Although the preservation of the foraminifers is poor,
however an attempt is made to show the diversity pattemn in
the sediments which is also a useful palecenvironmental
parameter to know about the water depth.

Late Cretaceous Formations

The top of the Mughal Kot Formation and the base of the
Fort Munro Formation show a relatively high P/B ratio, a
relatively high number of keeled planktonic foraminiferal
species, and a relatively high diversity of planktonic and
benthic foraminifers (Figure 8). This may indicate deposition
in an open marine, outer shelf paleoenvironment deeper than
100 meter water depth. The benthic foraminiferal genera
present are Lenticulina, Nodosaria, Bolivina, Gyrodina,
Gavelinella indicating a relatively deeper level of water depth
(Murray 1991). This is also supported by the absence of larger
foraminifers.

The lower-middle part of the Fort Munro Formation shows
a very low P/B ratio, scarce keeled planktonic foraminiferal
species and low planktonic and benthic foraminiferal diversity
(Figure 8). The situation may be interpreted still as an open
marine, outer shelf but tending progressively to shallowing
conditions. The dominance of Gavelinella accompanied by
Nodosaria, Bolivina favors relatively intermediate water
conditions on the shelf (Silter & Baker, 1972; Murray, 1991).
The interpretation is also favored by the presence of larger
foraminifers which are observed later in this section. The upper
part of the Fort Munro Formations observed quite barren of
planktonic foraminifers. A level where abundant larger
foraminifers were observed is also in this part indicating
shallow marine environments. Kothe (1988) reported rare
nannoplankton from this level. Therefore, the interval may .
indicate inner shelf conditions.

The samples from the Pab Sandstone were found
completely barren of foraminifers (Figure 4). Bayliss (1961)
also reported it barren of foraminifers and interpreted this
formation as deposited in shallow marine conditions possibly
of sand bar type. Kothe (1988) reported some nannoplankton
species from this unit and commented it as open marine.
Because the Pab Sandstone contains several shaly
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intercalations, it may be considered to be deposited under very
shallow to slightly open marine conditions which were
favourable for some species of the nannoplankton.

Early Tertiary Formations

There are no data fromthe Khadro Formation while the Bara
Formation was found completely barren of foraminifers by
Nagappa (1968), Bayliss (1961), Latif (1961), Samanta
(1973), Weiss (1993), and the author's study (Figure 6, 8).
There is also no nannoplanktons Kothe (1988).

~ The lower part of the Dunghan Formation is barren of all
kind of foraminifera whereas the upper part of the Dunghan
Formation yielded both planktonic and smaller benthic
foraminifers. A relatively high P/B ratio, a higher keeled to
non-keeled planktonic foraminiferal ratio, and a relatively high
faunal diversity (Figure 8) may indicate an open marine, outer
shelf palecenvironment. The benthic foraminiferal association
consisting of specimens of Anomalinoides, Pullenia,
Gauaryina, Nonionella and Cibicides alleni may aiso indicate
shallow outer shelf conditions (Murray, 1991). Complete
absence of larger foraminifers from this interval favor this
interpretation.

The lower part of the Ghazij Formation yielded common
planktonic foraminifers. Moderately high P/B ratio, higher
keeled to non-keeled planktonic foraminiferal ratio, high
diversity indicate an outer shelf paleoenvironment which is in
agreement with the commen occurrence of Wigerina,
Lenticulina, Nodosaria and Gyrodinoides specimens. The
absence of larger foraminifers aiso favored this interpretation.

Near the middle part of the Ghazij Formation, planktonic
foraminifers are reduced in specimen numbers and diversity
whereas new elements of larger foraminifers are introduced.
The accompanying benthic foraminiferal fauna consists of
specimens of Nonionelia, Cibicides, Quinqueloculina, Assilina
and Nummullites. This situation may indicates inner to middle
sheif paleoenvironment.

In higher parts, a sudden jump in the P/B ratio (sample RN
43) is observed together with an increase in the diversity of
planktonic foraminifers that exceeds the diversity of smaller
benthic foramrinifers. Larger foraminifers are stil increasing in
number. This may indicate a slight rise of the sea level or 5
deepening of the basin. Still higher, the F/B ratio decreases
abnormally. A remarkable decrease of planktonic foraminiferal
diversity and an increase of the benthic diversity is observed.
At this level, agglutinated benthic foraminifers started to
increase progressively together with an increase of larger
benthic foraminifers. This indicates a rapid shallowing and an
inner shelf paleoenvironment may be interpreted. The
increase of agglutinated benthic foraminifers indicates a
change in water properties at the water-sediment interface,
possibly controlled by the oxygen content and supply of
organic matter to the sediments. Low oxygen conditions may
be inferred near the top of the Ghazij Formation.

The topmost part (Shale with Alabaster) was not sampled
but the presence of thick gypsum beds with shale
Intercalations just above the shallow marine sediments of
rubbly limestone indicate shallow marine, restricted
conditions.

COMPARISON WITH BIOSTRATIGRAPHY OF UPPER
INDUS BASIN

During the course of this study, striking similarities between
the litho and biostratigraphical resuits of the Rakhi Nala area
with that of the Khairabad area (Western Sait Range) of the
Upper Indus Basin were observed (Afzal, in prep.). Amost the
same situation was published earlier by Kothe (1988), Afzal &
von Daniels (1991), and Weiss (1988, 1993).

At the western Salt Range, a completely pelagic sequence
of Late Paleocene to Eocene rocks is exposed where the
Paleocene-Eocene boundary fies within dark-gray shales of
the Patala Formation (an outer shelf facies ranging in age from
P6-P8b zones of Blow, 1979), overlain by limestone and shale
sequences of the Nammal Formation (an outer to middle shelf
facies ranging in age from P8b-P9 zones). The Nammal
Formation is exactly equivalent of Ghazij Formation (which
range in age from P8 to P9 Zone according to Blow, 1 979)
whichintumnis also overiain by massive gypsum deposits. This
striking comparison in terms of sediments, their age
relationship and their environment of deposition indicates a
great similarities in the paleogeographic set up on the western
margin of the Indian Plate and formation of isolated restricted
basins at the terminal E. Eocene time.

The shallowing upward sequence and the restricted marine
conditions at both localities, as discussed above and
additionally, thick evaporite deposit in Kohat (Jatta gypsum
equivalent to Sakesar and Chorgali formations in Potwar
depression) and an unconformity between Laki and Kirthar in
parts of Sind (Kadri 1995, P. 113) close to the end of Early
Eocene (P9) Zone are indicative of a widespread regression
traceable throughout the Indus Basin. This in turn, is in
accordance with the global sea level curve of Haqgetal. (1988),
showing a remarkable drop of sea level at the top of his TA2

super cycle.
CONCL.USIONS

Based on the analysis of 61 samples from the Late
Cretaceous to Early Eocene marine sediments of the Rakhi
Nala section (Sulaiman Range, Pakistan), biostratigraphical
and palecenvironmental data of foraminiferal investigations
are presented. Due to large sampling intervals, not all previous
results, as published in the large number of references, could
be confirmed. Nevertheless, an attempt was made to provide
a comprehensive comparison of present results with existing
data in the light of present status of knowiedge. Many
lithostratigraphical and biostratigraphical problems, which
were known before or hidden, are addressed in this study. It
has been tried to give a satisfactory explanation where it was
possible. The present results are a synthesis of all informations
available including new data. _

Lithostratigraphical and biostratigraphical informations
about the well known Rakhi Nala section have been published
since the beginning of this century. Contradictions regarding
the different lithoiogical units and their boundaries were found
to be the main reason for creating great confusion. The
lithological units and their boundaries mentioned here are
homogenized according to Shah (1977).
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The previously existing biostratigraphical data and
planktonic foraminiferal zonations as derived from planktonic
foraminiferal species are evaluated. Planktonic foraminiferal
zones given by different authors are reinterpreted and
correlated according to the modem definition of planktonic
foraminiferal zones after Berggren & Miller (1988).

The Late Cretaceous "Orbitoides Limestones and Shales"
of Eames (1952a), which was divided in two parts, the Mughal
Kot Formation and the Fort Munro Formation Shah (1977),
were dated as a whole as Campanian (Marks, 1962), as
Campanian to Maastrichtian (Nagappa, 1959; Kothe, 1988),
or as Maastrichtian (Bayliss, 1961; Weiss, 1993). The age of
both formations was accepted as Campanian to Maastrichtian
(Shah, 1977). The present study shows that the upper part of
the "Orbitoides Limestones and Shales" of Eames (1952a),
which is equivalent to the Fort Munro Formation, is clearly
Middle Maastrichtian in age. Two planktonic foraminiferal
zones, the Globotruncana aegyptiaca and Gansserina
gansseini Zones of Caron (1985) have been recognized. For
the underlying Mughal Kot Formation, it looks reasonable to
consider its age as Late Campanian to early Maastrichtian.

The age of the Early Tertiary "Lower Rakhi Gaj Shale" of
Eames (1952a), which is equivalent to the Dunghan Formation
Shah (1977), was also questionable, whether the unit is
restricted to the Paleocene (Nagappa, 1959; Bayliss, 1969;
Latif, 1961 and Kothe, 1988) or extended to the Eocene
(Samanta, 1973; Weiss, 1993). The results of this study are in
agreement with the results of Samanta (1971) and Weiss
(1993) that the age of the Dunghan Formation has to be
extended to the Early Eocene. The age of the Paleocene part
of the formation could not be confirmed. The presence of the
Morozovella formosa Zone of Toumarkine & Luterbacher
(1985), whichis equivalent to the P 7 Zone of Berggren & Miller
(1988), is confirmed just below the Irregularis Limestone Bed
(base of Ghazij).

The age of the Early Tertiary unit between the base of the
“Imeguiaris Bed" and the base of the "Platy Limestone" of
Eames (1952a), which is equivalent to the Ghazij Formation
Shah (1977), is in accordance with previous results. Two
planktonic foraminiferal zones, Morozovella aragonensis Zone
(its upper part) and Acarinina pentacamerata Zone of
Toumarkine & Luterbacher (1985), which are equivalent to the
P 9 Zone of Berggren & Miller (1988), have been identified in
the lower half of the Ghazij Formation. The lower part of the
Morozovella aragonensis Zone (=P 8 of Berggren & Miller,
1988), which could not identified, is expected at the base of
the Ghazij Formation.

The upper half of the Early Eocene Ghazij Formation is
barren of planktonic foraminifers but based on common
occurrence of larger foraminifers, was dated as Early Eocene.
According to the co-occurrences of larger foraminiferal
species, an Assilina granulosa - Nummulites crasseomnata -
Nummuiites hoogenradi - Dictyoconoides cooki Assemblage
is established and correlated with the P 9 Zone of Berggren &
Miller (1988).

The foraminiferal fauna of the Middle Maastrichtian Fort
Munro Formation indicates an open marine outer shelf
paleoenvironment. The overlying Pab Sandstone Formation is
considered as shallow marine.

The Late Paleocene-Early Eocene Dunghan Formation
indicates an open marine outer shelf paleocenvironment. The
lower half of the overlying Ghazij Formation indicates

deposition in an open marine, outer shelf palecenvironment
whereas its upper half reflects progressively shallowing
paleoenvironments from shallow outer shelf to inner shelf. The
top of the Early Eocene Ghazij Formation indicates completely
restricted marine palecenvironments. .

A time gap or a highly condensed section comprising the
Morozovella edgari Zone and the lower part of the M
subbotinae Zone (P 6b Zone) with in the zonation proposed
by Latif (1961) and Samanta (1973) or comprising the M
edgari Zone and the base of the M. formosa Zone (P6b to P7
Zone) by Weiss (1993) is expected within the Dunghan
Formation based on species occurrences. This gap can be
attributed to twenty five feet interval (not studied before). It is
recommended fo investigate this interval in detail.

The Paleocene-Eocene boundary lies near the top of the
Dunghan Formation. The situation found in the Rakhi Nala
area (Sulaiman Range, Lower Indus Basin) is similar to that
found in the Khairabad section (westem Salt Range, Upper
Indus Basin) where this boundary lies within the dark-gray
shales of the Patala Formation. The overlying Early Eocene

- Ghazij and Nammal Formations respectively range in age from

P8 to P9 Zones at both localities having more or less similar
palecenvironments. Both formations are overain by gypsum
deposits which refiect that at these localities Late Paleocene
to Early Eocene sedimentation may have been carried out
more or less in the same water depth range on the westemn
margin of the Indian Plate and formation of several isolated
restricted basins at the termination of E. Eocene time which in
tum is in accordance with the global sea level lowering as
shown by Haq (1988) at the top of his TA 2 super cycle.
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- Appendix:
List of taxa identified in this study

Late Cretaceous;
Planktonic foraminifers

Archaeoglobigerina cretacea (DORBIGNY), 1840
Globigerinelloides ultramicra (SUBBOTINA), 1949

Globotruncana arca (CUSHMAN), 1926
Globotruncana bulloides VOGLER, 1841
Globotruncana linneiana (D'ORBIGNY), 1839
Globotruncana insignis GANDOLFI, 1955
Globotruncana mariei BANNER & BLOW, 1960

Globotruncana rosetta (CARSEY), 1926
Globotruncana ventricosa WHITE, 1928
Globotruncana stuartiformis (DALBIEZ), 1955
Hedbergella hoimdelensis OLSSON, 1964
Heterohelix globulosa (EHRENBERG), 1840
Pseudoguembelina costulata (CUSHYAN), 1938
Pssudotextularia elegans (RZEHAK), 1891
Rosita fornicata (PLUMMER), 1931

Rosita patelliformis (GANOLFt), 1955

Larger foraminifers

Rotila trochidiformis (LAMARCK), 1804
Orbitoides tissoti SCHLUMBERGER, 1802

Benthic foraminifers

Bolivina arkadeiphiana midwayensis CUSHMAN &
PARKER, 1936

Coryphostoma incrassata (REUSS), 1851
Globorotalites michelinianus (D'ORBIGNY), 1804
Gyroidinoides primitiva HOFKER, 1957
Veerneuilinoides muensteri REUSS, 1854
Lenticulina macrodiscus

Gavelinella monterelensis MARIE, 1941

Early Tertiary:

planktonic foraminifers

Acarinina aspensis (COLOM), 1954

Acarinina broedermanni (CUSHMAN &
BERMUDEZ), 1949

Acarinina camerata (KHALILOV), 1949
Acarinina hagni (GOHRBRANDT), 1967
Acarinina pentacamerata (}SUBBOTINA), 1947
Acarinina pseudotopilensis (SUBBOTINA), 1953
Acarinina spinuloinflata (BANDY), 1948

Acarinina wilcoxensis wilcoxensis (CUSHMAN &
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PONTON), 1932

Acarinina wifcoxensis strabocella (LOWBLICH &
TAPPAN), 1957

Morozovella aequa dolabrata JENKINS, 1965
Morozovella acuta (TOULMIN), 1941
Morozovella aragonensis (NUTTALL), 1930
Morozovella formosa gracilis (BOLLI), 1957
Morozovella formosa formosa (BOLLI), 1957

Muricoglobigerina soldadoensis soldadoensis
(BRONNIMANN), 1952

Planorotalites elongata (GLAESSNER), 1937
Planorotalites pseudoscitula (GLAESSNER), 1939

Pseudohastigerina wilcoxensis (CUSHMAN &
PONTON), 71932

Subbotina frontasa (SUBBOTINA), 1953
Subbotina linaperta (SUBBOTINA), 1953
Subbotina triangularis WHITE), 1928
Turborolalia griffinae BLOW, 1979

Larger foraminifers

Assilina granulosa (D'ARCHIAC), 1847
Assilina spinosa DAVIS, 1937
Dictyoconoides cooki (CARTER), 1861
Lockhartia conditi (NUTTALL), 1926
Lockhartia hunti OVEY, 1947

Lockhartia hunti var. pustuiosa SMOUTH, 1954
Nummulites atacicus LEYMERIE, 1846
Nummulites crasseomnata (HENRICI), 1934
Nummulites globulus LEYMERIE, 1846
Nurmmulites hoogenraadi (DOORNINK), 1932
Operculina jiwani DAVIS, 1937

Foraminiferal Biostratigraphy of Rakhi Nala

Smaller Benthic foraminifers

Anomalinoides acuta PLUMMER, 1927
Asterigerian cuniformis HAQUE, 1956
Asterigenna texana HAQUE, 1956

Bulimina alsatica CUSHMAN & PARKER, 1937
Bulimina macilenta CUSHMAN & POTON, 1936
Cibicides alleni var. carinatus HAQUE, 1956
Cibicides lobatulus (WALKER & JACOB), 1798
Cibicides lobatulus var. patalaensis HAQUE, 1956
Cibicides mensilla SCHWAGER, 1883

Clavulina parisiensis ’ORBIGNY, 1826
Cydloloculina glabra WOOD & HAQUE, 1956
Eponides subumbonatus REUSS,

Gaudryina carinata FRANKE, 1914

Gaudryina laevigata FRANKE, 1914

Gaudryina pyramidata var. nitida HAQUE, 1956
Gaudryina dayi WHITE, 1928

Gaudryina midwayensis trochoidea PLUMMER, 1926
Nonionella bousanum (DORBIGNY), 1846
Pullenia quinquejoba REUSS, 1851

Textulania mississippiensis CUSHMAN, 1922
Triloculina sarahae HAQUE, 1956

Wigerna hoosti RANKNI

Virgulina cylindrica CUSHMAN & BERMUDEZ, 1937
Virgulina dubia HAQUE, 1956

PLATE 1

Cretaceous Planktonic Foraminifers
from the Rakhi Nala section
(Sulaiman Ra%% Pakistan)

(Scale bar = T00um)

Figure 1 Globotruncana arca (CUSHMAN)
sample RN 55, Fort Munro Formation

Figure 2 Globotruncana arca (CUSHMAN)
sample RN 50, Fort Munro Formation



Figure 3 Rosita fomicata (PLUMMER)
sample RN 53, Fort Munro Formation

Figure 4 Rosita fomicata (PLUMMER)
sample RN 48, Fort Munro Formation

Figure 5 Globotruncanita stuartiformis (DALBIEZ)
sample RN 48, Fort Munro-Formation

Figure 6 Globotfruncanita stuartiformis (DALBIEZ)
sample RN 52, Fort Munro Formation

Figure 7 Rosita &atelliformis GANDOLF)
sample RN 11, Mughal Kot Formation

Figure 8 Rosita patelliformis (GANDOLF)
sample RN 48, Mughal Kot Formation

Figure 9 Globotruncana ventricosa WHITE
sample RN 11, Mughal Kot Formation

Figure 10 Globotruncana ventricosa WHITE
sample RN 84, Fort Munro Formation

Figure 11 Hedbergella holmdelensis OLSSON
sample RN 48, Mughal Kot Formation

Figure 12 Globigerinelloides ultramicra SOBBOTINA
sample RN 48, Mughal Kot Formation

Figure 13 Archaeoglobigemia cretaces (D'ORBIGNY)
sampie RN 12, Fort Munro Formation

Figure 14 Pseudoguembelina costulata (CUSHMAN)
sample RN 48, Mughal Kot Formation

Figure 15 Pseudotextularia elegans (RZEHAK)
e RN 46 Meohal e P

Figure 16 Heterohelix ?Iobulosa (EHRENBERG)
sampie RN 55, Mughal Kot Formation

PLATE 2
Tertiany planktonic foraminifers
from the Rakhi Nala section
(Sulaiman Pakistan)

(Scale bar =
Figures 1-2 Planorotalites Falmer&gE(CUSCHMAN &
B RMUDEZzp-PﬁJdoc: ula (GLAESSNAR) 1989
sample RN 20, ij Formation
Figure 3 Subbotian fronfosa (SUBBOTINA)
sample RN 42, Ghazij Formation

Figure 4-5 Turborotalia griffinae BLOW
sample RN 42, Ghazij Formation

Figure 6-7 Acarinina g?ensis_ (COLOM)
sample RN 40, Ghazij Formation

Figure 8-9 Acarinina spinuloinfiata (BANDY)
sample RN 43, Ghazij Formation :

Figure 10-11 Acarinina pentacamerata (SUBBOTINA)
sample RN 40, Ghazij Formation

Jamil Afzal

Figure 12 Morozovella aff. formosa formosa (BOLLI)
sample RN 40, Ghazij Formation
(Note the poor preservation)

PLATE 3

Cretaceous and Tertiary benthic _
foraminifers from the Rakhi Nala section
Sulaiman Ran?e Pakistan
Scale bar = 100 microns

Figure 1-2 q)ﬂvidian aff. pnmitiva HOFKER
sample RN 11, Mughal Kot Formation

Figure 3 Globorotalites michelinianus (D' ORBIGNY)
sample RN 11, Mughal Kot Formation

Figure 4 Gavelineffa aff. quobosa (BROTZEN)
sample RN 48, Mughal Kot Formation

Figure 5 ?Valvulinena sp. ]
sample RN 48 Fort Munro Formation

Figure 6 Lenticulina aff. macrodiscus
sample RN 11, Mughal Kot Formation

Figure 7 Nonionella cf. boueanum (D'ORBIGNY)
sampie RN 41, Fort Munro Formation

Figure 8 Textularia sp.

sample RN 61, Fort Munro Formation

Figure 9 Vaginulin S Sp. .
sample RN 53, Fort Munro Formation

Figure 10 ?Textularia sp. _
sample RN 59, Fort Munro Formation

Figure 11 hostoma incrassata (REUSS)
sampie RN 12, Mughal Kot Formation

Figure 12 Nodosara sp. 1 _
sampie RN 12, Mughal Kot Formation

Figure 13 Bolivina sp. _
sampie RN 48, Fort Munro Formation

Figure 14 Virgulina dubia HAQUE
sample RN 40, Ghazij Formation

Figure 15-16 Wvigerina sp.
satmple BN 40, Ghazi Formation
Fiqure17 Bulimina arkgdelphiana midwayensis

CUSHMAN & PARKE _
sample RN 48, Mughal Kot Formation

Figure 18-19 Gaudryina aff. carinata FRANKE
sample RN 45, Ghazij Formation

Figure 20 Gaudryina nitida HAQUE
sample RN 46, ij Formation

Figure 21-22 Clavulina parisiensis (D'ORBIGNY)
sample RN 46, Ghazij Formation
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