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a b s t r a c t

Four inferred carbonate dissolution intervals are recognized at North Gunna section within the Dakhla
and Esna formations (Paleocene) of the Farafra Oasis of Egypt as the following: 1) at the Danian/
Selandian boundary (P3a/P3b), 2) at the upper part of Acarinina soldadoensis/Globanomalina pseudome-
nardii Subzone (P4c), 3) at the upper two third of the Morozvella velascoenis P5 Biozone and 4) at the
Paleocene/Eocene boundary of Morozovella velascoensis/Morozovella aragonensis-Morozovelia subbotinae
(P5/E5), where the P/E boundary is marked by major hiatus.

The essential indicators of dissolutionwithin the four intervals samples are low P/B ratios, high relative
abundance of the agglutinated taxa, high relative abundance of calcareous taxa resistant to dissolution,
especially Lenticulin, Cibicidoides and Anomalinoides and low relative abundance of susceptible calcareous
taxa, such as unilocular, uniserial and biserial taxa for the benthics and non-muricate taxa for the
planktonic, associated with the high percentage of organic carbon.

The probably factors may contribute to the dissolution of planktonic foraminiferal tests in the four
intervals of dissolution at the Farafra Oasis is that acidity produced by the degradation of organic matter
promotes dissolution in sediment pore waters.

© 2015 Published by Elsevier Ltd.
1. Introduction

In previous times, the Pg/E boundary publication focused on the
litho-, bio-, chemostratigraphy, mineralogy and sedimentology of
the Esna Formation at different stratigraphic section along the Nile
Valley (e.g., Dababiya, Qreiya, Owaina and Kilabiya sections) to
define the Global Stratotype-Section and Point (GSSP) of the Pg/E
boundary. The dissolution of planktonic and benthic foraminifera of
the Farafra Oasis was relatively neglected, in spite of the fact that it
represents part of the stratigraphic sequence in theWestern Desert.

A basic assumption in palaeoenvironmental studies is that fossil
assemblages reflect the initial biocoenosis and underlying envi-
ronmental signals (e.g. Berger and Diester-Haass, 1988; Nolet and
Corliss, 1990; Casieri and Carboni, 2007). However the planktonic
and benthic foraminifera are vulnerable to dissolution, but plank-
tonic foraminifera are generally more vulnerable than benthic
foraminifera because the former typically have porous chamber
walls designed to maintain buoyancy in surface waters. Thus
i).
leading to depressed P/B ratios (Berger, 1967, 1970, 1973; Peterson
and Prell, 1985; Dittert et al., 1999). Benthic foraminifera are in
general more dissolution resistant than planktonics, both in mod-
ern (Thunell, 1976; Peterson and Prell, 1985; Dittert et al., 1999) and
fossil assemblages (Petrizzo et al., 2008; Nguyen et al., 2009). The
relative abundance of benthic foraminifers may serve as an index
for carbonate dissolution at deep water sites (Schlanger and
Douglas, 1973; Thunell, 1976).

The majority of previous studies on foraminiferal dissolution
focused on the possible influence of calcite dissolution on the size
of calcareous foraminifera (Corliss, 1979; Corliss and Honjo, 1981);
factors controlling the dissolution of the assemblages (e.g., de
Vernal et al., 1992; Herrero and Canales, 2002); dissolution char-
acteristics of foraminifera (Berner et al., 1976; Peterson and Prell,
1985) and records of dissolution in foraminiferal assemblages, at
different levels and in different places (e.g., Stephen and Buzas,
2005; Tobin et al., 2005).

This study aims to investigate the effects of differential disso-
lution on the composition of foraminiferal assemblages. More
specifically, we examine differential dissolution between types of
planktonic foraminifera, changes in P/B ratio (%P), the number of
planktonic (PF) and benthic foraminifera (BF) and the morphologic
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Fig. 2. Geological map of the Farafra Oasis (Western Desert of Egypt).
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compositions of foraminiferal assemblages affected by dissolution.
Through this we assess the value of the commonly used forami-
niferal dissolution indices, P/B ratios, which are generally consid-
ered to be the best indicators of taphonomic dissolution in
Paleocene studies of the North Gunna section. Results from this
study are used for the first time in the Farafra Oasis (Fig. 1), where
the dissolution is observed in the foraminiferal assemblages of the
Dakhla and Esna formations.

2. Regional setting

The Farafra Oasis is one of the five major oases of the Western
Desert of Egypt. It lies 300 Kmwest of Assiut, 500 Km southwest of
Cairo, 200 Km southwest of Bahariya Oasis and 300 Km northwest
of Dakhla Oasis.

The Farafra depression is of irregular triangular shape with its
apex to the north; its breadth increases as one goes south. It is
surrounded from three sides by escarpments 120e160 m higher
than the floor. It is open to the south where its floor gently and
gradually merges into the general plateau of the desert to the south
and southwest. Only the eastern escarpment continues southwards
to join the northwestern escarpment of the Dakhla Oasis (Fig. 2).

The floor of the depression is mainly composed of chalk in the
northern half, slopes gently from south to north. Its monotony is
broken by few hills and dune area. A group of three hills lies about
15 km north of Qasr El Farafra. One of these hills called North
Gunna. The El- Quess Abu Said Plateau forms the northwestern and
western limits of the depression. It is bordered on northwestern
side by another depression.

From 90 km south of Farafra, the Khoman Chalk loses gradually
Fig. 1. Locali
its carbonate character and replaced by shale facies (Dakhla For-
mation). The shales and overlying Paleocene carbonate (Tarawan
Formation) make a steep scarp overlooking Abu Munqar miniature
oasis in the west and continues southward to bind the Dakhla
ty map.
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depression lying to the south (Issawi et al., 1999).
The Abu Munqar is situated within the lower units of the

Dakhla. The encroachment of the area by the eastern dunes of the
Great Sand Sea lying to its west-led the desertification of the oasis
and its abandonment.

The stratigraphic succession of the North Gunna section of the
Farafra Oasis exposes Upper Cretaceous, Paleocene, and Lower
Eocene strata. The carbonates are known as the Khoman Formation,
compose most of the Maastrichtian and early Paleocene strata in
the north of the oasis; these changes progressively southward into
shales (Dakhla Formation), with a persistent unit of white chalk at
their top (Tarawan Formation). The Tarawan supports in turn a
thick sequence of green gypseous shales (Esna Formation), capped
by buff biogenic limestones packed with alveolines; the latter are
called the Farafra Limestone.

2.1. The Khoman Formation (El-Akkad and Issawi, 1963)

In the present study, planktonic foraminiferal investigations
assigned the Khoman Formation to the Maastrichtian-Danian. The
North Gunna section starts with Khoman Chalk of about 10m thick,
where Barthel and Herrmann-Degen (1981) pointed out that the
Khoman Formation represents a fairly shallow marine suite on the
swell of the Bahariya Arch.

2.2. The Dakhla Formation (Said, 1962)

The Dakhla Formation marks the Lower Paleocene sequence
exposed in the study area, and is of particular interest because of its
rhythmic deposition of mudstones and siltstones. At the upper part
of the Dakhla Formation a glauconitic bed is present and the for-
mation attains a thickness of about 8 m.

2.3. The Tarawan Formation (Awad and Ghobrial, 1965)

The Tarawan Formation is composed of yellowish white to light
grey argillaceous limestone and marly limestone with thin in-
tercalations of clays at the lower part. The base of the Tarawan
Formation is piped by Callianassid burrow. A bioturbated
conglomeratic bed with phosphatic pebbles, vertebrate remains at
the base of the formation which may belong to sessile organisms
marks a hiatus between Dakhla and Tarawan formations. It attains a
thickness of about 6 m and the contact delineates a break in sedi-
mentation at the top of the Dakhla Formation.

2.4. The Esna Formation (Beadnell, 1905; emended by Said, 1962)

The Esna Formation conformably overlies the Tarawan Forma-
tion and underlies the Farafra limestone. The Esna Formation is
made up of grey shale in the basal part and green to violet shale in
its top part and it attains a thickness of about 39 m. Malak et al.
(1977) suggested that these shales were deposited in stagnating,
reducing, slightly alkaline water with an upper oxygenated surface
zone in which green algae lived and acted as the main source of
organic matter.

3. Material and methods

3.1. Foraminiferal study

Samples were obtained from fresh unweather bedrock after
removing surface contamination. A total 75 samples were analyzed
for this study.

Approximately 80 g of sediment were dried at 50e60 �C for 24 h
or longer and afterwards soaked in a Na2CO3 solution for a day.
After disintegration, the samples were washed over a 63 mm sieve
and dried at 50e60 �C; this treatment was repeated twice when-
ever the washed residues remained somewhat aggregated. After
complete disaggregation, the 125e630 mm size fractionwas used in
quantitative foraminiferal studies, especially those on the lower
Paleogene of North Africa (e.g., Speijer and Schmitz, 1998; Guasti
et al., 2005). A representative split for quantitative analysis
(approximately >300 planktonic and benthic specimens) was ob-
tained from the 125e630 mm fraction using a microsplitter. From
these splits, all planktonic and benthic specimens were picked,
identified, counted and permanently stored on micropaleontolog-
ical slides (Table 1). The Scanning Electron Microscope (SEM)
imaged specimens are part of the private collection of the senior
author, fresh samples and residues are stored at the Department of
Geology, University of Menoufia (Plates 1e3).

Preservation of planktonic foraminifera for this section is
generally good although dissolution of calcite shell is evident in
some samples. Then the numbers of specimens of all samples were
counted, together with the number of specimens belonging to each
architectural type (five main types of architecture are distin-
guished: unilocular, uniserial, biserial, planispiral and trochospiral)
(Table 1). The results from these counts were used to calculate P/B
ratios, the number and percentage of planktonic and benthic (Fp
and %Fp, Fb and %Fb, respectively), and agglutinated percentage.
The calculations are: P/B ¼ PF/(PF þ BF); %Fp ¼ Fp/(Fp þ PF); %
Fb ¼ Fb/(Fb þ BF).

3.2. Determination of total organic carbon content (TOC)

The total organic carbon content was determined for 75 rock
samples using a Hochtemperatur-TOC/TNb-Analysator (Liqui TOC)
after decarbonating. Thewhole rock samples were analysed for TOC
concentrates. About 200 mg pulverised sample was used for this
analysis. Carbonate was removed by treatment with 10% aqueous
hydrochloric-acid. The residual materials were used for the deter-
mination of TOC by combustion analysis of temperatures in excess
of 850 C�. The evolved gas (CO2) was measured quantitatively and
simultaneously by infrared detectors and recorded as percentage of
carbon.

4. Planktonic foraminiferal zonations

Stratigraphic distribution of the planktonic foraminifera in the
studied section at Gebel Gunna section is shown in text-Fig. 3. The
zonal scheme of Caron (1985), Li and Keller (1998a, b), Li et al.
(1999) and Arz and Molina (2002) is used here for the Cretaceous
planktonic foraminiferal zones. Meanwhile, the planktonic fora-
miniferal zonation of Berggren et al. (1995) and Berggren and
Pearson (2005) is using for the Paleocene zones. Planktonic fora-
miniferal biostratigraphic zones suggested in this work cover a time
interval ranging from the Late Maastrichtian to the Early Eocene. In
the present study, the recorded Cretaceous biozones at Gebel
Gunna section are Pseudogumbelina palpebra (CF2), where the latest
Cretaceous Plummerita hantkeninoides (CF1) and earliest Paleocene
Guembelitria cretacea (P0) were not recorded in the studied sec-
tions, although there are no recognizable unconformity signs.

In the present study, the recorded Paleocene planktonic fora-
miniferal biozones are arranged in stratigraphic order from older to
younger as follows; Praemurica uncinata Zone (P2) of Early Danian,
Morozovella angulata subzone (P3a) of Late Danian, Igorina albeari
Zone (P3b) of Early Selandian, Parasubbotina variospira Subzone
(P4a) of Late Selandian, Acarinina subsphaerica subzone (P4b) of
Latest Selandian-Early Thanetian, Acarinina soldadoensis/Globano-
malina pseudomenardii Subzone (P4c) of Early Thanetian and
Morozovella velascoenis Zone (P5) of Latest Thanetian.



Table 1
The distribution of architectural groups of benthic assemblages and planktonic foraminifera counts in the studied samples.

Formation Biozones Sample no. Benthic numbers Planktic
number

Unil-ocular Uni-serial Bise-
rial

Planis-
spiral

Tochospir. Aggluti-nated

Esna M. velascoensis
P5

69 Barren
68 5 14 7

52
9 108 17

67 Barren
66 e e e

76
e 72 33

65 4 9 4
53

3 60 60

64 e e e

4
e e e

63 14 14 e

75
12 45 84

62 8 4 10
50

10 87 105

61 7 e 7
32

e 99 15

60 e e e

42
12 46 28

A. soldadoensis
P4c

59 Barren
58 e e e

55
e 75 28

57 e 4 e

78
18 41 60

Tarawan A. subsphaerica
P4b

56 e e e

45
7 39 72

55 e e e

30
3 2 30

54 e e e

2
e e e

53 e e e

2
e e e

52 e 5 e e e 6 30
51 e 4 e

41
e 37 12

50 e 2 3
56

6 27 3

49 e e e

2
e e e

48 e e e

3
e e e

47 e 4 3
58

e e 36

46 e e e

2
e e e

45 2 e 2
26

2 e 39

44 4 3 e

14
e 8 27

43 e e 4
17

3 e 18

42 e 3 e

5
e 24 108

G.variospira
P4a

41 e 3 e

21
e 6 105

40 e 2 e

43
e 12 99

Dakhla I. albeari
P3b

39 e e e

57
e 23 87

38 e e e

54
e 17 99

37 e e e

65
e 6 100

36 e e e

56
4 4 87

35 e e e

60
e 5 80

34 e e e

55
e 5 92

33 e 3 6
57

7 6 87

M. angulata
P3a

32 Barren
31
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Table 1 (continued )

Formation Biozones Sample no. Benthic numbers Planktic
number

Unil-ocular Uni-serial Bise-
rial

Planis-
spiral

Tochospir. Aggluti-nated

30
29
28
27 e 9 e 22 e 76 30
26 2 21 e 50 3 70 17
25 e e e e e 4 e

24 e 20 e 40 e 74 43
23 e 58 e 89 e 36 102
22 14 47 e 87 e 17 90
21 11 e e e e e e

20 20 14 e 47 e 12 74
P. uncinata
P2

19 4 3 e 38 e 24 93
18 2 5 3 39 3 42 102
17 e e 2 16 e 6 45
16 4 6 3 44 2 30 75
15 e e 2 33 e 16 66
14 2 3 2 29 e 3 75
13 7 17 8 90 4 18 162
12 2 2 4 50 2 e 198
11 4 3 e 34 e 12 138
10 9 17 4 78 e 3 166
9 e 3 e 30 e 6 42
8 5 3 2 28 2 6 165
7 12 5 e 49 e 9 102
6 e e e 48 e 6 108
5 18 e 12 52 e 24 39

Khoman 4 e e e 70 e 9 111
3 11 10 e 59 e 3 102

P. palbepra
CF2

2 Not studied
1

O.H. Orabi, A.S. Zaky / Journal of African Earth Sciences 113 (2016) 181e193 185
The P/E boundary is marked by major hiatus recorded at North
Gunna section. This boundary lies within the Esna Formation at
Morozovella velascoensis/Morozovella aragonensis-Morozovelia sub-
botinae (P5/E5) zonal boundary with major hiatus that well docu-
mented by the absence of the E1, E2, E3 and E4 zones of Early
Eocene age. This finding is not in line with the foraminiferal
assemblage studied from Dababiya Quarry section near Luxor,
Egypt. This locality hosts the Global boundary Stratotype Section
and Point (GSSP).

5. Interval of dissolution

5.1. First interval of dissolution

The benthic foraminiferal assemblage of the upper part of M.
angulata Biozone (P3a) is characterized by the richness of arena-
ceous foraminifera as Dorothia conulus, Vulvulina colei, Migros
midwayensis, Gaudryina soldadoensis, Pseudoclavulina amorpha and
Pseudoclavulina globulifera (Plate 2). Meanwhile, the recorded
calcareous benthic assemblage is rare diversified, moderate pre-
served and represented by Lagena apiculata, Stilostomella gracillima,
Cibicidoides praecursoria and Gyroidinoides subangulata (Plate 3). It
is worth mention that most planktonic foraminiferal numbers of
samples 26e27 are rare and show dissolution pattern overlain by
barren interval at the upper part of this biozone (Table 2).

5.2. Second interval of dissolution

The benthic foraminiferal assemblage recorded in
A. soldadoensis/Globanomalina pseudomenardii Subzone (P4c)
(sample 57e58) is dominated by rich agglutinated genera specially
Dorothia and Valvulina and very scars of planktonic forams. The
agglutinated genera represented by Dorothia bulletta, D. conulus,
Dorothia glabrella, Vulvulina colei, Vulvulina advena, Marsonella
oxycona, Textularia cf. plummerae, Psammosphaera fusca, Mil-
iammina sp., P. amorpha and P. globulifera (Plate 2). Meanwhile, the
calcareous forams are few and represented by Lenticulina pseudo-
mamilligera, Lenticulina oligostegia, Anomalinoides affinis, S. gra-
cillima and G. subangulata (Plate 3). The planktonic foraminifera are
few and show dissolution pattern overlain by barren interval at the
upper part of this biozone (Table 3).

5.3. Third interval of dissolution

At the upper two third of M. velascoensis Biozone (P5) the
dissolution pattern is well recognized at sample 66 (Fig. 4) which
represented by high content of arenaceous forms as D. bulletta,
D. conulus, D. glabrella, Vulvulina colei, V. advena, M. oxycona, Tex-
tularia cf. plummerae, Textularia punjabensis, P. fusca, Haplo-
phragmoides excavatus, P. amorpha, P. globulifera and Trochammina
uniatensis. The calcareous one is moderate content and some fo-
rams of planktonic genera show dissolution at last chamber (Plate
1). Thus dissolution leads to a decrease in diversity and the abso-
lute number of specimens also decreased with the decreasing
number of taxa (Table 4). It is worth mention that the top of this
biozone is overlain by barren interval (sample 67).

5.4. Fourth interval of dissolution

The planktonic foraminifera are very few in the Paleocene/
Eocene boundary of M. velascoensis/Morozovella aragonensis-M.
subbotinae (P5/E5) (sample 68) and overlain by barren interval
(sample 69). The planktonic foraminifera are much more vulner-
able to dissolution than benthic foraminifera, leading to depressed
P/B ratios at this interval (Fig. 4). The calcareous benthic forams are
represented by moderate content of L. oligostegia,



Plate 1. Shows the dissolution susceptibility of some planktonic foraminifera genera. 1, 2- Pseudohastegerina wilcoxensis (Cushman and Ponton), 1- dorsal view, 2-ventral view,
sample 66, North Gunna section; 3, 4- Parasubbotina variospira (Belford), sample 59, North Gunna section; 5, 6- Praemurica inconstans (Subbotina), 5- dorsal view, 6- ventral view,
sample 59, North Gunna section; 7- Igorina albeari (Cushman and Bermúdez), sample 32, North Gunna section; 8- Subbotina cancellata (Blow), sample 62, North Gunna section; 9-
Acarinina subsphaerica (Subbotina), sample 58, North Gunna section; 10, 11- Acarinina coalingensis (Cushman and Hanna), 10-ventral view, 11- side view, sample 61, North Gunna
section.

O.H. Orabi, A.S. Zaky / Journal of African Earth Sciences 113 (2016) 181e193186
L. pseudomamilligera, Dentalina eocenica, Nodosaria redicula, Lagena
striata, Bolivinopsis spectablis, Vaginulinopsis austinana, Loxostomum
tegulatum, Globobulimina suteri, Bulimina inflate, Cibicidoides phar-
aonis, Cibicidoides succedens and Anomalinoides umboniferus
(Table 5).

Similarly, the fourth interval of carbonate dissolution is
represented by high content of arenaceous forms as the underlying
sample 66 of third interval with addition the presence of Gaudryina
rectiangulata, Gaudryina rudita, Gaudryina elegantissima and Spi-
roplectammina dentata.

Generally the following criteria within the four intervals bed are
potential indicators of dissolution: 1) low P/B ratios; 2) low



Plate 2. Shows the agglutinated foraminifera species occurred at the four intervals of dissolution. 1- Psammosphaera fusca SCHULTZE, 1875, sample 14; 2- Trochammina
uniatensis TAPPAN; 1988, sample 11; 3-Haplophragmoides excavatus CUSHMAN and WATERS, 1927, sample 5; 4- Spiroplectammina dentata (ALTH, 1850), sample 12; 5- Vulvulina colei
CUSHMAN, 1932, sample 22; 6- Vulvulina advena CUSHMAN, 1948, sample 59; 7-Gaudryina elegantissima SAID and KENAWY, 1956, sample 63; 8-Gaudryina rectiangulata TEN DAM
AND SIGAL, 1950, sample 66; 9-Gaudryina rudita SANDIDGE, 1932, sample 69; 10-Gaudryina soldadoensis CUSHMAN and RENZ, 1942, sample 26; 11-Migros midwayensis (PARR,
1935), sample 12; 12-Dorothia bulletta (CARSEY, 1926), sample 10; 13-Dorothia conulus (REUSS, 1845), sample 19; 14-Dorothia glabrella CUSHMAN, 1933, sample 3; 15- Marsonella
oxycona (REUSS, 1860), sample 70; 16-Pseudoclavulina amorpha CUSHMAN, 1926, sample 61; 17-Pseudoclavulina globulifera (TEN DAM and SIGAL, 1950), sample 11; 18-Textularia
punjabensis HAQUE, 1956, sample 6; 19-Textularia cf. plummerae LALICKER, 1935, sample 50.
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foraminiferal numbers; 3) high relative abundance of the non-
calcareous agglutinated taxa; 4) high relative abundance of
calcareous taxa resistant to dissolution, especially Lenticulina; 5)
low relative abundance of susceptible calcareous taxa, such as
unilocular, uniserial and biserial taxa for the benthics and non-
muricate taxa for the planktonics; and 6) low simple diversity,
which coincide with the observation of Nguyen and Speijer (2014).

Four inferred carbonate dissolution intervals are recognized at
the Dakhla and Esna formations of the Farafra Oasis of Egypt; 1) at
the Danian/Selandian boundary, 2) at the upper part of Acarinina



Plate 3. Shows some calcareous foraminifera species occurred at the four intervals of dissolution. 1- Nodosaria limbata D'Orbigny, 1932, Sample 65; 2- Nodosaria redicula
(LINNE, 1956), Sample 68; 3- Dentalina colei CUSHMAN and DUSENBURY, Sample 27; 4- Dentalina eocenica CUSHMAN, 1966, Sample 63; 5- Lenticulina navicula (SCHWAGER, 1883),
Sample 65; 6- Lenticulina pseudomamilligera (PLUMMER, 1927), Sample 68; 7- Lenticulina oligostegia (REUSS, 1860), Sample 58; 8- Lenticulina midwayensis (PLUMMER, 1927), Sample
58; 9- Lagena sulcata (WALKER and JACOB, 1798), Sample 68; 10- Lagena apiculata (REUSS, 1851), Sample 22; 11- Lagena globosa (MONTAGU, 1803), Sample 20; 12- Loxostomum
tegulatum (REUSS, 1845), Sample 26; 13- Bulimina inflate (KENNETT, 1966), Sample 14; 14- Stilostomella midwayensis (CUSHMAN and TODD, 1946), Sample 26; 15- Cibicidoides
abudurbensis (NAKKADY, 1950), Sample 68; 16- Cancris auricular (EITCHTEL and MOLL, 1798), Sample 58; 17- Anomalinoides umboniferus (SCHWAGER, 1883), Sample 66; 18-
Cibicidoides pharaonis (LEROY, 1953), Sample 66; 19- Cibicidoides praecursoria SCHWAGER, 1883, Sample 63; 20- Gyroidinoides subangulata (PLUMMER, 1927), Sample 50; 21-
Anomalinoides granosa BROTZEN, 1945, Sample 62.
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soldadensis P4c Biozone, 3) at the upper two third of theMorozvella
velascoenis P5 Biozone and 4) at the Paleocene/Eocene boundary
(P5/E5). These intervals are characterized by high percentages of
non-calcareous agglutinated taxa (Fig. 4) (Table 1).
6. Faunal patterns

1 The benthic foraminiferal assemblage of the Danian/Selandian
(P3a/P3b) is characterized by the richness of arenaceous



Fig. 3. Range chart of the common planktonic foraminiferal species in North Gunna section, Farafra Oasis, Egypt.

Table 2
Calcareous benthic foraminiferal species counts in the studied samples from P3a Biozone of the first interval of dissolution.

Calcareous Benthic Foraminifera Sample no.

20 21 22 23 24 25 26 27 28e32
Barren

Lagena apiculata 12 11 14 e e e 2 e e

Stilostomella gracillima 14 e 47 58 20 e 21 9 e

Gyroidinoides subangulata e e e e e e 3 e e

Cibicidoides praecursoria 47 e 87 89 40 e 50 22 e

Total 73 11 148 147 60 e 76 31 e
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foraminifera as Dorothia conulus, Vulvulina colei, Migros mid-
wayensis, G. soldadoensis, P. amorpha and P. globulifera, where
the top of P3a Biozone is barren from foraminifera.

2 The planktonic taxa, in the upper part of A. soldadoensis Biozone
(P4c) and in M. velascoensis Biozone (P5), Subbotina, Acarinina
and Morozovella are the major components of the planktonic
assemblages, whereas Igorina, Parasubbotina and Globanomalina
constitute just minor parts (Fig. 5).
Table 3
Calcareous benthic foraminiferal species counts in the studied samples from P4c
Biozone of the second interval of dissolution.

Calcareous Benthic Foraminifera Sample no.

57 58 59
Barren

Lenticulina pseudomamilligera 33 15 e

Lenticulina oligostegia 24 18 e

Anomalinoides affinis 21 22 e

Gyroidinoides subangulata 18 e e

Stilostomella gracillima 4 e e

Total 100 55 e
3 For the benthic taxa, the few presences of L. apiculata and
L. striata (uniloculars), S. gracillima and D. eocenica (uniserial),
Loxostomum tegulatum (biserial) respectively indicate they are
most dissolution susceptible in the four intervals recognized in
the studied section (Tables 2e5). Meanwhile, the most resistant
group is composed of trochospirals and planispirals as indicated
by high numbers of L. pseudomamilligera, L. oligostegia, C. prae-
cursoria, A. umboniferus and A. affinis.
7. Discussion

1 The quantitative studies in the four intervals shows that the
unilocular are the most dissolution vulnerable followed by the
uniserial and biserial groups (Fig. 6). The two spiral groups are
the most dissolution resistant. Particularly robust planispiral
and trochospiral taxa are Lenticulina, Cibicidoides and Anom-
alinoides. These findings are in line with other quantitative
studies (e.g., Douglas, 1973; Martin et al., 1995; Yasuhara et al.,
2012). Accordingly, the planispiral Lenticulina is documented
to be the most dissolution resistant taxa, whereas rotaliines



Fig. 4. The dissolution intervals of planktonic foraminifera in North Gunna section.
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such as Cibicidoides and Anomalinoides have an intermediate
susceptibility and biserial hyaline taxa are the most susceptible
(Nguyen et al., 2009; Nguyen and Spijer, 2014).

2 In the four intervals the high relative abundances of aggluti-
nated taxa suggesting that these intervals have experienced
severe dissolution. The faunas consisting entirely or dominantly
of agglutinated forms is attributed to brackish environments or
stagnant conditions (Løfaldli and Nagy, 1980; Nagy et al., 1988,
1990). The increased organic carbon together with the
Table 4
Calcareous benthic foraminiferal species counts in the studied samples from the
upper two third of P5 Biozone of the third interval of dissolution.

Calcareous benthic foraminifera Sample no.

60 61 62 63 64 65 66 67
Barren

Gyroidinoides girardanus 7 e 2 4 e 3 e e

Siphogerenoides eleganta 2 e e e e e e e

Stilostomella midwayensis e e 3 e e 6 e e

Stilostomella gracillima e e 1 e e 3 e e

Valvulineria scrobiculata 1 e 1 e e e e e

Cibicidoides pharaonis 4 3 4 5 e 7 13 e

Cibicidoides succedens 6 4 8 12 e 8 3 e

Lagena apiculata e 3 3 6 e 3 e e

Lagena sulcata e 4 5 8 e 1 e e

Astacolus gryi 3 2 e 3 e e e e

Astacolus bifurcatus i 2 1 e 2 e e 4 e

Vaginulinopsis austinana e e 3 4 e e e e

Loxostomum tegulatum e 7 4 6 e 4 e e

Loxostomum applinae, e 3 6 8 e e e e

Pullenia quinqueloba e e 1 2 e e e e

Stainforthia farafraensis e e 3 2 e e e e

Lenticulina pseudomamilligera 7 7 12 15 4 12 9 e

Lenticulina oligostegia 5 3 3 5 e 3 11 e

Bulimina inflate 2 e e e e e e e

Anomalinoides cf. acutus 7 4 9 14 e 9 7 e

Anomalinoides umboniferus 5 3 3 8 e 6 16 e

Anomalinoides ekblomi 3 2 4 10 e 4 8 e

Osangularia plummerae e 3 7 1 e 4 5 e

Total 54 46 82 115 4 73 76 e
virtually agglutinated nature of the assemblages imply that the
depositional beds of these intervals experienced dysaerobic
bottom conditions with lower PH. Such conditions would
exclude calcareous assemblages, which were presumably less
tolerant of dysoxia and low PH than agglutinated faunas (e.g.,
Phleger, 1960; Murray, 1967, 1973; Bradshaw, 1968).

3 At the fourth dissolution intervals the relative decrease of the
planktonic foraminiferal number (PFN) compared to the benthic
one (BFN) (Table 1), leads to a decrease of P/B ratios, depressed
abundance of Subbotina, or increased abundance of Lenticulina
(e.g., Canudo et al., 1995; Lu et al., 1998) that are potentially
indicative of dissolution. The dissolution of the foraminiferal
assemblage indicates that planktonics are generally more
vulnerable to dissolution than benthics (e.g., Thunell, 1976;
Thunell and Honjo, 1981; Metzler et al., 1982; Peterson and
Prell, 1985; Dittert et al., 1999). Berger (1973) estimated that
benthic foraminifera are on the average approximately three
Table 5
Calcareous benthic foraminiferal species counts in the studied samples from the
upper most of P5 Biozone of the fourth interval of dissolution.

Calcareous benthic foraminifera Sample no.

68 69
Barren

Lagena striata 5 e

Bolivinopsis spectablis 2 e

Vaginulinopsis austinana 4 e

Loxostomum tegulatum 5 e

Dentalina eocenica 5 e

Nodosaria redicula 9
Bulimina inflate 3 e

Globobulimina suteri 2 e

Lenticulina pseudomamilligera 12 e

Lenticulina oligostegia 10 e

Cibicidoides pharaonis 10
Cibicidoides succedens 7
Anomalinoides umboniferus 15 e

Total 89 e



Fig. 5. Planktonic foraminiferal biozonation, relative population abundances of species from the Paleocene of North Gunna section.
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times less susceptible to calcite dissolution than planktonics
(Fig. 7).

4 The benthic foraminiferal assemblage of the Danian/Selandian
(P3a/P3b) is characterized by the richness of arenaceous fora-
minifera. The presence of glauconitic beds (sample 28e30) at
the base of I. albeari (P3b) Biozone associated with the high
percentage of TOC is marked by declination in P/B ratio and
increase in agglutinated percentage (Fig. 4). At these beds the
benthic are dominated by shallow forams (e.g., Dorothia, Len-
ticulina and Anomalinoides) and the high contents of organic
matters, which dissolved planktonic calcareous foraminiferal
tests. Glauconite is generally, associated with slow deposition,
under reducing conditions on the continental margin and
facilitated by presence of organic matter (Reading, 1986).

5 Among to the planktonic foraminifera of Paleocene taxa, the
results confirm previous experimental results on differential
Fig. 6. Shows the distribution of number of specimens belonging to each arc
dissolution susceptibility at generic level (Nguyen et al., 2009).
Accordingly, the large muricate Acarinina and Morozovella are
most resistant, followed by the cancellate Subbotina and the
muricate Igorina (Quill�ev�er�e and Norris, 2003) (Fig. 5). At species
level, the thick-walled A. soldadoensis, A. subsphaerica, and the
large M. subbotinae are the most resistant species. Most of the
large Morozovella species such as M. aequa, M. angulata and
M. aragonensis, together with A. subsphaerica P. variospira, Sub-
botina cancellata show average dissolution resistance.
8. Summary and conclusion

Four inferred carbonate dissolution intervals are recognized in
the Farafra Oasis of Egypt; 1) at the Danian/Selandian boundary of
the Dakhla Formation (P3a/P3b), 2) at the upper part of A.
hitectural type of calcareous benthic foraminifera in different intervals.



Fig. 7. Shows the distribution of number of planktonic, calcareous benthic and agglutinated specimens in different intervals.
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soldadoensis/Globanomalina pseudomenardii Subzone (P4c ((Early
Thanetian), 3) at the upper two third part of the Morozvella velas-
coenis (P5) biozone (Latest Thanetian) and 4) at the Paleocene/
Eocene boundary of M. velascoensis/Morozovella aragonensis-M.
subbotinae (P5/E5) of the Esna Formation. These intervals are
characterized by high absolute numbers of calcareous benthic
foraminifera and high percentages of non-calcareous agglutinated
taxa. The statistical analysis of planktonic foraminifera of North
Gunna section confirms Subbotina and Parasubbotina are the most
dissolution-susceptible taxon in the studied assemblages, whereas
Acarinina and Morozovella are less dissolution-prone.

The presence of glauconitic beds at the base of I. albeari (P3b)
Biozone associated with the high percentage of TOC of the upper
part of the Dakhla Formation is marked by declination in P/B ratio
and increase in agglutinated percentage. At these beds the high
contents of organic matters dissolved planktonic foraminiferal
tests. Glauconite is generally, associated with slow deposition,
under reducing conditions on the continental margin and facili-
tated by presence of organic matter.

The few presences of L. apiculata and L. striata (uniloculars), S.
gracillima and D. eocenica (uniserial), Loxostomum tegulatum (bise-
rial) respectively indicate they are most dissolution susceptible in
the four intervals recognized in the studied section. Meanwhile, the
most resistant group is composed of trochospirals and planispirals
as indicated by high numbers of L. pseudomamilligera, L. oligostegia,
C. praecursoria, Anomalinoides umboniferus and A. affinis.
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