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This presentation focuses on the work carried out in the Haymana Basin
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Outline of the work on Haymana Basin

* Events across the K-Pg boundary

* Quantitative analysis:
63-150 um & >150 um

* Relative Abundances
and Species Richness

* Paleobathymetric
Analysis
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Paleobathymetric Calculation

Planktic/Benthic

Ave
: 0HpP = :
Ratio & (P + B) < 100 Depth
Van der Zwaan _ 3.58718+(0.03534+%P) 381m
et al. (1990) DEpEn ) = &
De Rijk et al. Depth(D) = e(%P+819)/24 490m

(1999)
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Nye Klov, Denmark
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El Kef, Tunisia Haymana Basin, Turkey ODP Site 738,

Agost, Spain (GSSP) (This Study) Southern Indian Ocean
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A) Paleobathymetric variations
(depth in meters) through
Maastrichtian are based on
formulas of: Van der Zwaan et al.
(1990) (upper graph), De Rijk et al.
(1999) (lower

graph). White bars represent
standard errors. Paleobathymetric
calculations revealed 400 m
paleodepth for our study area
corresponding upper bathyal
zone.

B) Paleodepth of the study area in
the Haymana Basin and its
comparison with worldwide K-Pg
boundary sections. Image modified
after MacLeod and Keller (1994) and
Molina et al. (2006 and references
therein).
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Quantitative Analysis

*63-150 ym & >150 um size fractions

* Relative abundance and species richness
changes across the K-Pg boundary



Quantitative Analysis

Population at >150 pum fraction

94 individual count per sample

Average 40 species richness

CRETACEOUS PALEOGENE

P. hariaensis PO

P. eugubina

UH-30 UH-31 UH-32 UH-33 UH-34 UH-35 UH-36 UH-37 UH-38 UH-39 UH-40 UH-41 UH-42 UH-43 UH-44 UH-45 UH-46 UH-47 UH-48 UH-49|E+2cm UH-50 UH-51

UH-52 (UHKB-4)

Globotruncana aegyptiaca
G. arca
G. bulloides

(Globotruncana sp.
(Globotruncanita angulata

G. wiedenmayeri
[Rugoglobigerina rugosa

. hexacamerata

R macrocephala

R. milamensis

R. pennyi

[Rugoglobigerina sp.

Trinitella scotti

Kuglerina rotundata
|Archaeoglobigerina blowi

|A. cretacea

|A. australis

|Archeoglobigerina sp.
Plummerita reichelli

Plummerita hantkeninoides
Plummerita sp.
[Muricohedbergella holmdelensis

‘Globigerinelloides" multispinus
'G." subcarinatus
'G." prairiehillensis

Heterohelix globulosa
H. labellosa

Planoglobulina acervulinodes
P. brazoensis

Unidentified planktonic foraminifer
Total Count

BENTHIC COUNT

Estimated Depth (m) by formula of
Van der Zwaan et al. (1990)
|average Depth (m)

5split 5split Ssplit Ssplit 5split Ssplit Ssplit 6split Ssplit Ssplit Ssplit Ssplit 5split 6split 5split Gsplit 5split 6split Gsplit 6split| 2split nosplit_nosplit
1 1 7 2 4 2 12 1
4 a 3 1 1
3 5 6
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Ci
()
Average >80 Indiviaual per sample
A ) . ) . a a a
C/
System CRETACEOUS PALEOGENE
Biozone P. hantkeninoides PO | P. eugubina
Sample No UH-30 UH-31 UH-32 UH-33 UH-34 UH-35 UH-36 UH-37 UH-38 UH-39 UH-40 UH-41 UH-42 UH-43 UH-44 UH-45 UH-46 UH-47 UH-48 UH-49 E+2cm UH-50 UH-51  UH-52 (UHKB-4)
Split No 10split  10split  10split  10split  11split 1lsplit  10split 1lsplit 10split 10split  9split  10split 10split  11split 1lsplit  11split 11split  12split  11split  12split [ 9split  nosplit nosplit
Guembelitria cretacea 100 98 87 96 49 41 91 68 135 98 127 46 38 35 46 27 35 33 156 71 83
Globotruncana hilli 1
Globotruncanita pettersi 1 2 1 1
Globotruncanella citae 1 1 1 1 1
G. havanensis 2 2 1 1
G. petaloidea 2
G. minuta 5 5 1 2 1 1 1 6 3 2 1 1 2
Globotruncanella sp. 1 1 1 1 2 4
lobigerina h ata 1
R. macrocephala 1
Archaeoglobigerina blowi 1
A. cretacea 1
Plummerita hantkeninoides 1
Muricohedbergella holmdel 6 5 11 4 2 1 11 8 1
M. monmouthensis 6 2 1 2 1 1 2 4 2
Muricohedbergella sp. 12 8 2 3 1 2 2 1 5
'Globigerinelloides' sub 8 7 5 7 4 4 3 2 4 2 3 4 4 3 4 3 5 4 2
'G." prairiehillensis 1 1 1
'G." asper 4 9 7 8 2 5 2 1 4 4 9 5 7 4 1 4 6 4 No Data.
'G." alvarezi 2 4 2 3 1 1 6 4 3 3 6 8 3 9 7 15 14 7 9 9 2 Recrystallization
'G." ultramicrus 1 3 6 2 3 and Poor
'G." rosebudensis 1 1 3 Preservation
'G." mendezensis 1 1 1 1
'Globigerinelloides" sp. 38 39 28 26 18 14 54 26 29 20 39 29 24 22 31 36 51 6 27 9 1
Heterohelix globulosa 71 86 87 67 64 40 97 78 99 98 133 88 56 42 106 134 189 63 335 124 27
H. labellosa 1
H. navarroensis 15 5 16 9 6 8 6 9 5 4 12 8 2 2 7 5 14 9 40 15 1
H. planata 27 16 28 10 16 10 12 14 18 5 8 24 14 15 19 17 15 14 23 13 1
H. punctulata 2 7 2 2 4 6 3 5 2 5 6 3 3 3 3 1
Heterohelix sp. 41 39 29 44 56 40 75 39 80 54 83 60 45 33] 80 97 167 32 115 42 23
Laeviheterohelix dentata 13 8 13 5 4 4 6 2 3 6 18 20 4 14 18 4 6 10 20 18 2
L. glabrans 7 16 6 8 6 2 8 5 12 13 10 1 1 2 2 2 8 4 1
Pseudotextularia nuttalli 1 1 1
F d beli I 2 1
P. kempensis 1
Hartella harti 11 10 4 2 5 7 9 5 8 2 7 9 8 B] 13 1 21 12 26 16
Unidentified planktonic foraminifer 22 29 35 55 33 21 40 40 38 25 54 46 15 23 34 49 63 15 38 19 26
Total Count 391 396 369 355 270 200 413 297 453 345 515 365 228 215 374 421 607 215 807 350 170
Species Richness 18 21 15 17 13 12 15 13 14 13 13 11 13 10 11 17 18 13 14 12 9
Average richness 14

() _®



Here are some encountered planktonic
foraminifera...









Relative Abundance Analysis ‘
r-Strategists (Generalists)

Small,
unornamented,
tolerant to
nutrient,
temperature,
acidity
fluctuations in
environment



Some K-Strategists

(Specialists)

* Llarge,
ornamented,
diversified but
occupy certain
niches and
intolerant to
environmental
fluctuations!

R. pennyi

P. multicamerata

R. fructicosa



r-Strategists (Generalists)

) A \ Relative abundance of population >150 um
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2:;;‘2‘5“"6 * 50% drop in the species richness before the KPB

* Environmental stress prior to KPB!

Species Richness
60 9 out of 28 species survived!

|
54
) e 50 A K-Pgl
48 48 a4 48. 46
4645 \, 45~ A6~ i A8 4 45
40 43, 41 42 41
40 39 38 \ 4040 40 39 I
36 35 v 36
30 31 |
28
24
20 18 ~ 18 I
3 17
15 15 14 14
13 13 13 13 13 13
10 22 1 10 11 12: 9
3
7

0 |

O o AV oD oN SO NSONE ST RN O 0 O\ D ©
7 (D7 (DY (DT (0 0 DO e > B T

>150 micron 63-150 micron Cumulative Diversity >63 micron
) ®



°® Leuignbne o
88081310 'O
ey 'H
esoonony "y
njemod "y

4
4
>
>
>
p

ﬂ

@ . . 2 © LaliAng "9
©0-0—0 O—O0—0—C o—0 © o—O0 eiqadjed o
00— —0 00 —0 00090900 —90 0009 el d

—o—90—0—0—0——0—90 £18jnjsod o

@ o6 P P P P P P P P P P P P & P & & P aeAesied ‘o

GCO0—90—90 000009000000 00— ¢

SISUB0ZEI] ‘df
SepIouNNIBoE o
leynu "o

12
<
[
0
)
Q.

00 *—@ @ —0 0 0 90 0 0 0 0 sueiqerb 7
0@ @ @ @ @ @ @ L @ @ . 4 @ 4 @ . 4 & @ ejejusp ]
O— O O—C—C - < O O o sisusoLieneu ‘H
[ 0@ . L @ @ @ @ @ . @ . @ @ . @ 4 @ @ ejeue(d ‘H
b esojnqolb ‘H
1 «zasene 9,
9 Jadse

b

smeupeogns 9,

@ o—G & *—0—© @ Sisusfapwijoy "W
0 —0—© 2 4 —0—0—0 000 0 0 ¢ sisuaynowuow "y

(]

saplouusyuey ‘o
I1eyorel "o
siessne 'y
mojq 'y

13J09S
.R&GQ m
ejesowesexay o

|

L *—0—@ —0—©@ . 4 —& . \ —& \ g esobnl 'y

® e o ® Lafewuspaim ‘9

[ 2 —© @ sjuuoyijered

GO0 —0—0—0—0—0—0—0—90—0—0—0—90—0—0—90—0 & sisusuerey "9
—GCcoeo—9o 0 0 ¢ o—0 9o 0 0 0 0 0 0 o o0 ¢ eapiojejed ‘9
@ L @ @ @ L . @ @ @ @ egjI0 ‘9

b siuojiuen)s ‘9

(¢ uenjs ‘9

0—0—0—0—90—0—0—6—0—0—0—0—90—0—0—0—0—0 Isieped 9

*—@ —0 00 0 90 0 0 0 ¢ L siubisur 9

—————— 0 — 00— —6—90—0—0—0—¢ ejejnbue ‘9

(OO ———0—0—0—0 06— 00— 00 epesol ‘9

@ G—O6—0—O0—O0—0—0—0—0 o—0—0—0—0—0—=0 siejualo "9

—6—0—0 0 —6—0 o—& —0—0 60— —0—0 Jeueu 9

—0—© —0—© —0—0—90—¢ @ —@ Ienjsosje) ‘9

o—C—C—0—0—O0—0—0—0—0—=0C o—O0—0—0—0—C SIsuayausa ‘9

——eo——o—e——————o0———C—0 18/qnadnp 9

*—6—6—0—0—0—0—© © —0—0—0—=@ eole ‘9

] eoedAbee ‘9

< 63 O—=¢ o) sisusosefew

ssaudoIy | E 5 :

d R 3 g
s|dwes tesl2% ¥ ¢ 9 3 2 ¢ 3z I 38 5 8 8 3 3 8 5 %
auozoig ' euignBne o —{ € saplouiuayuel ‘o 5

obels uelueq UelyoLjsee|\

‘ Reworked Forms

. Survivors

Calcareous
mudstone
Mudstone

Marl

I
I
T




Maastrichtian CF1-CF2

120° 90° 60° 30° 0° 30° 60° 90° 120° 150° 180° 150°
900 i 1 Il L 1 1 I 1 1 L 900
AT S = L gy —
\ 7 i fk Denmark ﬁ(: AN 2 R
o o (, / ,/ & = =) s ¥ o
60 \} ] = ol i | ) ; /w 60
(\ ( :/ e ,;,V | @ 'Kazakstaﬁ S —
\a 4 ) ey Buigaria J )
Ky \ @ Texas/ Spam / I u'—,gl(e 'r i L 30°
Mexico (91049 %Tumsua y @
o '© @Haiti b, e
Guatemglealize o ® 1001 / \ {) %Dggypt 577
0° P -‘L\_\. 3 N L 0°
Ecuador @I ) N=RS) I/;-/" _/ B
2N & \Brazil N
P @
30° \, / 528 | 4@ ) © 217 /@) 30°
- © [\ J/_Madagascar ® 2160 4\ F
< © | « \
N%ntina 52? / ©2124
) ) N o
. Exposed (y — 752) | \
.| Continental J {' e /
60° Fraliomn ¥ 738 ©_| @ Heterohelix & Guembelitria dominated|- 60°
Submerged = : ; .
Continental /\_ 690 © =~ A\ |(@ Heterohelix dominated assemblage
Platform (®> Guembelitria & Heterohelix dominated
e 3 —\ / Late MaaSt CE1-CF2 (@ Guembelitria dominated assemblage i
120° 90° 60° 30° 0° 30° 60° 90° 120° 150° 180° 150°

Pardo & Keller 2008




Nature of the K-Pg
boundary layer

2-3 mm thick reddish
oxidized layer

Sharp extinction horizon!

>63 um Almost no
planktonic foraminifera
(only some
heterohelicids,
guembelitrids,
globigerinellids &
hedbergellids) & very
rare benthics
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Findings across the K-Pg boundary

« Thoracosphaera acme

» Black and Brown spherules
Only found within the 2-3mm thick reddish layer

: ®
* Amorphous Grains R Pt ey
Only found within the 2-3mm thick reddish layer! TR TR e W

130 e
e
L

* Abruptincrease in pellets

* Euhedral Grains
Found -2cm & at the K-Pg boundary layer.
Not above!




Findings across the K-Pg boundary

Thoracosphaera spp. increase

 Calcareous dinoflagellate-Phytoplankton
* Environmental Stress Marker (Lamolda et al,, 2005)

Hildebrand-Habel et al.,, 1999






Findings across the K-Pg boundary

Black and Brown spherules




Series 1- Brownish, amber and yellow ones Some specimens are pliable!

] WD mag HV HFW | vac mode |

——— 50 ym ——

8.6 mm | 1300 x| 20.0 kV | 230 pm |High vacuum | METE-METU

] WD | mag HV HFW | vac mode
*|8.6 mm 2000 x| 20.0 kV | 149 pm |High vacuum

5 WD | mag HV HFW | vac mode |
8.6 mm |3 000 x| 20.0 kV |99.5 pm|High vacuum |

30 ym
METE-METU

2

WD mag HV HFW | vac mode 50 ym

WD \ mag HFW | vac mode | 100 pm WD mag HFW | vac mode 50 ym
20.0 kV | 149 pm |High vacuum | METE-METU

11000 x [ 20.0 kV | 298 pm | High vacuum | METE-METU 8.6 mm | 2 000 x ‘ 20.0 kV | 149 pm |High vacuum METE-METU

WD mag HFW | vac mode —_— rer—1 g WD mag HV HFW | vac mode

‘ 50 p | vac mode
20.0 kV 166umH h ) ETE- 20.0kV | 124 pm | High vacuum |

86mm SOOOX}ZOOKV 99.5 ym | High vacuum

11

WD | mag vac mode

mag \ HV ‘ HFW |-
120.0 kV |99.5 ym|High vacuum

WD mag HV HFW | vac mode 0pm ——— &
20.0 kV | 130 pm | High vacuum | METE-METU X

‘ HFW 20 pym
20.0kV |42.6 ym| METE-METU




Series 1- Black ones More smooth surface!

. 32| WD | mag HFW | 100 pm
&8s | mag vac mode | e—, U |1\ R— | | HFW | vac mode 50 pm
s | | wD ma HFW 100 pm *19.0 mm |1300 20 0 KV | 230 pm METE-METU %
a .: wam 2000w |20 0 w‘ 1446 i | Lk s RAETC METTT Y 4 Sogx‘ 2004V }186 o i ﬁ“l% = 2 Hm | ‘ 20.0kV | 199 pm | High vacuum METE-METU

5 6

’ & WD mag ‘ HFW | vac mode 50 ym
7 ma HFW | vac mode LT E— 4 }7 8
R 00 [ mea | HY [ HEW. | vaomoce AETE AAETIT J 20.0kV | 176 ym | High vacuum ===y R

50 pm

WD | mag | HV | HFW | — 100 pm /| WD | mag | HV | HFW | vacmode
1300 x| 20.0kV | 230 pm | METE-METU i

/

11

& WD mag HV HFW
%186 mm|1500x| 20.0kV|199 um

vac mode 8% ‘ ‘ 1
High vacuum METE-METU *186mm|1600x|20.0kV| 186 um | High vacuum METE-METU 8. 9 mm|1769x|20.0kV/|169 ym | METE-METU 89mm 2000x|200kV|149 uym |

50 ym

WD mag HV HFW | vac mode

50 ym

mag | HFW | 50 pm

| WD \ mag HV HFW




Black and Brown Spherules

Brown-Yellow
Sample No: Series 1-a Series 1-b Series 1-d Series 1-e Series 1-f Series 1-h  Series 1-i
Wt % Average

SiO, 15,37 12,55 9,55 16,63 3,38 3,86 3,46 9,3
CaO 56,08 57,03 38,72 47,97 80,49 80 74,42 62,1

Na,O n.d. 3,13 10,91 4,42 n.d. n.d. 2,44 52
MgO 12,94 13,53 15,92 16 9,88 8.9 15,47 13,2

Al Oy 6.2 6,9 4,76 491 1,88 3 1,85 4,2
Fe,0; 9.4 6,86 6,14 10,07 438 424 2,37 6,2
Cl,0 n.d. n.d. 13,99 n.d. n.d. n.d. n.d.

Black

Sample No: Series 2-a Series 2-d Series 2-¢  Series 2-f Series 2-g Series 2-h  Series 2-i

Wt % Average

Si0, 9,31 20,1 n.d. 6,58 n.d. LTSIt n.d. 11,8
CaO 73,01 46,98 73,01 76,78 81,92 66,39 91,01 72,7

Na,O 4,65 n.d. 2.82 n.d. n.d. n.d. n.d. 3,7
MgO 8.43 10,87 8,93 12.75 10,99 6.6 7.1 94

ALO4 4,59 9.4 4,14 3,89 3,98 4,61 1,89 4,6
Fe,0; n.d. 12,44 7,79 n.d. n.d. 11,29 n.d. 10,5
CLL,0 n.d. n.d. 3.31 n.d. 3,11 n.d. n.d. 3.2




Findings across the K-Pg boundary

Pellet Surge

Ny &
A) View of the fecal pellets in B) Scanning electron microscope (SEM) views of
reflected light. Samples from E+2, 2 the fecal pellets peak at 2 cm above the K-Pg
cm above the K-Pg boundary, boundary

recovered from >150 mm sieve, X60

magnification ©_®



Pellet Surge

Sample No Pellet Count per gram

UKHB-9 4
UKHB-8 2
UKHB-6 19
UKHB-5 0
E+25 UKHB-4 0
E+22 0
E+13 0
E+10 3
UH-50 5
E+2 35

K-Pg boundary
E-2

UH-49

UH-48

UH-47

UH-46

UH-45

UH-44

UH-43

= O O O = W o KW,

Number of fecal pellets rapidly
increases right after the K-Pg
boundary in the Danian PO Zone.
Notice the abrupt increase right

after the K-Pg boundary. Another
but much

minor increase was detected in the
lower Pa Zone
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Sample

UKHB-9

UKHB-8

UKHB-6

UKHB-5

UH-52
(E+25cm)
E+22cm

E+13cm
E+10cm
50

Pellet
(number/gram)

2 10 20 30 40

E+2cm

49
48

47

46

45

44

43

/ K-Pg boundary
E-2cm (E)

) ® |



- Amorphous Grains

Sample No: 10 15
5 Average
4465 4291 36,35 4492 422
1,87 2,13 1,92 1,92 2,0
1,76 0,77 0,29 1,17 1,0
8,19 8,95 921 853 8,7
AbO; 1532 1619 1429 1727 15,8
Fe,03 2821 29,05 37,95 2619 304
A) Brown grains were found in washed
Y residues of the 2-3 mm thick reddish layer
* corresponding the K-Pg boundary.
Displayed grains were recovered from >150
7 § \ 9 mm sieve.
! Left view x40 magnification, right view x60
' magnification.
200 um 100 um

B) SEM images of the brown grains

No solid interpretation is pronounced at this
stage about their genesis.

10 \ ' J & y 15 Yet,
’ i, ‘ corresponding the K-Pg boundary may infer the
' impact origin.
100 pm 100 um
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Euhedral Grains Found
layer.

Not above!

a | /
w % ¥ _' o .
> ot ’ - /
- - J y
- 7 L
) ¥
~.. » ;
Vs \ !
2
. )
B/ /
L g v 3
‘ 5
!
<R
2 -
B WD | mag HV HFW mode | 100 pm WD | mag HV HFW vac mode | 100 pm
8.4 mm |800 x| 20.0 kV | 373 pm | High vacuum METE-METU 8.4 mm |800 x| 20.0 kV | 373 pm |High vacuum METE-METU

A ‘ - Sample No: 19 20

: - Wt % Average
A) Barite crystals were found only from 2 cm below and right at the
K-Pg boundary level (2-3 mm thick reddish layer). View in reflected 74,5 61,03 67,8
light. Sample E-2 from >150 mm 19,85 34 26,9
screen, x100 magnification. B) SEM images of Barite grains. 565 497 5.3

The increase in the barite grains below and at the K-Pg boundary
layer may be a record of paleoproductivity enhancement across
the K-Pg interval and/or increase in atmospheric sulphur oxides
caused by the Chicxulub impact
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CONCLUSION



63-150 pum

Almost complete dominance of r-Strategists
Heterohelix ve Guembelitria domination

r-Strategists (Generalists)>K-Strategists
(Specialists)

Heterohelix domination

More species richness (Average 40 species)

Thickness

Pellet
(number/gram)

2 10 20 30 40

Ecologicgl Ecological Generalists & Heterohelicids Ecolc?gi_cal S_pecies '
Opportunist Specialists Richness

$3k— P eugubina ﬁ Biozone

Maastrichitan
Ecological Generalists
63-150um
Ecological Generalists
>150pm ol
Globotruncana spp. >150pm
Ecological Specialists >150um
63-150um Ave:14
Total richness >63um

Heterohelix spp. 63-150um

w—— P. hantkeninoides

| | | L 1 1 1 1 1 | | | L 1 1 I 1 |
10 20 30 40 50% 10 20 30 40 50 60 70 80 90 100% 10 20 30 40 50% 10 20 30 40 50%




Events

the K-Pg boundary

Dominance of Heterohelix
species

Guembelitria blooms

Decreasing species
richness

o
o\

Expanded Oxygen Minimum
Zone (OMZ2)

High terrigenous influx
(increased weathering)
directing augmented nutrient
levels/ eutrophication. This
might have caused by Deccan-
induced climate change and
enhanced weathering.

Environmental stress
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Events ot & the K-Pg boundary

Guembelitria cretacea  Thoracosphaera acme

68% of planktonic
bloom after the KPB

foraminifera underwent
extinction at the K-Pg
boundary

Environmental crisis after the KPB

Maastrichitan

Pellet
(number/gram)

‘2 10 20 30 40
es 9

Abrupt increase in
echinoid pellets
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