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Introduction:  The late Paleocene thermal maximum
(LPTM; [1]) involved the most severe perturbation of the
global carbon cycle during the Cenozoic and coincides
with major evolutionary turnovers in various biotic
groups, such as the mammals, foraminifera, and
calcareous nannofossils [2]. A ~20 kyr period comprising
possibly three discrete methane hydrate melting events
from deep-sea sediments is thought to have caused the
3‰ negative δ13C excursion recorded in marine and
terrestrial carbonates worldwide [3, 4]. Methane hydrates
are stable within sediments under high pressure and low
temperatures. In the late Paleocene ocean, the stability
zone would have been below ~1000 m depth. Warming of
intermediate and deep waters during the LPTM may have
disrupted the methane-hydrate stability zone, thus leading
to injection of methane into the ocean and atmosphere
[5]. A direct consequence of methane release into the
water column, would be an increase in oxygen
consumption where the methane is injected. During the
LPTM, this would have been most notable at intermediate
depths (middle to lower bathyal) where methane-hydrate
melting is thought to have occurred. Reduced oxygen
concentrations on the sea-floor and within the water
column are indeed indicated by sedimentologic and biotic
data from a number of cores and localities from this depth
range. Oxygen deficiency is also regarded as one of the
main players causing the largest extinction (40%) of
deep-sea benthic foraminifera since the early late
Cretaceous [6].

Oxygen deficiency on Tethyan margins: The
development of a sea-floor oxygen minimum at the onset
of the LPTM is also a prominent feature of extensive
epicontinental basins bordering both sides of the Tethys.
We studied sedimentology, microbiota, and organic
petrography and geochemistry of a number of sections in
Egypt (Fig. 1), which are considered to represent a
relatively complete coverage of the sequence of events
(see [7], this abstract volume) across the LPTM in a low
latitude setting. The successions generally consist of
monotonous gray to brown marls and shales with low
(0.5%) TOC values. Their planktic foraminifera
assemblages are rich and diverse, indicating fully marine
conditions and good connections with the open ocean.
Diverse benthic assemblages display a distinct
paleobathymetric arrangement (~100-500 m paleodepth)
and indicate well to moderately oxygenated bottom
conditions. An inconspicuous lithologic couplet,
consisting of a dark brown laminated marl bed of ~50 cm
thickness, mostly overlain by a paler calcarenitic bed,

interrupts the monotonous successions. The dark bed
shows a very fine wavy-laminated texture containing
abundant fish remains, phosphatic peloids, amorphous
organic matter, planktic foraminifera (mostly Acarinina
spp.) and calcareous nannofossils. TOC concentrations in
this bed reach up to 2.7%, whereas benthic foraminifera
are exceptionally rare, being represented by a few
opportunistic species only. These characteristics resemble
those of many Cenozoic sapropelic and Mesozoic black
shale beds and point to anomalous envi-

Fig. 1. Studied profiles on paleoslope transect. Nukhl,
Qreiya and Nezzi yield the dark and laminated TOC-rich
bed indicative of oxygen deficiency at the onset of the
LPTM. Arrows represent general direction of fold axes (a
region of submarine and perhaps emerged swells) of the
Sinai-Negev fold belt (modified from [11]).
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ronmental conditions at the sea-floor and in the water
column. Detailed chemo- and biostratigraphic studies
indicate that this interval correlates with the onset and
early part of the δ13C excursion and the LPTM as
observed in the finest ODP sequences (see [7], this
abstract volume). The overlying calcarenitic bed (~50 cm)
represents the interval with the return to stable δ13C
values. The bed is well bioturbated, its TOC levels are
low and it contains extremely abundant planktic
foraminifera. Benthic foraminifera assemblages are
relatively rich and diverse. This bed signals a return to
normal or more stable conditions with respect to
oxygenation, and community structure of both planktic
and benthic foraminifera. The lithological couplet with its
peculiar features is unique in Paleogene successions of the
region.

On the opposite side of the Tethys over a vast area
between the Crimea and Uzbekistan, a similarly
developed "sapropelite unit" has been recorded. There, an
up to 1-m-thick TOC-rich bed in the same stratigraphic
position as in Egypt contains phosphatic concentrations
and enrichments of a suite of elements typical for
deposition under suboxic to anoxic conditions [8].
Apparently, the onset of suboxic to anoxic conditions in
epicontinental basins bordering the Tethys at the onset of
the LPTM was widespread. The spread of oxygen
deficiency correlates accurately with the initiation of the
δ13C excursion and thus with the hypothesized methane
injection into the ocean.  Both in Egypt on the southern
Tethyan margin and on the northern Tethyan margin,
this occurred basin-wide, involving even middle neritic
parts of the basins.

What caused this sudden oxygen deficiency remains
unclear. It was suggested earlier that productivity in these
basins may have increased considerably leading to
increased oxygen consumption from organic carbon
raining down on the seabed and thus forming a redox
front at or just above the sediment-water interface [8, 9].
However, typical indicators of enhanced productivity like
diatoms and radiolarians are generally absent in this bed,
which potentially weakens the case for this scenario.

Sea-level change: Sedimentologic observations and
new benthic foraminiferal data from Egypt indicate
fluctuations in relative sea level in association with the
LPTM. Benthic foraminiferal data from neritic sections
indicate shallowing through the upper Paleocene up to the
level of the onset of the LPTM. The top of the pre-LPTM
succession in some cases is eroded and also the early part
of the LPTM (represented by the dark laminated bed) is
lost in a hiatus as indicated by an omission surface (e.g.
Aweina and Ben Gurion). In Nezzi, this bed appears as
an incised channel fill. Thus, the discontinuity may be
considered as a sequence boundary. In the more complete
sections, the lithological couplet with abundant peloids
and countless planktic foraminifera –  the latter

particularly in the calcarenitic bed – has the
characteristics of a condensed sequence. Condensed
sequences typically represent transgressive times and/or
maximum flooding surfaces. The laminated bed may thus
reflect the transgressive phase and the calcarenitic bed the
maximum flooding surface of a short-term relative sea-
level cycle. Benthic foraminiferal data support largest
paleodepths within the calcarenitic bed. In short,
sedimentologic and biotic data strongly suggest a falling
relative sea-level up to the onset of the LPTM followed by
rapid rise, reaching highstand before δ13C values
stabilized (i.e. within 120 kyr [3]).

Also in the northern Tethys the "sapropelite unit"
appears to coincide with a major transgression [8],
suggesting that the sea-level rise may be of eustatic
origin. If correct, it seems plausible that this rise is
causally related to the onset of the LPTM.

Hypothesis: We hypothesize that an extensive oxygen
minimum zone at intermediate depths encroached upon
the epicontinental basin floors during rapid sea-level rise
of perhaps some 10s of meters. This rise could have
resulted from thermal expansion of oceanic water masses
and through the reduction of high altitude ice, particularly
at high latitudes during the LPTM. Possibly, elevated
primary production on the shelves, resulting from the
redistribution of nutrients and climatic change further
intensified oxygen consumption at the seafloor. Many
aspects remain yet uncertain for this critical period in
Cenozoic earth history. Questions to be solved for this
scenario include: How much and how fast did sea level
rise? Was sea-level rise instrumental anyway in raising
the OMZ into epicontinental basins or was it merely a
side effect of global warming? This aspect needs to be
investigated in the light of other main extinction events
that signify a systematic coupling between sea-level rise
and spread of anoxia into epicontinental basins [10].
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