Event-Stratification in Nummulite Accumulations and in
Shell Beds from the Eocene of Egypt

T. AIGNER

Abstract: The concept of event-stratification may successfully be
applied to two types of bioclastic deposits in the Eocene
of Egypt:

1. M ddl e Eocene G zehensis-Bed: physical processes
("wi nnowing events") are significantly involved in
structuring and in-situ accunmulating nunmulitic
Sedi ment bodi es.

2. Upper Eocene shell beds: reveal a conplex series of
erosion and col oni sation events over a certain tinme
interval, each "physical process" being followed by
a "biological response".

1. Introduction

The Eocene of Egypt conprises shallowmarine and margi nal Sedinments
that were deposited in narrow and elongated tectonic basins formng
enbayments of the Tethys. Early and M ddl e Eocene were tines of car-
bonat e Sedi mentation, but due to regression, Sedinments becane essen-
tially terrigenous fromthe Late Eocene onwards. Conpilations on
stratigraphy and Sedimentation patterns are provided by SAID (1962)
and SALEM (1976) .

The object of this paper is to apply the concept of "event-stra-
tif ication" to two rather different kinds of shell deposits:

1. Accumul ations of nummulites as a very special case of bio-
clastics.

2. Several promnent and laterally persistent shell beds, that are
being used for refined stratigraphic correlation (STROUGO 1977).

2. Nummulite Accunul ations Structured by Physical Events

2.1. Previous Work

The sedi mentol ogi cal aspects of such bioclastic deposits that con-
tain nummulites in rock-formng quantities have so far received
little attention. Generally, numulites are believed to have forned
aut ocht honous "banks" or "bioherns" or they are even considered as
reef-builders (ARNI 1965; ARNI & LANTERNO 1972, 1976; DECROUEZ &
LANTERNO 1979) .
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Fig. 1. Stratigraphic sunmary log of M ddle and Upper Eocene in
the MokattamHills (E of Cairo) and tentative environmental
Interpretation. The Gizehensis-Bed (Mkattam Formation) and
several shell beds (Maadi-Formation) are discussed here

However, nummulites have also been recognised to occur wave-affected
(ARNI & LANTERNO 1972), reworked in shoals and fore-reef Channels

( SANTI STEBAN & TABERNER 1980), in cross-bedded

littoral series



(RONIEW CZ 1969) and in turbidites (ENGEL 1970). FOURNI E (1975)
conmpared certain numulite accumul ations with ooids shoals and re-

|ated them to an anal ogous hydrodynami c regime.

2.2. Stratification Types in the G zehensis-Bed

The M ddle Eocene Nummulites gizehensis-Bed was studied in classi-
cal exposures at the Giza Pyram ds Plateau (Wof Cairo) and in the
MokattamHills (E of Cairo, Fig. 1), where |limestones appear ge-
nerally massive or relatively thick-bedded (0.5 - 1.5 m with 1 -

50 cmmarly intercal ations. They consist largely of nummulite-bio-

m crites showi ng wackestone/ packstone depositional textures (Fig. 4),
but grainstones may also occur. The followi ng features bear on their

origin (Fig. 2):

(1) Firmground Hori zons. The bases of many nummulite beds are
Sharp and erosional, showing |arge-scale scours and small-scale
pockets (pot holes) , as well as burrows, both typical for firm

ground conditions (G oasifungites -facies, SElI LACHER 1967). Major
hydrodynam c events (hurricanes?) eroding the seafloor down to
al ready conpacted levels are inferred to have exposed these
laterally fairly persistant firmground surfaces.

(2) Erosive Pockets and Pot Hol es. Pot hol es and pockets occur

in association with firmgrounds as well as within numulite beds
(Fig. 3). They commonly show a densely packed grainstone fill with
edgewi se inbrication and fan position of numulites and are nost
common in the shallowest parts towards the top of the G zehensis-
Bed (probably a "Nummulite Bank"), where they indicate the com
posite and amal gamated nature of the beds (Fig. 3). These

pockets resenble the pot holes described by DORR & KAUFFMAN (1963)
and Al GNER & FUTTERER (1978), which are referred to strong vor-
tex currents during storm events.

(3) Scour-and-Fill Structures (Fig. 2). Wthin massive, apparently
unstratified beds, scour-and-fill structures occur in various

Orders of magnitude. They are nmuch broader (up to several dm

and filled with nummulite-packstones. Their |ower boundary is
commonly shallow channel -1i ke or sinusoidal but normally non-
erosive.

(4) Planar Lags. (Fig. 2). Thin planar layers of nummulite packsto-
ne are also common and may al nost exclusively consist of the

| arger B-forms of Nummulites gizehensis, which are often Inbri-
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Fig. 2. Biofabrics in Nummulite-accumulations ("G zehensis-Bed")
reflect physical processes as structuring and stratifying
agents. Note:

- extensively birrowed firmgrounds with erosive relief,
- erosive pockets filled with biosparite,

- imbrication,

- stratification rem niscent of cross-bedding,

- Nummulite-concentrations on planar scours,

- small-scale scour and fill structures



Composite Bed

Fig. .

wackestone

3. Levels with erosive grainstone-filled pockets within a
massive Nummulite-wackestone bed indicate at |east three
di screte episodes of penecontenporaneous erosion and a com
posite, amal gamated nature of the whole bed (about 20 me-
tres lateral outcrop are projected into this diagram).
This is a bed fromthe top of a "nummlite bank".

(G zehensi s-Bed, quarry along road to Gebel Mokattam

cated. These laterally persistent packstone-"sheets" seemto
have formed by wi nnowi ng of wackestones (cf. SPECHT & BRENNER
1979) and renoval of smaller particles including the A-forms of

the nummulites.

(5) Erosive Ripples. Beddi ng pl anes may show nore or |less symetri-

(6)

(7

cal undul ations rem niscent of |arge-scale ripples (wave length
60-100 cm height 10-25 cm), but because of the absence of inter-
nal structures typical for ripples and due to the highly variable
shape, these undulations nore likely represent "erosive ripples"
(cf. REINECK & SINGH 1975, Fig. 8; GOLDRING 1971, Fig. 15) or
"scour ripples" (BAILEY 1966, Fig. 1) rather than normal ripples.

| mbrication. Both "contact" and "isolate" inmbrication (LAM NG
1966) is common, especially in local concentrations of the

larger and flatter B-forms of n. cjizehensis (Fig. 2), while edge-
wi se inmbrication was only occasionally observed. Current action

thus seens to have been nore inportant than pure wave action.

Sorting and Fragmentation. Sorting is normally poor, expressed

by the association of small A-forms and |arger B-forns of s.



gi zehensia. Thin-sections reveal the worn and fragmented appea-
rance of many nummulite tests as well as the abundance of "nummu-
litic hash". Abraded edges of tests are most conspicuous, while
abrasion on equatorial surfaces seem to be |ess common.

2.4. iMimulites as Sedinentary Particles

Considering that nunmmulite tests were extrenmely porous, they should

be very susceptible to reworking, so that their sedi mentol ogical be-
havi our may have resenbled that of crinoid remains originally

(SEI LACHER 1973), but may have been drastically altered by prefossi-

l'ization.

In order to get an idea about the sedimentol ogi cal behavi our of
nummul ites, a few sinple experinments and cal cul ati ons have been
carried out:

(1) Porosity. SKM studies, experimental and mathematical determ na-
tions show that a considerable porosity is still preserved in
many nummulite tests. Depending on the surrounding rock type
and on the size of the nummulite, porosity was found to ré&nge
between 1 up to 54 8. In recent Anphisorus tests from the Phi-
I'i ppines (specinmens sanpled by A. SEI LACHER), porosity reached
up to 72 % A simlarly high original porosity can be inferred
for nunmulites; the inmplications for their potential as hydro-

carbon reservoirs are evident.

(2) Bulk Density. Like the porosity, the bulk density values are

-3
highly variable and may be as low as 1.28 g cm . Due to inter-
nal cementation within the nummulite test, however, bulk density
may, in some cases, approach values typical for pure calcite
(2.71 g cm ). For recent Anphisorus, only 0.305 g cm_3 has been
found.
(3) Settling Velocity. Determ nation of the settling velocity allows

to deduce the diameter of hydraulically equivalent quartz grains
(e.g. FUTTERER 1977, Fig. 10). In this way, numulites with a dia-
meter of 7 - 24 mmwere found to be equivalent to 1.0 - 1.85 nmm
sand grains ("very coarse sand").

(4) Critical Transport Velocity. Firstly, hydraulic equivalents de-

rived from settling experiments were used in the HJULSTROM di a-

gram here, values for the critical transport velocity are nost-
-1

ly around 30 - 40 cms . Secondly , the critical transport ve-
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locity was directly determ ned by flume experiments carried out
by Dr. Ei FUTTERER (Kiel). Here, velocities réange between 18 -

77 cms , which is in the same order of magnitude as the val ues
derived from settling experiments. Dr. FUTTERER al so observed,

that nummulites are transported by sliding, saltation and rolling.

2.5. Concl usions

(1) Stratification types and biofabrics in numulite accumul ation
show that physical sedimentary events were responsible for their
structure. The smaller A-forms of N gizehensia |argely dom nate
the assenblages (Fig. 4), as BLONDEAU (1972) has postul ated for
their original communities. Therefore nummulites seem to have
mai nly accunmulated in situ through wi nnowi ng events and thus

have formed extensive Sedi ment bodies (Fig. 5).

There is no evidence for reef-like buildup in the "Numulite
Banks" of the "G zehensis-Bed. Due to the mechanisms involved,

this type of buildup may be called "nunmulite teils".

(2) Sinple experinents indicate that numulites must have been very light

and susceptible to reworking at current velocities as |low as 20

- 80 cms . According to LOGAN et al. (1969, Fig. 3), storm
induced wave-current velocities of this order of magnitude occur
in waters as much as 100 m deep.

(3) Physical processes involved in the formation of "Nummulite Banks"
may be conparable to the role of physical stormrelated Sedi men-
tation in molding the character of present-day carbonate nud
banks around Florida (WANLESS 1979).

Fig. 4. Detailed log showing variations of mcrofacies, depositional
fabrics, grain size and nummulite A/B-ratio within the "Nunmulites
gi zehensi s-Bed" (northern escarpment of Giza Pyram ds Pl ateau, along
Fayum road). A-forms dom nate throughout most of the sequence, but
layers with relative enrichment of B-forms often correspond to pack-
stone textures, indicating winnowing and removal of the fine parti-
cles including the A-forms. Note also abundance of inbricated fa-
brics (each neasurements based on about 100 numulites)
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Fig. The time-buildup diagram suggests that episodic wi nnow ng
(probably storm generated) is responsible for structure,
depositional fabrics and growth of nummulite accunul ations.
Repeat ed wi nnowi ng events of varying intensity have washed
away substantial anounts of |inme-mud that probably represen-
ted the original Substrate of nummlites (according to
BLONDEAU 1972). Thus, the resulting bioclastic accunmulation
is slowy growi ng upwards |ike an archaeol ogical "tell-
structure" ("numulite teil") and consists to a |large extent
of event-generated in-situ lag deposits, but does not repre-
sent the actual habitat conditions of the nummulites. Due to
gradual shallowi ng, wi nnowed fabrics become nore abundant
towards the top of nummulitic Sedi ment bodies

3. Shell Beds: |Interplay Between Physical Processes and Biol ogical
Responses

3.1. General Problens

Shell beds have been widely used for Community reconstructions (e.g.
McKERROW 1978). It has also been debated whether detailed and even
quantitative reconstructions concerning nortality rates, diversity,
trophic structure etc. can be derived from such accumul ati ons of

bi ol ogi ¢ hard particles. After all, they may have suffered consi-
derabl e taphonom c distortion. Apart from postnortal transport, fau-
nal changes due to mi nor environmental fluctuations may have obli -
terated the original faunal spectrum of a "Community" (cf. W LSON
1967, FURSICH 1978, BOUCOT 1975).



In general, Shell beds should not be viewed indiscrimnately as

pal eoecol ogi cal portraits of paleocommunities, but should rather be
anal ysed in their taphonom c details in order to appreciate their
fuall sedimentary history.

3.2. Taphononmy and Stratification in Upper Eocene Shell Beds

Upper Eocene shell beds, wusually 0.5 tp 1.5 mthick, have been stu-
died in the MokattamHills (cf. Fig. 1), the G za Pyram ds area, and
in Quasi"-el-Sagha (Fayum Oasis) . Generalised they show the following
attributes (Fig. 6):

(1) Shell beds devel op on scoured surfaces which are commonly
burrowed by Spongelionmorpha, indicating firm Substrate condi-
tions ("firmgrounds").

(2) In most cases, these firmground horizons were col onised by
Carolia as a pioneer. Simlar pioneer colonisations by this

epi byssate bivalve usually take place repeatedly on internal
erosion surfaces within shell beds.

(3) Shell bed devel opment is characterised by (often repeated)
changes in faunal conposition and Sedi ment fabrics. Thus, Caro-

lia col onies beconme frequently replaced by ostreids or by Pli-
catula , the fornmer being in many cases cenented onto Carolia

Shells. The oysters in turn may |ater be encrusted by corals,
eventually leading to small-scale coral banks.

(4) Subsequent erosion may have led to partial or conplete reworking
of original epibenthic assenmblages and to the production of
shell debris. This shelly Substrate in turn becanme inhabited by

specific organisms (e.g. Ophionorpha with pellet-ligned walls
for stabilisation).

(5) Intercal ations of endobenthic organisms (Spatangids, Turritella )
indicate phases of intermttent mud-sedi mentation and softground
conditions. Since the fine Sedinent itself has later became re-
wor ked and wi nnowed away, these shell lags represent the only
"mermory" (SEILACHER, this volume) of softground intervals within

mostly epifaunal shell beds.

3.3. Concl usions

(1) Shell bed initiation in the Upper Eocene requires strong erosion
(major stormevent?) to create a firmground Substrate, which
could be used by Carolia as a post-event pioneer colonizer.
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(2) shell bed development: shell beds accurmul ated on such firmgrounds
are essentially autochthonous, but they record a series of se-
di mentary events (erosion/deposition), each of which may be follo-

wed by a specific biological response (epi/endobenthic coloni-

sation of soft, shelly or firm Substrate, see Fig. 7). Although
some of the resulting sequences resenble "community successions",
faunal changes within shell beds seemto be primarily controlled
by environmental fluctuations ("community replacement”, BOUCOT
1975, HOFFMAN & NARKIEW CZ 1977), rather than by biologically
induced changes. Thus they represent only "pseudo-successions".

(3) Biostratinony: The mechani sm responsible for shell bed devel op-
ment can be described as a quantum|like accunul ation of a
| arger number of "process-response Couplets" (physical event -
bi ol ogi cal response) over a certain time interval. Firmground/
shell bed conpl exes have acted as "reference horizons", recor-

ding the interplay between ecological and sedinmentary events
during longer time periods.

(4) Stratigraphy: Due to their large geographic distribution and
their isochronous character major shell beds are useful for
hi gh-resolution stratigraphy on a regional scale.

SEDIMENTATION SOFTGROUND
W

REWORKING SHELLGROUNDf

PHYSICAL . BIOLOGICAL
PROCESS SUBSTRATE-CHANGE — RESPONSE

Fig. 7. Different sedimentary events or "physical processes" (sedi-
ment ati on/ reworking/erosion) alter Substrate conditions on
the sea floor and are followed by specific "biological re-
sponses” on the newly created soft-, Shell- or firmgrounds.
Repetition and accurmul ation of such "process-response Cou-
pl ets" represent the baslc mechani smresponsible for the
devel opment of the conplex shell beds described here



(5) Evolution: Since many simlar shell beds with anal ogous but
mor phol ogically different faunas occur at different |evels,
they mi ght provide the opportunity to study the tenpo and node
of evolutionary changes in the "post-event fauna" as conpared
to the "background fauna" (SEILACHER 1981).
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