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Occurrence of siliceous microfossils
(diatoms, silicoflagellates and sponge spicules)
in the Campanian Mishash Formation, southern Israel')

By DaviD SouDRY, SHIMON MOSHKOVITZ and ALINE EHRLICH?)

ABSTRACT

Siliceous microfossils. mainly diatoms, were found for the first time in the Campanian cherty-
phosphatic Mishash Formation (Negev, Israel). They occur in lenses of porcelanite and phosphate
intraclasts. These findings suggest a biogenic supply of silica to the sediments. The very poor diversity of
the diatom assemblages. sometimes very rich in specimens, indicate life in restricted marine environ-
ments.

Diatoms may explain the combined silica-phosphate occurrence in the Mishash Formation since
phosphorite is known to be associated at present with diatomaceous oozes in some marine, near-shore
environments.

RESUME

Des microfossiles siliceux, surtout diatomées, ont été découverts dans des sédiments campaniens du
Negev (Israél). dans des lentilles de porcelanite et dans des intraclastes de phosphate de la Formation
Mishash. Leur présence suggére un apport de silice d’origine biogéne a ces sédiments. La trés faible
diversité spécifique d’assemblages, par ailleurs riches en individus de diatomées, semble indiquer un
milieu marin confiné. Les diatomées peuvent expliquer I'association silice-phosphate dans la Formation
Mishash. puisque des sédiments phosphatés se forment de nos jours dans des boues 4 diatomées, dans
certaines régions margino-littorales.

Introduction

Siliceous rocks are widespread in Israel in the Late Cretaceous (Campanian)
Mishash Formation and in equivalent strata in adjacent countries. In the Negev of
Southern Israel, these cherts and porcelanites are part of a shallow marine sequence
with carbonates (chalks and limestones) and phosphorites. Many authors have dealt
with their stratigraphy, petrology and paleoenvironment (BArRTOV et al. 1972,
BENTOR et al. 1960, KOLODNY 1969, NATHAN et al. 1979, PARNES 1965, REIss 1962;
SteiNiTZ 1974, 1976 and SEGEV 1975). The Mishash sediments are considered to
have been deposited on a flat shelf with local small elevated areas (STEINITZ 1974).
Their thickness varies from a few meters near the structural heights to some 130 m.

1) This work is a part of the Ph.D. Thesis of D. Soudry on the Depositional Environment of the
Phosphatic Series in the En Yahav area (Project GSI 29637) which is now in preparation.
?) Geological Survey of Israel, Jerusalem.
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The cherts and porcelanites formed by the partial or a total silica replacement of
carbonate sediments (KOLODNY, 1969). Some phosphate layers are also silicified to
various degrees. The origin of these siliceous rocks, i.e. the mechanism of silica
concentration, was for a long time controversial. Although a biogenic origin was
suspected. no evidence whatsoever of siliceous microfossils had ever been found in
these rocks. New investigations have revealed the presence of diatoms, silicoflagel-
lates and sponge spicules, thus indicating a biogenic supply of silica to the
sediments.

Provenance of material and description of the siliceous microfossils

The investigated material is from the En-Yahav area, near the Gevim High
(Fig.1). A geological section of the Mishash Formation is presented in Figure 2.
Although siliceous layers occur throughout the section, siliceous microfossils were
found only in the porcelanite unit. This unit consists of porcelanite layers, inter-
bedded with partially silicified phosphorites and limy concretions. The microfossils
are present in thin lenses of powdery porcelanite (up to 1 cm thick) intercalated
within brown, thinly laminated and slightly phosphatic clays, and in partially
silicified intraclasts in thick phosphorite layers.

In the powdery porcelanite lenses, the microfossils are usually rare and their
degree of preservation decreases with induration of the sediments; in the phosphate
intraclasts, they are locally abundant and well preserved. Part of the diatom frus-
tules are opaline whereas others have been converted into chalcedony, without
loosing their original microstructure.
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The porcelanite samples were crushed, and mounted slides by the usual water
suspension method were prepared. Many samples were found to be barren. Howev-
er. In microscopic examination, some show the presence of diatoms, silicoflagellates
and sponge spicules. The diatoms are represented by Coscinodiscus sp.. Triceratium
sp. and Hemiaulus sp. Whereas the valves of Coscinodiscus show a thin, regular
areolation (P1. 1. Fig. 1). the specimens related to Triceratium and to Hemiaulus lack
the original microstructure and were only identified on the basis of the general
morphology (internal moulds?). The silicoflagellates are represented by a few.

z —
w | O E
o S —
w5 w
o | - 3 | LITHOLOGY DESCRIPTION
< | |2 |F
o | x| =49
Fl>|jlo|2Zz |0
w w L 2 w
cn ~ ~ ns
fl Marl
x L’a_.l ~N ~
<< Jl _.h
IT||lwax 40 p__P P
0192 p P P P P| Loose phosphorite
aa P P P P
T Y Porcelanite,partly
8’: o silicified phospho-
PSP . . i
3= VATVAF rite ,finely laminated
a ~ = ~ ~~ 1% clays and chert
| |30wp 7o 7¢ 5 concretions.
P] ; P > Mainly limestone,
> 5_‘] e " phosphatic chalk,
4 . - e |25 chert ur?d -
5§ _ " - o T T phosphatic limestone.
e (&] L P L P L
- 2 < P 3 P
a | © 20
O w -|m . = -
= a - m =m =
— [ ]
w|=|=2
15
w |« - - .- Bedded and
o @ breccigted chert
w |0 i S with some chalk
T 7 o T interbeds.
[&)
- . - .
5
<
- L “ £
= Chalk
8] 4 =L
=
* Microfossils occurrence in porcelanite.
2% Microfossils occurrence in phosphate intraclasts.

LEGEND

Marl

HE RERIRSENRHRE

Phosphorite

Porcelanite

Silicified
phosphorite

Limestone

Finely laminated
siliceous clays

Brecciated chert

Bedded chert

Chalk

Fig.2. Schematic columnar section of the Mishash Formation in the vicinity of the Gevim High.



100 D. Soudry et al.

broken specimens of Lyramula furcula (P1.2, Fig. 10-12). The sponge spicules are of
different shapes and sizes (P1.2, Fig. 13-14).

The phosphate intraclast samples were studied from thin sections only since they
are partly silicified and unsuitable for suspension slides. They contain in places
abundant, well preserved, poorly diversified diatom assemblages, dominated by
Coscinodiscus sp. and by Stephanopyxis spp. (P1. 1, Fig.8). The valves of the Coscino-
discus sp. are circular, convex and the frustules are elliptical in side view; their whole
surface is ornamented by linear areolation. Stephanopyxis sp. 1 (PL. 1, Fig.2. 3, 5)
differs from Coscinodiscus sp., by the higher convexity of the valves (H ='2D); no
spines were observed. Stephanopyxis sp. 2 (Pl.1, Fig.6, 7) is characterized by its
elongated shape (H > D). Most of the specimens observed in the thin section
contain an irregularly rounded, siliceous inner body, varying in size.

The assemblages recorded are marine. The poor diversity of the samples, which
contain very abundant specimens, suggest a high productivity in a restricted
environment.

There are only few reports concerning the distribution of siliceous microfossils in
the world during the Late Cretaceous (Campanian-Maastrichtian). Diatoms were
described from the Ural Mountains and California, where they locally form diato-
mites (HANNA 1927, Joust 1949, 1977, STRELNIKOVA 1974). Lately, new findings of
siliceous microfossils were also reported from Site 275 (Leg 29 of the DSDP). south
of New Zealand (BUKRY 1975, Hajos & STRADNER 1975, PERCH-NIELSEN 1975). The
assemblages described from these areas are usually highly diversified and well
preserved. A few diatoms have also been observed in Campanian phosphate
coprolites from Egypt (CAYEUX 1941).

Although our present findings contain only a small number of taxa, the relative-
ly high frequency in the porcelanite samples of Triceratium. Hemiaulus and the
presence of the index fossil Lyramula furcula considered significant in the silico-
flagellate zonation of the Late Cretaceous (BUukry 1975) allow a stratigraphical
correlation with other places.

Discussion

The presence of siliceous microfossils, mainly diatoms, points to a biogenic
supply of silica to the Mishash sediments. This is in agreement with the conclusions
of various authors concerning the silica origin in cherts and porcelanites (DAPPLES
1979, ERNST & CALVERT 1969, HEATH 1973, LANCELOT 1973). According to LANCE-
LoT (1973), any input of silica (continental or marine) is immediately consumed by
siliceous microorganisms. However, due to the high solubility of biogenic opal,
mainly in diatoms, only rare occurrences of these microfossils are reported in
siliceous Late Cretaceous rocks (DEFLANDRE 1941, HANNA 1927, STRELNIKOVA
1974). According to LisitziN (1971), only 1-10% of the living oceanic diatoms reach
the water-sediment interface after their death. In the Mishash siliceous sediments,
because of the shallow water column (less than 20 m depth, FLEXER 1971, STEINITZ
1974), it may be assumed that a higher proportion of biogenic opal reached the sea
bottom, thus contributing a large supply of silica to the sediments for the develop-
ment of siliceous rocks. However, with regard to their preservation in the sediment,
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only a small fraction of the diatom frustules (0.05-0.15% of the total opal produced)
withstands dissolution (HUurRD 1973). Biogenic opal dissolution is inhibited by the
presence of certain cations (Ca?, AI’. Fe?). which form an aluminosilicate protective
film around the diatom test (HURD 1973, LEwIN 1961). This may explain the fact
that the diatoms were found in the Mishash Formation mainly within those porcela-
nite lenses which are associated with clayey layers. On the other hand, the presence
of abundant and well preserved diatoms in some phosphate intraclasts may possibly
be related to the fossilizing capability of phosphate (Cavyeux 1939. 1955) and
organic matter (SCHRADER 1971).

The occurrence of diatoms in the Mishash Formation may also explain the
association silica-phosphate in these sediments. which is in fact typical of many
phosphate deposits in the world. Present day forming phosphorites are known to be
associated with diatomaceous oozes in continental margins of Peru. Chile and
Southwest Africa, where upwelling currents prevail (BATURIN & BEzRUKOV 1979,
BircH 1979, BURNETT 1977, PrRICE & CALVERT 1978). The apparent ability of the
diatoms to “fix” the P of the seawater (according to PErRES & DEVEZE 1964, the
organic C/P ratio is about 27) makes them. after their decay, one of the sources for
phosphorus enrichment in sediments.
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Plate 1

(All specimens were photographed from thin sections, except for Fig.l: magnification of all figures
X 1200, except for Fig.8 x 200)

Fig. 1 Coscinodiscus sp., valve view, DS 1411.

Fig.2.3 Stephanopyxis sp. 1, side view, DS 832.

Fig.4 Coscinodiscus sp., section of a frustule with irregular inner body, DS 832.
Fig.5 Stephanopyxis sp. 1, section of a frustule with rounded inner body, DS 832,
Fig.6 Stephanopyxis sp. 2, section of a frustule, DS 846.

Fig.7 Stephanopyxis sp. 2, section of a frustule, DS 832.

Fig.8 General view of a phosphate intraclast, with abundant Coscinodiscus and Stephanopy-
Xis.
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Plate 2

(Magnification of all figures x 1200; Fig. 1 photographed from a thin section)

Triceratium sp., valve view, DS 832.
Triceratium sp., valve view, DS 1411,
Triceratium sp., valve view, DS 824 A.
Hemiaulus sp.. side view, DS 1411.
Hemiaulus sp., valve view, DS 1411,
Lyramula furcula HANNA, DS 1411.
Lyramula furcula HANNA, DS 824 A.
Sponge spicules, DS 1411.
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