Bull. Inst. Oceanic Res. & Develop., Tokai Univ. (2010) , 31, 65 — 77

Global Sea Level in the Messinian Stage of the Late Miocene

Masaaki Hanada"

Abstract

The Leg 13 voyage of the Deep-Sea Drilling Project was implemented in the Mediterranean Sea area and
the evaporite deposits originating in the Messinian period that were discovered on the deep sea floor in the
Mediterranean Sea as a result of the drilling became a focus of worldwide attention. Scientists aboard ship
at the time concluded that the evaporite was formed by the lowering of the sea level by as much as 2,000
meters below the current sea level that occurred only in the Mediterranean Sea (Hsl er al, 1977). In other
words, they emphasized that the sea level in the Messinian period was 2,000 meters lower than the current
sea level only in the Mediterranean Sea.

The author surveyed the initial report of the deep sea drilling results of the DSDP, IPOD and ODP and
examined the rise in the sea level in the geological eras. Based on the distribution of shallow sea strata noted
in the initial report as thought to have been formed at the site, I concluded that the old sea level at the very
end of the Miocene period was about 2,000 meters lower than it is today (Hanada, 2000) . The phenomenon of
the low sea level in the Messinian period was not only limited to the Mediterranean Sea.

One proof evidencing this is indicated in the results of the deep sea drilling at two drilling sites
implemented during the DSDP Leg 13 voyage. One of them is the drilling at site 120 on the Atlantic side
across the Gibraltar Strait and the other is that at site 121 implemented in the Mediterranean Sea. The
drilling at site 120 was carried out on the northern slope of the Gorringe Bank at the shallowest depth of
about 50 m located about 260 miles into the Atlantic Ocean. Based on drilling record, an increase in the sea
depth during the Pliocene period and later was evident at the drilling site. That is, site 120 had a sea depth
of 1,711 m and Lower Pliocene deposits were found at a depth of about 55 m under the sea bottom. Similar
increased sea depth is also seen in the record of drilling at site 121 implemented in the Western Alboran
Basin in the Mediterranean Sea. Specifically, Trubian deposits overlapping unconformably on Messinian
evaporite in the Mediterranean Sea are said to be abyssal based on the analysis of deep foraminifera and
ostracodes contained in the deposits. It is consequently clear at the present time that the Mediterranean Sea

was not isolated from the Atlantic Ocean.

. the present Mediterranean Sea. This paper sets out
1. Introduction . .
to suggest that, in fact, the sea level in the Western
It is widely accepted that the sea-level in the Mediterranean was not a local phenomenon, but was
Western Mediterranean in Late Miocene times (the part of a global picture.

Messinian Stage) was 2000 meters lower than that of Hoshino (1962) claimed in the past that the
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sea-level of the Late Miocene was the uniformity
of the water depth of the termination of deep sea
canyons, water depth of the upper margins of deep
sea terraces and the continental rise found on the
seabed throughout the world.

A total of four deep sea drillings have been
made in the Mediterranean Sea, the DSDP Leg 13
in 1970, DSDP Leg 42A of 1975, Leg 107 in 1987 and
ODP Leg 161 in 1995. Among these, the discovery
of evaporates of the Messinian Stage from the deep
seabed in the Mediterranean Sea on Leg 13 Cruise,
the first drilling cruise in the Mediterranean Sea,
attracted worldwide attention.

The scientists on board at the time concluded
that the evaporites were caused by a drop in the sea
level by as much as 2000 meters due to seawater
evaporation in the Mediterranean Sea (Hsii et al.,
1973) . In other words, they emphasized that only
the water level in the Mediterranean Sea was some
2000 meters lower in the Messinian than it is today.
There is no explanation whatsoever, however, of the
reason why the Mediterranean Sea evaporated to a
level 2000 meters lower than today or what caused
evaporations that were repeated eight times as
Hsi et al (1973) estimated from the volume of the

The authors has perused the initial report of
the results of the global deep sea drillings by DSDP
and ODP and examined the rise in the sea level in
the Late Miocene era based on the distribution of
shallow sea formations thought to have been formed
locally. As a result, he concluded that the global
paleo-depth in the late Miocene was approximately
2000 meters lower than it is today (Hanada, 2000) .
In other words, the low sea level of the Messinian
period was not limited to the Messinian Sea alone.

In this study, I presents wide ranging geological
evidence that the sea level around the world in the
late Miocene was some 2000 meters lower than it is

today.
2. Origin of the western Mediterranean basins

2.1 Geological origin

Comas et al.(1999) announced the pattern
diagram based on an analysis of the records of
seismic exploration conducted in the Alboran
Basin area in the western part of the western
Mediterranean Sea. According to this, it can be seen
that the basement of the Alboran basin is about 6
km below present sea level. This is indicated in the
basement depth contour map (Fig. 1). Watts et al.

(1993) claimed that the sedimentary sequence of the

evaporite.
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Fig. 1 Basement depth contour map of the Malaga Graben (de la Linde et al., 1996) . Contour lines every 100
ms (TWT), showing Andalucia-G1 (And-G1), Alboran-A1 (Alb-A1), DSDP 121 and Site 976 locations.
Both flanks of the graben correspond to complex interference of formar dubmarine or formerly
emerged surfaces and low- and high-angle faults, normal-oblique transfer faults, and tops of rollover
structures affecting the basement (after Comas et al., 1999) .
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Fig. 2 Development of a central platform and
its marginal geosyncline (after Hoshino, 1991) .

Alboran Sea Basin has a thickness of 6-8 km and,
furthermore, Chalovan et al. (1997) stated that the
sedimentary column at the center of the Alboran
sedimentary basin is at least 9 km thick. These
results, however, were obtained using the seismic
refraction method and it should pointed out that the
bed of the sedimentary layer is not distinct.
Hoshino (1991) stated that the existence of
a basement at some 6 km below the present sea
level is also known in the Tyrrhenian Basin in the
Mediterranean Sea as Well as in the Japan Sea
Basin, North Sea Basin, Pannonian Basin, West
Siberian Lowland, Song-Liao Basin in China and the
Venazuelan Basin. He conclueded that the basins
are remnant basins and furthermore advocated the
mechanism as shown in Fig. 2 for the formation of
remnant basins. He asserts that these sedimentary
basins are the result of a large-scale rise of the sea
level and surrounding mobile belts following A)
unheaval og the central massif in the Hercynian, B)
followed by erosion, peneplanation and sedimentation
in the peripheral alpine geosyncline and C) sea level

rise and uplift of gyosynclinal materials.

2-2 Origin of the Gibraltar Strait

The Gibraltar Strait is a strait linking the
Atlantic Ocean and the Mediterranean Sea with a
width of about 15 km with the shallowest depth of
less than 300 meters.

Van Couvering et al. (1976) pointed to the
structural upheaval prior to the Messinian period
in the same area. It is thought, however, that the
upheavals in this period took place no more than
2000 meters lower than the present sea level.
That is, the beginning of the sill that was created
by the upheavals at this time did not go so far as
to totally isolate the Mediterranean Sea from the
Atlantic Ocean. However, since an incomplete sill
was created, the circulation of seawater in the
Mediterranean Sea deteriorated markedly and
it is thought that this promoted the evaporation
of seawater. The current Gibraltar sill was not
completed in the Messinian period, which is
proven by the short-term exchange of terrestrial

mammals between Spain and Africa at the end of
the Pliocene period (DeBoajen, 1973) .

There are many researchers who explain
the origin of Mediterranean basins by means of
plate tectonics (Calvert er al., 2000, and Mejgs
and Burbank, 1997) . However, with regard to the
evaporates of the late Miocene period, it is known
that evaporite exists at a depth of 2000 meters
below the current sea level in the Red Sea (Ross ez
al, 1973) . The explanation by the plate-tectonicists
is the Mediterranean basin is due to the subduction
of the Aflica plate under the Eurasia plate and that
the Red Sea is due to the stretching of the Africa
plate and Arabian plate. The two basins caused
by differing mechanisms with the same sea level
in the Messinian period is, the author believes, a
reflection of the fact that the sea level at the time
was globally 2000 meters lower than today. The Red
Sea and Mediterranean Sea were connected during
the Miocene period and the connection to the Indian
Ocean occurred during the Pliocene period or later
(Hoshino, 1998) . In other words, the Red Sea and

Mediterranean Sea were connected during the late
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Miocene period, which indicates that evaporite was
formed successively in this series of basins.

The unconformity that is occurs worldwide
between the late Miocene and early Pliocene
indicates that emergence in the Messinian and the
rise of sea level in the early Pliocene were on a

global scale.
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2-3 Messinian period sedimentary stratum in the

Gulf of Cadiz (Unit M3)

The Gulf of Cadiz is a part of the North Atlantic
continental margin on the northwest side of the
Strait of Gibraltar. The occurrence of the Messinian
formation in the Gulf of Cadiz, in a drilling near
shore (B3) (see Fig. 3)is at a depth of 1250 meters
below present sea level (Maldonado et al., 1997) and
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Fig. 3

a:Simpplified bathymetric chart of the Gulf of Cadiz. The multichannel seismic profile and location of

commercial wells is shown (after Maldonado et al., 1999) . b: The interpretative line drawing showing

representative cross-section of the northern Gulf

of Cadiz (Line 339) ( after Maldonado et al., 1999) .
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Unit M3 (upper Messinian deltaic sediments) evident
in the acoustic traverse through the vicinity has
a water depth of about 0.8 sec (TWTT) and layer
thickness of about 1.2 sec (TWTT) and, if the Vp in
this formation is about 2.3 km / sec (TWTT) (Sartori
et al, 1994 ; refer to Fig, Line A), the upper portion
of this Messinian stratum would be located at a
depth of 2 km below sea level, equivalent
to the depth of the contemporaneous
evaporates in the Mediterranean Sea,
thus indicating that sea level in the
Mediterranean Sea during the Messinian
period is the same as that of open ocean.
Hoshino (1981) asserts that shallow
autochthonous sediment and shallow sea
fossils of the same period distributed in
the deepest areas in the seabed indicate
the sea level of the geological era with
which these are affiliated. Maldonado et
al. (1999) think that this area was exposed
to rapid crustal subsidence in the early
Pliocene; however, the depth of Unit M3
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this is the fact that the rise in the sea level after the
Messinian period, during which the continental slope
was formed, was global event.

Shepard (1963) notes that the terminal depth of
continental slope is at —2000 meters. This is probably
an indication of a major upheaval in the portion

from the lower part of the continental slope to the
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in the western Mediterranean Sea and
the evaporitic layer is thought to have
been formed in response of the -2000
meters sea level occurring globally. The
rapid crustal submergence of the early

Pliocene refers to the large-scale rise

in sea level as indicated by changes in

the paleo-depth of benthic foraminifera

referred to later.

3. Geological evidence indicating the
sea level in the late Miocene period

3-1 Hypsographic curve

In the case of the Mediterranean
Sea, Cita (1973) pointed out that the
hypsographic curve in the Mediterranean

Sea is similar to that in the open ocean,

though the reason for that is not

explained. The primary cause involved in

Fig. 4 Deep sea terrace in the Kumano-Nada Sea, off central
Honshu, Japan.
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continent in the Neotectonic Period taking the depth
in the vicinity of -2000 meters as the standard,
that is, with this major upheaval in the Neotectonic
Period, there were conspicuous upheavals in the
area from the continental margin to the inland area
while the major part of the sea basin bed remained
immobile. As evidence of this, the point can be cited
that the Messinian evaporite widely distributed at
the bottom of the basin in the Mediterranean Sea
is hardly distributed at all. Meanwhile, the same

evaporates are also distributed on the Island of Sicily

20°W

and other locations on land along the Mediterranean
Sea coast (Butler et al., 1995; Hst et al., 1973) .
Deep-sea terraces are evident in many locations
in the vicinity of -2000 meters. In the case of Japan,
the deep-sea terrace offshore in the Kumano Nada is
well known (Fig. 4). Many of the deep-sea terraces
are sedimentary basins that have a peripheral dam
on the ocean side and sedimentary accumulation
on the shore side, which form the terrace. Eroded
bedrock was found in the peripheral dam on the

outer side of the deep-sea terrace of offshore Shikoku
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Fig. 5 Bathymetric chart of the continental margin between Britany and Ireland (after Day, 1959) .
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Pacific Ocean
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Fig. 6 Kamogawa Submarine Canyon.

in Japan through acoustic exploration, indicating
the location of the sea level at the time (Hilde er
al, 1969) . In addition, deep-sea terraces at a depth
of 2000 meters dating from the Middle Miocene
are partially developed from northern Honshu to
Hokkaido on the Japan Sea side, in particular, a
clearly-defined deep-sea late Miocene erosional
terrace is distributed in the area from southwest
offshore Okushiri Island to the Tsugaru Strait.
Among deep-sea terraces in the northern
Atlantic Ocean, the Meriadgek Terrace (Day, 1959)
in the western part of the English Channel, at a
depth of about 2000 meters, is noteworthy (Fig. 5) .

3-2 Submarine canyons
Submarine canyons which terminate at a depth
of 2000 meters are found throughout the world.
There are numerous examples of submarine
canyons with a terminal depth in the range of

about 2000 meters. For example, it has been

pointed out that Mississippi Canyon continues to a
depth of about 2000 meters (Gealy, 1965), that the
submarine canyon in the Bering Sea continues at
depths from 165 meters to 2200 meters, the upper
margin of the continental rise (Scholl er al., 1968),
that the Martaban Canyon in the Andaman Sea
ends at a depth of 2000 m (Rodolfo, 1969), and that
the gradient of the valley axis of the Black Mud
Canyon in the western part of the English Channel
moderates at a depth of 1800-2000 meters, which
corresponds to the depth of the Meriadgek Terrace
(Day, 1959). The same occurs off the eastern
coast of the United States. In addition, the Kahana
Canyon distributed on oceanic islands such as Oahu
Island, Hawaii, also has a terminal depth of 2000
meters (Hamilton, 1957) and, moreover, according to
Shepard and Dill (1966) , many submarine canyons
have a terminal depth of -2000 meters.

As in the case of the Kamogawa Submarine

Canyon (Fig. 6), there are also submarine canyons
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with valley topography that extends even deeper
than 2000 meters and, given the valley topography
extending deeper than 2000 meters insuch cases,
they are unusual valleys with a trough configuration
and steeper valley axis gradients than at shallower
depths, and we can see the submarine canyons with
the same nature at the Korean continental slope of
the Sea of Japan.

Submarine canyons are frequently explained
to be created by turbidity currents;it would
be difficult at present, however, to say that all
submarine canyons are formed by such turbidity
currents (Hoshino, 1998) . It is evident from the
deep-sea topography of Toyama Bay (Hanada, 1982)
that the canyon loses form at the level surface of the
bay at a depth of 1000 meters and that the canyon
topography continues on to a depth of 2000 meters
further out. In other words, turbidity currents
originating near the coastline are not able to explain
the origin of submarine canyons that cut into the

lower part of the continental slope.

3-3 Examination of change in the sea level

indicated by benthic foraminifera

Hanagata et al. (2001) claim that the disappearance
of the benthic foraminifer Spirosigmoinella compressa
from the Japan Sea and the appearance of Miliammina
echigoensis into the Japan Sea indicate changes
in maritime conditions in the Japan Sea at the
boundary between the Miocene and Pliocene periods.
Further, reporting on a large-scale rise in sea level
after the Messinian based on an examination of
paleo-depth from the benthic foraminifers, they
claim that this phenomenon after the Messinian
period is the result of a major rise in the sea level of
global magnitude. That coincides with the assertion
of Benson (1972), based on the paleoecology of
ostracodes, that there was a rapid rise in sea level
extending to 1000 meters after the formation of the
Messinian evaporite.

In account of the continental margin of offshore
Peru, Suess et al. (1988) concluded, based on an

analysis of benthic foraminifera, that there was
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Fig. 7 Percent planktonic foraminifera at Buff Bay
(after Katz and Miller, 1993) .

a rapid increase in water depth of about 2 km
after the Messinian period at both DSDP Sites 682
and 688. They considered the subsidence of the
continental margin to be the cause of this increase
in depth; however, this phenomenon should probably
be seen as the result of a rise in sea level after the
Messinian period.

As the result of research in benthic foraminifera
in marine deposits of the Neogene and Quaternary
periods along the coast of Jamaica, Katz and Miller
(1993) released charts indicating that the paleo-
depth in the Messinian period was shallower, that
unconformities occurred and that, at the beginning
of the Pliocene, the sea depth increased once again
(Fig. 7), just as in the Mediterranean Sea. This
indeed corresponds to eustatic changes in the sea
level curve from the Miocene to the Pliocene in the
Mediterranean Sea (Hoshino et al., 2001) (Fig. 8).
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The previously referenced Hanagata er al. and von
Huene et al. also have much the same to say.

In Fig. 7, it is thought that the basin became
shallower in depth in the Messinian period not as
a result of the drop in the sea level but because
the basin became shallower as it became filled in.
This phenomenon represents the conclusion of
stratigraphic geological research relating to oil in
the Tertiary of the northeastern Japan Sea (Suzuki,
1989) . Von Couvering er al. (1976) point out the
increased shallowness prior to the Messinian period
in the Guadalquivir Trough in Spain based on
research in benthic foraminifera and this is also the
result of fill, the same as in the case of the Tertiary
Niigata oil fields.

There are results available of the deep sea
drilling at two drilling points spanning the Strait
of Gibraltar implemented during the DSDP Leg
13 cruise. These are the results of Site 120 on the

Atlantic side across the Strait and Site 121 carried
out in the Mediterranean Sea. Site 120 is located in
the Atlantic Ocean about 260 miles west-northwest
of the Strait of Gibraltar and the drilling was carried
out on the north slope of the Gorringe Bank, which
has a depth of about 50 meters at the shallowest
point. Based on the record, it is clear from the
results of the analysis of benthic foraminifera that
the sea had increased in depth since the Pliocene at
this drilling point (Shipboard Scientific Party, 1973) .
In other words, Site 120 had a depth of 1711 meters
and Lower Pliocene was found at a depth of about
55 meters below the seabed. The same increase in
depth is also seen in the drilling record of Site 121
in the Western Alboran Basin in the Mediterranean
Sea (Shipboard Scientific Party, 1973). That is,
the Trubian stratum that inconsistently overlaps
the evaporite of the Messinian period in the

Mediterranean Sea is said to be abyssal as the
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result of analyses of the benthic foraminifera
and ostracodes contained in it (Benson, 1972) .
Consequently, the Mediterranean Sea is not thought
to have been isolated from the Atlantic Ocean at this
time but that the Atlantic Ocean and Mediterranean
Sea had the same sea level.

Here, the distribution depth of the Pliocene
seabed at Site 120 has a current depth of 1766 meters,
somewhat less than 2000 meters, which is due to the
fact that this bank is an upheaval formation area and
some upheaval is thought to have occurred after the
accumulation of Pliocene sediment.

Thus, examples in marine areas of Lower
Pliocene overlapping Miocene indicating abyssal
environment do not only occur in the Mediterranean
Sea but are also known to have occurred in other
areas as well. For example, it is said that Lower
Pliocene fauna indicates abyssal environment as the
result of the analysis of the fossil of foraminifers,
mollusks, sea urchins and other sea animals in the
Los Angels sedimentary basin on the west coast of
North America (Conery, 1967) . Furthermore, in the
Japan Sea, the increase in the depth of Japan Sea is
said to have started in the early Pliocene (Ishiwada
et al, 1977) .

4. Conclusion

It cannot be disputed that evaporates were
formed in the western Mediterranean Sea at a depth
of 2000 meters below the present sea level (Hst et
al., 1977). The problem is the interpretation that this
phenomenon occurred only in the Mediterranean
Sea. Since the report of Hsi er al. (1977), many
researchers have claimed that the Strait of Gibraltar
sill was formed immediately prior to the Messinian
period and, moreover, that the height of the sill
was much the same as it is today (Fig. 10). They
promote the idea that the sea level at the time
when the sill of the Messinian period was formed is
essentially the same as its current level.

However, the sea level in the end of the Miocene
period was probably some 2000 meters lower than

its current level.

Hoshino (1983) classified the magmatic history of
the earth into the Granitic Stage (Archeozoic era),
Transitional Stage (Proterozoic and Palaeozoic eras)
and Basaltic Stage (Mesozoic and Cenozoic eras) .
What characterized the age since the Mesozoic
era, that is, the Basaltic Stage, was basaltic activity
and he points out that the ocean floor was rised by
basaltic flooding and its underplating.

The Messinian evaporates are geologically
important in that it indicates the level of sea surface
immediately prior to the major global upheavals in
the Neotectonic Stage Age that formed the entire
topography of the present-day earth.
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i R (Messinian #) o b i,
BIOHFIZBIF S -2000 m #EKHEEIZDOWT

A& W IE B

TR B 0 Leg 13ALMEAS MR M HEI CENE S N7z, Z OREHE O E, Wb RER? S
Messiniann HlORBENER IN22 LA, RTFOEHZ24ED72. 2L T, BEEoREMEER-BIE, o0
AFRGOBRIZOWT, HiHEZTIE 2 5 Z2BHEDE K { 5T 2000m 128 X S KERTHRE TH -
72, LA L7z (Hsl et al, 1977). T bbb, HEIZE W THHA Messiniann 0K #EIZBIfE & { 5T,
2000 m A o722 ERRHF LTV 5.

%1, DSDP, IPOD, ODP 12 & 2 BN RO 4 =2 v VLR — b 2B L T, WEKOMHKED LA
WZOWTHE L7z, A =YX VL R—FC BT IN/ZLEZ SNBSS NT 0L EBREO A5,
R R o vl R B VX BAE & <5 _THY 2000 m AR WA IE 12 & o 72 & #EaiO U 72 (Hanada, 2000). 24U,
Messinian i OKHEAKEE L, HHPH#EZTTE R o722 0wH) 2 ETHD.

COZEERRTIHD 1225, DSDP Legl3ftifFicds & b7z 2 O O HRHI 21 O BRI E] O &5 R IR S
T, 0 EDIE, V7TV ViR IES ATZKRIEEMO site 120 TH Y, o & DiF i CHHMiS 17z
site 121 OIRBIFERTH 5. Site 120 1%, V7 IV & VHEBEOVEILE, #9260~ 4 VO KWEFEICHELET B, Wik
HOKENS0 mFEDTY) 7 - Ny 7 odeflahE ETHIEIAB 2 2bhzz. mERE 5%, AEHLT
&, SRR S TH B, Thbb, site 1201, AiFE1711m TH Y, KT 55m LI TE
EFIER I N TWD, T & RO LA A D Western Alboran Basin (28 THEHE S L7z site 121
OWHIFLFMCD RSN AL, Thbb, HHED Messinian #1073 E O FICAREAIZHE % 5 Trubian O HJE I,
ZHIZAL TR TV BEEFILR EMBROGIICE 5T, WHHTHLEVbhTW5S, Lo T, ZO
FIZBWTIE, HPEEREED SN L2REBICIE o 722 EBHL 2 TH 5.

ZOEI, WREICBWT, PHHO LICER 2 FEEEIAREE R T v P, MhiEidoc
TH P DA TLMOEN TS, 728 21X, b7 A A KRETREO TS v ¥u AHERFE T, TE
BEFORTIC 5 K DAL, KB, V=% EOILADHHIT L - T, FEHEEFMATRENZR$ 2 L 27n
HbNTWw5 (Conery, 1967). X512, HARMICBWTIE, HABOEB LI EMIICEILE s wbhT
W CHFIEIE2, 1977). F72, $FEHE, WESHIORR L WERED S AT, HATEO LERERN 0582
1%, B LOBRBECTER S N28N0, ZO®RISKE S » 72 EAIC X - THEDHKIZHEAK L2 0 THE I L
WS L7z (FEH, 1989).

Dbkl eh s, BIEOHAREIZS S5RT, it KN oiEKEIX 2000 m KW ZEIZH > 7200
W FOBRTIZARL, WA ZLOTHY, o ki, EWHHANLEEP 5B EIFSATHS
(Hoshino, 1998)

(FEH © S RFMEESE T 424-8610 B U5k i B 77 335 7K X T 3-20-1)






