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zoLI, 1986; MART, 1996; MART and PERECMAN, 1996; PIRr-
AzZOLI et al., 1996). Whether neotectonic stability or marked
change of land and/or sea-level characterize the coast proper,
there is general agreement among different geological and
archaeological studies that the seafloor immediately west of
the shoreline has been recently displaced. Offset on the coast
and offshore is commonly attributed to flexure and shift of
land, especially along an important coast-parallel fault sys-
tem (RABAN et al., 1990; MART and PERECMAN, 1996). How-
ever, the magnitude of this offset can be obscured by settle-
ment of large construction that has induced compaction, such
as the artificial harbor at Caesarea (GALILI and SHARVIT,
1997).

The position of the sea along the coast can best be evalu-
ated in terms of changing relative sea level, i.e. the resultant
of worldwide (eustatic) changes of sea level and coeval effects
of regional and/or more local land motion. With tides ranging
within ~30 c¢m in this land-bound sea, displacement of recent
land and sea motion may be measured somewhat more readi-
ly than in other oceans where much larger tides tend to mask
subtle vertical shifts of land. Tide-gauge data collected during
this century along the Israeli coast reveal land motion as an
important, albeit regionally variable, component: land rise
has been modest at Ashdod and Yafo at the southern and
central coast, and more extensive to the north at Haifa (Em-
ERY et al., 1988). Results of a recent analysis of tide-gauge
data throughout the Mediterranean, where absolute sea-level
variations are distinguished from crustal movement (ZERBINT
et al., 1996), are also of note. That study indicates an average
relative rise of sea level during the past 30 years, with a rate
of eustatic rise accounting for somewhat less than 1.0 mm/
year, while rates of vertical land motion may reach to 1.0
mm/year. These findings are compatible with a recent com-
pilation in other world oceans that also records a recent world
rise in sea level of ~1.0 mm per year (MiLLIMAN and HAQ,
1996).

On the basis of assigned age and function, rock-cut features
such as piscinas, pools, tanks and channels have been used
by some archaeologists as gauges with which to measure
changes of sea level and regional and local land motion. It is
noted that most rock cut installations on the Israeli coast are
most commonly attributed to Roman, Byzantine and Crusad-
er periods (E. Galili, 1998, personal communication), and that
many still occupy their original position relative to sea level.
For some, this implies long-term neotectonic stability, with
only minor shifts of land and sea level affecting the coast
during the past 20 or more centuries (GALILI and SHARVIT,
1997).

Here, I call attention to two other possibilities that may
explain the position at present sea level of a rock-cut feature
on the Israeli margin. The first emphasizes relative—not eus-
tatic—sea level in a setting where both land and sea may
have moved up or down by the same amount, either at the
same or at different times, during the past two millennia
such that present sea and land levels are near coincident
(Figure 3, scenario 1). The second possibility, more radical,
suggests that some rock-hewn features identified as Roman,
Byzantine or Crusader in age may actually be much younger.
Although a number of coastal kurkar ledges and trottoirs
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Figure 3. Schemes illustrating three scenarios that emphasize relative
sea-level, and involve a series of sea-level and/or land fluctuations that
could have occurred at the same, or at different, times on the Israeli coast.

along the Israeli coast were surely cut in Roman to Crusader
time, it cannot be ruled out that other trottoirs were hewn
more recently by quarrying operations and removal of rock
needed for construction in Israeli cities and towns, perhaps
during the past 300 years (Dr. Y. Nir, 1998, personal com-
munication). Review of available documentation pertaining to
such kurkar material used for construction during the recent
past, and perhaps more refined petrologic analyses of rock-
cut features could provide a more reliable basis to date fea-
tures on kurkar platforms. In any case, evidence available at
this time does not prove, nor does it preclude, the possibility
of some pools—many of which are positioned at, or near, pres-
ent sea level —having been cut during the past few centuries.

Emphasis should be placed on relative sea level to better
interpret the position of rock-hewn features cut into kurkar.
Those that are now positioned at an elevation above present
sea level can be explained in at least three ways (Figure 3,
scenario 2): by less sea-level rise than land rise; or a fixed
sea level but land rise; or lowering of sea level but no land
motion. In contrast, a feature cut in kurkar that now lies at
an elevation below present sea level may also be explained
in at least three ways (Figure 3, scenario 3): by sea-level rise
without land rise; or sea-level rise exceeding land rise; or no
sea-level change while land subsided.

The above schemes can be applied to rock-hewn features
such as those at Dor and Caesarea, where two independent
studies (SNEH and KLEIN, 1984; MART, 1997) have indicated
that sea level in Roman time was positioned at or near pres-
ent sea level, then rose by nearly 1 m at 500-900 AD, and
subsequently was lowered by ~1 m at 1200-1300 AD before
returning to present level (Figure 4A, B). These two site-spe-
cific studies present similar interpretations: based in large
part on archaeological data, they tend to emphasize eustatic
sea level. However, the emphasis on large-scale (~2 m) up-
and-down sea-level oscillation and return of sea level to its

Journal of Coastal Research, Vol. 15, No. 2, 1999



330 Stanley

Eustatic sea level oscillation - stable land scenario
A (Caesarea, after Mart, 1997)
1500 - 1100 yr B.P.
(500 - 900 A.D.)

1.0

0.5 ~ 2000 yrB.P. . 800 - 700 yr B.P
(Herodian) (1200 - 1300 A.D.) Present

0

-0.5

1.0

Sea Level (m)

Transgressive/regressive/transgressive - stable land scenario
(Dor, after Sneh and Klein, 1984)

B 1500 - 1100 yr B.P.
(500 - 900 A.D.)

~ 2000 yrB.P. 800 - 700 yr B.P

(Herodian) (1200 - 1300 A Present present

s.l.

Sea Level (m)

rock-hewn
structure

sea
Minor sea level - stable land scenario
C (Israeli coast water wells, after Nir, 1997)
800 - 700 yr B.P
(1200 - 1300 A.D.)

land
(kurkar)

Ml

1500 - 1100 yr B.P.
(500 - 900 A.D.)

~ 2000 yr B.P.

(Herodian) Present

present
s.l.

Sea Level (m)

Figure 4. Schemes highlighting several examples of relative sea-level
shifts documented along the Israeli coast. A, B, diagrams depict similar
relative sea-level oscillation patterns based on geological and archaeolog-
ical data collected in separate studies at 2 different sites, Caesarea and
Dor. C, data derived from coastal wells record a relative sea-level pattern
that, through time, differs markedly from A and B.

stand of 2000 years ago warrants further attention. It is use-
ful, in this respect, to consider results of another survey
based on water wells sited along a broad stretch of Israeli
coast and that indicate a different sea-level pattern than the
above (NIR, 1997). In that survey, it is proposed that sea level
2000 years ago was also positioned at approximately the
same level as present but, instead of lowering as at Dor and
Caesarea, sea level rose at ~1200-1300 AD before returning
to its present stand (Figure 4C).

Identification of different sea-level stands along this coast
during the relatively short period of time considered suggests
the probable role of variable land motion along the coast and,
consequently, the importance of relative—not eustatic—sea
level fluctuations in this region. It is clear from the above
that to avoid misinterpretation when determining sea-level
change requires, at the very least, an accurate age assign-
ment to the rock-hewn feature being used for such calcula-
tion.

CONCLUSIONS

Rock-cut features should be reliably dated if they are to be
used for sea level measurement. The well-studied and fre-

quently cited Roman piscina at Caesarea, dated by mosaics
and its position directly on and within well-defined Herodian
structures (FLINDER, 1976, 1985; RABAN et al., 1990; MART
and PERECMAN, 1996) is, in fact, an exceptional case. Deter-
mination of the precise age of most pools is difficult and most
rock-cut features in coastal kurkar have been dated only in-
directly, by association with proximal archaeological sites or
structures. Such depressions are not usually characterized by
age-diagnostic attributes such as mosaics and ceramics af-
fixed directly to sandstone, nor have such features been spe-
cifically dated as yet by associated and/or affixed diagnostic
algae and fauna (c¢f. LIPKIN and SAFRIEL, 1971) or by biogenic
structures attributed to an earlier, pre-modern time.

To distinguish sea level from land motion during the late
Holocene on the Israeli coast remains a challenge, and clearly
requires a cautious approach. With regards to rock-hewn fea-
tures, the most obvious need at this time is reliable dating to
determine if these were formed during Phoenician, Hellenis-
tic, Roman, Byzantine or Crusader period, or more recently.
Tempting as it may be, a rock-cut feature should not be used
to determine sea-level or land motion unless it can be accu-
rately dated.
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