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A sharp, well-defined interface between a late Pleistocene carbonate sandstone ridge (kurkar) and Holocene uncon- 
solidated coastal siliciclastic sediment has formed largely as a consequence of recent structural activity along the NW 
Nile delta coast at Abu Qir, Egypt. Joint patterns in the coastal kurkar exposed on land, and its irregular and 
dislocated configuration beneath Abu Qir Bay, suggest that the ridge east of Alexandria was stretched, down-bowed 
and offset in a NE direction. The ridge has subsided by growth faults to shallow depths in the bay, resulting in 
westward coastal regression toward the Abu Qir peninsula by headscarp retreat. Deformation of the coastal margin 
and development of the distinct lithological interface occurred primarily from late Pleistocene to early Holocene time, 
although continued sub.sidence and disruption of the late Quaternary section has occurred locally in the bay as recently 
as the first millennium C.E. Both emerged land and coastal-to-shallow bay phenomena are a probable response to 
readjustment at depth of the thick (>5000 m) Mesozoic to Quaternary sediment section lying beneath the recent NW 
Nile delta. This shift deep within the underlying sediment pile has lowered the bay floor and likely accounts for some 
shallow to intermediate depth earthquakes along, and proximal to, the Alexandria to Abu Qir coastal margin. 

ADDITIONAL INDEX WORDS: Abu Qir Bay, Alexandria, basin subsidence, Canopus, carbonates, delta fades, de- 
pressed shelf platform, earthquakes, growth faults, Herakleion, Holocene, joint structures, kurkar, Nile River Pleistocene, 
quartz, seismic profiles. 

INTRODUCTION 

This study examines the geological setting of an unusually 

well-defined and abrupt interface between a series of coast- 
parallel carbonate ridge and siliciclastic lithologies along the 
NW Nile delta coastal margin at Abu Qir, Egypt. Of specific 
interest is the eastern margin of Abu Qir peninsula which 
forms the shoreline along the western margin of Abu Qir Bay 
(Figure 1). Unconsolidated quartz-rich delta sequences of Ho- 
locene age in the bay and on the southern peninsula sharply 
abut the consolidated carbonate sandstone ridge of Pleisto- 
cene age. This linear limestone is one of 8 linear coast-par- 
allel ridges (Figure 1, inset) that extend from Abu Qir Bay to 
Arabs Bay, a distance of •100 km to the SW. Many previous 
investigations have focused on these coastal ridges west of 
the Nile delta and reported on their geographic configuration 
(ZEUNER, 1952; SHUKRI et ai, 1956; BUTZER, 1960; EL-FAYOU- 

MY et al., 1975), lithology (EL-WAKEEL and EL-SAYED, 1978; 
HASSOUBA, 1980, 1995; STANLEY and HAMZA, 1992), and age 
(HEG/VB and EL-ASMAR, 1995; EL-A.SMAR and WOOD, 2000). The 
quartz-rich fluvial and marine deltaic sediments released by 
Nile branches in the vicinity of Abu Qir peninsula during the 
Holocene also have received considerable attention (ATTIA, 

1954; CHEN et al, 1992; WARNE and STANLEY, 1993; STAJNLEY 

el ai, 2004b). 
Calcareous deposits in proximity to quartzose sediment is 

not a unique situation on modern or ancient coastal margins. 

04-0311 received and. accepted 28 July 2004. 

For example, a number of investigations focusing on this top- 
ic have discussed coral reef-to-clastic fluvial interfaces in 
tropical and subtropical settings such as the Red Sea, Aus- 
tralia, and Caribbean (DOYLE and ROBERTS, 1988). More com- 
monly observed are the gradual carbonate-to-siliciclastic lith- 
ological transitions that develop on many of the world's con- 
tinental shelves, including the western and eastern Mediter- 
ranean (STANLEY', 1972). Most of the latter examples involve 
ti-ansport of carbonate and quartzose sediment from different 
source terrains to coasts, followed by bottom current displace- 
ment that leads to mixing and formation of diverse carbonate 
to siliciclastic gradations on the contiguous shelves. 

It is of interest here that neotectonic activity, rather than 
interaction of principally sedimentological processes, can ex- 
plain the formation of the sharp, well-defined carbonate and 
quartz-rich sediment interface at Abu Qir. The following as- 
pects of this margin are considered: (1) the stratigraphie and 
structural attributes of the sector where the carbonate ter- 
rain is in contact with quartzose-rich strata in Abu Qir Bay; 
(2) the stretching and arching of the carbonate ridge at its 
eastward edge as a possible response to loading effects by 
Nile River deposits that accumulated upon it during the Ho- 
locene; and (3) events that may have caused the present sub- 
mergence and dislocation of the limestone stratum beneath 
the Holocene sediment cover in the bay east of Abu Qir. 

BACKGROUND 

The modern Nile delta is a classic A-shaped depocenter 
(HERODOTUS, 5"' century B.C.E.) formed at the Mediterranean 



310 Stanley 

Figure 1. Landsat 5 thematic mapper (TM) image (acquired 22 December 1986) showing Abu Qir peninsula and adjacent study area in the NW Nile 
delta, Egypt. Cities of Abu Qir and El-Montazah are built on coastal carlionate sandstone Ridge II, one of 8 coast-parallel kurkar ridges in this region 
(see inset, modified after Butzer, I960). The five W-E oriented lines in Abu Qir Bay show positions of seismic profiles 1-5 in Figure 3. 

margin and bound by desert in northeastern Egypt (SESTINI, 

1989; SAID, 1993; STANLEY and WARNE, 1998). The eastern 
delta-desert boundary is clearly delineated by the Pelusium 
Line fault system that is traced from the Levant toward the 
SW, across the southeastern corner of the Mediterranean, 

and then landward east of the Suez Canal toward the delta 
apex near Cairo (NEEV, 1975; NEEV et al, 1976). Strike-slip 
motion, with some vertical displacement, has laterally offset 
the clastic desert and coastal sediment facies of Quaternary 
age in this region (SNEH and WEISSBROD, 1973; SNEH et al, 

1986; COUTELLIER and STANLEY, 1987; STANLEY, 1990). The 
NW edge of the Nile delta coast lies -225 km to the west 
(Figure 1), adjacent to the city of Abu Qir (ancient Canopus). 
The Abu Qir delta sector is as geographically and geologically 
distinct as the one at the NE Nile delta margin, but has re- 
ceived little attention with regards to its recent structural 

evolution. 
This coast is located in a warm to hot and dry setting where 

sediments are affected by microtidal and wave-driven near- 
shore current conditions. On land, the lithologie contact be- 
tween the 8 coastal ridges of carbonate sandstone and uncon- 

solidated terrigenous deltaic facies (primarily dark silty mud 
and sand) deposited to the east is well-defined. The moder- 
ately to well-cemented limestone is formed largely of whole 
and broken shell, pellets and oolites along with some quartz 

and heavy mineral grains (HiLMY, 1951; EL-WAKEEL and EL- 

SAYED, 1978; HAS.SOUBA, 1980, 1995; STANLEY and HAMZA, 

1992). In the eastern Mediterranean, such coastal ridges of 
Strandline and eolian origin are commonly called kurkar (AL- 

MAGOR, 1979; NEEV et al,, 1987). The largely clastic carbonate 
sandstone provides a record of biogenic deposition (largely 
shell and broken hash) associated with pelite and oolite 
(STOFFER.S et ai, 1980) formation along the coast and inner 
shelf west of Abu Qir peninsula during the late Quaternary. 

During the past 6000 years, carbonate components have 
been transported eastward along the coastal margin by mod- 
est to strong (to 100 cm/sec) coastal currents in this area 
(UNDPAJNESCO, 1978; LN'MAN and JENKINS, 1984; FRIHY, 

1988; SMITH and ABDEL-KADER, 1988; SESTINI, 1989; POEM 

GROUP, 1992). However, in the earlier Holocene and periodi- 
cally during the Pleistocene, coastal currents flowed to the 
west. Counts of mineral components of sand size in the sec- 
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ond ridge (usually called Ridge II or El Max-Abu Sir ridge; 
Figure 1, inset) show that proportions of coarse silt to sand 
size quartz increase in a NE direction, and can reach >75% 
of sand-size components between Alexandria and Abu Qir 
(STANLEY and HAMZA, 1992). This indicates that during for- 
mation of Ridge II some silt and sand sized grains were in- 
troduced to the coast in this region from the adjacent desert 
by wind, and also that quartz of Nile derivation was period- 
ically displaced westward to and beyond Alexandria by long- 
shore currents. In marked contrast, younger silty mud and 
sand-rich delta deposits in the bay east of Abu Qir comprise 
larger proportions of quartz and other light and heavy min- 
erals, and are more poorly sorted than the kurkar. Much of 
this clastic material was released at the NW delta margin by 
the formerly active Canopic branch of the Nile and, since the 
mid-Holocene, this sediment has been displaced primarily 
eastward by nearshore and shelf currents (ToussouN, 1922; 
NEEV et ai, 1987; FRIHY, 1992; STANLEY et al, 2004a, 2004b). 

The two distinct faciès that are in direct contact at the 
delta's western coastal boundary are of makedly different 
age. Ridge II that forms the linear high-relief carbonate upon 
which the cities of Abu Qir and Alexandria to the west were 
built is of late Pleistocene age. The ridge recently has been 
dated by amino-acid geochronology to about 100,000 years 
before present (from 110 ± 5 ka at the ridge base to 90 ± 15 
ka at the ridge top) by EL-ASMAR and WOOD (2000). This unit 
is thus much older than the deltaic sequences of Holocene 
Nile delta derivation that interface with, and bury, the ridge 
that is now submerged in Abu Qir Bay. The base of section 
of the terrigenous delta deposits is dated from about 8000- 
7000 years before present (yr B.P.); they are of near-modern 
age (<3000 yr B.P.) at the upper delta plain surface and at 
the sediment-water interface in the bay (STJVNLEY and WARNE, 

1998; STANLEY et al, 2004b). 
The sharp eastern termination of carbonate coastal ridges 

subaerially exposed in the Alexandria region is attributed to 
structural offset (Figure 1, inset). Examples include several 
kurkar ridges in the vicinity of Mariut lagoon bound by faults 
oriented perpendicular (NW-SE, E-W) to ridges (BUTZER, 
1960). In similar fashion, the coastline immediately east of 
Abu Qir (that also defines the western margin of Abu Qir 
Bay) is nearly perpendicular (NNW-SSE) to the Ridge II 
trend (Figure 1). Also noted on satellite images are structural 
lineaments inland along the western margin of the Nile delta 
and oriented primarily N50-60W to S50-60E (EL SHAZLY et 
al, 1975; ABDEL-KADER, 1982; NEEV et al., 1987). Still other 
lineament directions are mapped in this desert-west delta 
sector: some oriented more closely to the general north-south 
trend of the western bay shoreline (N20W-S20E; N20E- 
S20W), and others more closely parallel to the west-to-east 
linear direction of the ridge II (N65-80E to S65-80W). 

South of the Abu Qir peninsula, the WSW-ENE trending 
Ridge II at the delta plain surface disappears abruptly (with- 
in several hundred meters) from W to E. Nevertheless, some 
carbonate strata of comparable lithology to this kurkar layer 
(rich in sand-sized biogenic shell and other allochem, oolite 
and quartz components) are recovered at outcrops in the 
northern bay. These include Nelson (Canopus) island 4 km 

NE of Abu Qir, and the shallow carbonate reefs that extend 
~5 km farther NE in the bay from Nelson island. 

Sediment cores provide useful information on subsurface 
carbonate trends east of the Abu Qir peninsula (ATTIA, 1954; 
FRIHY', 1992; WARNE and STAJNLEY, 1993; STANLEY e< ai., 1996). 
For example, limestone facies (probably Ridge III) have been 
recovered in borings at depth beneath quartzose deltaic se- 
quences of Holocene age south of the bay. The limestone in 
this sector was encountered beneath the Holocene deltaic se- 
ries along a west-to-east oriented core transect (ATTIA, 1954): 
at •22-26 m below the delta plain surface at Kafr El- 
Dawwar Station (Figure 1, inset KED); and, at •103-124 m 
beneath the surface, at •40 km to the east, at El-Taftis Es- 
tate near the Rosetta branch of the Nile (Figure 1, inset 
ETE). A carbonate surface gradient of •3 m/km toward the 
east is measured at depth along this W-to-E transect; this 
value, however, assumes that the carbonate laj'er between 
the two co]-es has been affected only by a simple eastward 
tilt of an unbroken stratum (cf. HASSOUBA, 1980). 

EVIDENCE OF STRUCTURAL OFFSET 

Ridge II Joint Patterns 

A survey along the coast between Alexandria and Abu Qir 
reveals that, where exposed. Ridge II is broken by steep to 
near-vertical joint fractures at varying lateral intervals, but 
usually at a spacing of 10 m or less east of El-Montazah (Fig- 
ure 2A). Compass measurements of axial fractures were 
made on near-horizontal surfaces of the kurkar at two local- 
ities (Figure 2D-F). Three major trends are noted at the Abu 
Qir peninsula (Figure 2C, shown respectively as c, s and d): 
near-parallel to the coastline of western Abu Qir Bay (NIO- 
20W to S10-20E); sub-parallel (ENE-WSW) to the dominant 
ridge trend; and a trend intermediate between the two 
(WNW-ESE). Generally similar trends are recorded at El- 
Montazah •6 km SW of Abu Qir (Figure 2B, respectively c, 
s and d): one set parallel to Abu Qir Bay's western coastline 
(N15-20E to S15-20W); one more closely aligned to the Ridge 
II trend (N80E-S80W; N50E-S50W); and one near-perpen- 
dicular to the ridge (N40-60W to S40-60E). 

Joint fractures are usually less than 3 cm wide, and in the 
upper part of the limestone bed generally remain open and 
not filled with calcareous cement (Figure 2D-F). In some in- 
stances, joints at depths of several meters down from the up- 
per surface Ridge II surface are partially filled with weath- 
ered debris. Displacement of carbonate layers along joint 
fractures and other obvious fault structure offset were not 
observed in subaerial exposures of Ridge II in this sector. 

Seismic Profiles 

A geophysical survey was made in April and May 2000 in 
the western half of Abu Qir Bay as part of an archaeological 
exploration program to study submerged ancient Greek cities 
(Herakleion, Eastern Canopus) in this region (STANLEY et al, 
2004a, 2004b). A high-resolution sub-bottom profiler system 
(Triton Edgetech X-Star) was used to define the configuration 
of Holocene sediment sections that form the substrate of ar- 
chaeological settlements and bury the underl3ang carbonate 
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FigT.ire 2.    Photographs of carbonate sandstone coastal Ridge 11 showing joint fractures. A, E, F, kurkar exposures at El-Montazah and D, at Abu Qir. 
Field book in D-F (13 cm X 20 cm) for scale. B, C, joint fracture trends; c = cross (ten.sion) joints; s = strike (longitudinal) joints; d = diagonal joints. 

strata. Coverage in the western bay includes approximately 
350 km of seismic lines (spacing ranges from 100 to 1000 m 
apart) over an area of -100 km-. A total of 15 N-S and 22 E- 
W profile lines were obtained, of which five (positions shown 
in Figure 1) are reproduced here (Figivre 3). 

Seismic profiles reveal the submerged eastern extension of 
carbonate kurkar in Abu Qir Bay, where this feature is iden- 
tified by hard basal reflectors covered by unconsolidated del- 
ta sediment. In the northern bay sector, the survey records 

an elongate 8 km-long shallow NE-trending hnear reef 
formed of kurkar; the reef extends in a NE direction from 
northern Abu Qir peninsula and includes emergent Nelson 
(Canopus) Island. Limestone has also been dredged from sub- 
merged reef sectors that rise above the water-sediment in- 

terface; this topographic high-relief feature is surrounded by 
an acoustically "hard" horizontal seafloor surface formed by 
current-swept sand (Figure 3, profile 1). In the western bay 
further to the south, limestone is identified by reflectors 
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Figure 3.    W-E ti'ending seismic profiles collected in western Abu Qir Bay (transect line positions in Figure 1), showing irregular upper part of late 
Pleistocene kurkar sandstone covered by hoi'izontal. and also locally deformed. Holocene deltaic silty mud strata. 

(probably Ridge II) that are buried bj' 5 to 15 ms (two-waj' 
travel time; equivalent to •3.5 to 10 m) or more of uncon- 
solidated Holocene sediment. Sediment cores recovered in the 
ba3' indicate this upper acoustically near-transparent section 
comprises largely dark silty muds (FRIHY, 1992; JORSTAD and 
STANLEY, 2004). 

Seismic lines show that the Holocene deltaic sediment cov- 
er becomes progressively thicker and deeper to the east. How- 
ever, the underlying kurkar surface does not show a smooth 
down-bowing of limestone strata toward the east. On the con- 
trary, the buried upper kurkar surface has an irregular 
blocky shape, and appears step-like and/or tilted (Figure 3, 
profiles 2-5); an up-and-down fonn that recalls a horst-and- 
graben configuration is also noted along some sectors (Fig'ure 
3, profiles 4, 5). The buried blocks usually show modest ver- 
tical relief (<7m), and range from about 400 to 800 m in 
length. Holocene strata that cover this kurkar surface are 
near-horizontal and appear generally undisturbed in more 

than half of the western bay. This indicates that the broken 
pattern of the underlying limestone of late Pleistocene age in 
such sectors developed mostly prior to deposition of Holocene 
delta sequences. 

Exceptions to this general pattern are deformed Holocene 
strata that form the substrate directly beneath the now-sub- 
merged ancient Greek cities of Herakleion and Eastern Ca- 
nopus. In these two specific western bay areas, the underly- 
ing kurkar strata as well as overlying delta deposits are off- 
set; these latter are discontinuous and tilted almost all the 
way to the sediment-water interface (Figure 3, profiles 3-5). 
Holocene strata at these localities were once positioned hor- 
izontally at the delta coast near channel mouths of formerly 
active Canopic branches of the Nile; geoarchaeological inves- 
tigations indicate that stratal disturbance occurred as re- 
cently as the P' millennium CE. Failure of these water-sat- 
urated delta coast deposits was periodically triggered by 
weighting effects of some high annual Nile floods associated 
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small earthquake epicenters (after Kebeasy, 1990). 

with large sediment discharge. Earthquake tremors (Figure 
4D) and tsunami events may also have caused deformation 
of depositional sequences (GUIDOBONI, 1994; KEBEASY, 1990). 

DISCUSSION 

What factors would have produced the remarkably abrupt 
lithological interface observed along the Abu Qir coast? The 
interaction of climate-related phenomena such as sea-level 
and geostrophic current changes and physical océanographie, 
biological and chemical processes (SESTINI, 1989, 1992) is in- 

fluential in forming a gradual, but not sharp, lateral carbon- 
ate to quartzose transition on the coastal margin. For ex- 
ample, surficial sediment on the coast and inner Egyptian 
shelf at, and west of, Alexandi'ia comprises high proportions 
of carbonate components, and this material is transported 
eastward along the coastal margin by wave-driven bottom 
currents to and around Abu Qir peninsula. As sediment is 
displaced farther to the east, the carbonate components are 
diluted by siliciclastic sediment of Nile derivation, producing 
a mixed surfical lithological type over a distance of several 
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tens of kilometers (SUMMERHA\TîS et al., 1978; UNDP/ 
UNESCO, 1978; BERNASCONI and STANLEY, 1997). 

Sediment cores in the northern Nile delta have not yet re- 
covered e\'idence of a distinct interface between Pleistocene 
carbonate sediment and pre-Holocene quartzose material fed 
by an earlier Nile system. A sharp contact between carbon- 
ates and siliciclastic material of comparable Pleistocene age 
may have formed to the east of the study area, between the 
Rosetta and Damietta branches, and perhaps such a feature 
will be located by additional coring to depths exceeding 100 
m in the north-central delta. It is more likely, however, that 
subsurface Pleistocene deposits will show a gradual litholog- 
ical carbonate-to-siliciclastic transition spread over several 
tens of kilometers in response to transport and lateral mix- 
ing, as in the case of surficial sediment on the delta's present 
coastal-shelf margin. 

The distinct stratigraphie discontinuity observed between 
late Pleistocene deposits and the much younger deltaic fades 
at the Abu Qir coast is best explained by structural offset. 
Coastal development of this coastal margin can be interpret- 
ed by the joint structures in the exposed Ridge II carbonates 
(Figure 2B, C) that occur in close proximity to the broken, 
irregular configuration of the now-submerged kurkar ridge 
in the bay (Figure 3). The joint patterns are a likely response 
to pull-a-part movement in a direction generally perpendic- 
ular to the fractured surface (cf. DAVIS and REYNOLDS, 1996). 
Joint types include: (1) cross joints (NNW-SSE) oriented per- 
pendicular to the coastal ridge and identified as pull-apart 
tension features caused by stretching; (2) strike (or longitu- 
dinal) joints (NE-SW) that dip steeply with axes oriented par- 
allel and sub-parallel to the predominant ridge trend; and (3) 
joints that trend in directions diagonal to structures (1) and 
(2). A study by SAIN'FORD and ARKELL (1939) called attention 
to decreased surface elevations of kurkar ridges toward the 
east; they attributed this to downward bending of ridges un- 
der the load of younger delta sediment deposited upon them. 
It is possible that the decreased elevation of Ridge II toward 
the ENE along a distance of •20 km, from •2,5 m at Alex- 
andria to •15-10 m at Abu Qir, and the presence of associ- 
ated joint patterns cited above, are a result of stretching and 
down-bowing of the kurkar layer in an eastward direction. 

The Holocene delta sediment load factor alone does not ap- 
pear to be a fully adequate explanation for stratal arching 
and formation of tension-induced joint structures in the kur- 
kar. It is recalled, for example, that the Holocene sediment 
cover of the consolidated kurkar in the bay is relatively thin 
(<20 m) and comprises a large proportion of water-saturated 
silty mud of low density (STANLEY et ai, 2004a, 2004b). The 
cause of tension may become somewhat better understood 
when taking into account the broken, offset nature of the kur- 
kar's upper surface offshore, to the east in Abu Qir Bay, as 
indicated in seismic profiles (Figure 3). Rather than primarily 
a function of the Holocene sediment overburden load factor, 
it is proposed here that the observed structural patterns are 

more likely a response to what transpires beneath the kur- 
kar. Of note in this respect is the marked thickening at depth 
of underlying Quaternary and Tertiarj' sequences, from the 
western desert margin to the Nile delta. Firm evidence for 
this W-to-E increased subsurface sediment thickness is pro- 

vided by deep borings and geophysical profiles (Figure 4A) 
collected in this region for gas and petroleum exploration 
(ZAGHLOUL et al, 1977; SAID, 1981; DEIBIS, 1982; EL-ELLA, 

1990; HARMS and WRAY, 1990). Moreover, different available 
subsurface stratigraphie sections all record structural dis- 
placement by normal faults in the >5000 m thickness of Cre- 
taceous to Quaternary sediment units beneath the coastal 
margin near Abu Qir (Figure 4B). Such faults are also iden- 
tified beneath the delta proper south of the coast (SCHLUM- 

BERGER, 1984; HARIMS and WRAY, 1990) and on the continental 
margin north of the present coastline (Ross and UcHUPi, 
1977). 

Large-scale structural features formed at depth in the Abu 
Qir area are observed on deep-penetration seismic profiles. 
Some are identified as synsedimentary (or contemporaneous) 
gi'owth faults in the thickened sections underlying the Nile 
delta and offshore margin as seen by are (DEBéIS, 1982; 
ScHLUMBERGER, 1984; EL-ELLA, 1990; HARMS and WRAY, 

1990). These faults are characterized by rotated blocks (Fig- 
ure 4C), commonly are coast-parallel, and usually display 
thickening of sediment on the downthrown basinward side of 
structures. Viewed from above, growth faults tend to be con- 
cave and scope-shaped toward the basin (Figure 4C), typically 
with a listric profile, i.e. steep in their upper part and flat- 
tened, sometime to near-horizontal, at depth (COLEMAN et al., 
1998; MAESTRO et ai, 2002). Growth faults tend to migrate 
basinward by gravity extensional sliding as the delta front 
progTades (ELLIOTT, 1991), with motion along shear (slip) 
planes that act as detachment layers (MAESTRO et al., 2002). 
Such structural features generally occur in thickened sedi- 
ment sequences formed by rapid accumulation and effects of 
basin subsidence. Thick depositional piles in such settings 
are subject to differential compaction and crustal loading at 
depth (cf. BRUCE, 1973). These conditions are typically asso- 
ciated w'ith many of the world's deltas, such as the Mississip- 
pi and Texas systems in the northern Gulf of Mexico (FISHER 

and McGowEN, 1969; WORALL and SNELSON, 1989) and the 
Niger delta in west-central Africa (EVAMY et ai, 1978). 

It is proposed here that sets of growth faults have modified 
sections of kurkar and deltaic sediment at shallow depths in 
western Abu Qir Bay. Growth faulting at the Abu Qir coast 
is suggested by the irregular form of the hard reflectors iden- 
tifled as the upper part of kurkar layers in the high-resolu- 
tion seismic proflles (Figures 3, 5A). The shear plane depths 
along which motion has occurred, however, remain undefined 
at this time (Figure 5B) due to subbottom penetration limi- 
tations of the seismic system used for the study. Deformation 
and breaks of kurkar Ridge II appear to have occurred in the 
late Pleistocene, well before accumulation of the Holocene 
cover over the bay floor. It should be noted that these struc- 
tures are quite unlike the steeply-dipping coast-parallel nor- 
mal faults that have broken linear kurkar ridges along the 
coast of Israel, and along which important oscillatory up-and- 
down land motion has been interpreted (NEEV et al., 1987). 

Offset of both kurkar and overlying Holocene cover are ob- 
served locally in the western bay, providing evidence of more 
recent motion and deformation of layers by growth faults and 
recording what MAE-STRO and others (2002) refer to as a 'dom- 
ino effect.' Two probable triggering events that have led to 
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Figure 5. A, simplilied scheme highlighting field and seismic observations of structures in kurkar coastal Ridge II in the vicinity of Abu Qir. B, 
interpretation of (A) showing joint fracture patterns and growth fault sets oriented toward the center of Abu Qir Bay; the shoreline at Abu Qir has 
continued to shift its position since the late Pleistocene by headscarp retreat toward the WSW. 

lowering of the Abu Qir Bay floor during the Holocene are 
sudden weighting phenomena by high floods of the Nile river 
and deposition of their large sediment loads (STANLEY et ai, 

2004a, 2004b), and differential basin subsidence at depth. Ad- 
ditionally, shallow (Figure 4D) to intermediate depth earth- 
quake epicenters between Abu Qir and Alexandria, and in 
the contiguous shelf to the north (EL-ELLA, 1990; KEBEASY, 

1990), record responses to periodic structural readjustment 
of the delta pile and consequent evolution of the coastal mar- 

gin in this region. Substantial bay floor submergence (>5m) 
that occurred from Hellenistic time (-2500 yrs B.P) to the 
recent is the result of land subsidence coupled with eustatic 
sea-level rise. This is recorded by archaeological evidence, pri- 
marily two ancient Greek settlements now submerged in the 
western bay (ST/WLEY et al, 2004a, 2004b). As a consequence of 
the above-cited factors, the coasthne of the bay has retreated 
~5 km southward at a rapid long-term average rate of ~2 miyr. 
Moreover, during this time-span, the somewhat higher relief of 

Journal of Coastal Research, Special Issue No. 42, 2005 



Growth Faults and Recent Coastal Evolution 317 

the western Abu Qir Bay coast along the peninsula is the result 
of shoreline migration by more than one kilometer to the west 
by headscarp retreat (Figure 5B). 

CONCLUSIONS 

The sharp, well-defined carbonate-siliciclastic interface at 
the Abu Qir coast is a response primarily to geologically re- 
cent structural activity rather than to the interaction of cli- 
matic-related events and physical océanographie, biological 
or chemical processes. The carbonate coastal Ridge II of late 
Pleistocene age that extends from Arab's Gulf to the Abu Qir 
study area appears to have been stretched and down-bowed 
in a NE direction east of Alexandria. This deformation, how- 
ever, is viewed as only a partial response to weighting by 
younger Nile delta deposits that accumulated upon the ridge 
in Holocene time. A more significant, but less obvious, cause 
of kurkar ridge lowering is readjustment at depth of the thick 
Mesozoic to Quaternary sedimentary pile (> 5000 m) that 
hes beneath the NW Nile delta region. 

As a consequence, the carbonate ridge has subsided and 
been offset by growth faults at shallow depths in Abu Qir 

Bay. The bay's southern shoreline has progressively I'etreated 
toward the south, primarily by combined lowering of land and 
eustatic sea-level rise, while coastal regression toward Abu 
Qir peninsula in the west has developed by headscarp retreat 
largely as a response to coast-parallel growth faults. Subsi- 
dence and offset of kurkar Ridge II have resulted in formation 
of the sharp carbonate-siliciclastic interface between late 
Pleistocene and early Holocene time. Locally important de- 
formation of this Quaternary section in the study area has 
occurred as recently as the first millennium C.E. 

Large-scale subsurface growth faulted complexes are typi- 
cally associated with deltas. The Abu Qir margin provides an 
example of small-scale growth fault evolution at shallow 
depth along the coast within such depocenters. Readjustment 
of the sediment pile in this area likely involves periodic re- 
lease of energy, and, in some cases, may account for the con- 
centration of shallow to intermediate depth earthquakes re- 
corded along the Alexandria to Abu Qir coastal margin and 
contiguous shelf to the north. 
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