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Discovery of an early Holocene relict reef and shoreline off Grand Cayman 
 

P. Blanchon1 

ABSTRACT 

Ten short cores drilled on the eastern shelf off Grand Cayman have revealed the presence of a relict, early 
Holocene, breakwater reef at a depth of 21 m below msl. Cores from the crest of the relict  reef consist 
not of in-situ coral framework but of cobbles of Acropora palmata in a matrix  of skeletal sand – a facies 
that  is identical to the modern reef-crest deposit. The surface of the relict reef slopes  seaward from –21 
to –24 m and, in some areas, is overlain by up to 1m of mixed-coral framework containing severely 
bioeroded stumps of A palmata and other corals. In other areas, this veneer is absent and marine abrasion 
has produced furrows that cut down into the relict reef surface. Dating the reef surface gives U-Th TIMS 
ages that range from 9878 ± 97 to 8122 ± 101 Cal.years, indicating that reef growth has stopped by ~8.1 
Cal.ka. The depth of the relict breakwater reef around Grand Cayman is close or identical to the depth  of  
relict reefs reported from other Caribbean island. Radiocarbon dating of those reefs indicates that they 
ceased accreting in a narrow window between 7-814C ka and had re-initiated in new positions 5-10 m 
higher up slope by 6-714 C ka. When the dates of the reef demise on these islands are calibrated for 
secular variation in atmospheric 14C production, the demise of relict reefs across the Caribbean clusters 
around 8 Cal.ka – closely matching the age of the reef demise on Grand Cayman. The cause of this 
Caribbean-wide reef demise is uncertain., but has been previously attributed to a rapid sea-level jump 
caused by ice-sheet collapse (CRE-3) 
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Introduction 

The first relict breakwater reefs discovered in the 
Caribbean-Atlantic reef province were found along the 
edges of wide insular shelves off St. Croix and northern 
Florida (Adey et al. 1977, Lighty 1977). In trying to 
account for their demise, it was tacitly assumed that sea-
level rise could not have exceeded the high rates of 
modern reef accretion. As a consequence, other factors 
were required to explain their demise. Due to the 
proximity of relict reefs to large shelf areas it was argued 
that, as the shelves flooded, coastal soils were eroded and 
caused turbid conditions for several thousand years until 
sea-level had risen ~10 m (Adey et al. 1977, Lighty et al. 
1978). Although there was little evidence to substantiate 
such a long period of turbid conditions, it was a necessary 
postulate for the flooding hypothesis to work because it 
was the only way to explain why the reef did not simply 
re-establish after the flooding event. 

But not all were convinced by the flooding hypothesis. 
Drawing on the similarity of shelf topographies and the 
absence of active reefs in shelf-edge positions, Braith-
waite (1979) questioned both Lighty et al. (1978) and 
Adey et al. (1977) conclusions. He speculated that if early 
Holocene reef demise was more widespread, as the 
profiles indicated, it might not be as easily explained by 
shelf flooding. Although acknowledging that breakwater 
reefs were capable of keeping pace with sea level, 
Braithwaite (1979) speculated that such a widespread 
demise would be better explained by a particularly rapid 
sea-level rise ~7.0 ka-BP. 

The subsequent discovery of more relict reefs (Holmes 
and Kindinger 1985,Fairbanks, 1989), began to make the 
shelf-flooding hypothesis look increasingly untenable. 
This prompted Blanchon and Shaw (1995) to re-analyze 
these data and, on the basis of similar ages and elevations 
of relict reefs, propose that 3, metre-scale sea-level jumps 
had caused 3 episodes of reef drowning and back-stepping 
during deglaciation, with the final one drowning the early 
Holocene reefs. However, further discoveries of early 
Holocene relict reefs have questioned that analysis 
because they apparently survived longer and/or reached 
higher elevations (Hubbard et al. 1997, Toscano and 
Lundberg 1998).  

 

 
Fig. 1 Location of Grand Cayman and position of drill 
sites and sonar profiles. Also shown are important 
geomorphic features of the shelf including the active reef 
crest, mid-shelf scarp (a relict sea cliff) and shelf-edge 
scarp. 



Here I report the discovery of an early Holocene relict  
reef on the eastern shelf of Grand Cayman and, for the 
first time, link it with its paleo-shoreline. Establishing this 
link allows a more accurate assessment of sea-level 
behavior and consequently allows the flooding hypothesis 
to be falsified. Although this leaves a sea-level jump as 
the only realistic cause of reef demise, existing data are 
still insufficient. 

Sedimentary Setting 

The narrow shelf around Grand Cayman is an unlikely 
place to find a relict reef because it consists of two 
seaward-sloping bedrock terraces that are largely 
concealed by a modern reef complex (Rigby and Roberts, 
1976, Blanchon and Jones 1995). The upper terrace slopes 
from the shore to the 10-15 m isobath and is up to 1km 
wide. On the windward sides of the island, this sloping 
terrace is mantled by a breakwater reef-lagoon complex, 
but on the leeward side it is mostly barren and sediment 
swept (Blanchon and Jones 1995, Blanchon et al. 1997). 
The reef has a distinct biogeomorphic zonation which 
consists of 5 shore-parallel zones: the bare-sand, knob-
and-rubble, reef-crest, stump-and-boulder and spur- 

and groove zones (Blanchon et al. 1997). The bare-sand 
and knob-and-rubble zones consist largely of unconsoli-
dated sediment that slope back into the lagoon. The reef-
crest, stump-and-boulder and spur-and-groove zones, 
however, slope seawards and are hard-ground substrates 
covered by coralline algae and coral spurs and thickets. 
Cores show that these hardgrounds are underlain by 
metre-thick layers of coral-cobble rudstone with a matrix 
of cemented skeletal grainstone (Blanchon et al. 1997). 

Between the 10-20 m isobaths the upper terrace is 
terminated by a vertical scarp with a relief of up to 10m 
(Blanchon and Jones 1995). On the leeward shelf this 
scarp is not covered by reefal deposits and an intertidal 
notch is still preserved with a mid-point at a uniform 
depth of -18.5± 0.5 m. The lower terrace extends from the 
base of the scarp to the shelf edge at –40 m and is usually 
only 150 m wide (Blanchon and Jones 1997). The lower 
terrace and the scarp are geomorphic equivalents of the 
upper terrace and coastal cliff and were speculated to 
represent an episode during the early Holocene when sea 
level was stabilized at –19 m (Blanchon and Jones 1995). 
 

 

 
 
Fig. 2 Aerial photograph showing biogeomorphic features of the shelf off the east coast of Grand Cayman. Area 
seaward of the modern reef crest has been digitally enhanced to show patterns of sand, reef and hardground distribution. 
This enhancement reveals several reef and hardground belts that are dissected by sand channels. Diving shows the outer 
belts to be coral spurs associated with shelf-edge reef development, but the inner belt is a hardground that is dissected 
by erosional furrows. Drilling at sites A to D along the hardground belt show that it is a relict reef crest. Note uniform 
distance between shelf edge and relict-reef crest and how this is similar to uniform distance between mid-shelf scarp 
and active reef crest. 
 
Methods 
 

To discover if a relict reef rimmed the shelf around 
Grand Cayman, bottom substrates of the lower terrace 

were mapped using aerial photos, depth-sounding, and 
scuba transects (Fig. 1). Bathymetry was determined from 
depth-sounding profile grids that were run across the shelf 
at regular intervals (Blanchon and Jones 1995). Cores 



from hard substrates of the lower terrace were obtained 
using a hand-held hydraulic drill fitted with a 10 cm 
diameter, 1m long, diamond-tipped core barrel and 
powered by a 700 cc/18 hp motor unit. Location of core 
sites and bottom profile grids were determined by a global 
positioning system (Magellan Nav 5000, accurate to 
within 40 m). Samples from the cores to be sent for dating 
were screened for diagenetic modification using 2 mm 
thick, serial plug wafers and 3x5” ultra thin sections (~10-
15 µm). Powder XRD measurements confirmed all 
samples to be 100% aragonite. Detailed results from U-Th 
TIMS dating of the screened samples is given in 
Blanchon et al. (in review). 
 
Results 

Location and Morphology 

Only two areas on the eastern shelf exceed the 250 m 
width threshold for reef development: one in the northern 
part of the shelf and the other in the south (Fig. 1). In 
those locations, potential sites of relict reefs were 
predicted by identifying hardground substrates that were 
350  ± 50 m landward of the shelf edge.  

This is the distance that uniformly separates the modern 
reef crest from the mid-shelf scarp and, if there was a -
19m still-stand during the early Holocene, a similar 
spatial arrangement should have existed between a relict-
reef crest and the shelf edge (for a process-based 
explanation of that relationship see Blanchon et al. 1997:  
11-14).  

Aerial and sonar profiles over these wide areas 
showed some interesting linear, flat-bottomed features 
that parallel the shelf edge at the requisite distance for 
breakwater reef development. On the aerial photographs, 
the features appear as distinctive dark belts that are 
dissected by narrow, sinuous sand channels (Fig. 2). 
Sonar profiles across the southern shelf show the belt to 
be a flat plateau bound by a short, steep slope on the 
landward side and a longer, gentle slope on the seaward 
side (Fig. 3). Morphologically, this plateau feature is 
flatter than a profile over a modern reef crest but is 
otherwise similar. Reconnaissance dives in the same area 
showed the plateau to be a low-relief, rock-ground 
substrate dissected by widely-spaced, sediment-floored 
furrows about 1m deep. The substrate had a sparse cover 
of small corals and gorgonians. 

 
 

 

 
Fig. 3 Sonar profile across the relict reef on the southeast shelf show it to consist of a sub-horizontal plateau bound by a 
short, steep leeward slope and a more gradual, longer seaward slope. A similar profile is found over the modern reef 
crest. The only noticable difference is that the relict reef has a slightly flatter profile, perhaps indicating minor erosional 
down-wearing of the crest. 
 
Facies 
 

During a few calm days in August 1996, we recovered 
10, one-metre cores from 4 localities along a 500 m 
transect along the southern plateau (Fig. 2). Five cores 
from sites A and B provided a facies profile along the 
crest of the feature; three cores at site B were taken 
slightly downslope and seaward of the crest; and 2 cores 
from site D were taken slightly downslope and landward 
of the crest. 

Two facies were identified from a sedimentological 
analysis of the cores: a Palmata Rudstone and a Mixed 
Framestone (Fig. 4). The Palmata-Rudstone facies con-
sists of a coral-cobble rudstone set in a matrix of 
cemented skeletal grainstone—a facies that is identical to 
the modern reef-crest facies (Blanchon et al. 1997). The 
dominant clast type consists of fronds and logs of A. 
palmata that range in size from coarse pebble to large 
cobble (-4 to -8 Phi). Although some of the A. palmata 
clasts are fresh and have pristine calical surfaces, most are 

thickly encrusted (up to 50 mm) by a photophilic associa-
tion of calcareous algae (Porolithon sp., Lithophyllum 
sp.), foraminifera (Homotrema rubrum) and, less 
commonly, vermetid gastropods (Fig. 4). Matrix between 
the clasts is a moderate- to well-sorted, medium- to 
coarse-grained, skeletal grainstone with varying degrees 
of marine cementation. It also shows evidence of 
infiltration due to the formation of geopetal cavities with 
sediment floors and sheltered ceilings. These ceilings are 
encrusted by a sciaphilic association of cryptic epibionts 
including sclerosponges (Ceratoporella nicholsoni), 
serpulids and foraminifera (Carpenteria utricularis). 
Juxtaposition of photophilic and cryptic communities on 
clasts from the Palmata Rudstone indicates an abrupt shift 
from light to dark conditions that is consistent with 
destruction of coral colonies and their rapid burial during 
a hurricane (Scoffin and Hendry 1984, Martindale 1992).  

Clasts that form the upper surface of the Palmata-
Rudstone facies are commonly truncated by a combi-
nation of bioerosion and abrasion indicating marine 



erosion. The contact between this eroded upper surface 
and the overlying Mixed-Framestone facies was reco-
vered in 2 cores, EE-A3 and EE-B2 (Fig. 4). In core EE-
A3 from site A, the elevation of the contact is 21m below 
msl (± 0.5 m). This elevation represents the crest of the 
relict reef and is confirmed in cores EE-A2 and EE-C1, 
the latter being located ~100 m further north. In the other 
core where the contact was recovered, EE-B2, the contact 
is slightly deeper at 22.8 m. That elevation is consistent 
with the position of site B, which is located just down 
slope from the crest in a proximal part of the relict reef-
front. 

The Mixed-Framestone facies covers the Palmata 
Rudstone in a discontinuous fashion and was therefore 
only recovered at two sites, A and B (Figs. 4). The 

primary framework has a compact fabric composed of 
small in-situ colonies of Siderastrea spp., Diploria spp., 
stumps of A. palmata, M. annularis, M. cavernosa, and 
Isophyllastrea rigida. Interstices between the framework 
corals are filled by a semi-consolidated, skeletal pack-
stone to rudstone with clasts of Millepora, Agaricia sp., 
and A. cervicornis. Upper surfaces of the corals are 
truncated by heavy bioerosion and/or encrusted by thin 
films of calcareous algae, indicating repeated cessation of 
coral growth. These surfaces are then recolonised by 
juvenile species of the primary framework corals. Such a 
cyclic pattern of destruction, bioerosion, and recolo-
nisation is typical of the condensed accretion which takes 
place in modern reef-front areas due to repeated pruning 
of corals during hurricanes (Blanchon et al. 1997:  9, 11). 

  

 
Fig. 4 Schematic core logs showing the two distinct facies types which compose the relict reef. The reef itself consists 
of a hurricane-generated coral-cobble rudstone (Palmata-Rudstone facies). In most places it has been truncated by 
marine abrasion and bioerosion. This surface was then colonised in some places by in-situ corals which form a 
condensed framework due to repeated cycles of growth, destruction and bioerosion (Mixed-Framestone facies). The 
Palmata-Rudstone facies is recognised by it’s almost monospecific A. palmata clast type and abundance of coralline 
crusts, vermetids, sclerosponges and conspicuous red colonies of Homotrema rubrum. Whereas the Mixed-Framestone 
facies is composed of small in-place corals (M. annularis, D. labyrynthiformis, A. cervicornis, P. porites and S. siderea) 
with zones of heavy bioerosion by clionid sponges (Entobia spp), boring bivalves (Gastrochaenolites sp) and boring 
worms (Trypanites sp). 

 



U-Th (TIMS) Dating 

Of the five reliable coral dates (based on “initial” 
234U/238U activity ratios), three are from the Palmata-
Rudstone facies and two are from the Mixed Framestone 
(Table 1). The dates from the Palmata-Rudstone facies 
range from 8.9 to 8.1 ka and indicate that reef accretion 
had ceased by ~8 ka. The 831-year time span between 
samples from the upper 50cm of the relict reef crest 
confirms that corals in this facies have undergone a 
limited degree of physical mixing, which is consistent 
with hurricane-induced processes (Blanchon et al. 1997). 
This mixing of living corals with older cobbles during 
hurricanes does not affect the reliability of the age of reef 
demise, because the youngest ages still accurately 
represent the final stage of the reef’s development. 
Temporal mixing does, however, present problems when 
trying to construct sea level evolution from fossil 
Caribbean reef sequences because corals that grew at 
lower sea levels can later be transported to higher 
elevations—even onshore—as sea level rises (e.g. 
Hernandez-Avila et al. 1977). 

The other dates from the Mixed-Framestone facies, 
appear to indicate that coral re-colonization of the relict 
reef did not take place until ~6.0 ka, more than 2 ka after 
reef demise (Table 1). But assessing the time of re-
colonization with these data is difficult because of the 
condensed and bioeroded nature of the Mixed 
Framestone. This difficulty is also highlighted by the 
presence in some areas of live coral knobs on the reef’s 
surface which indicates that intermittent accretion of 
Mixed Framework has probably taken place in this 
location since reef demise ~8 ka ago. The only reliable 
way to demonstrate when normal conditions for reef 
growth returned is to date the initiation of the modern 
breakwater reef around the island. As yet, that dating has 
not been done.  
 
Discussion and Conclusions 

These results indicate the existence of an early 
Holocene relict breakwater reef with a slightly eroded 
crest at a depth of 21 m along the eastern shelf of Grand 
Cayman. The facies that compose the crest are identical to 
modern reef-crest facies and include secondary encrusters 
which unequivocally demonstrate accretion in the surf-
zone and seawater circulation within the reef following 
deposition. These features specifically distinguish it from 
similar deposits, such as hurricane-generated terrestrial 
boulder ridges, which are easily confused with reef-crest 
deposits (e.g. Toscano and Lundberg 1998). 

The age and elevation of the relict-reef crest is 
consistent with the establishment of a –19 m shoreline 
between 8.1 to 7.6 ka on Grand Cayman, (Blanchon and 
Jones 1995). The age of reef demise is based on the 
assumption that the 18.5 m inter-tidal notch on the west 
side of the island represents the true sea-level position 
(high tide), and that the surface of the relict reef has been 
lowered 2 m from that level by marine erosion over the 
last 8 ka (i.e. an erosion rate of 0.25 mm.yr-1; cf. Acker 
and Risk 1985). That assessment of erosion is supported 

by the presence of 1-m-deep erosional furrows cut into 
the present surface of the relict reef. Such erosional 
evidence clearly means that the age of the reef demise 
must be slightly younger than 8.1ka. Assuming average A. 
palmata accretion rates for the Holocene of ~4 mm.yr-1 
(i.e. 50 m of accretion in 11.6 ka, Blanchon and Shaw 
1995), the eroded 2m of reef could have accreted in 500 
years, which means that reef demise could be as young as 
7.6 ka. 

Evidence on Grand Cayman for an early Holocene 
relict shoreline and fringing reef is compelling, but the 
preservation of these features is difficult to explain under 
a regime of uniformly-rising sea level. Firstly, a gradual 
transgression of the shoreface up and over a 10 m coastal 
cliff is likely to significantly erode any pre-existing 
morphological features such as an inter-tidal notch. As a 
consequence, the preservation of a well formed inter-tidal 
notch in a submerged cliff is a good indication that the 
shoreface transgressed over them in very short period of 
time (Fig 5). Given that the cliff is composed of semi-
consolidated limestones of last Interglacial age, it is clear 
that the rate of sea-level rise must have increased 
dramatically to prevent the shoreface from eroding the 
delicate notched-cliff  form. 

 
Secondly, a uniform sea-level rise is unlikely to cause 

reef demise in the absence of other factors (Schlager 
1981). It has been argued, however, that as gradually 
rising seas approached the level of pre-existing, low-
gradient coastal areas it would have caused sudden 
flooding and reworked large amounts of soil leading to an 
abrupt increase in coastal turbidity and a decline in water 
quality. Any reef that had established on a shelf edge 
prior to flooding would be adversely affected by those 
abrupt changes. Indeed, several workers have speculated 
that this scenario led to the demise of the early Holocene 
reefs (e.g. Adey et al. 1977, Adey and Burke 1977, Lighty 
et al. 1978, Adey 1978, Neumann and Macintyre 1985, 
Macintyre 1988). But to be a viable explanation of reef 



demise, this flooding hypothesis requires that two 
important conditions be met: First, all relict reefs should 
be located close to, or downstream of, large shelf areas 
that could supply inimical waters. Second, reefs should 
not reach an elevation that is significantly higher than the 
adjacent shelf as this would mean that they survived and 
continued to accrete after shelf flooding. The discovery of 
a relict reef that did not meet these conditions would 
therefore indicate a fundamental flaw in the shelf-
flooding hypothesis. 

Neither of these conditions are met in the case of the 
relict reef around Grand Cayman. The oceanic setting of 
the island and the location of the reef in an up-current 
location on the exposed eastern shelf would have 
effectively isolated the reef from any terrestrial influence. 
In addition, the early Holocene shelf around the island 
was very narrow (150-300 m) indicating that soil 
reworking would have been minimal and certainly limited 
in space and time. Furthermore, the relict reef is not 
located on the edge of the shelf but is set back from it and 
forms the highest point on the lower terrace. This means 
that it must have continued to develop after the lower 
terrace was flooded (if in fact flooding occurred at all 
along this narrow and steeply-sloping substrate). And 
although located close to a wide area of the upper terrace, 
its demise must have significantly predated the flooding 
of that area because it lies at the base of a 10m scarp that 
had to be transgressed before flooding occurred. For these 
reasons, it is highly unlikely that the shelf-flooding 
hypothesis can account for the demise of the relict reef 
around Grand Cayman. 

 

 
 
Fig. 5 Drowned inter-tidal notch at -18.5 m cut into a 
relict sea-cliff. The cliff can be traced around the island, 
but the notch is best seen along the north-west coast were 
it forms a persistent feature for several kms. A core 
sample shows the notch to be a friable limestone similar 
to last Interglacial deposits exposed along the shore. 

 
An alternative hypothesis is that sea-level rise during 

the last deglaciation was punctuated by rapid metre-scale 

jumps whose rate exceeded the ability of reefs to keep 
pace and whose magnitude displaced them from their 
habitat zones (Blanchon and Shaw 1995). A rapid jump in 
sea-level during the early Holocene would not only 
explain the demise of the relict reef around Grand 
Cayman but also the preservation of the inter-tidal notch. 
To drown both reef and notch, the rate of rise would need 
to exceed 13 mm/year (the maximum accretion rate of A. 
palmata reefs, Blanchon and Shaw 1995) and the 
magnitude would need to be in excess of 5 m (the habitat 
range of monospecific A. palmata framework on the 
exposed margins of Grand Cayman, Blanchon and Jones 
1995). The only way to locally confirm these estimates of 
rate and magnitude would be to find the initiation age of 
the modern reef and compare it to the age of reef demise. 
In other words, constrain the timing of back-stepping. 
Unfortunately, the age of modern reef initiation on Grand 
Cayman has yet to be established and the timing of back-
stepping cannot, therefore, be constrained. 

This is also true in other areas. Although modern reefs 
have been drilled and initiation ages obtained they are 
rarely in the areas where relict reefs have been 
discovered. The only exceptions to this are around St. 
Croix and the Florida Keys and, in both places, there are 
problems with the reliability of the data. On St. Croix, the 
precise age of relict-reef demise has not been reliably 
established and cores from the modern reef bottom in 
back reef sediment (Burke et al. 1989) indicating that the 
reef has undergone retrogradation. As a consequence the 
age of initiation has not been reliably established. In the 
Florida Keys the age of modern reef initiation is better 
constrained because A. palmata framework has been 
found in contact with the underlying substrate (Shinn et 
al. 1981) but the relict-reef data are unreliable due to 
order of magnitude age reversals in the dating sequence 
(see Fig. 2 in Toscano and Lundberg 1998). Such 
reversals indicate that the deposit may not be a relict A. 
palmata reef as claimed, but a terrestrial boulder ridge 
that was later colonized by a deeper-water coral 
community. Clearly, with these data, a rigorous test of the 
sea-level jump hypothesis is still not possible and will 
have to wait until accurate ages of relict-reef demise and 
modern-reef initiation have both been established at 
specific sites in several areas. 
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