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Abstract 

Angular to well-rounded pebbles and cobbles have been observed 
along the southwest coast of South Africa, attached to holdfasts 
of three species of kelp: Ecklonia ma_rima, Laminaria pallida, and 
Laminaria schinzii. A kelp-rafted clasl has been dredged from the 
outer shelf and other clasts have been observed in situ in up to 5 
rn of water near Cape Town. The clasts have been found on both 
rocky and sandy shores as well as in a large backshore lagoon on 
the exposed Atlantic coast of the Cape Peninsula. Isolated clasts 
in a mid-Holocene lagoon were probably rafted ashore during win- 
ter storms in the mid-Holocene. 

Introduction 

Algal transport, in particular kelp-rafting, is one of 
the mechanisms suggested to explain the sporadic oc- 
currence of cobbles and boulders in finer-grained ma- 
rine sediments. This process has been reported par- 
ticularly from the northeastern seaboard of  the Pacific 
Ocean (Emery 1960, 1963, Emery and Tschudy 1941, 
Mcnard 1953, Shumway 1953). 

Emery and Tschudy (1941) pointed out that it is 
very difficult to identify kelp-rafted material in ma- 
rine sediments as the kelp is readily decomposed. Thus 
it is only through the examination of rocks recovered 
with algal matter still attached to them from beaches 
or from deep-sea dredges, that a better understanding 
of this transport mechanism can be reached. 

Although algal rafting is to be expected off the many 
coasts (Fig. 1), there are few published reports on the 
topic from outside North America (e.g. Dunn 1911, 

Kudrass 1974). In the case of South Africa, data on 
the widespread kelp beds themselves have only re- 
cently become available as a result of an intensive 
kelp research program conducted by the University of  
Cape Town and the Sea Fisheries Research Institute 
(Field and others 1980). 

The purpose of this article is to report specifically 
on instances where kelp-rafting has been observed along 
and off the South African coast and to comment on 
its local geological significance. 

Prev ious  W o r k  

Dunn (1911) published illustrations of  kelp-rafted 
cobbles from sandy beaches in Australia and New 
Zealand. Subsequent studies report kelp-rafted cob- 
bles both on the beaches and on the deep ocean floor 
off the coast of California (Emery 1960, 1963, Emery 
and Tschudy 1941, Shumway 1953), on sandy beaches 
at Cape Cod in Massachusetts (Ben-Avraham 1971), 
and in deep-ocean sediments from the Gulf of  Alaska 
(Menard 1953). An experimental study in the western 
Baltic Sea of nearshore transportation of pebbles with 
attached algae is reported by Kudrass (1974). 

More recently, Huggett and Kidd (1983/84) were 
able to present a list of criteria for the identification 
of kelp-rafted material, based on a study o1' exotic ma- 
terials recovered from the northeast Atlantic Ocean. 
According to their work, kelp-rafted clasts can be dis- 
tinguished from ice-rafted clasts as they have no stria- 
tions or facets, are often comprised of soft lithologies 
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Figure 1. Worldwide distribution of kelp (Modified after McGill 1958). 

that exhibit pholad borings and, more rarely, may still 
have traces of  the kelp affixed to the clast. 

Kelp-rafting off the South African coast is briefly 
dealt with by Stewart (1974) and Gentle (1987). Stewart 
(1974) discussed the occurrence of rounded cobbles 
of pre-Mesozoic rocks dredged from the outer con- 
tinental shell" which is underlain by Cenozoic rocks. 
Gentle (1987) specifically described a dredge sample 
of  rounded pebbles of  Late Prccambrian greywacke 
attached to decaying kelp in 350 m of water northwest 
of Cape Columbine (Fig. 2) where Neogene phos- 
phorites tbrm the local bedrock. 

Distribution of Kelp 

The term kelp is widely used in reference to the gen- 
era of  larger brown algae or seaweeds (Emery 1963). 
Worldwide, the distribution of kelp (Fig. 1) is con- 
fined to cool waters of  high latitudes or to areas of 
strong upwelling along the western coasts of conti- 
nents in subtropical latitudes (Mann 1973, McGill 
1958). Optimal conditions for kelp plants are deter- 
mined by a number of  environmental factors such as 

the quality and quantity of  light, temperature, water 
turbidity, water turbulence, nutrient levels, and bot- 
tom topography (Bolton 1986, Emery and Tschudy 
1941, Field and others 1980). These parameters de- 
termine the maximum depth at which kelp can grow. 
In general kelp occurs from the intertidal zone to a 
maximum depth of about 30 m (Emery and Tschudy 
1941). The juvenile plants attach firmly to a stable 
substratum such as exposed bedrock, boulders, cob- 
bles, abalone (Haliotis midae) shells, or even hold- 
fasts and stipes of mature kelp plants. 

Distribution 

On the coast of  southern Africa, from Cape Agulhas 
to Swakopmund (Wynne 1986, Figs, 1 and 2), there 
are three genera of  kelp: Ecklonia. Laminaria, and 
Macrocystis. 

Ecklonia maxima is most abundant between Cape 
Agulhas and Cape Columbine (Anderson and others 
1987, Bolton and Levitt 1987, Field and others 1980) 
and forms dense beds in rough water with a depth of 
10 m or less (Fig. 2A). This species is characterized 
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by a long, hollow stipe with a gas-filled bulb at the 
top. The large fi'onds emanate from a short primary 
blade on the bulb (Fig. 2A). The stipes of  mature plants 
may be up to 10 m long and the gas-filled bulb at the 
top provides buoyancy  to hold the fronds at the sea 
surface. Approximately  15 percent o f  the Ecklonia 
plants are wrenched from the sea floor annually dur- 
ing storms and either drift out to sea or are washed 

ashore (Anderson and others 1987, Simons and Jar- 

man 1980). 
Laminaria  pall ida forms an understory beneath the 

Ecklonia canopy but it also forms its own conmmni ty  
in depths between 10 In and 20 m. This species has 
a stiff, solid stipe, 2.0 m - 2 . 5  In long, supporting a 
hand-shaped blade of  similar length (Fig. 2B). 

North of  Cape Columbine the shallow ( < 1 0  m) kelp 
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Figure 4. Locations at which kelp-rafted cobles have been found 
on the South African coast. 

Figure 5. The beach north of the jetty at Port Nolloth Harbour 
littered with kelp t Laminaria schinzii) after the slorm on May 22, 
1985. Some of the kelp holdfasts were still altached to cobbles, 
the largest of which was 55 cm long and can be seen lying to the 
left of the l-liter bottle (height 35 cm). 

Figure 6. A selection of angular to sub-angular kclp-ral)ed cob- 
bles of Stinkfontein Formation quartzites found on the beach at 
Port Nolloth on May 22, 1985. 

quartzi tes  of  the Late Precambrian  Upper  St inkfonte in  
Format ion  which crops out along the coast  at Port 
Nol loth  (Joubert  and Kr6ner  1971). The rafted boul-  
ders  were  r andomly  scat tered across the beach up to 
about  15 m from the low water  mark. Depend ing  on 
the size,  the cobbles  and boulders  had either single 
holdfasts  or compos i t e  holdfasts  (Fig. 6) consis t ing  o f  
up to 11 kelp  plants ,  which ranged in length froln 1.6 

m to 3.1 m. 
The undis turbed  holdfasts  on the beach were in- 

spected again at low tide the fol lowing morning  (May  
23, 1985). Within  the two tidal cycles  that occun-ed 
after the initial observa t ion ,  the kelp-raf ted boulders  
had been completely buried in the foreshore sands with 
only parts o f  the kelp fi'onds being still exposed .  Con-  
t inued observa t ion  over  a per iod of  e ight  days  re- 
vealed no s ignif icant  change in this status other  than 
a gradual  decompos i t ion  of  the kelp by the c o m b i n e d  
act ion of  amphipods ,  bacter ia ,  and ke lp- f ly  larvae 
(Branch and Branch 1981, Field and others  1977). 

Along  the Western  Cape coast ,  ke lp- raf ted  cobbles  
and boulders  have been observed  by the authors be- 
tween 1985 and t987 in the rocky ,  intert idal  zone at 
Melkboss t rand ,  Komnle t j ie ,  Cape  Point and Fran-  
skraal (Fig.  4). In this area E c k l o n i a  m a . r i m a  is the 
dominan t  t ransport ing kelp  species .  At Melkboss t rand  
(Fig.  4), a part ial ly d e c o m p o s e d  holdfast  a t tached to 
a small  boulder  of  local ly  der ived  Late Precambr ian  
Malmesbury  Group  shale was IZmnd in a gul ly  jus t  
be low the low-wate r  mark.  The rafted rocks at both 
Kommet j i e  and Cape  Point (Fig.  4) compr i sed  local ly  
der ived  Palaeozoic  Tab le  Mounta in  Group  sandstone  
and were found on cobble beaches well above the low- 
water  mark.  Whi le  Scuba  d iv ing  off  Kommet j i e  and 
off  Cast le  Rocks  in False  Bay (Fig.  4), one of  the 
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Figure 7. Kelp-rafted (Ecklonia maxima) rounded cobble of Ta- 
ble Mountain Group sandslone al a dcplh o1: approxinlalcly 1.5 m 
in the subtidal zone a! (2aslle Rocks, False Bay. The cobble mea- 
sures 25 c111 ill diameter. 

Fil.lure 8. View of lhe cobble-, pebble-, and gravel-size rock clasls 
carticd by lhe kelp boldfasl found al Frankskraal. 

authors observed Ecklonia plants attached to cobbles 
and small boulders at a depth of  about 5 m (Fig. 7). 
The cobbles were easily lifted by pulling gently up- 
wards on the stipe of  the plant, thereby giving an in- 
dication o f  their transport potential during storm con- 
ditions. 

At Franskraal, near the southern limit of  the kelp 
distribution (Fig. 4), a partially decomposed compos-  
ite holdfast containing a number o f  pebbles and cob- 
bles was found lying submerged in a gully backed 
by a cobble beach. The kelp plants were identified on 
the basis of  the holdfast morphology as being Eck- 
Ionia maxima.  Close examination o f  the holdfast (Fig. 
8) revealed that it contained 2 large cobbles,  7 peb- 
bles ranging in size from medium to very coarse peb- 
bles, and a substantial quantity of  very fine pebbles. 

The cobbles were composed  of  well-rounded, ob- 
late pieces of  locally derived Palaeozoic Table Moun- 
tain Group sandstone. The pebbles, also composed of  
sandstone, were mainly well-rounded but 3 were an- 
gular. The holdfast was in an advanced stage of  de- 
composit ion when found and, judging from the pres- 
ence and size o f  rounded cavities in the holdfast, it 
had probably contained at least another 2 cobbles. This 
holdfast had thus lost part o f  its original load in the 
course of  transport and decomposit ion.  Holdfasts, 
particularly composite ones, are therefore not limited 
to single large clasts but may also incorporate a nun> 
ber of  smaller clasts. 

Backshore 

Hoh)cene progradation of  the backshore environments 
beside Noordhoek beach (Fig. 4) has allowed coastal 

dunes to advance seaward over  sediments originally 
deposited in a backshore lagoon (Fig. 9). This was 
inferred on the basis o f  abundant barnacles and bi- 
valves between vegetated coastal dunes up to a kil- 
onmter inland from the seaward edge of  the modern 
backshore dunes. However ,  the association of  well- 
rounded, isolated cobbles of  Table Mountain Group 
sandstone (Fig. 10) found together with the barnacles 
and bivalves was puzzling until it was proposed that 
the cobbles may have been kelp-rafted into an earlier 
backshore lagoon. 

Periodic examination of  the abundant kelp that 
washed over into the modern backshorc lagoon at 
Noordhoek during onshore northwesterly storms in 
winter led to the observation of  a cobble still attached 
to a holdfast (Hill 1983, personal communicat ion) .  
Isolated cobbles are, nevertheless, fairly abundant in 
the modern sandy lagoon (Fig. 1 I) and it is concluded 
that although these cobbles are statistically rare, their 
preservation potential is very high. In contrast, the 
kelp itself decomposes  rapidly. 

In a recent study of  Noordhoek Beach, trench ex- 
cavations revealed decomposing clast-free holdfasts 
buried 0.5 m - 1 . 0  m below the surface within the par- 
allel-laminated, fine-sand, washover  deposits beneath 
the modern backshore environment (White 1987, Figs. 
5 and 6). 

OJ.:/:rhore 

Gentle (1987) describes kelp-rafted clasts that were 
recovered by dredging from a depth of  350 m, about 
120 km offshore to the northwest o f  Cape Columbine 
(Fig. 4). The sample consisted o f  "Rounded pebbles, 
up to 10 cm in diaineter, of' greenish, fine-grained 
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Figure 9. Winler view of Noordhock Beach (11/8/87) .  Note lhe 
full backshorc lagoon extending to the base of prograding back- 
shore dunes. Landward of  the dunefield is a marshy, pahleo-back- 
,'daore-lagoon 0nvironnlenl, 

subgreywacke all held together by a loose mat of 
seaweed in which there are also shells" (Gentle 1987, 
p. 104). According to the Modified Wentworth Grade 
scale, material of this size can be classified as small 
cobbles. The presence of the holdfast is the only way 
Gentle (1987) could positively identify the transport- 
ing agent. Once the organic material has decayed there 
is no lasting impression of the holdfast on the rocks 
(Dr. R. Simons, personal communication, in Stewart 
1974). 

There are no reports of cobbles being recovered fi'ona 
free-floating kelp plants or kelp rafts in the deep sea 
off the coast of South Africa. However, after the storm 
event on May 22, 1985, described earlier, one of the 
authors observed two large kelp-rafts of Laminaria 
schinzii approximately 5 m - 8  m wide floating about 

Figure 11. Sub-angular cobble of Table Mountain Group sand- 
SIOlle ill the nlodol'n backs[lore la~oon ~.l[ Noordhoek. ('Zllllel'~l lellN 

cap (5 cm diameter) is resting on the cobble. 

2 km offshore just south of Port Nolloth (Fig. 12). 
Such kelp rafts off the west and south coasts of South 
Africa have often been observed by local yachtsnaen. 
Floating kelp can be carried far offshore and Arnaud 
and others (1976) report finding Eckhmia plants off 
St. Helena Island, a distance of 2,700 km from the 
nearest shore area off southern Aft'lea. 

Discussion and Summary 

In this study we repel1 observations of kelp-rafted rocks 
in several environments. Such rocks have been found 
on rocky shores of the South West Cape between 
Franskraal and Mclkbosstrand as well as on sandy 

Figure 10. Stranded, sub-rounded cobble of Table Mountain Group 
sandstone in the palaeo-baekshorc-lagoon environment. 

Figure |2.  L~,rge kelp-raft (Laminaria schin=ii) floating t, bout 2 
km off the coast at Port Nolloth. The raft is approxinlately 5 m 
to 8 m wide. 
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beaches at Noordhoek and at Port Nolloth (Fig. 4). 
However only at Noordhoek have we observed them 
in a backshore lagoon environment. No reference to 
a similar occurrence has been found in the literature. 
The only definite evidence of kelp-rafting on the outer 
shelf is reported by Gentle (1987) who described a 
holdfast dredged off Cape Columbine from a depth of 
350 m. 

Although Huggett and Kidd (1983/84) report the 
possibility of kelp-rafting of relatively soft and some- 
times pholad-bored lithologies, we have only ob- 
served rafting of  well-consolidated, pre-Mesozoic 
sedimentary or metasedimentary rocks. The clasts were 
derived from Late Precambrian Stinkfontein Forma- 
tion quartzites off Port Nolloth, and from Precam- 
brian Mahnesbury Group shale and Palaeozoic Table 
Mountain Group sandstones off the Western Cape. 

From the available evidence it would appear that 
kelp-rafting off the South African coast is less prev- 
alent and that the clasts are from more resistant, older 
formations than those from the northeast Pacific coast. 
A major botanical difference is the abundance of Ma- 

crocystispyrifera off California which grows to lengths 
of 200 m (Frye and others ! 915 in Emery and Tschudy 
1941), twenty times the length of our largest species, 
Ecklonia maxima (Field and others 1980). In addi- 
tion, the South African coastline terminates south- 
ward at latitude 35~ In contrast the kelp off the west 
coast to the Americas ranges from California to Alaska 
(70~ and from Peru to Tierra del Fuego (about 50~ 

We have obtained, albeit sparse, evidence of exotic 
kelp-rafted rocks in two distinct, low-energy sedi- 
mentary environments, namely a backshore lagoon and 
the outer shelf. Our observations are summarized in 
a conceptual model (Fig. 13). We propose that on 
coasts exposed to southern ocean southwesterly swells, 
where eastern-boundary-current upwelling supports 
extensive kelp beds, a minor but geologically signif- 
icant proportion of clast-supporting holdfasts are ripped 
loose during winter storms. Some of these are washed 
up onto rocky shores where they contribute to the for- 
mation of cobble beaches (Ben-Avraham 197 i). Oth- 
ers are washed onto sandy shores where they are rap- 
idly buried in the foreshore sediments. 
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When spring tides coincide with onshore storm- 
strength winds, the berm is surmounted by storm surges 
and kelp is washed over into the backshore lagoon. 
In winter when the lagoon is full, onshore winds drive 
the still buoyant kelp to the foot of  the backshore dunes. 
As the lagoon dries up in summer, the kelp is stranded 
and decomposes  biologically (Griffiths and others 
1983), thereby releasing the clast. The prograding 
backshore dunes bury the clast lbr a period, after which 
it is exposed and appears as a stranded cobble in the 
palaeo-backshore-lagoon environment. 

Coastal currents are responsible for the distribution 
of  clasts floated out onto the continental shelf within 
kelp rafts. The clasts are only released when the grip 
of  the holdfast is broken by decomposit ion.  Due to 
the high sedimentation rate that often prevails on the 
inner shelf, kelp-rafted rocks deposited there are 
probably buried soon after deposition. Therefore kelp- 
rafted rocks are more likely to be dredged on the mid- 
dle to outer shelf, 

In all cases,  the final point at which the kelp-rafted 
clasts are deposited lies somewhere  between the ini- 
tial mobilization during storms and the subsequent 
complete decomposit ion of  the kelp. The holdfasts 
leave no permanent impressions on the clasts; con- 
sequently, positive identification of  kelp-rafted rocks 
is difficult once the kelp has decomposed.  

Emery and Tschudy (1941 ) and Ben-Avraham ( 1971 ) 
conclude that kelp rafting is a significant sedimentary 
process. Our observations off  South Africa's western 
coast support their opinion. It is known that every year, 
about 15 percent of  the Ecklonia plants off  the South 
African coast arc tom free during storms and are either 
washed up as wrack or carried out to sea (Anderson 
and others 1987, Simons and Jarman 1980), If only 
1 percent of  these carry rock clasts, this would result 
in a significant quantity of  rocks being transported over 
geological time. 
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Note  Added in Proo f  

A paper on the movement  of  gravel by algae on an Arctic intertidal 
flat in northern Canada (Gilbert R, 1984, Journal Sedimentary Pe- 
trology 54:463-468)  came to our attention after final acceptance 
of the manuscript.  


