




















Fig. 8: 
Cobbles of gravel gene r ated 
by recent s t orms at i nner 
edge . of beach, 1.1 kr-l 
west of turnoff l eading to 
Dump Point . Clas t s a r e 
cement ed f irml y to under­
l y ing caliche- li J(e c r ust 
on P l e i stocene bedrock. 
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Fig. 7: 
Poor ly sorted, pebb l y 
cobbly bou l der cong l o ­
merate near east end 
of l ow coasta l c li ff 
at Fr ench Day. No t e 
well r ounded c lasts 
near man ' s hand (arrow). 

Fi g . 9 : 
Thi n l y bedded limes t one 
slab from short. l y be­
nea t h sed i ment-Iva ter 
interface in southl·!es t 
end of Pi geon Cr eek l agoon. 



an appearance that is essentially identical to that at Fr ench 

Bay, and would have an identical stratigraphic relationship to 

the underlying crusted limestone. 

Several questions attend interpretation of the French Bay 

cong l omerate. At what time in history was the grave l deposited? 

Is the elevation above present sea level compatab l e with water 

levels suggested by upper surfaces of the Grotto Beach o r 

CocJ<burntown (Sangamonian) reefs? Were the clasts derived from 

eolianite (suggesting downs l ope transport) or subtidal and beach 

facies (suggesting marine erosion and wave transport)? What i s 

the nature of the cementing substance? Are clast shapes 

compatable with the talus or with the storm-gravel hypothesis? 

The 

approached 

comprises 

deep, that 

Lagoonal Limestone 

southwestern end of Pigeon Creek, where the lagoon i s 

most closely by the Columbus Landings paved road, 

large open expanses of shallow water, less than 1 meter 

are fringed and dotted with dense grm,ths of red 

mangrove. At this locality lagoonal sediment consists of poor l y 

sorted carbonate sand that is admixed with carbonate mud and 

clear gelatinous material. The coarser carbonate particles 

inClude several genera of foraminifera, ostracodes, sma ll 

h igh - spired gast ropods, and minute thin- shelled b i va lves . The 

most obvious skeletal constituent is peneroplid forams, which 

reach a maximum diameter of several mi ll imeters and produce in 

the sediment a cha r acter i st i c white-speckled appearance. Shortly 

beneath this surficial material the sed iment has been cemented so 

as to form an extensive sheet of crumbly limestone that i s 
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distinctly bedded and reaches maximum thickness of 3 to 4 cm 

(Fig. 9). The rock is a poorly sorted grainstone, with gra i ns 

mostly in the fine- to very-coarse sand range. Host of the 

grains 

and/or 

forams 

cement 

are micritic peloids and may be large l y fecal pellets 

altered ooliths. Skeletal grains were derived mainly from 

and molluscs, and many have a micritic envelope. The 

comprises an isopachous fringe of minute, needle- like 

crystals of the aragonite habit, but c ementation is weak and the 

rock is highly porous. Although most grains have been bleached 

to a nearly white color , some of the ostracod va l ves retain a 

dark coloration, suggesting that lithification has occurred 

recently and that there has been no subaerial exposure o f the 

sediment. Lithification only of the near surface sediment a l so 

suggests that cementation is a recent phenomenon. 

The origin of this limestone is a problem in need of 

deta iled study. Waters of the lagoon are easily warmed by so l ar 

radiation, and salinity reaches a maximum of 42 0/00 (Hi tchell, 

oral comm., 1982). These factors suggest that the lagoonal 

waters may at times be supersaturated with calcium carbonate. 

High initial porosity would facilitate the flow of 

carbonate-saturated water through the original sediment by tidal 

pumping. Such pumping could affect only the upper few 

centimeters of sediment, with development of cement cryst a l s 

gradually reducing permeability. Persian Gulf marine cementation 

described by Shinn (1969) is a reasonably good ana log, but many 

questions remain . How extensive is this limestone? Are there 

places where cementation has affected any of the more deep l y 

56 



buried sediments? When did cementation occur ? Is cementation 

still in progress? Under what cond i tions of temperature, 

salinity or t i da l action did the lithification occur? Do these 

limestones have an origin in common with those of hypersa line 

Storr ' s Lake (Teeter, oral corom., 1982). 

Stromatolites 

Al gal mats are a common phenomenon in lacustrine 

environments of San Salvador , and are especially evident at times 

·of low water l evels. For examp l e, a thick, rubbery alga l mat 

caps organic-rich carbonate sediments in a lake that lies 

di r ectly adjacent to Queen's Highway at Rocky Point. During dry 

spells the a l ga l mat is expos ed to air and becomes disrupted by 

po l ygona l patterns of dessica tion cra cks that are readily seen 

from the paved road. 

Al gal mats are developed extensively along the western 

shore of Storr 's Lake. During low-water stand s many of t he mats 

are expos ed to the atmosphere and shrive l so as to form lumpy or 

mammilated surfaces . Most of the underlying sediment is 

unconsolidated, 

However, at 

and 

the 

laminations are at best poorly developed. 

northernmost place where Queen's Highway 

approaches the lake closely , a l ga l mats are associat ed with true 

s tromatolites (Fig. 10). These structures comprise crudely 

laminated, fine sand- t o fine gravel-sized carbonate gra ins t ha t 

are bound togeth e r to form crumbly limestone knobs that are as 

much as 15 to 20 cm in diameter and 12 to 15 cm tall (Fig. 11). 

These are true columnar 

examples yet d i scovered in 

stromatoli tes--perhaps the finest 

the Caribbean/Bahamas region. The 
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Fig. 11: 

Fig. 10: 
West Side of Storr's Lake, 
showing eme r gent crests 
of columnar stromatolites 
that are encrusted by 
living a l ga mats. 

Side view of modern stromatolite from west side of 
Storr 's Lake, shOl{ing irregularly columnar shape. 
Ar r ow indicates crust composed of nearly white, 
well-cemented, very fine - grained calcitic limestone 
mentioned in text. Photo by George R. Ringer. 



stromatol ites are capped by a gelatinous algal mat, at l east part 

of whi ch compr i ses thread-like filaments resembling Lyngbya. 

Associated with the stromatoli te illustrated in Figure 11 is a 

nearly whi te, very well cemented carbonate crust, which extends 

beneath the stromatolite and apparent l y formed a base on which 

the structure was const ructed. The c r ust is e x posed l ocal l y 

a l ong the side of the stromatolite (see arrow on Fi gure 11 ) and 

there fo r ms a mammi l ated, moundlike satellite structure. Thi s 

very fine grained carbonat e cons ists wholly of calcite and may . be 

of algal o rigin. 

Regarding origin of these stromatolites several questions 

arise: 

1. What factors are involved in deve lopment of the co l umna r 
shape? Did these stromatolites originate by convolution 
of an algal mat during a period of dessication? If not, 
how was sediment added to upper portions of the structures? 

2. What is the time frame within which such stromat ol ites fo r m? 
3. Why is the occurrence of these stromatolites so restricted? 
4. Whi c h forms o f algae are involved in the stromatol ite - form i ng 

algal mats? 
5. Under what cond itions and by what mechanism did the hard, 

fine - grained limestone form? 
The st r omatolit i c st r uctur es at Storr's Lake pose some 

interesting quest i ons and furnish an excellent subject for future 

research. 

c li ff Blocks 

Along the coastal cliff north o f Grotto Bea ch reef b l ocks 

of laminated limestone be l onging to the beach li thofacies of the 

Grotto Beach Limestone manifest various stages of incorporat i o n 

into the l oca l bedrock. The beach lithofacies has been subjected 

repeated l y t o the agenci es of coastal erosion, and at va rious 

time s larg e blocks have been dislodged (Figs. 12, 13). Some o f 
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Fig. 1 3 . 
Vie" along coastal cliff 
d irect l y north of largest 
reef at Grotto Beach , 
showing b l ocks of beach 
lithofacies of Gro tto 
Beach Lime - stone that 
have been dislodged by 
modern erosiona l processes. 
Some of these b l ocks are 
lying loosely on the c liff 
f a c e whe r eas others have 
been cemented fi r ml y to 
the s ubjac ent P l e i stocene 
bedrock. 
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Fi g . 12. 
Di splaced boulders of beach­
rock inco rporated into 
lmve r shoreface lithofacies 
of Grotto Beach Lime- stone 
on l andward s i de of largest 
Pl e i s tocene r eef a t the 
Grotto Beach locality. 



the dislocation occurred during deposition of the Grotto Beach 

Limestone (Fig. 12), as manifest in large boulders of laminated 

limestone that are almost wholly enclosed in extensively 

bioturbated, littoral 

of the fossil reef. 

numerous, elongate, 

lime grainstones that are exposed landward 

Locally, this backreef lithofacies contains 

seawardly oriented rhizomorphs of beach 

morning g lories that grew across prograded beach sands that 

buried the reef in Sagamonian time. Within this progradational 

carbonate sand body are blocks of limestone in which bedding 

planes lie at steep angles to the general stratification, and 

that may be chunks of beachrock that were ripped up by waves and 

incorporated into younger sediments that had buried or were 

burying the reef. Deposition of these blocks clearly occurred in 

Pleistocene time. However, a short distance north of the reef 

the coastal cliff is mantled locally by similar blocks of 

laminated limestone that have been dislodged in recent times. 

Some of these blocks lie loose along the c liff face whereas 

others are cemented firmly to Pleistocene bedrock. The latter 

appear much like the loose blocks, signifying that the 

lithification process has been active in recent times. 

Distinction between these recently cemented blocks and those of 

an early stage of dislodgement and cementation is not everywhere 

clear because the emplacement of some blocks clearly postdates 

deposition of the beach lithofacies but apparent l y predates 

r ecent coastal e r osive and cementing processes. Appa rently, 

blocks of Grotto Beach Limestone have been dislodged by coastal 

erosion at several times in the past, and such dislodgement is 
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continuing at the present time. Evaporation of salt-water spray 

is suggested as the mechanism by which the most recently cemented 

b l ocks have been bound to the bedrock exposure. 

Concluding Statement 

Cementat ion of Holocene carbonate sediments is occurring 

at many places on San Salvador Island, and a wide variety of 

lithification processes are involved. Sites documented in the 

foregoing text are only a sample, most being included in the 

Ma rch, 1982 fie l d conference. Interpretations set forth by the 

writer are largely untested, and remain to be verified or 

rejected on basis of further field and l aboratory analysis. A 

wealth of research opportunities awaits the i nterested 

investigator. 
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