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1.		The	origins	of	Bermuda	-	a	summary

The	Bermuda	volcanic	sea-mount,	rising	some	4000	m	(13000	ft)	from	the

Atlantic	sea-floor,	was	created	by	the	eruption	of	molten	lava	through

fissures	in	the	Earth's	crust.	The	source	of	this	lava	was	a	magma

chamber	situated	deep	within	the	Earth	in	a	layer	between	the	core	and

the	crust,	known	as	the	mantle.		The	volume	of	erupted	lava	was	so	great

that	the	sea-mount	eventually	emerged	from	the	ocean	as	a	volcanic

island	(Figure	1)	estimated	to	have	risen	as	much	as	1000	m	(3000	ft)

above	sea	level.	

The	last	major	volcanic	eruption	at	Bermuda,	that	we	currently	know	of,

occurred	approximately	30	million	years	ago.	Subsequently,	unrelenting

erosion	by	ocean	waves	progressively	reduced	the	size	of	the	sea-mount.

By	approximately	20	million	years	ago,	all	remnants	of	the	volcanic	island

had	been	removed,	having	been	converted	to	sediment,	which	was

transported	onto	the	flanks	of	the	sea-mount	and	beyond	(Figure	2).	

For	much	of	its	remaining	geological	history	the	sea-mount	was	fully

submerged.	Its	truncated	summit	was	transformed	into	a	reef-encircled

platform,	which	acted	as	a	sheltered	mid-ocean	refuge	for	a	thriving

community	of	shallow-water	marine	life-forms.	Upon	their	death,	the

broken	skeletal	remains	of	these	inhabitants	accumulated	on	the	platform

as	carbonate	sand	(Figure	2).

Over	time,	currents	and	waves	transported	the	platform	sands	onto	shoals

and	onto	the	beaches	of	low	lying	islands.	As	the	beaches	became	wider,

increasing	quantities	of	dry	sand	were	transferred	landward	by	the	wind

and	trapped	by	vegetation	to	form	coastal	dunes	known	as	foredunes.

Later,	during	periods	of	high	sand	supply,	these	foredunes	were

transformed	into	large	mobile	dunes,	which	eventually	were	cemented	into

limestone	hills	(Figure	3).	Successive	phases	of	dune	formation	spanning	
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Figure	1.	Emergence	of	the	Bermuda	volcanic	sea-mount	from	the	Atlantic

Ocean	30+	million	years	ago.

Figure	2.	Colonisation	of	the	truncated	sea-mount	by	marine	life	including	corals.

Figure	3.	Accumulation	of	carbonate	sand	and	its	transfer	to	beaches	and	dunes.	
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hundreds	of	thousands	of	years	effected	the	construction	of	the	Bermuda

Islands	as	we	know	them	today.

These	events	took	place	during	the	last	one	million	years	of	Earth's	history

-	relatively	recently	in	geological	terms.	They	coincided	with	the	last	half	of

the	Pleistocene	Epoch	which	featured	dramatic	global	climatic	cycles	of

cooling	and	warming.	Associated	with	these	cycles	were	advances	and

retreats	of	the	great	continental	ice	sheets,	and	oscillations	of	sea	level

over	a	vertical	range	of	100	m	(320	ft).	These	epic	fluctuations	played	a

pivotal	role	in	Bermuda’s	geological	development,	by	alternately	activating

and	deactivating	conditions	favourable	to	dune	building.

During	warm	interglacial	periods	when	global	sea	levels	were	high	(Figure

4)	the	top	surface	of	the	Bermuda	sea-mount	-	the	platform	-	was	largely

flooded	(as	today).	Marine	animals	and	plants	proliferated	in	the	shallow

platform	waters,	which	acted	as	a	"carbonate	factory".	Following	death,

their	skeletal	remains	were	broken	down	into	sand	which	accumulated	on

beaches	and	ultimately	in	large	dunes.	

During	cool	glacial	periods	-	the	"Ice	Ages"	-	carbonate	sand	production

ceased	on	the	formerly	submerged	platform,	as	it	emerged	from	the	sea

as	a	large	island	-	“Greater	Bermuda”	(Figure	5).	The	land	area	became

more	than	10	times	larger	than	that	of	today's	islands.	Plant	growth	and

soil	development	were	the	dominant	processes.	The	soils	which	formed,

then,	are	preserved	today	as	fossil	soils,	or	palaeosols,	found	interlaced

through	Bermuda's	limestone	dunes.		
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Figure	4.	Generation	of	carbonate	sand	and	construction	of	dune	ridges	when

sea	levels	were	high.	

Figure	5.	Soil	formation	and	forest	growth	when	sea	levels	were	low.
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2.	The	volcano

The	last	major	volcanic	eruption	at	Bermuda,	of	which	we	have	good

evidence,	occurred	close	to	30	million	years	ago.	Since	then,	erosion	by

ocean	waves	has	reduced	the	volcanic	portion	of	the	sea-mount	to	a	flat-

topped	edifice,	which	is	now	fully	submerged	and	covered	by	modern

carbonate	deposits	and	by	limestone	islands	along	its	southern	rim	(Figure

3).

The	Bermuda	volcanic	sea-mount	is	one	of	a	cluster	of	four	volcanic	peaks

(Figure	6)	rooted	in	the	North	American	tectonic	plate,	which	is	“drifting”	in

a	generally	north-westerly	direction.	The	movement	is	driven	by	"sea-floor

spreading"	at	the	Mid-Atlantic	Ridge,	where	new	oceanic	crust	is

continually	being	generated	(Figure	7).	The	resultant	widening	of	the

Atlantic	Ocean	is	occurring	at	a	rate	of	approximately	2.5	cm	(1	in)	per

year.	

The	first	borehole	to	penetrate	through	Bermuda’s	limestone	cap	into	the

volcanic	sea-mount	was	drilled	near	Gibb's	Hill	Lighthouse,	in	1912,	by

Louis	Pirsson.	Volcanic	rock	was	found	at	a	depth	of	75	m	(245	ft)	below

sea	level.	It	is	now	known	that	this	borehole	happened	to	be	located	in	a

part	of	Bermuda	where	the	top	surface	of	the	volcano	is	unusually	deep.	

In	1972,	the	"Deep	Drill"	project	was	responsible	for	completion	of	the

deepest	borehole	drilled	on	Bermuda	to	date,	situated	on	St	George's

Island.	Volcanic	rock	was	first	encountered	below	the	limestone	cap,	at		26

m	(85	ft)	below	sea	level.	A	continuous	rock	core	was	extracted	to	a	depth

below	sea	level	of	793	m	(2632	ft).	A	sample	taken	from	this	core	yielded

the	previously	mentioned	reliable	age	of	30	million	years,	which	can	be

attributed	to	one	of	potentially	many	episodes	of	volcanic	eruptions.

Depths	to	Bermuda’s	volcanic	rock	have	now	been	measured	in	over	25

boreholes.	From	this	information	it	has	been	determined	that	the	average

depth	to	the	volcano	in	Bermuda’s	central	and	western	parishes	is	
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Figure	6.	The	Bermuda	sea-mount	belongs	to	a	small	isolated	cluster	of

truncated	volcanic	peaks.

Figure	7.	Bermuda's	position	on	the	westward	expanding	North

American	tectonic	plate.
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approximately	45	m	(150	ft)	below	sea	level;	whereas	depths	at	the	east

end	of	Bermuda	range	from	23	m	(75	ft)	to	32	m	(104	ft)	below	sea	level

(Figure	8).		

It	was	Charles	Darwin	who	established	that	volcanic	oceanic	islands,

particularly	those	of	the	Pacific	Ocean,	evolve	into	atolls	-	reef	encircled

platforms	-	as	a	result	of	subsidence.	However,	having	studied	written

descriptions	of	Bermuda's	geology,	Darwin	concluded	that	certain

features,	such	as	the	significant	elevation	of	the	limestone	hills,		were	not

consistent	with	his	theory.	Subsequent	drilling	on	Bermuda	(described

above),	which	encountered	volcanic	rock	at	relatively	shallow	depths,	has

since	upheld	Darwin's	conclusion	that	Bermuda's	geological	evolution	has

been	different	from	the	majority	of	other	oceanic	sea-mounts,	which

underwent	subsidence.

3.	Dune	deposits

The	origin	of	Bermuda's	dune	deposits:

As	early	as	1837,	Lieutenant	Richard	Nelson	of	the	Royal	Navy

established	that	the	Bermuda	islands,	perched	atop	a	sea-mount,	are

constructed	principally	of	hardened	wind-blown	sand	dunes	(Figure	9).

Later,	in	1931,	American	geologist	Robert	Sayles	coined	the	term

“eolianite”	based	on	his	observations	in	Bermuda.	He	defined	eolianite	-	a

globally	distributed	sedimentary	deposit	-	as	cemented	carbonate	sand,	or

limestone,	which	originally	accumulated	by	action	of	the	wind.

Bermuda's	eolianites	consist	of	sand	size	skeletal	remains	of	carbonate

marine	organisms	and	plants,	which	lived	and	died	in	the	waters	of	the

Bermuda	platform.	Over	millions	of	years,	vast	quantities	of	this	material

were	amassed	on	the	platform	and	spilled	onto	the	flanks	of	the	sea-

mount.	Under	certain	climatic	conditions,	some	of	the	sand	which

remained	on	the	platform	was	driven	by	the	sea	onto	beaches	and,

thence,	blown	by	the	wind	into	sand	dunes.	The	present-day	hilly	islands
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Figure	8.	A	drill	core,	from	near	the	Airport,	features	a	transition	from

limestone	to	volcanic	rock	at	about	32	m	(105	ft)	below	sea	level.

Figure	9.	A	quarry	face	near	Khyber	Pass,	Warwick	Parish

exposes	large	ancient	wind-blown	dunes	which	advanced	from

beaches	on	Bermuda's	south	shore	120,000	years	ago.		
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of	Bermuda	with	their	coastal	eolianite	cliffs	(Figure	10)	are	a	testament	to

episodic	dune	activity,	which	developed	in	this	way.

The	fluctuation	of	sea	levels,	associated	with	the	cyclical	advance	and

retreat	of	the	continental	ice	sheets	during	the	Pleistocene	Epoch,	were

critical	to	the	mobilisation	of	coastal	sediments.	Marine	sands	were

exposed	on	widening	beaches	when	sea	levels	had	just	passed	their	peak

and	were	starting	to	fall	(Figure	11).	This	created	the	source	of	sand

necessary	to	supply	wind-blown	coastal	dunes,	which	coalesced	into

landward-advancing	dune-ridges,	now	preserved	as	limestone	hills.

Intervening	long	periods	of	dune	inactivity	and	soil	formation	coincided

with	glacial	periods,	or	Ice	Ages,	when	sea	levels	were	lowered	below	the

edge	of	the	Bermuda	platform	and	"Greater	Bermuda"	emerged	as	a

single	large	island	(Figure	5).

Dune	stratification:

Sedimentary	deposits	are	the	dominant	rock-type	on	the	surface	of	our

planet,	and	thicknesses	often	exceed	1	kilometer	(3000	ft).	They	are

formed	by	the	accumulation	of	layers	of	loose	sediments	-	typically	mud,

silt	or	sand	-	which	through	the	effects	of	time	become	consolidated	or

“lithified”	into	rock.	When	sedimentary	deposits	are	exposed	in	a	rock	face,

small	differences	in	colour,	cementation	or	the	size	of	particles	between

one	layer	and	the	next,	are	manifested	as	visible	bands	known	as	strata.	

The	majority	of	ancient	sedimentary	deposits	accumulated,	on	sea-beds

or	on	lake-floors,	in	horizontal	layers;	though	many	have	subsequently

been	uplifted,	tilted	and	folded	by	tectonic	forces.	However,	in	high	energy

environments,	where	sediment	was	transported	along	by	water	currents	or

by	the	wind,	suspended	particles	could	not	settle	gently	in	layers.	Rivers,

shallow	seas,	sandy	shores	and	deserts	are	examples	of	such	turbid

environments.
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Figure	10.	A	large	ancient	dune	exposed	in	a	cliff	at	Astwood	Cove	on	the	South

Shore.	It	advanced	in	a	northward	direction	from	a	beach	which	is	now	offshore.	

Figure	11.	This	ancient	beach	(foreground)	at	Spittal	Pond	formed	when	sea	level

was	higher	than	today.	The	later	dune,	over	the	beach,	formed	when	sea	level	fell.
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A	sediment	surface	which	is	exposed	to	a	strong	current	is	sculpted	into

moving	bed-forms,	such	as	ripples	or	dunes.	The	accumulation	of

cascading	sediment	on	the	downstream	side	of	these	bed-forms

represents	lateral	growth,	or	lateral	accretion.	This	accretion	creates

sloping	sediment	layers,	which	dip	down	in	the	direction	of	water	current

or	wind	flow	(Figure	12).	When,	and	if,	they	are	preserved	in	rock,	these

layers	are	termed	"cross-strata"	to	distinguish	them	from	horizontal	strata

which	accumulated	by	vertical	settlement	of	sediment.

In	their	simplest	form,	mobile	wind-blown	sand	dunes	are	wedge-shaped

structures.	There	is	a	gently	sloping	windward	face,	up	which	sand	is

blown	from	the	general	direction	of	its	source,	such	as	a	beach.	At	the	top

end	of	this	windward	ramp	there	is	a	brink	over	which	sand	cascades	onto

the	steep	leeward	face	of	the	dune,	or	“slip-face”.		The	angle	of	this	face,

down	which	sand	avalanches,	is	constant	at	just	over	30	degrees	relative

to	horizontal.	It	is	here	that	the	layers	of	sand	accumulated	which	are

today	preserved	as	cross-strata,	or	foresets,		evident	in	many	rock	faces

and	cliffs	throughout	Bermuda	(Figure	12	and	13).

Bermuda’s	limestone	dune	deposits,	or	eolianites,	frequently	exhibit	a

truncation	surface	at	the	boundary	between	slip-face	cross-strata,	below,

and	low	angle	strata,	above	(Figure	13).	This	represents	an	episode	of

wind	erosion	which	removed	the	top	of	the	dune	before	growth	re-

commenced.	Cross-strata	can	thus	be	used	to	interpret	the	history	of	dune

growth	and	erosion,	which	are	influenced	by	climate,	vegetation	and	sand-

supply.	An	analysis	of	cross-strata	geometry	was	used	to	establish	that

Bermuda's	ancient	dunes	were	not	static	sand-storing	bodies,	as	once

thought,	but	were	landward-advancing	dune	ridges	with	many	of	the

characteristics	of	desert	dunes.
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Figure	12.	An	ancient	dune	at	Convict	Bay,	St	George's.	Steep	slip-

face	cross-strata,	in	the	lower	part	of	the	rock	face,	were	formed	by

lateral	growth	of	the	dune	as	it	advanced	from	left	to	right.

Figure	13.	Cross-stratified	dune	deposits	on	Barker's	Hill	Road.		An

erosion	surface	separates	slip-face	strata	(below)	from	low	angle

windward	strata	(above).	This	dune	advanced	from	right	to	left.

1	m

1	m
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4.	Marine	deposits

Sediments	deposited	by	the	sea	and	preserved	as	ancient	"marine"

limestone	are	scarce	on	Bermuda	relative	to	dune	deposits,	or	eolianites.

The	reason	for	this	is	that	during	the	Pleistocene	Epoch,	when	the

Bermuda	islands	formed,	sea	levels	were	predominantly	much	lower	than

today	and.	Therefore,	most	marine	limestones	are	now	submerged.

	

Marine	deposits	can	be	similar	in	appearance	to	eolianites.	Often,

however,	they	may	be	distinguishable	on	the	basis	of	their	stratification	or

the	size	of	their	particles,	known	as	clasts.	The	presence	of	pebbles,

cobbles	or	large	shells,	for	example,	is	indicative	of	marine	deposition

because	such	large	clasts	are	not	readily	transported	by	the	wind.	

Stratification	records	the	form	of	ancient	sediment	surfaces,	such	as	a

seabed.	The	geometry	of	the	strata	is	diagnostic	of	the	environment	in

which	the	sediment	accumulated.	In	shallow	waters,	affected	by	waves

and	currents,	the	submerged	sediment	surfaces	tend	to	be	undulating	or

rippled,	as	explained	previously	(page	15).	Such	surfaces	are	represented

in	the	geological	record	by	particular	varieties	of	small	scale	cross-strata,

not	seen	in	eolianites.				

The	three	main	types	of	ancient	marine	deposits	on	Bermuda,	which	have

been	identified	largely	by	their	cross-stratification,	are:	1)	shoreface	sub-

tidal	deposits	which	formed	a	meter	or	two	below	sea	level,	(Figure	14);

2)	foreshore	beach	deposits	from	the	inter-tidal	and	supra-tidal	zones

(Figures	11	and	15);	and	3)	erosional	debris	generated	on	rocky	shores	by

wave	action	at,	or	just	above,	sea	level	(Figure	28).

The	significance	of	ancient	marine	limestones	preserved	on	the	land	today

is	that	they	record	past	positions	of	sea	level	which	were	as	high	or	higher

than	that	at	present.	By	establishing	the	age	of	these		marine	deposits,

through	dating	of	coral	fragments,	a	partial	history	of	past	high	sea	level

events	at	Bermuda	has	been	compiled	(Chapter	8).		
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Figure	14.These	ancient	cross-stratified	marine	deposits	at	Spittal	Pond	were	formed	by

wave	action	in	shallow	shoreface	waters	at	a	time	when	sea	level	was	more	than	3.5m

above	its	present	position.	(deposit	shown	is	approximately	1	m	(3	ft)	thick.

Figure	15.		Foreshore	marine	deposits	near	Hungry	Bay,	on	the	South	Shore,	feature

seaward	dipping	strata	(foreground)	of	an	ancient	beach	face.	They	accumulated	when

sea	level	was	close	to	its	present	level,	approximately	200,000	years	ago.	
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5.	The	formations

Geologists	have	divided	the	world's	bedrock	into	"formations"	based	on

differences	in	physical	characteristics,	known	as	lithology.	The	distribution

and	extent	of	these	formations	have	been	delineated	on	regional	and

national	geological	maps.	

On	the	Geological	Map	of	Bermuda	the	islands'	limestones	are	divided

into	five	formations	(Figure	16).	These	formations	are	dominated	by

cemented	sand	dunes,	known	as	eolianites.	They	are	separated	by	fossil

soils	(Chapter	6),	which	represent	the	formation	boundaries.	The	five

limestone	formations	in	order	of	decreasing	age	are:	the	Walsingham

(orange	on	the	map),	the		Town	Hill	(pink	and	purple),	the	Belmont	(blue),

the	Rocky	Bay	(green)	and	the	Southampton	(light	green).	They	record

successive	major	episodes	of	dune	building	on	Bermuda.		

The	limestones	which	form	the	hilly	islands	of	Bermuda	all	started	out	as

deposits	of	loose,	mostly	wind-blown,	carbonate	sand.	Over	time,	their

chemical	and	physical	characteristics	were	altered,	and	they	were

hardened	through	an	ageing	process,	known	as	diagenesis.		The	principal

agent	of	this	alteration	was	rain	water,	which	partially	dissolved	the

carbonate	sand	grains	as	it	penetrated	the	limestone	deposits.	Further

along	its	flow-path,	the	infiltrating	water	precipitated	calcium	carbonate

between	the	sand	grains,	cementing	them	together.	

Bermuda's	youngest	geological	formation,	having	undergone	the	least

amount	of	diagenesis,	resembles	weakly	consolidated	beach	sand.	On	the

other	hand,	the	oldest	formation	comprises	only	indistinct	corroded

remnants	of	the	original	sand	grains,	which	are	now	tenaciously	fused

together	by	cement.	Formations	of	intermediate	age	have	characteristics

that	lie	between	the	two	extremes,	and	exhibit	a	general	increase	in

cementation	with	age	(Figure	17).
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Figure	16.	The	Geological	Map	of	Bermuda	(1989),	produced	by	Vacher,	Rowe	and	Garret.	

A	pdf	version	of	this	map	can	be	found	at	https://bermudageology.com/formations-of-bermuda

Figure	17.	Limestone	samples.	From	left	to	right:	1.	Rocky	Bay	Formation;		2.	Belmont

Formation,	3.	Walsingham	Formation.	Note	increasing	cementation	with	age.	(left	to	right)
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6.	Fossil	soils

Fossil	soils,	known	as	palaeosols,	are	thin	undulating	layers	of	sandy	clay

that	run	through	Bermuda’s	limestones	and,	in	some	cases,	separate	the

formations	(Figure	18).	They	originally	formed	as	surface	soils	on	ancient

landscapes	where	plants	and	forests	grew.	They	are	preserved	today

because	they	were	buried	by	advancing	wind-blown	sand	dunes	which

over	time	became	cemented	into	limestone	rock.

The	best	developed	palaeosols	formed	in	valleys	or	on	sheltered	hillsides

over	periods	spanning	tens	or	hundreds	of	thousands	of	years.	They	tend

to	have	a	reddish	brown	colour	attributable	to	a	high	content	of	iron	rich

clay	(Figure	19).	These	are	classified	as	terra	rossa	palaeosols	and

typically	range	in	thickness	from	0.25	to	0.5	m	(1	to	1.5	ft).	They	represent

significant	time	boundaries	at	which	carbonate	sediment	production	and

deposition	were	paused.	In	most	cases,	this	would	have	coincided	with

glacial	periods	when	sea	level,	globally,	was	low	and	the	Bermuda

Platform	had	emerged	from	the	sea.		(Figure	5)

A	second	category	of	palaeosol	found	on	Bermuda	is	the	protosol.		This	is

a	light	coloured	sandy	soil,	varying	through	white,	brown,	pink	and	grey.

(Figure	20).	Protosols	are	weakly	developed	soils	having	accumulated

over	geologically	short	periods	-	probably	a	few	hundred	to	a	few	thousand

years.	Their	thickness	is	typically	about	0.5	m,	but	can	range	up	to		2	m	(6

ft).	They	consist	of	a	high	proportion	of	sand	and	often	include	well

preserved	fossil	land	snails	of	the	genus	Poecilozonites.	These

characteristics	of	protosols	reflect	their	origin	as	layers	of	wind-blown	sand

trapped	by	vegetation,	which	grew	on	temporarily	inactive	dunes.	Unlike

terra	rossa	palaeosols,	they	do	not	represent	significant	geological

boundaries	associated	with	long-term	fluctuations	in	global	climate.	
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Figure	18.	Two	fossil	soils	near	the	Airport	represent	old	land	surfaces	which

were	buried	by	the	sand	of	advancing	dunes,	now	hardened	into	limestone.	

Figure	19.	A	terra	rossa	fossil	soil	exposed	in	a	road	cut	near	Westgate,

Ireland	Island.	It		represents	tens	of	thousands	of	years	of	forest	growth.

Figure	20.	An	immature	fossil	soil	known	as	a	protosol	is	exposed	in	this

building	site	in	west	Hamilton.	It	represents	an	interruption	in	dune	activity.
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Mature	terra	rossa	palaeosols	often	have	an	irregular	contact	with	the

underlying	rock	caused	by	uneven	dissolution	of	limestone	by	mildly	acidic

soil-water.	Where	this	surface,	or	contact,	is	deeply	pitted	it	is	known	as	a

karst	surface.	Extreme	examples	of	karst	are	“dissolution	pipes”,	or	"soil

pipes"	-	tubular	soil-filled	structures	which	can	penetrate	several	meters

into	the		limestone	bedrock	(Figure	21).	

Pipe-like	soil-filled	structures	are	exposed	in	abundance	along	Bermuda’s

rocky	shorelines	(Figure	22).	They	are	described	in	accounts	of	Bermuda’s

geology	dating	back	to	the	19th	century.	Their	origin	-	as	true	karst

features	or	not	-	has	been	the	subject	of	a	long-running	debate.	

Captain	Nelson	(RN)	(1837)	proposed	that	soil	pipes	were	the	product	of

root	growth	or	the	action	of	water.	Verrill	(1907),	on	the	other	hand,

referred	to	them	as	“palmetto	stumps”	-	a	term	that	persists	in	Bermuda's

geological	vernacular	today.		He	believed	that	the	pipes	recorded	the

position	of	palmetto	trees	which	had	become	partially	buried	by

accumulations	of	sand.	Following	their	death	and	decay,	the	trunks	were

replaced	by	cylindrical	voids,	or	moulds,	in	the	hardening	limestone.	Later,

it	is	argued,	these	moulds	were	infilled	with	red	clay,	thus	forming	the

trunk-like	casts.

Sayles	(1931)	did	not	agree	with	Verrill's	assertion	that	trees	were	directly

involved	in	the	process,	stating	that		“….these	“palmetto	stumps”	are

nothing	but	solution	holes	caused	in	the	development	of	soils”.	While

some	pundits	have	continued	to	favour	Verrill's	explanation,	the

consensus	among	geologists,	today,	is	that	Nelson	and	Sayles	were

correct,	and	these	features	are	a	variety	of	karst	associated	with	the

process	of	soil	formation,	or	pedogensis.	The	process	by	which	tree	trunks

were	actually	preserved	in	dunes	as	fossil	casts	is	described	on	page	34.
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Figure	22.	These	soil	pipes	at	Grape	Bay,	on	the	South	Shore,	developed	below

a	palaeosol	which	has	now	been	partially	stripped	away.	

Figure	21.	Soil	pipes	at	Wilkinson's	Quarry	were	formed	by	dissolution	of	limestone.	They

developed,	here,	below	a	terra	rossa	palaeosol	in	the	Walsingham	Formation.
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7.	Caves

Bermuda,	with	its	network	of	caves,	is	typical	of	many	regions	of	the	world

where	limestone	is	the	dominant	bedrock.	In	Bermuda,	the	greatest

concentration	of	caves	occurs	around	Harrington	Sound		in	some	of	the

island's	oldest	rocks,	known	as	the	Walsingham	formation	(Figure	16).	On

the	southwestern	side	of	the	Sound	there	is	an	extensive	network	of

submerged	caves,	which	are	accessible	only	to	cave	divers.	On	the

northeastern	side	there	are	the	well	known	"show	caves"	which	have	large

air-filled	chambers	(Figure	23).	

Bermuda’s	caves	can	be	divided	into	"primary	caves"	and	"secondary

collapse	caves",	based	on	how	they	were	formed.	Primary	caves	are	the

product	of	tunneling	out	of	limestone	by	flowing	water,	whose	erosive

powers	may	be	attributed	to	turbulence	or	chemical	aggressiveness.

Flooded	primary		caves,	navigable	only	by	scuba	divers	(Figure	24),		are

found	in	the	Green	Bay	and	Red	Bay	cave	systems	on	the	southwestern

side	of	Harrington	Sound.	Formed	by	the	progressive	enlargement	of

flooded	channels,	these	types	of	caves	can	grow	in	size	to	a	point	where

they	become	unstable	and	vulnerable	to	collapse.	

Secondary	collapse	caves	are	formed	when	the	roofs	of	laterally	extensive

primary	caves	do	eventually	fall	in.	They	occupy	the	space	between	the

fallen	debris,	known	as	breakdown,	and	the	new	roof	(Figures	24	and	25).

Progressive	collapse	can	create	openings	through	which	the	cave	can	be

accessed	from	the	land	surface.	In	some	cases,	caves	with	such	entrance-

ways	have	been	fitted	with	flights	of	steps	and	lighting,	and	developed	as

"show	caves".		The	best	examples	of	collapse	caves	in	Bermuda	are

found	on	the	north	east	side	of	Harrington	Sound,	such	as		Leamington

Cave,	Crystal	Cave,	Fantasy	Cave	(Figure	23)	and	Admiral’s	Cave.	
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Figure	23.	Fantasy	(Wonderland)	Cave	is	typical	of	Bermuda's	air-filled	collapse	caves

with	a	steeply	sloping	roof	and	cave	pool	at	sea	level	(in	the	middle	distance).

Figure	24.	Cave	divers	explore	a	Bermuda	cave.	The	large	submerged	stalagmite,

on	the	left,	must	have	formed	during	a	long	period	when	sea	level	was	lower	than

that	today	(photo	by	Jill	Heinerth).
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Oscillating	sea	levels	of	the	Pleistocene	Epoch	were	critical	to	the

development	of	Bermuda's	cave	systems.	They	caused	ground	water	to

alternately	saturate	Bermuda’s	porous	limestones	and	then	drain	away.

Caves,	correspondingly,	varied	from	partly	or	completely	water-filled	to

completely	air-filled	chambers.	The	occurrence	of	prolonged	periods	of

lower	sea	level	is	evident	from	cave	formations,	such	as	stalactites	and

stalagmites,	which	formed	in	the	air	(above	sea	level),	but	which	are	now

submerged	(Figure	24).

When	sea-levels	were	near	their	peak,	as	today,	chemical	aggressiveness

of	flowing	ground	water	in	the	saturated	limestone	caused	caves	to

expand	laterally.	When	sea	levels	were	low,	the	buoyant	support	that	had

been	provided	to	cave	ceilings	(in	completely	flooded	caves)	was

withdrawn,	and	they	became	prone	to	collapse.	At	successive	climate-

driven	sea	level	fluctuations,	the	processes	of	cave	expansion	and

collapse	were	repeated.	(Figure	26).	

The	deepest	submerged	chambers	in	Bermuda's	collapse	caves	are	now

largely	choked	with	angular	blocks	of	limestone,	or	breakdown.	Thus	it	has

not	been	possible	for	cave	divers	to	fully	explore	the	original	extent	of

these	cave	and	attempt	to	understand	their	genesis.	The	maximum	depth

to	which	cave	divers	have	been	able	to	penetrate	within	any	Bermuda

cave	system	is	approximately	24	m	(80	ft)	below	sea	level.	The	existence

of	large	tracts	of	caves	at	greater	depths	has	been	postulated,	but

evidence	for	this	is	lacking.
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Figure	25.	Exhumed	cave.	The	process	of	collapse	had	not

reached	the	land	surface	prior	to	its	discovery	by	excavation.

Figure	26.	The	evolution	of	a	primary	cave	into	a	secondary	collapse	cave.
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8.	Sea	level	fluctuations

Eustatic	sea-level	change:

Dramatic	fluctuations	of	global	sea	level,	through	a	range	of	over	100	m

(320	ft),	were	a	defining	feature	of	the	Pleistocene	Epoch.	They	were

associated,	respectively,	with	the	onset	of	warm	interglacial	periods	and	of

cold	glacial	periods.	On	the	one	hand,	release	of	water	to	the	oceans	from

melting	continental	ice	sheets	triggered	sea-level	rise.	On	the	other	hand,

the	transfer	of	ocean	water	(as	snow)	to	continental	ice	sheets	caused

sea-level	fall.	These	increases	and	decreases	in	the	volume	of	water	in

the	world’s	oceans	resulted	in	eustatic	sea	level	fluctuations

simultaneously	across	the	globe	(Figure	29).	

On	Bermuda,	the	best	evidence	of	low	sea	levels	associated	with	glacial

periods	is	provided	by	features	which	could	only	have	formed	above	sea

level,	but	which	are	now	submerged.	Examples	include	fossil	soils	and

cave	formations,	known	as	speleothems,	such	as	stalagmites	and

stalactites	(Figure	24).		Conversely,	evidence	that	sea	levels	at	Bermuda

have	been	higher	than	at	present	is	provided	by	marine	fossils	and	ancient

marine	features	-	depositional	and	erosional	-	which	are	now	preserved

above	the	elevation	of	modern	equivalents	(Figures	14,	27	and	28).

Speleothems	can	only	form	in	the	"dry"	part	of	a	cave,	above	the	water

level	(sea	level),	by	precipitation	of	calcite	from	dripping	or	trickling	water.

Speleothems	stop	growing	when	they	are	submerged.	The	ages	of	their

growth-rings	and	the	ages	of	interruptions	in	their	growth	may	thus	provide

a	record	of	emergence	and	submergence,	respectively.		This	approach,

using	U-series	radiometric	dating	(page	32)	of	speleothem	calcite,		has

yielded	important	information	on	the	past	position	of	ancient	sea	levels	at

Bermuda.	

At	each	glacial	period,	Bermuda	would	have	emerged	as	a	large	island,

which	we	can	call	"Greater	Bermuda"	(Figure	5).	The	Bermuda	Platform,

presently	submerged	to	depths	of	15	m	to	20	m	(60	ft),	would	have	been
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Figure	27.	A	fossil	mollusc	shell	(Lucina)	is	preserved	intact	in	its

life	position	at	Lodge	Point	Park.	Its	elevation	above	present	sea

level	is	proof	of	a	past	higher	sea	level.

Figure	28.	An	ancient	wave	eroded	notch,	or	sea	cave,	filled	with	erosional	debris

(a	conglomerate)	at	Watch	Hill	Park.	Its	elevation	attests	to	a	past	sea	level	which

exceeded	that	of	today	by	at	least	5	m	(16	ft).	(yellow	1	m	rule	provides	scale)
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transformed	into	a	forested	plateau	more	than	ten	times	the	size	of

present-day	Bermuda.	Argus,	Challenger	and	Bowditch	“banks”	(Figure	6)

would	have	temporarily	emerged	from	the	sea	as	neighbouring	islands.

Fossil	soil	layers	and	peat	deposits	buried	under	sea-floor	sediments	of

the	now-submerged	platform	attest	to	the	low	sea	levels,	at	Bermuda,

which	coincided	with	Pleistocene	glacial	periods.	Likewise,	submerged

remains	of	cedar	tree-stumps	discovered	in	St	George’s	Town	Cut,	Mills

Creek	and	at	Gurnet	Rock	provide	direct	evidence	of	a		forested

landscape,	which	only	a	few	thousand	years	ago	stretched	well	beyond

Bermuda's	modern	shores.	

When	Pleistocene	sea	levels	were	high,	the	land	area	of	Bermuda	would

have	been	close	to	its	present	size.	Elevated	ancient	beach	deposits

(Figures	11	and	15)	and	marine	erosional	features	(Figure	28),	preserved

on	Bermuda	today,	confirm	this.	Indeed,	they	show	that	on	several

occasions	relative	sea	level	exceeded	that	of	today	by	a	number	of	metres

(Figure	29).	

Isostatic	sea-level	change:

To	complicate	matters,	the	Bermuda	sea-mount	is	not	stable	and	has

experienced	vertical	movements.	These	movements	of	the	landmass	-

downward	and	upward	-	have	resulted	in	apparent,	or	relative,	rises	and

falls	in	sea	level,	known	as	isostatic	sea-level	changes.		

Although	Bermuda	did	not	directly	experience	glacial	ice-loading,	it	would

have	been	affected	by	the	weight	of	large	ice-sheets	which	episodically

accumulated	on	the	North	American	continent.	At	these	times,	during

glacial	periods,	viscoelastic	material	beneath	the	Earth's	crust	was

squeezed	towards	Bermuda	from	the	direction	of	North	America.

Subsequently,	during	inter-glacial	periods,	the	flow	of	this	material	was

reversed		(Figure	30).	The	resultant	cycle	of	isostatic	uplift	and	subsidence

of	the	Bermuda	sea-mount	acted	to	exaggerate	the	dominant	eustatic	sea

level	fluctuations	(Figure	29).



	31	

Figure	29.	Approximate	global	sea	level	and	temperature	curve	over	the	last

500,000	years.		Superimposed	on	this	chart	is	a	plot	of	high	sea	level	positions

that	have	been	documented	on	Bermuda,	represented	by	the	dotted	line.	

Figure	30.	The	"isostatic"	response	of	the	Bermuda	sea-mount	to	glaciation	and

deglaciation	on	the	North	American	continent.		The	sea-mount	was	uplifted	during

glacial	periods	and	subsided	during	interglacial	periods.
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9.	Fossils

Remains:

The	remains	of	ancient	life-forms	are	known	as	fossils.		The	majority	of

well	preserved	fossils	found	on	Bermuda	are	mollusc	remains.	These	can

be	divided	into	shells	of	land	snails	(gastropods)				and	shells	of	marine

organisms	(gastropods	and	bivalves).	The	former	are	found	island-wide	in

fossil	soils	(Figure	31);	the	latter	are	most	numerous		in	marine	limestones

of	Bermuda's	south	shore	and	on	the	islands	of	the	Great	Sound	(Figure

32).	These	marine	limestones	consist	of	shelly	layers	within	ancient	beach

deposits	or	in	accumulations	of	erosional	debris,	known	as	conglomerates,

plastered	against	rocky	shores	(Figure	28).

	

Although	fossil	corals	are	quite	rare	on	Bermuda,	the	occasional	wave-

worn		specimen	can	be	found	in	ancient	conglomerates.	They	are

important	because,	in	life,	corals	absorb	radio-active	Uranium	(U)	from	sea

water	and	retain	it	in	a	predictable	way,	unlike	molluscs.	The	age	of	an

ancient	coral	fragment	can,	thus,	be	reliably	determined	by	measuring	the

concentration	of	Uranium	relative	to	its	"daughter",	Thorium	(Th).		This

method,	known	as	U-series	radiometric	dating,	made	it	possible	to

establish	the	ages	of	prominent		marine	limestones	of	the	Rocky	Bay	and

Belmont	formations	at	120,000	and		200,000	years,	respectively.	Such	age

determinations	form	the	basis	of	a	sea-level	history	for	Bermuda	(Figure

29).

One	environment	especially	favourable	to	the	preservation	of	fossils	is	that

of	a	cave.		A	case	in	point	is	Admiral's	Cave	(near	Grotto	Bay)	where	many

ancient	fossil	remains	have	accumulated	by	falling	through	a	small

opening,	or	"skylight",	in	the	cave	ceiling.	Over	a	period	spanning

hundreds	of	thousands	of	years,	a	12	m	(40	ft)	high	pile,	or	talus	cone,	has

built	up	on	the	cave	floor.	Skeletons	of	a	wide	range	of		animals,	notably

birds	and	snails,	excavated	from	this	pile,	have	provided	an	invaluable

resource	for	research	into	aspects	of	Bermuda's	ancient	ecology.	
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Figure	31.	Fossil	land	snails	preserved	in	a	palaeosol		(fossil	soil)	at	Watch	Hill	Park.

Figure	32.	An	accumulation	of	fossil	marine	molluscs	(shells)	preserved	above

present	sea	level	on	an	island	in	the	Great	Sound.	
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Impressions:

When	an	animal	or	plant	dies	in	the	sea	or	on	the	land,	it	is	usually	broken

down	either	by	biological	activity,	by	weathering	or	by	erosion,	and	leaves

no	trace.	Plants	in	particular,	being	vulnerable	to	rapid	decomposition,	rely

on	a	protective	environment	or	rapid	burial	by	sediment	for	preservation	to

be	achieved.	Even	then,	it	is	typically	not	the	actual	remains	that	survive

but	just	an	impression.	On	Bermuda,	it	was	the	advance	of	sand	dunes

onto	forested	landscapes	which	was	responsible	for	such	rapid	burial	of

plants	and	trees	in	their	life-position.	Their	impressions	were	permanently

preserved	when	the	sand,	in	which	they	were	entombed,	underwent

compaction	and	cementation.	

A	fossil	mould	is	a	type	of	impression	created	when	sediment	has	been

pressed	against	the	surface	of	a	buried	animal	or	plant.	Palmetto	frond

moulds	are	good	examples	that	can	occasionally	be	observed	in

Bermuda's	eolianite	rock	faces	(Figure	33).	A	fossil	cast,	on	the	other

hand,	is	formed	when	a	buried	animal	or	plant	decomposes,	leaving	a	void

in	the	compacted	sediment	which	entombed	it.	When	the	void	is	later

infilled	with	a	mineral	or	with	sediment,	the	cast	is	created	as	a	three-

dimension	replica	of	the	original	life-form.	In	the	case	of	tree	trunks

(typically	palmetto	or	cedar),	this	cast	takes	the	form	of	a	pillar	of

structureless	white	sand	(Figure	34)	which	sometimes	is	found	extending

upwards	from	the	fossil	soil	in	which	the	tree	was	rooted.	

Traces:

A	disturbance	of	sediment,	such	as	a	track	or	burrow,	created	by	the

movement	or	activity	of	an	organism,	is	termed	a	trace	fossil.	Even	though

Bermuda’s	dominant	sediment	-	dune	sand	-	is	not	the	best	medium	for

preservation	of	such	imprints,	animal	trace	fossils	do	exist.	Examples	are

crab	burrows,	which	can	be	well	preserved	as	a	result	of	sticky	secretions

made	by	the	crabs	that	strengthen	their	burrow	walls	against	collapse.

After	being	abandoned,	the	empty	burrows	become	infilled	with	sand,

forming	angled	tubular	casts	which	endure	today	as	trace	fossils	in	ancient

marine	deposits	on	Bermuda's	south	shore	(Figure	35).	
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Figure	33.	A	mould	of	a	palmetto	leaf

preserved	in	a	sand	dune	at	Saucos	Hill

Figure	34.	A	cast	of	a	tree	trunk

preserved	in	a	dune	at	Cooper's	Island.

Figure	35.	Crab	burrows	preserved	as	trace	fossils	in	ancient	beach	deposits	of	the

Belmont	Formation	at	Doe	Bay	on	the	South	Shore.	(6	in	or	15	cm	rule	for	scale)
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10.	Earthquakes	and	faults	

The	Bermuda	Seamount	is	situated	near	the	middle	of	the	oceanic	portion

of	the	North	American	tectonic	plate	(Figure	7)	-	one	of	the	seven	primary

plates	which	form	the	Earth's	outer	layer,	or	crust.	These	plates	float	on

the	semi-molten	underlying	layer,	known	as	the	mantle.	The	shifting	and

jostling	of	the	tectonic	plates	against	one	another,	at	plate	boundaries,

causes	deformation	of	the	crust	(folding	and	faulting),	earthquakes	and

volcanism.	

Despite	the	distance	of	Bermuda	from	a	plate	boundary,	there	is	evidence

that		tectonic	forces	operate	in	its	vicinity	in	the	form	of	unexpectedly	high

earthquake,	or	seismic,	activity.	Local	geologist	Dr.	Martin	Brewer	has

catalogued	a	total	of	56	earthquakes	affecting	Bermuda	over	the	last	350

years.	One,	in	1664,	was	described	in	a	church	record	as	“a	great	and

fearful	Earthquake	which	did	shake	Churches	and	Houses,	Yea	and	the

hearts	of	man	too”.	This	particular	earthquake	was	considered	by	Dr.

Brewer	to	have	qualified	as	“destructive”,	with	an	estimated	Richter

magnitude	of	approximately	6.3.	

An	earthquake	is	usually	the	outcome	of	the	sudden	slippage	of	rock-

against-rock	along	a	fracture.	The	occurrence	of	such	slippage	in	the	past

is	evident	in	rock	faces	where	geological	layers	on	either	side	of	a	fracture

are	no	longer	aligned.	In	such	cases,	the	fracture	is	termed	a	"fault".	A

number	of	faults	discovered	within	Bermuda's	limestones	bear	witness	to

significant	tectonic	instability	in	Bermuda's	not	too	distant	geological	past

(figure	36).	

Even	rock	fractures,	where	there	has	been	no	slippage,	are	more	often

than	not	diagnostic	of	tectonic	activity.	They	are	found	on	Bermuda,

ranging	from	mere	cracks,	or	joints,	to	0.5	m		(1.5	ft)	wide	fissures.	They

are	not	as	remarkable	as	faults,	but	are	much	more	numerous	and	more

readily	traced	across	rock	surfaces	(figure	37).
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Figure	36.	A	fault	at	Wilkinson	Quarry.	The	fossil	soil	is	"down-thrown",	on	the

right	side	of	the	fault,	by	nearly	2	m	(6	ft).	

Figure	37.	Rock	fractures	at	Spittal	Pond	in	a	grid	pattern,	whose	orientation	is

thought	to	relate	to	tectonic	stress	acting	on	the	volcanic	sea-mount	and

surrounding		oceanic	crust.
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