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undergoing	conservation	in	Portsmouth	History	England	NameMary	Rose	Laid	down29	January	1510	LaunchedJuly	1511	Completed1512	HomeportPortsmouth,	England	FateSank	in	battle	in	1545,	raised	in	1982	StatusMuseum	exhibit	General	characteristics	Tons	burthen500	(700–800	after	1536)	PropulsionSail	Complement200	sailors,	185	soldiers,
and	30	gunners	Armament78–91	guns	(including	anti-personnel	weapons)	The	Mary	Rose	(launched	1511)	is	a	carrack-type	warship	of	the	English	Tudor	navy	of	King	Henry	VIII.	She	served	for	33	years	in	several	wars	against	France,	Scotland,	and	Brittany.	After	being	substantially	rebuilt	in	1536,	she	saw	her	last	action	on	19	July	1545.	She	led	the
attack	on	the	galleys	of	a	French	invasion	fleet,	but	sank	in	the	Solent,	the	strait	north	of	the	Isle	of	Wight.	The	wreck	of	the	Mary	Rose	was	located	in	1971	and	was	raised	on	11	October	1982	by	the	Mary	Rose	Trust	in	one	of	the	most	complex	and	expensive	maritime	salvage	projects	in	history.	The	surviving	section	of	the	ship	and	thousands	of
recovered	artefacts	are	of	great	value	as	a	Tudor	period	time	capsule.	The	excavation	and	raising	of	the	Mary	Rose	was	a	milestone	in	the	field	of	maritime	archaeology,	comparable	in	complexity	and	cost	to	the	raising	of	the	17th-century	Swedish	warship	Vasa	in	1961.	The	Mary	Rose	site	is	designated	under	the	Protection	of	Wrecks	Act	1973	by
statutory	instrument	1974/55.	The	wreck	is	a	Protected	Wreck	managed	by	Historic	England.	The	finds	include	weapons,	sailing	equipment,	naval	supplies,	and	a	wide	array	of	objects	used	by	the	crew.	Many	of	the	artefacts	are	unique	to	the	Mary	Rose	and	have	provided	insights	into	topics	ranging	from	naval	warfare	to	the	history	of	musical
instruments.	The	remains	of	the	hull	have	been	on	display	at	the	Portsmouth	Historic	Dockyard	since	the	mid-1980s	while	undergoing	restoration.	An	extensive	collection	of	well-preserved	artefacts	is	on	display	at	the	Mary	Rose	Museum,	built	to	display	the	remains	of	the	ship	and	its	artefacts.	Mary	Rose	was	one	of	the	largest	ships	in	the	English
navy	through	more	than	three	decades	of	intermittent	war,	and	she	was	one	of	the	earliest	examples	of	a	purpose-built	sailing	warship.	She	was	armed	with	new	types	of	heavy	guns	that	could	fire	through	the	recently	invented	gun-ports.	She	was	substantially	rebuilt	in	1536	and	was	also	one	of	the	earliest	ships	that	could	fire	a	broadside,	although
the	line	of	battle	tactics	had	not	yet	been	developed.	Several	theories	have	sought	to	explain	the	demise	of	the	Mary	Rose,	based	on	historical	records,	knowledge	of	16th-century	shipbuilding,	and	modern	experiments.	The	precise	cause	of	her	sinking	is	subject	to	conflicting	testimonies	and	a	lack	of	conclusive	evidence.	Historical	context	Portrait	of
Henry	VIII	in	1509,	the	year	of	his	coronation;	unknown	artist.	In	the	late	15th	century,	England	was	still	reeling	from	its	dynastic	wars	first	with	France	and	then	among	its	ruling	families	back	on	home	soil.	The	great	victories	against	France	in	the	Hundred	Years'	War	were	in	the	past;	only	the	small	enclave	of	Calais	in	northern	France	remained	of
the	vast	continental	holdings	of	the	English	kings.	The	War	of	the	Roses	–	the	civil	war	between	the	houses	of	York	and	Lancaster	–	had	ended	with	Henry	VII's	establishment	of	the	House	of	Tudor,	the	new	ruling	dynasty	of	England.	The	ambitious	naval	policies	of	Henry	V	were	not	continued	by	his	successors,	and	from	1422	to	1509	only	six	ships
were	built	for	the	crown.	The	marriage	alliance	between	Anne	of	Brittany	and	Charles	VIII	of	France	in	1491,	and	his	successor	Louis	XII	in	1499,	left	England	with	a	weakened	strategic	position	on	its	southern	flank.	Despite	this,	Henry	VII	managed	to	maintain	a	comparatively	long	period	of	peace	and	a	small	but	powerful	core	of	a	navy.[1]	At	the
onset	of	the	early	modern	period,	the	great	European	powers	were	France,	the	Holy	Roman	Empire	and	Spain.	All	three	became	involved	in	the	War	of	the	League	of	Cambrai	in	1508.	The	conflict	was	initially	aimed	at	the	Republic	of	Venice	but	eventually	turned	against	France.	Through	the	Spanish	possessions	in	the	Low	Countries,	England	had
close	economic	ties	with	the	Spanish	Habsburgs,	and	it	was	the	young	Henry	VIII's	ambition	to	repeat	the	glorious	martial	endeavours	of	his	predecessors.	In	1509,	six	weeks	into	his	reign,	Henry	married	the	Spanish	princess	Catherine	of	Aragon	and	joined	the	League,	intent	on	certifying	his	historical	claim	as	king	of	both	England	and	France.	By
1511	Henry	was	part	of	an	anti-French	alliance	that	included	Ferdinand	II	of	Aragon,	Pope	Julius	II	and	Holy	Roman	emperor	Maximilian.[2]	The	small	navy	that	Henry	VIII	inherited	from	his	father	had	only	two	sizeable	ships,	the	carracks	Regent	and	Sovereign.	Just	months	after	his	accession,	two	large	ships	were	ordered:	the	Mary	Rose	and	the
Peter	Pomegranate	(later	known	as	Peter	after	being	rebuilt	in	1536)	of	about	500	and	450	tons	respectively.	Which	king	ordered	the	building	of	the	Mary	Rose	is	unclear;	although	construction	began	during	Henry	VIII's	reign,	the	plans	for	naval	expansion	could	have	been	in	the	making	earlier.	Henry	VIII	oversaw	the	project	and	he	ordered
additional	large	ships	to	be	built,	most	notably	the	Henry	Grace	à	Dieu	("Henry	by	the	Grace	of	God"),	or	Great	Harry	at	more	than	1000	tons	burthen.[3]	By	the	1520s	the	English	state	had	established	a	de	facto	permanent	"Navy	Royal",	the	organizational	ancestor	of	the	modern	Royal	Navy.[4]	Construction	The	Embarkation	of	Henry	VIII	at	Dover,	a
painting	that	commemorated	King	Henry's	voyage	to	the	Field	of	the	Cloth	of	Gold	in	1520,	painted	in	1540.	The	vessels	in	the	painting	are	shown	decorated	with	wooden	panels	similar	to	those	that	would	have	been	used	on	the	Mary	Rose	on	special	occasions.	Construction	of	Mary	Rose	began	on	29	January	1510	in	Portsmouth	and	she	was	launched
in	July	1511.	She	was	then	towed	to	London	and	fitted	with	rigging	and	decking,	and	supplied	with	armaments.	Other	than	the	structural	details	needed	to	sail,	stock	and	arm	the	Mary	Rose,	she	was	also	equipped	with	flags,	banners	and	streamers	(extremely	elongated	flags	that	were	flown	from	the	top	of	the	masts)	that	were	either	painted	or
gilded.[5]	Constructing	a	warship	of	the	size	of	the	Mary	Rose	was	a	major	undertaking,	requiring	vast	quantities	of	high-quality	material.	For	a	state-of-the-art	warship,	these	materials	were	primarily	oak.	The	total	amount	of	timber	needed	for	the	construction	can	only	be	roughly	calculated	since	only	about	one	third	of	the	ship	still	exists.[6]	One
estimate	for	the	number	of	trees	is	around	600	mostly	large	oaks,	representing	about	16	hectares	(40	acres)	of	woodland.[7]	The	huge	trees	that	had	been	common	in	Europe	and	the	British	Isles	in	previous	centuries	were	by	the	16th	century	quite	rare,	which	meant	that	timbers	were	brought	in	from	all	over	southern	England.	The	largest	timbers
used	in	the	construction	were	of	roughly	the	same	size	as	those	used	in	the	roofs	of	the	largest	cathedrals	in	the	High	Middle	Ages.	An	unworked	hull	plank	would	have	weighed	over	300	kg	(660	lb),	and	one	of	the	main	deck	beams	would	have	weighed	close	to	three-quarters	of	a	tonne.[7]	Naming	The	common	explanation	for	the	ship's	name	was	that
it	was	inspired	by	Henry	VIII's	favourite	sister,	Mary	Tudor,	Queen	of	France,	and	the	rose	as	the	emblem	of	the	Tudors.[8]	According	to	the	historians	David	Childs,	David	Loades	and	Peter	Marsden,	no	direct	evidence	of	naming	the	ship	after	the	King's	sister	exists.	It	was	far	more	common	at	the	time	to	give	ships	pious	Christian	names,	a	long-
standing	tradition	in	Western	Europe,	or	to	associate	them	with	their	royal	patrons.	Names	like	Grace	Dieu	(Hallelujah)	and	Holighost	(Holy	Spirit)	had	been	common	since	the	15th	century	and	other	Tudor	navy	ships	had	names	like	the	Regent	and	Three	Ostrich	Feathers	(referring	to	the	crest	of	the	Prince	of	Wales).[9]	The	Virgin	Mary	is	a	more
likely	candidate	for	a	namesake,	and	she	was	also	associated	with	the	Rosa	Mystica	(mystic	rose).	The	name	of	the	sister	ship	of	the	Mary	Rose,	the	Peter	Pomegranate,	is	believed	to	have	been	named	in	honour	of	Saint	Peter,	and	the	badge	of	the	Queen	Catharine	of	Aragon,	a	pomegranate.	According	to	Childs,	Loades	and	Marsden,	the	two	ships,
which	were	built	around	the	same	time,	were	named	in	honour	of	the	king	and	queen,	respectively.[9]	Peter	Pomegranate,	the	sister	ship	of	the	Mary	Rose	Design	The	Mary	Rose	as	depicted	in	the	Anthony	Roll.	The	distinct	carrack	profile	with	high	"castles"	fore	and	aft	can	clearly	be	seen.	Although	the	number	of	guns	and	gun	ports	is	not	entirely
accurate,	the	picture	is	overall	an	accurate	illustration	of	the	ship.	The	Mary	Rose	was	substantially	rebuilt	in	1536.	The	1536	rebuilding	turned	a	ship	of	500	tons	into	one	of	700	tons,	and	added	an	entire	extra	tier	of	broadside	guns	to	the	old	carrack-style	structure.	By	consequence,	modern	research	is	based	mostly	on	interpretations	of	the	concrete
physical	evidence	of	this	version	of	the	Mary	Rose.	The	construction	of	the	original	design	from	1509	is	less	known.	The	Mary	Rose	was	built	according	to	the	carrack-style	with	high	"castles"	fore	and	aft	with	a	low	waist	of	open	decking	in	the	middle.	The	hull	has	what	is	called	a	tumblehome	shape,	which	reflects	the	ship's	use	as	a	platform	for	heavy
guns:	above	the	waterline,	the	hull	gradually	narrows	to	center	the	weight	of	the	higher	guns,	and	to	make	boarding	more	difficult.[10]	Since	only	part	of	the	hull	has	survived,	it	is	not	possible	to	determine	many	of	the	basic	dimensions	with	any	great	accuracy.	The	moulded	breadth,	the	widest	point	of	the	ship	roughly	above	the	waterline,	was	about
12	metres	(39	ft)	and	the	keel	about	32	metres	(105	ft),	although	the	ship's	overall	length	is	uncertain.[11]	The	hull	had	four	levels	separated	by	three	decks.	Because	the	terminology	for	these	was	not	yet	standardised	in	the	16th	century,	the	terms	used	here	are	those	that	were	applied	by	the	Mary	Rose	Trust.	The	hold	lay	furthest	down	in	the	ship,
right	above	the	bottom	planking	and	below	the	waterline.	This	is	where	the	galley	was	situated	and	the	food	was	cooked.	Directly	aft	of	the	galley	was	the	mast	step,	a	rebate	in	the	centre-most	timber	of	the	keelson,	right	above	the	keel,	which	supported	the	main	mast,	and	next	to	it	the	main	bilge	pump.	To	increase	the	stability	of	the	ship,	the	hold
was	where	the	ballast	was	placed	and	much	of	the	supplies	were	kept.	Right	above	the	hold	was	the	orlop,	the	lowest	deck.	Like	the	hold,	it	was	partitioned	and	was	also	used	as	a	storage	area	for	everything	from	food	to	spare	sails.[12]	The	remains	of	the	Mary	Rose's	hull.	All	deck	levels	can	be	made	out	clearly,	including	the	minor	remnants	of	the
sterncastle	deck.	Above	the	orlop	lay	the	main	deck,	which	housed	the	heaviest	guns.	The	side	of	the	hull	on	the	main	deck	level	had	seven	gunports	on	each	side	fitted	with	heavy	lids	that	would	have	been	watertight	when	closed.	This	was	also	the	highest	deck	that	was	caulked	and	waterproof.	Along	the	sides	of	the	main	deck	there	were	cabins
under	the	forecastle	and	aftercastle	which	have	been	identified	as	belonging	to	the	carpenter,	barber-surgeon,	pilot	and	possibly	also	the	master	gunner	and	some	of	the	officers.[13]	The	top	deck	in	the	hull	structure	was	the	upper	deck	(or	weather	deck)	which	was	exposed	to	the	elements	in	the	waist.	It	was	a	dedicated	fighting	deck	without	any
known	partitions	and	a	mix	of	heavy	and	light	guns.	Over	the	open	waist,	the	upper	deck	was	entirely	covered	with	a	boarding	net,	a	coarse	netting	that	served	as	a	defence	measure	against	boarding.[13]	Though	very	little	of	the	upper	deck	has	survived,	it	has	been	suggested	that	it	housed	the	main	living	quarters	of	the	crew	underneath	the
aftercastle.	A	drain	located	in	this	area	has	been	identified	as	a	possible	"piss-dale",	a	general	urinal	to	complement	the	regular	toilets	which	would	probably	have	been	located	in	the	bow.[14]	The	castles	of	the	Mary	Rose	had	additional	decks,	but	since	almost	nothing	of	them	survives,	their	design	has	had	to	be	reconstructed	from	historical	records.
Contemporary	ships	of	equal	size	were	consistently	listed	as	having	three	decks	in	both	castles.	Although	speculative,	this	layout	is	supported	by	the	illustration	in	the	Anthony	Roll	and	the	gun	inventories.[15]	During	the	early	stages	of	excavation	of	the	wreck,	it	was	believed	that	the	ship	had	originally	been	built	with	clinker	(or	clench)	planking,	a
technique	in	which	the	hull	consisted	of	overlapping	planks	that	bore	the	structural	strength	of	the	ship.	Cutting	gunports	into	a	clinker-built	hull	would	have	meant	weakening	the	ship's	structural	integrity,	and	it	was	assumed	that	she	was	later	rebuilt	to	accommodate	a	hull	with	carvel	edge-to-edge	planking	with	a	skeletal	structure	to	support	a	hull
perforated	with	gunports.[16]	Later	examination	indicates	that	the	clinker	planking	is	not	present	throughout	the	ship;	only	the	outer	structure	of	the	sterncastle	is	built	with	overlapping	planking,	though	not	with	a	true	clinker	technique.[17]	Sails	and	rigging	A	small	selection	of	the	many	rigging	blocks	raised	from	the	Mary	Rose	Although	only	the
lower	fittings	of	the	rigging	survive,	a	1514	inventory	and	the	only	known	contemporary	depiction	of	the	ship	from	the	Anthony	Roll	have	been	used	to	determine	how	the	propulsion	system	of	the	Mary	Rose	was	designed.	Nine,	or	possibly	ten,	sails	were	flown	from	four	masts	and	a	bowsprit:	the	foremast	had	two	square	sails	and	the	mainmast	three;
the	mizzen	mast	had	a	lateen	sail	and	a	small	square	sail;	the	bonaventure	mizzen	had	at	least	one	lateen	sail	and	possibly	also	a	square	sail;	and	the	bowsprit	flew	a	small	square	spritsail.[18]	According	to	the	Anthony	Roll	illustration	(see	top	of	this	section),	the	yards	(the	spars	from	which	the	sails	were	set)	on	the	foremast	and	mainmast	were	also
equipped	with	sheerhooks	–	twin	curved	blades	sharpened	on	the	inside	–	that	were	intended	to	cut	an	enemy	ship's	rigging	during	boarding	actions.[19]	The	sailing	capabilities	of	the	Mary	Rose	were	commented	on	by	her	contemporaries	and	were	once	even	put	to	the	test.	In	March	1513	a	contest	was	arranged	off	The	Downs,	west	of	Kent,	in	which
she	raced	against	nine	other	ships.	She	won	the	contest,	and	Admiral	Edward	Howard	described	her	enthusiastically	as	"the	noblest	ship	of	sayle	[of	any]	gret	ship,	at	this	howr,	that	I	trow	[believe]	be	in	Cristendom".[20]	Several	years	later,	while	sailing	between	Dover	and	The	Downs,	Vice-Admiral	William	Fitzwilliam	noted	that	both	the	Henry
Grace	à	Dieu	and	the	Mary	Rose	performed	very	well,	riding	steadily	in	rough	seas	and	that	it	would	have	been	a	"hard	chose"	between	the	two.[21]	Modern	experts	have	been	more	sceptical	of	her	sailing	qualities,	believing	that	ships	at	this	time	were	almost	incapable	of	sailing	close	to	the	wind,	and	describing	the	handling	of	the	Mary	Rose	as
being	like	"a	wet	haystack".[22]	Armament	An	illustration	from	a	French	edition	of	the	Froissart	Chronicle	depicting	the	battle	of	Sluys	in	1340.	The	picture	clearly	shows	how	medieval	naval	tactics	focused	on	close	combat	fighting	and	boarding.	The	Mary	Rose	represented	a	transitional	ship	design	in	naval	warfare.	Since	ancient	times,	war	at	sea
had	been	fought	much	as	on	land:	with	melee	weapons	and	bows	and	arrows,	only	on	floating	wooden	platforms	rather	than	battlefields.	Though	the	introduction	of	guns	was	a	significant	change,	it	only	slowly	changed	the	dynamics	of	ship-to-ship	combat.[23]	As	guns	became	heavier	and	able	to	take	more	powerful	gunpowder	charges,	they	needed	to
be	placed	lower	in	the	ship,	closer	to	the	water	line.	Gunports	cut	in	the	hull	of	ships	had	been	introduced	as	early	as	1501,	only	about	a	decade	before	the	Mary	Rose	was	built.[24]	This	made	broadsides[25]	–	coordinated	volleys	from	all	the	guns	on	one	side	of	a	ship	–	possible,	at	least	in	theory,	for	the	first	time	in	history.	Naval	tactics	throughout
the	16th	century	and	well	into	the	17th	century	focused	on	countering	the	oar-powered	galleys	that	were	armed	with	heavy	guns	in	the	bow,	facing	forwards,	which	were	aimed	by	turning	the	entire	ship	against	its	target.	Combined	with	inefficient	gunpowder	and	the	difficulties	inherent	in	firing	accurately	from	moving	platforms,	this	meant	that
boarding	remained	the	primary	tactic	for	decisive	victory	throughout	the	16th	century.[26]	Bronze	and	iron	guns	Two	culverins	and	two	demi-cannons	from	the	Mary	Rose	on	display	at	the	Mary	Rose	Museum	As	the	Mary	Rose	was	built	and	served	during	a	period	of	rapid	development	of	heavy	artillery,	her	armament	was	a	mix	of	old	designs	and
innovations.	The	heavy	armament	was	a	mix	of	older-type	wrought	iron	and	cast	bronze	guns,	which	differed	considerably	in	size,	range	and	design.	The	large	iron	guns	were	made	up	of	staves	or	bars	welded	into	cylinders	and	then	reinforced	by	shrinking	iron	hoops	and	breech	loaded	and	equipped	with	simpler	gun-carriages	made	from	hollowed-out
elm	logs	with	only	one	pair	of	wheels,	or	without	wheels	entirely.[27]	The	bronze	guns	were	cast	in	one	piece	and	rested	on	four-wheel	carriages	which	were	essentially	the	same	as	those	used	until	the	19th	century.	The	breech-loaders	were	cheaper	to	produce	and	both	easier	and	faster	to	reload,	but	could	take	less	powerful	charges	than	cast	bronze
guns.	Generally,	the	bronze	guns	used	cast	iron	shot	and	were	more	suited	to	penetrate	hull	sides	while	the	iron	guns	used	stone	shot	that	would	shatter	on	impact	and	leave	large,	jagged	holes,	but	both	could	also	fire	a	variety	of	ammunition	intended	to	destroy	rigging	and	light	structure	or	injure	enemy	personnel.[27]	The	majority	of	the	guns	were
small	iron	guns	with	short	range	that	could	be	aimed	and	fired	by	a	single	person.	The	two	most	common	are	the	bases,	breech-loading	swivel	guns,	most	likely	placed	in	the	castles,	and	hailshot	pieces,	small	muzzle-loaders	with	rectangular	bores	and	fin-like	protrusions	that	were	used	to	support	the	guns	against	the	railing	and	allow	the	ship
structure	to	take	the	force	of	the	recoil.	Though	the	design	is	unknown,	there	were	two	top	pieces	in	a	1546	inventory	(finished	after	the	sinking)	which	were	probably	similar	to	a	base,	but	placed	in	one	or	more	of	the	fighting	tops.[28]	Distribution	and	range	of	guns	at	sinking[29]	Gun	type	Main	deck	Upper	deck	Castle	decks	Fighting	tops	Range	in
metres/feet	Port	pieces	12	0	0	0	130+	/	425+	Culverins	and	demi-culverins	2	4	2	0	299–413	/	980–1355	Cannons	and	demi-cannons	4	0	0	0	c.	225	/	740	Sakers	0	2	0	0	219–323	/	718–1060	Fowlers	0	6	0	0	"short"	Falcon	?	?	?	0	144–287	/	472–940	Slings	0	6	0	0	"medium"	Bases	0	0	30	0	"close"	Hailshot	pieces	0	0	20	0	"close"	Top	pieces	0	0	0	2	"close"	A
cast	bronze	culverin	(front)	and	a	wrought	iron	port	piece	(back),	modern	reproductions	of	two	of	the	guns	that	were	on	board	the	Mary	Rose	when	she	sank,	on	display	at	Fort	Nelson	near	Portsmouth	The	ship	went	through	several	changes	in	her	armament	throughout	her	career,	most	significantly	accompanying	her	"rebuilding"	in	1536	(see	below),
when	the	number	of	anti-personnel	guns	was	reduced	and	a	second	tier	of	carriage-mounted	long	guns	fitted.	There	are	three	inventories	that	list	her	guns,	dating	to	1514,	1540	and	1546.[30]	Together	with	records	from	the	armoury	at	the	Tower	of	London,	these	show	how	the	configuration	of	guns	changed	as	gun-making	technology	evolved	and
new	classifications	were	invented.	In	1514,	the	armament	consisted	mostly	of	anti-personnel	guns	like	the	larger	breech-loading	iron	murderers	and	the	small	serpentines,	demi-slings	and	stone	guns.[31]	Only	a	handful	of	guns	in	the	first	inventory	were	powerful	enough	to	hole	enemy	ships,	and	most	would	have	been	supported	by	the	ship's
structure	rather	than	resting	on	carriages.	The	inventories	of	both	the	Mary	Rose	and	the	Tower	had	changed	radically	by	1540.	There	were	now	the	new	cast	bronze	cannons,	demi-cannons,	culverins	and	sakers	and	the	wrought	iron	port	pieces	(a	name	that	indicated	they	fired	through	ports),	all	of	which	required	carriages,	had	longer	range	and
were	capable	of	doing	serious	damage	to	other	ships.	The	analysis	of	the	1514	inventory	combined	with	hints	of	structural	changes	in	the	ship	both	indicate	that	the	gunports	on	the	main	deck	were	indeed	a	later	addition.[31]	Type	of	guns[32]	Date	Total	Carriage-mounted	Ship-supported	Anti-ship	Anti-personnel	1514	78	20–21	57–58	5–9	64–73	1540
96	36	60	17–22	74–79	1545	91	39	52	24	67	Various	types	of	ammunition	could	be	used	for	different	purposes:	plain	spherical	shot	of	stone	or	iron	smashed	hulls,	spiked	bar	shot	and	shot	linked	with	chains	would	tear	sails	or	damage	rigging,	and	canister	shot	packed	with	sharp	flints	produced	a	devastating	shotgun	effect.[33]	Trials	made	with
replicas	of	culverins	and	port	pieces	showed	that	they	could	penetrate	wood	the	same	thickness	of	the	Mary	Rose's	hull	planking,	indicating	a	stand-off	range	of	at	least	90	m	(295	ft).	The	port	pieces	proved	particularly	efficient	at	smashing	large	holes	in	wood	when	firing	stone	shot	and	were	a	devastating	anti-personnel	weapon	when	loaded	with
flakes	or	pebbles.[34]	Hand-held	weapons	Some	of	the	bollock	daggers	found	on	board	the	Mary	Rose;	for	most	of	the	daggers,	only	the	handles	have	remained	while	the	blades	have	either	rusted	away	or	have	been	preserved	only	as	concretions.	To	defend	against	being	boarded,	Mary	Rose	carried	large	stocks	of	melee	weapons,	including	pikes	and
bills;	150	of	each	kind	were	stocked	on	the	ship	according	to	the	Anthony	Roll,	a	figure	confirmed	roughly	by	the	excavations.	Swords	and	daggers	were	personal	possessions	and	not	listed	in	the	inventories,	but	the	remains	of	both	have	been	found	in	great	quantities,	including	the	earliest	dated	example	of	a	British	basket-hilted	sword.[35]	A	total	of
250	longbows	were	carried	on	board,	and	172	of	these	have	so	far	been	found,	as	well	as	almost	4,000	arrows,	bracers	(arm	guards)	and	other	archery-related	equipment.[36]	Longbow	archery	in	Tudor	England	was	mandatory	for	all	able	adult	men,	and	despite	the	introduction	of	field	artillery	and	handguns,	they	were	used	alongside	new	missile
weapons	in	great	quantities.	On	the	Mary	Rose,	the	longbows	could	only	have	been	drawn	and	shot	properly	from	behind	protective	panels	in	the	open	waist	or	from	the	top	of	the	castles	as	the	lower	decks	lacked	sufficient	headroom.	There	were	several	types	of	bows	of	various	size	and	range.	Lighter	bows	would	have	been	used	as	"sniper"	bows,
while	the	heavier	design	could	possibly	have	been	used	to	shoot	fire	arrows.[37]	The	inventories	of	both	1514	and	1546[30]	also	list	several	hundred	heavy	darts	and	lime	pots	that	were	designed	to	be	thrown	onto	the	deck	of	enemy	ships	from	the	fighting	tops,	although	no	physical	evidence	of	either	of	these	weapon	types	has	been	identified.	Of	the
50	handguns	listed	in	the	Anthony	Roll,	the	complete	stocks	of	five	matchlock	muskets	and	fragments	of	another	eleven	have	been	found.	They	had	been	manufactured	mainly	in	Italy,	with	some	originating	from	Germany.	Found	in	storage	were	several	gunshields,	a	rare	type	of	firearm	consisting	of	a	wooden	shield	with	a	small	gun	fixed	in	the
middle.[38]	Crew	Throughout	her	33-year	career,	the	crew	of	the	Mary	Rose	changed	several	times	and	varied	considerably	in	size.	It	would	have	a	minimal	skeleton	crew	of	17	men	or	fewer	in	peacetime	and	when	she	was	"laid	up	in	ordinary"	(in	reserve).[39]	The	average	wartime	manning	would	have	been	about	185	soldiers,	200	sailors,	20–30
gunners	and	an	assortment	of	other	specialists	such	as	surgeons,	trumpeters	and	members	of	the	admiral's	staff,	for	a	total	of	400–450	men.	When	taking	part	in	land	invasions	or	raids,	such	as	in	the	summer	of	1512,	the	number	of	soldiers	could	have	swelled	to	just	over	400	for	a	combined	total	of	more	than	700.	Even	with	the	normal	crew	size	of
around	400,	the	ship	was	quite	crowded,	and	with	additional	soldiers	would	have	been	extremely	cramped.[40]	Vice-Admiral	George	Carew,	who	perished	with	the	Mary	Rose;	contemporary	miniature	by	Hans	Holbein	the	Younger	Little	is	known	of	the	identities	of	the	men	who	served	on	the	Mary	Rose,	even	when	it	comes	to	the	names	of	the
officers,	who	would	have	belonged	to	the	gentry.	Two	admirals	and	four	captains	(including	Edward	and	Thomas	Howard,	who	served	both	positions)	are	known	through	records,	as	well	as	a	few	ship	masters,	pursers,	master	gunners	and	other	specialists.[41]	Forensic	science	has	been	used	by	artists	to	create	reconstructions	of	faces	of	eight	crew
members,	and	the	results	were	publicised	in	May	2013.	In	addition,	researchers	have	extracted	DNA	from	remains	in	the	hopes	of	identifying	origins	of	crew,	and	potentially	living	descendants.[42]	Of	the	vast	majority	of	the	crewmen,	soldiers,	sailors	and	gunners	alike,	nothing	has	been	recorded.	The	only	source	of	information	for	these	men	has
been	through	osteological	analysis	of	the	human	bones	found	at	the	wrecksite.	An	approximate	composition	of	some	of	the	crew	has	been	conjectured	based	on	contemporary	records.	The	Mary	Rose	would	have	carried	a	captain,	a	master	responsible	for	navigation,	and	deck	crew.	There	would	also	have	been	a	purser	responsible	for	handling
payments,	a	boatswain,	the	captain's	second	in	command,	at	least	one	carpenter,	a	pilot	in	charge	of	navigation,	and	a	cook,	all	of	whom	had	one	or	more	assistants	(mates).	The	ship	was	also	staffed	by	a	barber-surgeon	who	tended	to	the	sick	and	wounded,	along	with	an	apprentice	or	mate	and	possibly	also	a	junior	surgeon.[43]	The	only	positively
identified	person	who	went	down	with	the	ship	was	Vice-Admiral	George	Carew.	McKee,	Stirland	and	several	other	authors	have	also	named	Roger	Grenville,	father	of	Richard	Grenville	of	the	Elizabethan-era	Revenge,	captain	during	the	final	battle,	although	the	accuracy	of	the	sourcing	for	this	has	been	disputed	by	maritime	archaeologist	Peter
Marsden.[44]	Crew[45]	Date	Soldiers	Mariners	Gunners	Others	Total	Summer	1512	411	206	120	22	759	October	1512	?	120	20	20	160	1513	?	200	?	?	200	1513	?	102	6	?	108	1522	126	244	30	2	402	1524	185	200	20	?	405	1545/46[46]	185	200	30	?	415	The	bones	of	a	total	of	179	people	were	found	during	the	excavations	of	the	Mary	Rose,	including
92	"fairly	complete	skeletons",	more	or	less	complete	collections	of	bones	associated	with	specific	individuals.[47]	Analysis	of	these	has	shown	that	crew	members	were	all	male,	most	of	them	young	adults.	Some	were	no	more	than	11–13	years	old,	and	the	majority	(81%)	under	30.	They	were	mainly	of	English	origin	and,	according	to	archaeologist
Julie	Gardiner,	they	most	likely	came	from	the	West	Country;	many	following	their	aristocratic	masters	into	maritime	service.[43]	There	were	also	a	few	people	from	continental	Europe.	An	eyewitness	testimony	right	after	the	sinking	refers	to	a	survivor	who	was	a	Fleming,	and	the	pilot	may	very	well	have	been	French.	Analysis	of	oxygen	isotopes	in
teeth	indicates	that	some	were	also	of	southern	European	origin.[48]	At	least	one	crewmember	was	of	African	ancestry.[49][50]	In	general	they	were	strong,	well-fed	men,	but	many	of	the	bones	also	reveal	tell-tale	signs	of	childhood	diseases	and	a	life	of	grinding	toil.	The	bones	also	showed	traces	of	numerous	healed	fractures,	probably	the	result	of
on-board	accidents.[51]	There	are	no	extant	written	records	of	the	make-up	of	the	broader	categories	of	soldiers	and	sailors,	but	since	the	Mary	Rose	carried	some	300	longbows	and	several	thousand	arrows	there	had	to	be	a	considerable	proportion	of	longbow	archers.	Examination	of	the	skeletal	remains	has	found	that	there	was	a	disproportionate
number	of	men	with	a	condition	known	as	os	acromiale,	affecting	their	shoulder	blades.	This	condition	is	known	among	modern	elite	archery	athletes	and	is	caused	by	placing	considerable	stress	on	the	arm	and	shoulder	muscles,	particularly	of	the	left	arm	that	is	used	to	hold	the	bow	to	brace	against	the	pull	on	the	bowstring.	Among	the	men	who
died	on	the	ship	it	was	likely	that	some	had	practised	using	the	longbow	since	childhood,	and	served	on	board	as	specialist	archers.[52]	A	group	of	six	skeletons	was	found	grouped	close	to	one	of	the	2-tonne	bronze	culverins	on	the	main	deck	near	the	bow.	Fusing	of	parts	of	the	spine	and	ossification,	the	growth	of	new	bone,	on	several	vertebrae
evidenced	all	but	one	of	these	crewmen	to	have	been	strong,	well-muscled	men	who	had	been	engaged	in	heavy	pulling	and	pushing,	the	exception	possibly	being	a	"powder	monkey"	not	involved	in	heavy	work.	These	have	been	tentatively	classified	as	members	of	a	complete	gun	crew,	all	having	died	at	their	battle	station.[53]	Military	career	First
French	war	Main	article:	War	of	the	League	of	Cambrai	A	contemporary	illustration	of	Germain	de	Brie's	poem	Chordigerae	navis	conflagratio	depicting	the	Cordelière	and	Regent	ablaze	after	the	explosion	on	board	the	former	The	Mary	Rose	first	saw	battle	in	1512,	in	a	joint	naval	operation	with	the	Spanish	against	the	French.	The	English	were	to
meet	the	French	and	Breton	fleets	in	the	English	Channel	while	the	Spanish	attacked	them	in	the	Bay	of	Biscay	and	then	attacked	Gascony.	The	35-year-old	Sir	Edward	Howard	was	appointed	Lord	High	Admiral	in	April	and	chose	the	Mary	Rose	as	his	flagship.	His	first	mission	was	to	clear	the	seas	of	French	naval	forces	between	England	to	the
northern	coast	of	Spain	to	allow	for	the	landing	of	supporting	troops	near	the	French	border	at	Fuenterrabia.	The	fleet	consisted	of	18	ships,	among	them	the	large	ships	the	Regent	and	the	Peter	Pomegranate,	carrying	over	5,000	men.	Howard's	expedition	led	to	the	capture	of	twelve	Breton	ships	and	a	four-day	raiding	tour	of	Brittany	where	English
forces	successfully	fought	against	local	forces	and	burned	numerous	settlements.[54]	The	fleet	returned	to	Southampton	in	June	where	it	was	visited	by	King	Henry.	In	August	the	fleet	sailed	for	Brest	where	it	encountered	a	joint,	but	ill-coordinated,	French-Breton	fleet	at	the	battle	of	St.	Mathieu.	The	English	with	one	of	the	great	ships	in	the	lead
(according	to	Marsden	the	Mary	Rose)	battered	the	French	ships	with	heavy	gunfire	and	forced	them	to	retreat.	The	Breton	flagship	Cordelière	put	up	a	fight	and	was	boarded	by	the	1,000-ton	Regent.	By	accident	or	through	the	unwillingness	of	the	Breton	crew	to	surrender,	the	powder	magazine	of	the	Cordelière	caught	fire	and	blew	up	in	a	violent
explosion,	setting	fire	to	the	Regent	and	eventually	sinking	her.	About	180	English	crew	members	saved	themselves	by	throwing	themselves	into	the	sea;	a	handful	of	Bretons	survived,	only	to	be	captured.	The	captain	of	the	Regent,	600	soldiers	and	sailors,	the	High	Admiral	of	France	and	the	steward	of	the	town	of	Morlaix	were	killed	in	the	incident,
making	it	the	focal	point	of	several	contemporary	chronicles	and	reports.[55]	On	11	August,	the	English	burnt	27	French	ships,	captured	another	five	and	landed	forces	near	Brest	to	raid	and	take	prisoners,	but	storms	forced	the	fleet	back	to	Dartmouth	in	Devon	and	then	to	Southampton	for	repairs.[56]	Carracks,	similar	to	the	Mary	Rose,	attacked	by
highly	manoeuvrable	galleys;	engraving	by	Frans	Huys	after	a	design	by	Pieter	Bruegel	the	Elder,	c.	1561	In	early	1513,	the	Mary	Rose	was	once	more	chosen	by	Howard	as	the	flagship	for	an	expedition	against	the	French.	Before	seeing	action,	she	took	part	in	a	race	against	other	ships	where	she	was	deemed	to	be	one	of	the	most	nimble	and	the
fastest	of	the	great	ships	in	the	fleet	(see	details	under	"Sails	and	rigging").	On	11	April,	Howard's	force	arrived	off	Brest	only	to	see	a	small	enemy	force	join	with	the	larger	force	in	the	safety	of	Brest	harbour	and	its	fortifications.[57]	The	French	had	recently	been	reinforced	by	a	force	of	galleys	from	the	Mediterranean,	which	sank	one	English	ship
and	seriously	damaged	another.	Howard	landed	forces	near	Brest,	but	made	no	headway	against	the	town	and	was	by	now	getting	low	on	supplies.	Attempting	to	force	a	victory,	he	took	a	small	force	of	small	oared	vessels	on	a	daring	frontal	attack	on	the	French	galleys	on	25	April.	Howard	himself	managed	to	reach	the	ship	of	French	admiral,
Prégent	de	Bidoux,	and	led	a	small	party	to	board	it.	The	French	fought	back	fiercely	and	cut	the	cables	that	attached	the	two	ships,	separating	Howard	from	his	men.	It	left	him	at	the	mercy	of	the	soldiers	aboard	the	galley,	who	instantly	killed	him.[58]	Demoralised	by	the	loss	of	its	admiral	and	seriously	short	of	food,	the	fleet	returned	to	Plymouth.
Thomas	Howard,	elder	brother	of	Edward,	was	assigned	the	new	Lord	Admiral,	and	was	set	to	the	task	of	arranging	another	attack	on	Brittany.	The	fleet	was	not	able	to	mount	the	planned	attack	because	of	adverse	winds	and	great	difficulties	in	supplying	the	ships	adequately	and	the	Mary	Rose	took	up	winter	quarters	in	Southampton.	In	August	the
Scots	joined	France	in	war	against	England,	but	were	dealt	a	crushing	defeat	at	the	Battle	of	Flodden	on	9	September	1513.	A	follow-up	attack	in	early	1514	was	supported	by	a	naval	force	that	included	the	Mary	Rose,	but	without	any	known	engagements.[59]	The	French	and	English	mounted	raids	on	each	other	throughout	that	summer,	but
achieved	little,	and	both	sides	were	by	then	exhausted.	By	autumn	the	war	was	over	and	a	peace	treaty	was	sealed	by	the	marriage	of	Henry's	sister,	Mary,	to	French	king	Louis	XII.[60]	After	the	peace	Mary	Rose	was	placed	in	the	reserves,	"in	ordinary".	She	was	laid	up	for	maintenance	along	with	her	sister	ship	the	Peter	Pomegranate	in	July	1514.
In	1518	she	received	a	routine	repair	and	caulking,	waterproofing	with	tar	and	oakum	(old	rope	fibres)	and	was	then	assigned	a	small	skeleton	crew	who	lived	on	board	the	ship	until	1522.	She	served	briefly	on	a	mission	with	other	warships	to	"scour	the	seas"	in	preparation	for	Henry	VIII's	journey	across	the	Channel	to	the	summit	with	the	French
king	Francis	I	at	the	Field	of	the	Cloth	of	Gold	in	June	1520.[61]	Second	French	war	Main	article:	Italian	War	of	1521–1526	In	1522,	England	was	once	again	at	war	with	France	because	of	a	treaty	with	the	Holy	Roman	Emperor	Charles	V.	The	plan	was	for	an	attack	on	two	fronts	with	an	English	thrust	in	northern	France.	The	Mary	Rose	participated
in	the	escort	transport	of	troops	in	June	1522,	and	by	1	July	the	Breton	port	of	Morlaix	was	captured.	The	fleet	sailed	home	and	the	Mary	Rose	berthed	for	the	winter	in	Dartmouth.[62]	The	war	raged	on	until	1525	and	saw	the	Scots	join	the	French	side.	Though	Charles	Brandon	came	close	to	capturing	Paris	in	1523,	there	was	little	gained	either
against	France	or	Scotland	throughout	the	war.	With	the	defeat	of	the	French	army	and	capture	of	Francis	I	by	Charles	V's	forces	at	the	Battle	of	Pavia	on	24	February	1525,	the	war	was	effectively	over	without	any	major	gains	or	major	victories	for	the	English	side.[63]	Maintenance	and	"in	ordinary"	The	Mary	Rose	was	kept	in	reserve	from	1522	to
1545.	She	was	once	more	caulked	and	repaired	in	1527	in	a	newly	dug	dock	at	Portsmouth	and	her	longboat	was	repaired	and	trimmed.	Little	documentation	about	the	Mary	Rose	between	1528	and	1539	exists.	A	document	written	by	Thomas	Cromwell	in	1536	specifies	that	the	Mary	Rose	and	six	other	ships	were	"made	new"	during	his	service	under
the	king,	though	it	is	unclear	which	years	he	was	referring	to	and	what	"made	new"	actually	meant.	A	later	document	from	January	1536	by	an	anonymous	author	states	that	the	Mary	Rose	and	other	ships	were	"new	made",	and	dating	of	timbers	from	the	ship	confirms	some	type	of	repair	being	done	in	1535	or	1536.	This	would	have	coincided	with
the	controversial	dissolution	of	the	monasteries	that	resulted	in	a	major	influx	of	funds	into	the	royal	treasury.[64]	The	nature	and	extent	of	this	repair	is	unknown.	Many	experts,	including	Margaret	Rule,	the	project	leader	for	the	raising	of	the	Mary	Rose,	have	assumed	that	it	meant	a	complete	rebuilding	from	clinker	planking	to	carvel	planking,	and
that	it	was	only	after	1536	that	the	ship	took	on	the	form	that	it	had	when	it	sank	and	that	was	eventually	recovered	in	the	20th	century.	Marsden	has	speculated	that	it	could	even	mean	that	the	Mary	Rose	was	originally	built	in	a	style	that	was	closer	to	15th-century	ships,	with	a	rounded,	rather	than	square,	stern	and	without	the	main	deck	gunports.
[65]	Third	French	war	Main	article:	Italian	War	of	1542–1546	Drawing	of	the	French	admiral,	Claude	d'Annebault,	commander	of	the	French	naval	force	that	launched	the	attack	on	the	Isle	of	Wight;	François	Clouet,	January	1535	Henry's	complicated	marital	situation	and	his	high-handed	dissolution	of	the	monasteries	angered	the	Pope	and	Catholic
rulers	throughout	Europe,	which	increased	England's	diplomatic	isolation.	In	1544	Henry	had	agreed	to	attack	France	together	with	Emperor	Charles	V,	and	English	forces	captured	Boulogne	at	great	cost	in	September,	but	soon	England	was	left	in	the	lurch	after	Charles	had	achieved	his	objectives	and	brokered	a	separate	peace.[66]	In	May	1545,
the	French	had	assembled	a	large	fleet	in	the	estuary	of	the	Seine	with	the	intent	to	land	troops	on	English	soil.	The	estimates	of	the	size	of	the	fleet	varied	considerably;	between	123	and	300	vessels	according	to	French	sources;	and	up	to	226	sailing	ships	and	galleys	according	to	the	chronicler	Edward	Hall.	In	addition	to	the	massive	fleet,	50,000
troops	were	assembled	at	Havre	de	Grâce	(modern-day	Le	Havre).	An	English	force	of	160	ships	and	12,000	troops	under	Viscount	Lisle	was	ready	at	Portsmouth	by	early	June,	before	the	French	were	ready	to	set	sail,	and	an	ineffective	pre-emptive	strike	was	made	in	the	middle	of	the	month.	In	early	July	the	huge	French	force	under	the	command	of
Admiral	Claude	d'Annebault	set	sail	for	England	and	entered	the	Solent	unopposed	with	128	ships	on	16	July.	The	English	had	around	80	ships	with	which	to	oppose	the	French,	including	the	flagship	Mary	Rose.	But	since	they	had	virtually	no	heavy	galleys,	the	vessels	that	were	at	their	best	in	sheltered	waters	like	the	Solent,	the	English	fleet
promptly	retreated	into	Portsmouth	harbour.[67]	Battle	of	the	Solent	Main	article:	Battle	of	the	Solent	The	English	were	becalmed	in	port	and	unable	to	manoeuvre.	On	19	July	1545,	the	French	galleys	advanced	on	the	immobilised	English	fleet,	and	initially	threatened	to	destroy	a	force	of	13	small	galleys,	or	"rowbarges",	the	only	ships	that	were	able
to	move	against	them	without	a	wind.	The	wind	picked	up	and	the	sailing	ships	were	able	to	go	on	the	offensive	before	the	oared	vessels	were	overwhelmed.[68]	Two	of	the	largest	ships,	the	Henry	Grace	à	Dieu	and	the	Mary	Rose,	led	the	attack	on	the	French	galleys	in	the	Solent.	Mary	Rose	–	Oven	&	Cauldron	Early	in	the	battle	something	went
wrong.	While	engaging	the	French	galleys	the	Mary	Rose	suddenly	heeled	(leaned)	heavily	over	to	her	starboard	(right)	side	and	water	rushed	in	through	the	open	gunports.[69]	The	crew	was	powerless	to	correct	the	sudden	imbalance,	and	could	only	scramble	for	the	safety	of	the	upper	deck	as	the	ship	began	to	sink	rapidly.	As	she	leaned	over,
equipment,	ammunition,	supplies	and	storage	containers	shifted	and	came	loose,	adding	to	the	general	chaos.	The	massive	port	side	brick	oven	in	the	galley	collapsed	completely	and	the	huge	360-litre	(90	gallon)	copper	cauldron	was	thrown	onto	the	orlop	deck	above.[70]	Heavy	guns	came	free	and	slammed	into	the	opposite	side,	impeding	escape	or
crushing	men	beneath	them.	For	those	who	were	not	injured	or	killed	outright	by	moving	objects,	there	was	little	time	to	reach	safety,	especially	for	the	men	who	were	manning	the	guns	on	the	main	deck	or	fetching	ammunition	and	supplies	in	the	hold.	The	companionways	that	connected	the	decks	with	one	another	would	have	become	bottlenecks
for	fleeing	men,	something	indicated	by	the	positioning	of	many	of	the	skeletons	recovered	from	the	wreck.	What	turned	the	sinking	into	a	major	tragedy	was	the	anti-boarding	netting	that	covered	the	upper	decks	in	the	waist	(the	midsection	of	the	ship)	and	the	sterncastle.	With	the	exception	of	the	men	who	were	stationed	in	the	tops	in	the	masts,
most	of	those	who	managed	to	get	up	from	below	deck	were	trapped	under	the	netting;	they	would	have	been	in	view	of	the	surface,	and	their	colleagues	above,	but	with	little	or	no	chance	to	break	through,	and	were	dragged	down	with	the	ship.	Out	of	a	crew	of	at	least	400,	fewer	than	35	escaped,	a	casualty	rate	of	over	90%.[71]	The	Cowdray
Engraving,	depicting	the	Battle	of	the	Solent.	The	main	and	foremasts	of	the	recently	sunken	Mary	Rose	are	in	the	middle;	bodies,	debris	and	rigging	float	in	the	water	and	men	are	clinging	to	the	fighting	tops.	Causes	of	sinking	Southsea	Castle,	from	where	Henry	VIII	witnessed	the	last	battle	and	demise	of	the	Mary	Rose.	The	castle	has	been	heavily
altered	since	that	time.[72]	Contemporary	accounts	Many	accounts	of	the	sinking	have	been	preserved,	but	the	only	confirmed	eyewitness	account	is	the	testimony	of	a	surviving	Flemish	crewman	written	down	by	the	Holy	Roman	Emperor's	ambassador	François	van	der	Delft	in	a	letter	dated	24	July.	According	to	the	unnamed	Fleming,	the	ship	had
fired	all	of	its	guns	on	one	side	and	was	turning	to	present	the	guns	on	the	other	side	to	the	enemy	ship,	when	she	was	caught	in	a	strong	gust	of	wind,	heeled	and	took	in	water	through	the	open	gunports.[73]	In	a	letter	to	William	Paget	dated	23	July,	former	Lord	High	Admiral	John	Russel	claimed	that	the	ship	had	been	lost	because	of	"rechenes	and
great	negligence".[74]	Three	years	after	the	sinking,	the	Hall's	Chronicle	gave	the	reason	for	the	sinking	as	being	caused	by	"to[o]	much	foly	...	for	she	was	laden	with	much	ordinaunce,	and	the	portes	left	open,	which	were	low,	&	the	great	ordinaunce	unbreached,	so	that	when	the	ship	should	turne,	the	water	entered,	and	sodainly	she	sanke."[75]
Later	accounts	repeat	the	explanation	that	the	ship	heeled	over	while	going	about	and	that	the	ship	was	brought	down	because	of	the	open	gunports.	A	biography	of	Peter	Carew,	brother	of	George	Carew,	written	by	John	Hooker	sometime	after	1575,	gives	the	same	reason	for	the	sinking,	but	adds	that	insubordination	among	the	crew	was	to	blame.
The	biography	claims	that	George	Carew	noted	that	the	Mary	Rose	showed	signs	of	instability	as	soon	as	her	sails	were	raised.	George's	uncle	Gawen	Carew	had	passed	by	with	his	own	ship	the	Matthew	Gonson	during	the	battle	to	inquire	about	the	situation	of	his	nephew's	ship.	In	reply	he	was	told	"that	he	had	a	sorte	of	knaves	whom	he	could	not
rule".[76]	Contrary	to	all	other	accounts,	Martin	du	Bellay,	a	French	cavalry	officer	who	was	present	at	the	battle,	stated	that	the	Mary	Rose	had	been	sunk	by	French	guns.[77]	Modern	theories	The	most	common	explanation	for	the	sinking	among	modern	historians	is	that	the	ship	was	unstable	for	a	number	of	reasons.	When	a	strong	gust	of	wind	hit
the	sails	at	a	critical	moment,	the	open	gunports	proved	fatal,	the	ship	flooded	and	quickly	foundered.[78]	Coates	offered	a	variant	of	this	hypothesis,	which	explains	why	a	ship	which	served	for	several	decades	without	sinking,	and	which	even	fought	in	actions	in	the	rough	seas	off	Brittany,	unexpectedly	foundered:	the	ship	had	accumulated
additional	weight	over	the	years	in	service	and	finally	become	unseaworthy.[79]	That	the	ship	was	turning	after	firing	all	the	cannons	on	one	side	has	been	questioned	by	Marsden	after	examination	of	guns	recovered	in	both	the	19th	and	20th	centuries;	guns	from	both	sides	were	found	still	loaded.	This	has	been	interpreted	to	mean	that	something
else	could	have	gone	wrong	since	it	is	assumed	that	an	experienced	crew	would	not	have	failed	to	secure	the	gunports	before	making	a	potentially	risky	turn.[80]	The	most	recent	surveys	of	the	ship	indicate	that	the	ship	was	modified	late	in	her	career	and	have	lent	support	to	the	idea	that	the	Mary	Rose	was	altered	too	much	to	be	properly
seaworthy.	Marsden	has	suggested	that	the	weight	of	additional	heavy	guns	would	have	increased	her	draught	so	much	that	the	waterline	was	less	than	one	metre	(c.	3	feet)	from	the	gunports	on	the	main	deck.[81]	Peter	Carew's	claim	of	insubordination	has	been	given	support	by	James	Watt,	former	Medical	Director-General	of	the	Royal	Navy,	based
on	records	of	an	epidemic	of	dysentery	in	Portsmouth	which	could	have	rendered	the	crew	incapable	of	handling	the	ship	properly,[82]	while	historian	Richard	Barker	has	suggested	that	the	crew	actually	knew	that	the	ship	was	an	accident	waiting	to	happen,	at	which	they	balked	and	refused	to	follow	orders.[83]	Marsden	has	noted	that	the	Carew
biography	is	in	some	details	inconsistent	with	the	sequence	of	events	reported	by	both	French	and	English	eyewitnesses.	It	also	reports	that	there	were	700	men	on	board,	an	unusually	high	number.	The	distance	in	time	to	the	event	it	describes	may	mean	that	it	was	embellished	to	add	a	dramatic	touch.[84]	The	report	of	French	galleys	sinking	the
Mary	Rose	as	stated	by	Martin	du	Bellay	has	been	described	as	"the	account	of	a	courtesan"	by	naval	historian	Maurice	de	Brossard.	Du	Bellay	and	his	two	brothers	were	close	to	king	Francis	I	and	du	Bellay	had	much	to	gain	from	portraying	the	sinking	as	a	French	victory.	English	sources,	even	if	biased,	would	have	nothing	to	gain	from	portraying
the	sinking	as	the	result	of	crew	incompetence	rather	than	conceding	a	victory	to	the	much-feared	gun	galleys.[85]	Dominic	Fontana,	a	geographer	at	the	University	of	Portsmouth,	has	voiced	support	for	du	Bellay's	version	of	the	sinking	based	on	the	battle	as	it	is	depicted	in	the	Cowdray	Engraving,	and	modern	GIS	analysis	of	the	modern	scene	of
the	battle.	By	plotting	the	fleets	and	calculating	the	conjectured	final	manoeuvres	of	the	Mary	Rose,	Fontana	reached	the	conclusion	that	the	ship	had	been	hit	low	in	the	hull	by	the	galleys	and	was	destabilised	after	taking	in	water.	He	has	interpreted	the	final	heading	of	the	ship	straight	due	north	as	a	failed	attempt	to	reach	the	shallows	at	Spitbank
only	a	few	hundred	metres	away.	This	theory	has	been	given	partial	support	by	Alexzandra	Hildred,	one	of	the	experts	who	has	worked	with	the	Mary	Rose,	though	she	has	suggested	that	the	close	proximity	to	Spitbank	could	also	indicate	that	the	sinking	occurred	while	trying	to	make	a	hard	turn	to	avoid	running	aground.[86]	Experiments	In	2000,
the	Channel	4	television	programme	What	Sank	the	Mary	Rose?	attempted	to	investigate	the	causes	suggested	for	her	sinking	by	means	of	experiments	with	scale	models	of	the	ship	and	metal	weights	to	simulate	the	presence	of	troops	on	the	upper	decks.	Initial	tests	showed	that	the	ship	was	able	to	make	the	turn	described	by	eyewitnesses	without
capsizing.	In	later	tests,	a	fan	was	used	to	create	a	breeze	similar	to	the	one	reported	to	have	suddenly	sprung	up	on	the	day	of	the	sinking	as	the	Mary	Rose	went	to	make	the	turn.	As	the	model	made	the	turn,	the	breeze	in	the	upper	works	forced	it	to	heel	more	than	at	calm,	forcing	the	main	deck	gun	ports	below	the	waterline	and	foundering	the
model	within	a	few	seconds.	The	sequence	of	events	closely	followed	what	eyewitnesses	had	reported,	particularly	the	suddenness	with	which	the	ship	sank.[87]	History	as	a	shipwreck	Charles	Brandon,	brother-in-law	of	King	Henry	VIII	through	marriage	with	Mary	Tudor,	who	took	charge	of	the	failed	salvage	operation	in	1545	A	salvage	attempt	was
ordered	by	Secretary	of	State	William	Paget	only	days	after	the	sinking,	and	Charles	Brandon,	the	king's	brother-in-law,	took	charge	of	practical	details.	The	operation	followed	the	standard	procedure	for	raising	ships	in	shallow	waters:	strong	cables	were	attached	to	the	sunken	ship	and	fastened	to	two	empty	ships,	or	hulks.	At	low	tide,	the	ropes
were	pulled	taut	with	capstans.	When	the	high	tide	came	in,	the	hulks	rose	and	with	them	the	wreck.	It	would	then	be	towed	into	shallower	water	and	the	procedure	repeated	until	the	whole	ship	could	be	raised	completely.[88]	A	list	of	necessary	equipment	was	compiled	by	1	August	and	included,	among	other	things,	massive	cables,	capstans,
pulleys,	and	40	pounds	of	tallow	for	lubrication.	The	proposed	salvage	team	comprised	30	Venetian	mariners	and	a	Venetian	carpenter	with	60	English	sailors	to	serve	them.[89]	The	two	ships	to	be	used	as	hulks	were	Jesus	of	Lübeck	and	Samson,	each	of	700	tons	burthen	and	similar	in	size	to	the	Mary	Rose.	Brandon	was	so	confident	of	success	that
he	reassured	the	king	that	it	would	only	be	a	matter	of	days	before	they	could	raise	the	Mary	Rose.	The	optimism	proved	unfounded.	Since	the	ship	had	settled	at	a	60-degree	angle	to	starboard	much	of	it	was	stuck	deep	into	the	clay	of	the	seabed.	This	made	it	virtually	impossible	to	pass	cables	under	the	hull	and	required	far	more	lifting	power	than
if	the	ship	had	settled	on	a	hard	seabed.	An	attempt	to	secure	cables	to	the	main	mast	appears	only	to	have	resulted	in	its	being	snapped	off.[90]	Illustration	from	a	treatise	on	salvaging	from	1734,	showing	the	traditional	method	of	raising	a	wreck	with	the	help	of	anchors	and	ships	or	hulks	as	pontoons,	the	same	method	that	was	attempted	by	the
Tudor	era	salvors	The	project	was	successful	only	in	raising	rigging,	some	guns	and	other	items.	At	least	two	other	salvage	teams	in	1547	and	1549	received	payment	for	raising	more	guns	from	the	wreck.[91]	Despite	the	failure	of	the	first	salvage	operation,	there	was	still	lingering	belief	in	the	possibility	of	retrieving	the	Mary	Rose	at	least	until
1546,	when	she	was	presented	as	part	of	the	illustrated	list	of	English	warships	called	the	Anthony	Roll.	When	all	hope	of	raising	the	complete	ship	was	finally	abandoned	is	not	known.	It	could	have	been	after	Henry	VIII's	death	in	January	1547	or	even	as	late	as	1549,	when	the	last	guns	were	brought	up.[92]	The	Mary	Rose	was	remembered	well	into
the	reign	of	Elizabeth	I,	and	according	to	one	of	the	queen's	admirals,	William	Monson	(1569–1643),	the	wreck	was	visible	from	the	surface	at	low	tide	in	the	late	16th	century.[93]	Deterioration	After	the	sinking,	the	partially	buried	wreck	created	a	barrier	at	a	right	angle	against	the	currents	of	the	Solent.	Two	scour	pits,	large	underwater	ditches,
formed	on	either	side	of	the	wreck	while	silt	and	seaweed	was	deposited	inside	the	ship.	A	deep	but	narrow	pit	formed	on	the	upward	tilting	port	side,	while	a	shallower,	broader	pit	formed	on	the	starboard	side,	which	had	been	mostly	buried	by	the	force	of	the	impact.	The	abrasive	actions	of	sand	and	silt	carried	by	the	currents	and	the	activity	of
fungi,	bacteria	and	wood-boring	crustaceans	and	molluscs,	such	as	the	teredo	"shipworm",	began	to	break	down	the	structure	of	the	ship.	Eventually	the	exposed	wooden	structure	was	weakened	and	gradually	collapsed.	The	timbers	and	contents	of	the	port	side	were	either	deposited	in	the	scour	pits	and	remaining	ship	structure	or	carried	off	by	the
currents.	Following	the	collapse	of	the	exposed	parts	of	the	ship,	the	site	was	levelled	with	the	seabed	and	gradually	covered	by	layers	of	sediment,	concealing	most	of	the	remaining	structure.	During	the	16th	century,	a	hard	layer	of	compacted	clay	and	crushed	shells	formed	over	the	ship,	stabilising	the	site	and	sealing	the	Tudor-era	deposits.
Further	layers	of	soft	silt	covered	the	site	during	the	18th	and	19th	centuries,	but	frequent	changes	in	the	tidal	patterns	and	currents	in	the	Solent	occasionally	exposed	some	of	the	timbers,	leading	to	its	accidental	rediscovery	in	1836	and	aiding	in	locating	the	wreck	in	1971.[94]	After	the	ship	had	been	raised	it	was	determined	that	about	40%	of	the
original	structure	had	survived.[95]	Rediscovery	in	19th	century	In	mid-1836,	a	group	of	five	fishermen	caught	their	nets	on	timbers	protruding	from	the	bottom	of	the	Solent.	They	contacted	a	diver	to	help	them	remove	the	hindrance,	and	on	10	June,	Henry	Abbinett	became	the	first	person	to	see	the	Mary	Rose	in	almost	300	years.	Later,	two	other
professional	divers,	John	Deane	and	William	Edwards,	were	employed.	Using	a	recently	invented	rubber	suit	and	metal	diving	helmet,	Deane	and	Edwards	began	to	examine	the	wreck	and	salvage	items	from	it.	Along	with	an	assortment	of	timbers	and	wooden	objects,	including	several	longbows,	they	brought	up	several	bronze	and	iron	guns,	which
were	sold	to	the	Board	of	Ordnance	for	over	£220.	Initially,	this	caused	a	dispute	between	Deane	(who	had	also	brought	in	his	brother	Charles	into	the	project),	Abbinett	and	the	fishermen	who	had	hired	them.	The	matter	was	eventually	settled	by	allowing	the	fishermen	a	share	of	the	proceeds	from	the	sale	of	the	first	salvaged	guns,	while	Deane
received	exclusive	salvage	rights	at	the	expense	of	Abbinett.	The	wreck	was	soon	identified	as	the	Mary	Rose	from	the	inscriptions	of	one	of	the	bronze	guns	manufactured	in	1537.[96]	Watercolour	painting	of	two	perspectives	of	a	sling,	a	wrought	iron	gun,	complete	with	two-wheeled	gun	carriage	(wheels	missing)	and	part	of	another	iron	sling.	The
paintings	were	made	to	record	some	of	the	finds	raised	by	the	Deane	brothers	1836–40.	The	identification	of	the	ship	led	to	high	public	interest	in	the	salvage	operation	and	caused	a	great	demand	for	the	objects	that	were	brought	up.	Though	many	of	the	objects	could	not	be	properly	conserved	at	the	time	and	subsequently	deteriorated,	many	were
documented	with	pencil	sketches	and	watercolour	drawings,	which	survive	to	this	day.	John	Deane	ceased	working	on	the	wreck	in	1836,	but	returned	in	1840	with	new,	more	destructive	methods.	With	the	help	of	condemned	bomb	shells	filled	with	gunpowder	acquired	from	the	Ordnance	Board,	he	blasted	his	way	into	parts	of	the	wreck.	Fragments
of	bombs	and	traces	of	blasting	craters	were	found	during	the	modern	excavations,	but	there	was	no	evidence	that	Deane	managed	to	penetrate	the	hard	layer	that	had	sealed	off	the	Tudor	levels.	Deane	reported	retrieving	a	bilge	pump	and	the	lower	part	of	the	main	mast,	both	of	which	would	have	been	located	inside	the	ship.	The	recovery	of	small
wooden	objects	like	longbows	suggests	that	Deane	did	manage	to	penetrate	the	Tudor	levels	at	some	point,	though	this	has	been	disputed	by	the	excavation	project	leader	Margaret	Rule.	Newspaper	reports	on	Deane's	diving	operations	in	October	1840	report	that	the	ship	was	clinker	built,	but	since	the	sterncastle	is	the	only	part	of	the	ship	with	this
feature,	an	alternative	explanation	has	been	suggested:	Deane	did	not	penetrate	the	hard	shelly	layer	that	covered	most	of	the	ship,	but	managed	only	to	get	into	remains	of	the	sterncastle	that	today	no	longer	exist.	Despite	the	rough	handling	by	Deane,	the	Mary	Rose	escaped	the	wholesale	destruction	by	giant	rakes	and	explosives	that	was	the	fate
of	other	wrecks	in	the	Solent	(such	as	HMS	Royal	George).[97]	Modern	rediscovery	The	modern	search	for	the	Mary	Rose	was	initiated	by	the	Southsea	branch	of	the	British	Sub-Aqua	Club	in	1965	as	part	of	a	project	to	locate	shipwrecks	in	the	Solent.	The	project	was	under	the	leadership	of	historian,	journalist	and	amateur	diver	Alexander	McKee.
Another	group	led	by	Lieutenant-Commander	Alan	Bax	of	the	Royal	Navy,	sponsored	by	the	Committee	for	Nautical	Archaeology	in	London,	also	formed	a	search	team.	Initially	the	two	teams	had	differing	views	on	where	to	find	the	wreck,	but	eventually	joined	forces.	In	February	1966	a	chart	from	1841	was	found	that	marked	the	positions	of	the
Mary	Rose	and	several	other	wrecks.	The	charted	position	coincided	with	a	trench	(one	of	the	scour	pits)	that	had	already	been	located	by	McKee's	team,	and	a	definite	location	was	finally	established	at	a	position	3	km	(1.9	mi)	south	of	the	entrance	to	Portsmouth	Harbour	(50°46′0″N	1°06′0″W	/	50.76667°N	1.10000°W	/	50.76667;	-1.10000)	in	water
with	a	depth	of	11	m	(36	feet)	at	low	tide.[98]	Diving	on	the	site	began	in	1966	and	a	sonar	scan	by	Harold	Edgerton	in	1967–68	revealed	some	type	of	buried	feature.	In	1970	a	loose	timber	was	located	and	on	5	May	1971,	the	first	structural	details	of	the	buried	hull	were	identified	after	they	were	partially	uncovered	by	winter	storms.[99]	A	major
problem	for	the	team	from	the	start	was	that	wreck	sites	in	the	UK	lacked	any	legal	protection	from	plunderers	and	treasure	hunters.	Sunken	ships,	once	being	moving	objects,	were	legally	treated	as	chattel	and	were	awarded	to	those	who	could	first	raise	them.	The	Merchant	Shipping	Act	of	1894	also	stipulated	that	any	objects	raised	from	a	wreck
should	be	auctioned	off	to	finance	the	salvage	operations,	and	there	was	nothing	preventing	anyone	from	"stealing"	the	wreck	and	making	a	profit.	The	problem	was	handled	by	forming	an	organisation,	the	Mary	Rose	Committee,	aiming	"to	find,	excavate,	raise	and	preserve	for	all	time	such	remains	of	the	ship	Mary	Rose	as	may	be	of	historical	or
archaeological	interest".[100]	To	keep	intruders	at	bay,	the	Committee	arranged	a	lease	of	the	seabed	where	the	wreck	lay	from	the	Portsmouth	authorities,	thereby	discouraging	anyone	from	trespassing	on	the	underwater	property.	In	hindsight	this	was	only	a	legalistic	charade	which	had	little	chance	of	holding	up	in	a	court	of	law.	In	combination
with	secrecy	as	to	the	exact	location	of	the	wreck,	it	saved	the	project	from	interference.	It	was	not	until	the	passing	of	the	Protection	of	Wrecks	Act	on	5	February	1973	that	the	Mary	Rose	was	declared	to	be	of	national	historic	interest	that	enjoyed	full	legal	protection	from	any	disturbance	by	commercial	salvage	teams.	Despite	this,	years	after	the
passing	of	the	1973	act	and	the	excavation	of	the	ship,	lingering	conflicts	with	salvage	legislation	remained	a	threat	to	the	Mary	Rose	project	as	"personal"	finds	such	as	chests,	clothing	and	cooking	utensils	risked	being	confiscated	and	auctioned	off.[101]	Survey	and	excavation	Following	the	discovery	of	the	wreck	in	1971,	the	project	became	known
to	the	general	public	and	received	increasing	media	attention.	This	helped	bring	in	more	donations	and	equipment,	primarily	from	private	sources.	By	1974	the	committee	had	representatives	from	the	National	Maritime	Museum,	the	Royal	Navy,	the	BBC	and	local	organisations.	In	1974	the	project	received	royal	patronage	from	Prince	Charles,	who
participated	in	dives	on	the	site.	This	attracted	yet	more	publicity,	and	also	more	funding	and	assistance.[102]	The	initial	aims	of	the	Mary	Rose	Committee	were	now	more	officially	and	definitely	confirmed.	The	committee	had	become	a	registered	charity	in	1974,	which	made	it	easier	to	raise	funds,	and	the	application	for	excavation	and	raising	of
the	ship	had	been	officially	approved	by	the	UK	government.[103]	By	1978	the	initial	excavation	work	had	uncovered	a	complete	and	coherent	site	with	an	intact	ship	structure	and	the	orientation	of	the	hull	had	been	positively	identified	as	being	on	an	almost	straight	northerly	heading	with	a	60-degree	heel	to	starboard	and	a	slight	downward	tilt
towards	the	bow.	As	no	records	of	English	shipbuilding	techniques	used	in	vessels	like	the	Mary	Rose	survive,	excavation	of	the	ship	would	allow	for	a	detailed	survey	of	her	design	and	shed	new	light	on	the	construction	of	ships	of	the	era.[104]	A	full	excavation	also	meant	removing	the	protective	layers	of	silt	that	prevented	the	remaining	ship
structure	from	being	destroyed	through	biological	decay	and	the	scouring	of	the	currents;	the	operation	had	to	be	completed	within	a	predetermined	timespan	of	a	few	years	or	it	risked	irreversible	damage.	It	was	also	considered	desirable	to	recover	and	preserve	the	remains	of	the	hull	if	possible.	For	the	first	time,	the	project	was	faced	with	the
practical	difficulties	of	actually	raising,	conserving	and	preparing	the	hull	for	public	display.[105]	To	handle	this	new,	considerably	more	complex	and	expensive	task,	it	was	decided	that	a	new	organisation	was	needed.	The	Mary	Rose	Trust,	a	limited	charitable	trust,[106]	with	representatives	from	many	organisations	would	handle	the	need	for	a
larger	operation	and	a	large	infusion	of	funds.	In	1979	a	new	diving	vessel	was	purchased	to	replace	the	previous	12	m	(40	ft)	catamaran	Roger	Greenville	which	had	been	used	from	1971.	The	choice	fell	on	the	salvage	vessel	Sleipner,	the	same	craft	that	had	been	used	as	a	platform	for	diving	operations	on	the	Vasa.	The	project	went	from	a	team	of
only	twelve	volunteers	working	four	months	a	year	to	over	50	individuals	working	almost	around	the	clock	nine	months	a	year.	In	addition	there	were	over	500	volunteer	divers	and	a	laboratory	staff	of	about	70	that	ran	the	shore	base	and	conservation	facilities.[107]	During	the	four	diving	seasons	from	1979	to	1982	over	22,000	diving	hours	was
spent	on	the	site,	an	effort	that	amounted	to	11.8-man-years.[108]	Raising	the	ship	The	final	stages	of	the	salvage	of	the	Mary	Rose	on	11	October	1982.	The	lifting	frame	(the	top	of	the	salvage	cage)	can	be	seen	just	below	the	surface	of	the	water,	about	to	emerge.	The	wreck	of	the	Mary	Rose	clear	of	the	water.	People	viewing	the	salvage	cage
holding	the	Mary	Rose.	Raising	the	Mary	Rose	meant	overcoming	delicate	problems	that	had	never	been	encountered	before.	The	raising	of	the	Swedish	warship	Vasa	1959–61	was	the	only	comparable	precedent,	but	it	had	been	a	relatively	straightforward	operation	since	the	hull	was	completely	intact	and	rested	upright	on	the	seabed.	It	had	been
raised	with	basically	the	same	methods	as	were	in	use	in	Tudor	England:	cables	were	slung	under	the	hull	and	attached	to	two	pontoons	on	either	side	of	the	ship	which	was	then	gradually	raised	and	towed	into	shallower	waters.	Only	one	third	of	the	Mary	Rose	was	intact	and	she	lay	deeply	embedded	in	mud.	If	the	hull	were	raised	in	the
conventional	way,	there	was	no	guarantee	that	it	would	have	enough	structural	strength	to	hold	together	out	of	water.	Many	suggestions	for	raising	the	ship	were	discarded,	including	the	construction	of	a	cofferdam	around	the	wreck	site,	filling	the	ship	with	small	buoyant	objects	(such	as	ping-pong	balls)	or	even	pumping	brine	into	the	seabed	and
freezing	it	so	that	it	would	float	and	take	the	hull	with	it.	After	lengthy	discussions	it	was	decided	in	February	1980	that	the	hull	would	first	be	emptied	of	all	its	contents	and	strengthened	with	steel	braces	and	frames.	It	would	then	be	lifted	to	the	surface	with	floating	sheerlegs	attached	to	nylon	strops	passing	under	the	hull	and	transferred	to	a
cradle.	It	was	also	decided	that	the	ship	would	be	recovered	before	the	end	of	the	diving	season	in	1982.	If	the	wreck	stayed	uncovered	any	longer	it	risked	irreversible	damage	from	biological	decay	and	tidal	scouring.[109]	During	the	last	year	of	the	operation,	the	massive	scope	of	full	excavation	and	raising	was	beginning	to	take	its	toll	on	those
closely	involved	in	the	project.	In	May	1981,	Alexander	McKee	voiced	concerns	about	the	method	chosen	for	raising	the	timbers	and	openly	questioned	Margaret	Rule's	position	as	excavation	leader.	McKee	felt	ignored	in	what	he	viewed	as	a	project	where	he	had	always	played	a	central	role,	both	as	the	initiator	of	the	search	for	the	Mary	Rose	and
other	ships	in	the	Solent,	and	as	an	active	member	throughout	the	diving	operations.	He	had	several	supporters	who	all	pointed	to	the	risk	of	the	project's	turning	into	an	embarrassing	failure	if	the	ship	were	damaged	during	raising	operations.	To	address	these	concerns	it	was	suggested	that	the	hull	should	be	placed	on	top	of	a	supporting	steel
cradle	underwater.	This	would	avoid	the	inherent	risks	of	damaging	the	wooden	structure	if	it	were	lifted	out	of	the	water	without	appropriate	support.	The	idea	of	using	nylon	strops	was	also	discarded	in	favour	of	drilling	holes	through	the	hull	at	170	points	and	passing	iron	bolts	through	them	to	allow	the	attachment	of	wires	connected	to	a	lifting
frame.[110]	In	the	spring	of	1982,	after	three	intense	seasons	of	archaeological	underwater	work,	preparations	began	for	raising	the	ship.	The	operation	soon	ran	into	problems:	early	on	there	were	difficulties	with	the	custom-made	lifting	equipment;	divers	on	the	project	belonging	to	the	Royal	Engineers	had	to	be	pulled	because	of	the	outbreak	of
the	Falklands	War;	and	the	method	of	lifting	the	hull	had	to	be	considerably	altered	as	late	as	June.	After	the	frame	was	properly	attached	to	the	hull,	it	was	slowly	jacked	up	on	four	legs	to	pull	the	ship	off	the	seabed.	The	massive	crane	of	the	barge	Tog	Mor	then	moved	the	frame	and	hull,	transferring	them	underwater	to	the	specially	designed
cradle,	which	was	padded	with	water-filled	bags.	On	the	morning	of	11	October	1982,	the	final	lift	of	the	entire	package	of	cradle,	hull	and	lifting	frame	began.	It	was	watched	by	the	team,	Prince	Charles	and	other	spectators	in	boats	around	the	site.	At	9:03	am,	the	first	timbers	of	the	Mary	Rose	broke	the	surface.	A	second	set	of	bags	under	the	hull
was	inflated	with	air,	to	cushion	the	waterlogged	wood.	Finally,	the	whole	package	was	placed	on	a	barge	and	taken	to	the	shore.	Though	eventually	successful,	the	operation	was	close	to	foundering	on	two	occasions;	first	when	one	of	the	supporting	legs	of	the	lifting	frame	was	bent	and	had	to	be	removed	and	later	when	a	corner	of	the	frame,	with
"an	unforgettable	crunch",[111]	slipped	more	than	a	metre	(3	feet)	and	came	close	to	crushing	part	of	the	hull.[112]	Archaeology	As	one	of	the	most	ambitious	and	expensive	projects	in	the	history	of	maritime	archaeology,	the	Mary	Rose	project	broke	new	ground	within	this	field	in	the	UK.[113]	Besides	becoming	one	of	the	first	wrecks	to	be
protected	under	the	new	Protection	of	Wrecks	Act	in	1973	it	also	created	several	new	precedents.	It	was	the	first	time	that	a	British	privately	funded	project	was	able	to	apply	modern	scientific	standards	fully	and	without	having	to	auction	off	part	of	the	findings	to	finance	its	activities;	where	previous	projects	often	had	to	settle	for	just	a	partial
recovery	of	finds,	everything	found	in	connection	with	the	Mary	Rose	was	recovered	and	recorded.	The	raising	of	the	vessel	made	it	possible	to	establish	the	first	historic	shipwreck	museum	in	the	UK	to	receive	government	accreditation	and	funding.	The	excavation	of	the	Mary	Rose	wreck	site	proved	that	it	was	possible	to	achieve	a	level	of	exactness
in	underwater	excavations	comparable	to	those	on	dry	land.[114]	Throughout	the	1970s,	the	Mary	Rose	was	meticulously	surveyed,	excavated	and	recorded	with	the	latest	methods	within	the	field	of	maritime	archaeology.	Working	in	an	underwater	environment	meant	that	principles	of	land-based	archaeology	did	not	always	apply.	Mechanical
excavators,	airlifts	and	suction	dredges	were	used	in	the	process	of	locating	the	wreck,	but	as	soon	as	it	began	to	be	uncovered	in	earnest,	more	delicate	techniques	were	employed.[115]	Many	objects	from	the	Mary	Rose	had	been	well	preserved	in	form	and	shape,	but	many	were	quite	delicate,	requiring	careful	handling.	Artefacts	of	all	sizes	were
supported	with	soft	packing	material,	such	as	old	plastic	ice	cream	containers,	and	some	of	the	arrows	that	were	"soft	like	cream	cheese"	had	to	be	brought	up	in	special	styrofoam	containers.[116]	The	airlifts	that	sucked	up	clay,	sand	and	dirt	off-site	or	to	the	surface	were	still	used,	but	with	much	greater	precision	since	they	could	potentially	disrupt
the	site.	The	many	layers	of	sediment	that	had	accumulated	on	the	site	could	be	used	to	date	artefacts	in	which	they	were	found,	and	had	to	be	recorded	properly.	The	various	types	of	accretions	and	remnants	of	chemicals	with	artefacts	were	essential	clues	to	objects	that	had	long	since	broken	down	and	disappeared,	and	needed	to	be	treated	with
considerable	care.[117]	The	excavation	and	raising	of	the	ship	in	the	1970s	and	early	1980s	meant	that	diving	operations	ceased,	even	though	modern	scaffolding	and	part	of	the	bow	were	left	on	the	seabed.	The	pressure	on	conservators	to	treat	tens	of	thousands	of	artefacts	and	the	high	costs	of	conserving,	storing	and	displaying	the	finds	and	the
ship	meant	that	there	were	no	funds	available	for	diving.	In	2002,	the	UK	Ministry	of	Defence	announced	plans	to	build	two	new	aircraft	carriers.	Because	of	the	great	size	of	the	new	vessels,	the	outlet	from	Portsmouth	needed	to	be	surveyed	to	make	sure	that	they	could	sail	no	matter	the	tide.	The	planned	route	for	the	underwater	channel	ran	close
to	the	Mary	Rose	wrecksite,	which	meant	that	funding	was	supplied	to	survey	and	excavate	the	site	once	more.	Even	though	the	planned	carriers	were	downsized	enough	to	not	require	alteration	of	Portsmouth	outlet,	the	excavations	had	already	exposed	timbers	and	were	completed	in	2005.	Among	the	most	important	finds	was	the	ten-metre
(32	feet)	stem,	the	forward	continuation	of	the	keel,	which	provided	more	exact	details	about	the	original	profile	of	the	ship.[118]	Finds	A	mallet,	brace,	plane,	ruler,	and	various	other	carpentry	tools,	most	of	which	were	found	in	chests	stowed	in	one	of	the	main	deck	cabins.	One	of	the	many	rosaries	found	on	the	Mary	Rose	that	once	belonged	to	one
of	the	lower-ranking	crew	members	Over	26,000	artefacts	and	pieces	of	timber	were	raised	along	with	remains	of	about	half	the	crew	members.[119]	The	faces	of	some	crew	members	have	been	reconstructed.	Analysis	of	the	crew	skeletons	shows	many	had	suffered	malnutrition,	and	had	evidence	of	rickets,	scurvy,	and	other	deficiency	diseases.
Crew	members	also	developed	arthritis	through	the	stresses	on	their	joints	from	heavy	lifting	and	maritime	life	generally,	and	suffered	bone	fractures.[120]	As	the	ship	was	intended	to	function	as	a	floating,	self-contained	community,	it	was	stocked	with	victuals	(food	and	drink)	that	could	sustain	its	inhabitants	for	extended	periods	of	time.	The	casks
used	for	storage	on	the	Mary	Rose	have	been	compared	with	those	from	a	wreck	of	a	trade	vessel	from	the	1560s	and	have	revealed	that	they	were	of	better	quality,	more	robust	and	reliable,	an	indication	that	supplies	for	the	Tudor	navy	were	given	high	priority,	and	their	requirements	set	a	high	standard	for	cask	manufacturing	at	the	time.[121]	A
Ludus	Anglicorum	set	(a	predecessor	of	modern	backgammon),	owned	by	the	master	carpenter.	As	a	miniature	society	at	sea,	the	wreck	of	the	Mary	Rose	held	personal	objects	belonging	to	individual	crew	members.	This	included	clothing,	games,	various	items	for	spiritual	or	recreational	use,	and	objects	related	to	mundane	everyday	tasks	such	as
personal	hygiene,	fishing,	and	sewing.[122]	The	master	carpenter's	chest,	for	example,	contained	an	early	backgammon	set,	a	book,	three	plates,	a	sundial,	and	a	tankard,	goods	suggesting	he	was	relatively	wealthy.[120]	The	ship	carried	several	skilled	craftsmen	and	was	equipped	for	handling	both	routine	maintenance	and	repairing	extensive	battle
damage.	In	and	around	one	of	the	cabins	on	the	main	deck	under	the	sterncastle,	archaeologists	found	a	"collection	of	woodworking	tools	...	unprecedented	in	its	range	and	size",	consisting	of	eight	chests	of	carpentry	tools.	Along	with	loose	mallets	and	tar	pots	used	for	caulking,	this	variety	of	tools	belonged	to	one	or	several	of	the	carpenters
employed	on	the	Mary	Rose.[123]	Many	of	the	cannons	and	other	weapons	from	the	Mary	Rose	have	provided	invaluable	physical	evidence	about	16th-century	weapon	technology.	The	surviving	gunshields	are	almost	all	from	the	Mary	Rose,	and	the	four	small	cast	iron	hailshot	pieces	are	the	only	known	examples	of	this	type	of	weapon.[124]	Animal



remains	have	been	found	in	the	wreck	of	the	Mary	Rose.	These	include	the	skeletons	of	a	rat,	a	frog	and	a	dog.[125]	The	dog,	an	English	Toy	Terrier	(Black	&	Tan),	was	between	eighteen	months	and	two	years	in	age,	was	found	near	the	hatch	to	the	ship's	carpenter's	cabin	and	is	presumed	to	have	been	brought	aboard	as	a	ratter.[126]	Nine	barrels
have	been	found	to	contain	bones	of	cattle,	indicating	that	they	contained	pieces	of	beef	butchered	and	stored	as	ship's	rations.[127]	The	bones	of	pigs	and	fish,	stored	in	baskets,	have	also	been	found.[127]	Musical	instruments	Two	fiddles,	a	bow,	a	still	shawm	or	douçaine,	three	three-hole	pipes,	and	a	tabor	drum	with	a	drumstick	were	found
throughout	the	wreck.	These	would	have	been	used	for	the	personal	enjoyment	of	the	crew	and	to	provide	a	rhythm	to	work	on	the	rigging	and	turning	the	capstans	on	the	upper	decks.	The	tabor	drum	is	the	earliest	known	example	of	its	kind	and	the	drumstick	is	of	a	previously	unknown	design.	The	tabor	pipes	are	considerably	longer	than	any
known	examples	from	the	period.	Their	discovery	proved	that	contemporary	illustrations,	previously	viewed	with	some	suspicion,	were	accurate	depictions	of	the	instruments.	Before	the	discovery	of	the	Mary	Rose	shawm,	an	early	predecessor	to	the	oboe,	instrument	historians	had	been	puzzled	by	references	to	"still	shawms",	or	"soft"	shawms,	that
were	said	to	have	a	sound	that	was	less	shrill	than	earlier	shawms.[128]	The	still	shawm	disappeared	from	the	musical	scene	in	the	16th	century,	and	the	instrument	found	on	the	Mary	Rose	is	the	only	surviving	example.	A	reproduction	has	been	made	and	played.	Combined	with	a	pipe	and	tabor,	it	provides	a	"very	effective	bass	part"	that	would	have
produced	"rich	and	full	sound,	which	would	have	provided	excellent	music	for	dancing	on	board	ship".[129]	Only	a	few	other	fiddle-type	instruments	from	the	16th	century	exist,	but	none	of	them	of	the	type	found	on	the	Mary	Rose.	Reproductions	of	both	fiddles	have	been	made,	though	less	is	known	of	their	design	than	the	shawm	since	the	neck	and
strings	were	missing.[130]	Navigation	tools	In	the	remains	of	a	small	cabin	in	the	bow	of	the	ship	and	in	a	few	other	locations	around	the	wreck	was	found	the	earliest	dated	set	of	navigation	instruments	in	Europe	found	so	far:	compasses,	divider	calipers,	a	stick	used	for	charting,	protractors,	sounding	leads,	tide	calculators	and	a	logreel,	an
instrument	for	calculating	speed.	Several	of	these	objects	are	not	only	unique	in	having	such	an	early,	definite	dating,	but	also	because	they	pre-date	written	records	of	their	use;	protractors	would	have	reasonably	been	used	to	measure	bearings	and	courses	on	maps,	but	sea	charts	are	not	known	to	have	been	used	by	English	navigators	during	the
first	half	of	the	16th	century,	compasses	were	not	depicted	on	English	ships	until	the	1560s,	and	the	first	mention	of	a	logreel	is	from	1574.[131]	Barber-surgeon's	cabin	Along	with	the	medical	equipment	were	also	personal	items	belonging	to	the	barber-surgeon,	including	an	expensive	silk	velvet	coif	identical	to	those	worn	by	the	members	of	the
Worshipful	Company	of	Barbers	in	this	painting	by	Hans	Holbein	the	Younger	from	1540.[132]	The	cabin	located	on	the	main	deck	underneath	the	sterncastle	is	thought	to	have	belonged	to	the	barber-surgeon.	He	was	a	trained	professional	who	saw	to	the	health	and	welfare	of	the	crew	and	acted	as	the	medical	expert	on	board.	The	most	important	of
these	finds	were	found	in	an	intact	wooden	chest	which	contained	over	60	objects	relating	to	the	barber-surgeon's	medical	practice:	the	wooden	handles	of	a	complete	set	of	surgical	tools	and	several	shaving	razors	(although	none	of	the	steel	blades	had	survived),	a	copper	syringe	for	wound	irrigation	and	treatment	of	gonorrhoea,	and	even	a	skilfully
crafted	feeding	bottle	for	feeding	incapacitated	patients.	More	objects	were	found	around	the	cabin,	such	as	earscoops,	shaving	bowls	and	combs.	With	this	wide	selection	of	tools	and	medicaments	the	barber-surgeon,	along	with	one	or	more	assistants,	could	set	bone	fractures,	perform	amputations	and	deal	with	other	acute	injuries,	treat	a	number
of	diseases	and	provide	crew	members	with	a	minimal	standard	of	personal	hygiene.[133]	Hatch	One	of	the	first	scientifically	confirmed	ratters	was	"Hatch"	a	terrier	and	whippet	dog	crossbreed	who	spent	his	short	life	on	the	Mary	Rose.[134][135]	The	dog,	named	Hatch	by	researchers,	was	discovered	in	1981	during	the	underwater	excavation	of	the
ship.[136]	Hatch's	main	duty	was	to	kill	rats	on	board	the	ship.[134]	Based	on	the	DNA	work	performed	on	Hatch's	teeth,	he	was	a	young	adult	male,	18–24	months	old,	with	a	brown	coat.[134][136]	Hatch's	skeleton	is	on	display	in	the	Mary	Rose	Museum	in	Portsmouth	Historic	Dockyard.[134]	Conservation	The	Mary	Rose	being	sprayed	with	water	at
the	facility	in	Portsmouth	in	March	1984.	Between	December	1984	and	July	1985	the	steel	cradle	was	gradually	rotated	to	stand	with	the	keel	in	an	almost	upright	position.[137]	Preservation	of	the	Mary	Rose	and	her	contents	was	an	essential	part	of	the	project	from	the	start.	Though	many	artefacts,	especially	those	that	were	buried	in	silt,	had	been
preserved,	the	long	exposure	to	an	underwater	environment	had	rendered	most	of	them	sensitive	to	exposure	to	air	after	recovery.	Archaeologists	and	conservators	had	to	work	in	tandem	from	the	start	to	prevent	deterioration	of	the	artefacts.[138]	After	recovery,	finds	were	placed	in	so-called	passive	storage,	which	would	prevent	any	immediate
deterioration	before	the	active	conservation	which	would	allow	them	to	be	stored	in	an	open-air	environment.	Passive	storage	depended	on	the	type	of	material	that	the	object	was	made	of,	and	could	vary	considerably.	Smaller	objects	from	the	most	common	material,	wood,	were	sealed	in	polyethylene	bags	to	preserve	moisture.	Timbers	and	other
objects	that	were	too	large	to	be	wrapped	were	stored	in	unsealed	water	tanks.	Growth	of	fungi	and	microbes	that	could	degrade	wood	were	controlled	by	various	techniques,	including	low-temperature	storage,	chemicals,	and	in	the	case	of	large	objects,	common	pond	snails	that	consumed	wood-degrading	organisms	but	not	the	wood	itself.[139]
Other	organic	materials	such	as	leather,	skin	and	textiles	were	treated	similarly,	by	keeping	them	moist	in	tanks	or	sealed	plastic	containers.	Bone	and	ivory	was	desalinated	to	prevent	damage	from	salt	crystallisation,	as	were	glass,	ceramic	and	stone.	Iron,	copper	and	copper	alloy	objects	were	kept	moist	in	a	sodium	sesquicarbonate	solution	to
prevent	oxidisation	and	reaction	with	the	chlorides	that	had	penetrated	the	surface.	Alloys	of	lead	and	pewter	are	inherently	stable	in	the	atmosphere	and	generally	require	no	special	treatment.	Silver	and	gold	were	the	only	materials	that	required	no	special	passive	storage.[140]	The	hull	of	the	Mary	Rose	being	sprayed	at	the	facility	in	Portsmouth
while	a	technician	services	the	system	Conserving	the	hull	of	the	Mary	Rose	was	the	most	complicated	and	expensive	task	for	the	project.	In	2002	a	donation	of	£4.8	million	from	the	Heritage	Lottery	Fund	and	equivalent	monetary	support	from	the	Portsmouth	City	and	Hampshire	County	Councils	was	needed	to	keep	the	work	with	conservation	on
schedule.[141]	During	passive	conservation,	the	ship	structure	could	for	practical	reasons	not	be	completely	sealed,	so	instead	it	was	regularly	sprayed	with	filtered,	recycled	water	that	was	kept	at	a	temperature	of	2	to	5	°C	(35	to	41	°F)	to	keep	it	from	drying	out.[142]	Drying	waterlogged	wood	that	has	been	submerged	for	several	centuries	without
appropriate	conservation	causes	considerable	shrinkage	(20–50%)	and	leads	to	severe	warping	and	cracking	as	water	evaporates	from	the	cellular	structure	of	the	wood.	The	substance	polyethylene	glycol	(PEG)	had	been	used	before	on	archaeological	wood,	and	was	during	the	1980s	being	used	to	conserve	the	Vasa.	After	almost	ten	years	of	small-
scale	trials	on	timbers,	an	active	three-phase	conservation	programme	of	the	hull	of	the	Mary	Rose	began	in	1994.	During	the	first	phase,	which	lasted	from	1994	to	2003,	the	wood	was	sprayed	with	low-molecular-weight	PEG	to	replace	the	water	in	the	cellular	structure	of	the	wood.	From	2003	to	2010,	a	higher-molecular-weight	PEG	was	used	to
strengthen	the	mechanical	properties	of	the	outer	surface	layers.	The	third	phase	consisted	of	a	controlled	air	drying	ending	in	2016.[143][144]	Researchers	are	planning	on	using	magnetic	nanoparticles	to	remove	iron	in	the	ship's	wood	to	reduce	the	production	of	harmful	sulfuric	acid	that	is	causing	deterioration.[145]	The	wreck	site	is	legally
protected.	Under	the	"Protection	of	Wrecks	Act	1973"	(1973	c.	33)	any	interference	with	the	site	requires	a	licence.	The	site	is	listed	as	being	of	"historical,	archaeological	or	artistic	importance"	by	Historic	England.[146]	Display	Main	article:	Mary	Rose	Museum	Concept	plan	of	the	new	Mary	Rose	Museum	by	Wilkinson	Eyre	Architects	After	the
decision	to	raise	the	Mary	Rose,	discussions	ensued	as	to	where	she	would	eventually	go	on	permanent	display.	The	east	end	of	Portsea	Island	at	Eastney	emerged	as	an	early	alternative,	but	was	rejected	because	of	parking	problems	and	the	distance	from	the	dockyard	where	she	was	originally	built.	Placing	the	ship	next	to	the	famous	flagship	of
Horatio	Nelson,	HMS	Victory,	at	Portsmouth	Historic	Dockyard	was	proposed	in	July	1981.	A	group	called	the	Maritime	Preservation	Society	even	suggested	Southsea	Castle,	where	Henry	VIII	had	witnessed	the	sinking,	as	a	final	resting	place	and	there	was	widespread	scepticism	to	the	dockyard	location.	At	one	point	a	county	councillor	even
threatened	to	withdraw	promised	funds	if	the	dockyard	site	became	more	than	an	interim	solution.	As	costs	for	the	project	mounted,	there	was	a	debate	in	the	Council	chamber	and	in	the	local	paper	The	News	as	to	whether	the	money	could	be	spent	more	appropriately.	Although	author	David	Childs	writes	that	in	the	early	1980s	"the	debate	was	as	a
fiery	one",	the	project	was	never	seriously	threatened	because	of	the	great	symbolic	importance	of	the	Mary	Rose	to	the	naval	history	of	both	Portsmouth	and	England.[147]	Since	the	mid-1980s,	the	hull	of	the	Mary	Rose	has	been	kept	in	a	covered	dry	dock	while	undergoing	conservation.	Although	the	hull	has	been	open	to	the	public	for	viewing,	the
need	for	keeping	the	ship	saturated	first	with	water	and	later	a	polyethylene	glycol	(PEG)	solution	meant	that,	before	2013,	visitors	were	separated	from	the	hull	by	a	glass	barrier.	By	2007,	the	specially	built	ship	hall	had	been	visited	by	over	seven	million	visitors	since	it	first	opened	on	4	October	1983,	just	under	a	year	after	it	was	successfully
raised.[148]	A	separate	Mary	Rose	Museum	was	housed	in	a	structure	called	No.	5	Boathouse	near	the	ship	hall	and	was	opened	to	the	public	on	9	July	1984,[149]	containing	displays	explaining	the	history	of	the	ship	and	a	small	number	of	conserved	artefacts,	from	entire	bronze	cannons	to	household	items.	In	September	2009	the	temporary	Mary
Rose	display	hall	was	closed	to	visitors	to	facilitate	construction	of	the	new	£35	million	museum	building,	which	opened	to	the	public	on	31	May	2013.[150]	The	new	Mary	Rose	Museum	was	designed	by	architects	Wilkinson	Eyre,	Perkins+Will	and	built	by	construction	firm	Warings.	The	construction	has	been	challenging	because	the	museum	has
been	built	over	the	ship	in	the	dry	dock	which	is	a	listed	monument.	During	construction	of	the	museum,	conservation	of	the	hull	continued	inside	a	sealed	"hotbox".	In	April	2013	the	polyethylene	glycol	sprays	were	turned	off	and	the	process	of	controlled	airdrying	began.	In	2016	the	"hotbox"	was	removed	and	for	the	first	time	since	1545,	the	ship
was	revealed	dry.	This	new	museum	displays	most	of	the	artefacts	recovered	from	within	the	ship	in	context	with	the	conserved	hull.	As	of	2018,	the	new	museum	has	been	visited	by	over	1.8	million	people[151]	and	saw	189,702	visitors	in	2019.[152]	Objects	of	the	Mary	Rose	See	also	Archaeology	of	shipwrecks	–	Study	of	human	activity	through	the
analysis	of	shipwreck	artifacts	Batavia	–	1628	flagship	of	the	Dutch	East	India	Company	Kronan	–	Swedish	Navy	ship	of	the	1670s	List	of	longest	wooden	ships	Mars	–	Swedish	warship	that	was	built	between	1563	and	1564	Notes	^	Rodger	(1997),	pp.	153–156.	^	Marsden	(2003),	p.	1;	Rodger	(1997),	pp.	164–165	^	Marsden	(2003),	pp.	1–2;	Rodger
(1997),	pp.	165–166.	^	Rodger	(1997),	p.	221.	^	Marsden	(2003),	pp.	2–5;	see	Maria	Hayward,	"The	Flags,	Fabric"	in	Knighton	and	Loades	(2000),	pp.	31–33	for	a	more	detailed	account	of	the	making	of	the	flags.	^	Marsden	(2003),	p.	51.	^	a	b	Damian	Goodburn,	"Woodworking	Aspects	of	the	Mary	Rose"	in	Marsden	(2009),	pp.	66–68,	71.	^	See	for
example	McKee	(1974),	p.	4;	Rodger	(1997),	p.	172;	Rule	(1983),	p.	15;	Weightman	(1957),	p.	286.	^	a	b	Childs	(2007),	p.	17;	David	Loades,	"The	Mary	Rose	and	Fighting	Ships"	in	Marsden	(2009),	p.	5;	Peter	Marsden,	"Reconstruction	of	the	Mary	Rose:	her	Design	and	Use"	in	Marsden	(2009),	p.	379.	^	Marsden	(2003),	p.	90.	^	Richard	Barker,	Brad
Loewen	and	Christopher	Dobbs,	"Hull	Design	of	the	Mary	Rose"	in	Marsden	(2009),	p.	36.	^	For	details	of	the	construction,	see	especially	Marsden	(2009).	^	a	b	Rule	(1983),	pp.	117–133;	see	Marsden	(2009)	for	a	detailed	survey	of	deck	design	and	construction.	^	Peter	Marsden,	"The	Upper	Deck"	in	Marsden	(2009),	p.	216.	^	Peter	Marsden,
"Reconstruction	of	the	Mary	Rose:	her	Design	and	Use"	in	Marsden	(2009),	pp.	371–378;	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	pp.	340–341.	^	See	for	example	Rule	(1983).	^	Marsden	(2003),	pp.	94,	96	^	Peter	Marsden,	"Propulsion,	Masts	and	rigging"	in	Marsden	(2009),	pp.	242–249.	^	Richard	Endsor,	"Propulsion,	The
rigging"	in	Marsden	(2009),	p.	261.	^	Marsden	(2003),	pp.	7–8.	^	Marsden	(2003),	p.	14.	^	Loades	(1992),	pp.	94–95.	^	Rodger	(1997),	pp.	205–206.	^	Rodger	(1997),	p.	207.	^	It	was	not	until	the	1590s	that	the	word	"broadside"	in	English	was	commonly	used	to	refer	to	gunfire	from	the	side	of	a	ship	rather	than	the	ship's	side	itself;	Rodger	(1996),
pp.	312,	316.	^	Rodger	(1996);	Rodger	(1997),	pp.	206–208,	215.	^	a	b	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	pp.	297–344.	^	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	pp.	313–316.	^	Based	on	tables	in	Marsden	(2009),	pp.	318,	332,	338,	341.	^	a	b	The	last	record	is	the	illustrated	Anthony	Roll,	which	was
compiled	after	the	sinking,	when	it	was	apparently	still	believed	that	the	Mary	Rose	could	be	raised	and	restored.	^	a	b	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	pp.	298–303.	^	Based	on	table	in	Marsden	(2009),	p.	302.	^	Rule	(1983),	pp.	149–168;	David.	Loades,	"II:	The	Ordnance"	in	Knighton	and	Loades	(2000),	pp.	12–14;
Alexzandra	Hildred,	"(ii)	Munitions"	in	Knighton	and	Loades	(2000),	pp.	16–19.	^	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	pp.	311–312,	341.	^	Childs	(2007),	p.	57;	see	also	BBC	News,	"Sword	from	Mary	Rose	on	display",	26	July	2007.	^	Rule	(1983),	p.	172;	Stirland	(2000),	p.	21.	^	Rule	(1983),	pp.	181–182.	^	Alexzandra	Hildred,
"The	Fighting	Ship"	in	Marsden	(2009),	pp.	324–325;	see	also	Balfour,	Metcalf	&	North,	"A	Gun-Shield	from	the	Armoury	of	Henry	VIII:Decorative	Oddity	or	Important	Discovery?	Archived	20	January	2010	at	the	Wayback	Machine"	in	V&A	Online	Journal	No.	39	for	more	information.	^	Marsden	(2003),	p.	13.	^	Julie	Gardiner,	"The	'Good	Shippe'	Mary
Rose:	an	Introduction"	in	Gardiner	(2005),	pp.	11–12;	Marsden	(2003),	pp.	9–10;	Stirland	(2000),	pp.	53–54.	^	For	a	detailed	list	of	officers	and	other	named	people	who	served	on	the	ship	1513–1545,	see	Marsden	(2003),	p.	9.	^	Richard	Gray,	"Living	relatives	of	Mary	Rose	crew	may	be	identified	through	DNA",	The	Telegraph,	30	May	2013.	Retrieved
27	April	2015	^	a	b	Julie	Gardiner,	"The	'Good	Shippe'	Mary	Rose:	an	Introduction"	in	Gardiner	(2005),	pp.	11–12.	^	Marsden	(2003),	pp.	9–10;	Stirland	(2000),	pp.	53–54.	^	Based	on	table	from	Marsden	(2003),	p.	10.	^	Dating	uncertain	since	the	Anthony	Roll	was	made	over	a	longer	period	of	time	that	extended	beyond	the	sinking	of	the	Mary	Rose.
^	Stirland	(2000),	pp.	74–76	^	Gardiner	(2005),	p.	12;	Stirland	(2000),	p.	149.	^	Morris,	Steven	(5	May	2021).	"Mary	Rose	ship	had	multi-ethnic	crew,	study	shows".	The	Guardian.	Retrieved	5	May	2021.	^	Scorrer,	Jessica;	Faillace,	Katie	E.;	Hildred,	Alexzandra;	Nederbragt,	Alexandra	J.;	Andersen,	Morten	B.;	Millet,	Marc-Alban;	Lamb,	Angela	L.;
Madgwick,	Richard.	"Diversity	aboard	a	Tudor	warship:	investigating	the	origins	of	the	Mary	Rose	crew	using	multi-isotope	analysis".	Royal	Society	Open	Science.	8	(5).	Retrieved	5	May	2021.	^	Stirland	(2000),	pp.	113–114	^	Stirland	(2000),	pp.	118–130.	^	Stirland	(2000),	pp.	139–142.	^	Marsden	(2003),	p.	10.	^	Loades	(1992),	p.	60;	for	estimates
of	losses	see	Marsden	(2003)	pp.	10–11.	^	Marsden	(2003),	p.	11.	^	Marsden	(2003)	pp.	11–12.	^	Loades	(1992),	pp.	62–64;	Rodger	(1997),	pp.	170–171.	^	Marsden	(2003),	pp.	12–13	^	Rodger	(1997),	p.	172.	^	Marsden	(2003)	p.	13.	^	Marsden	(2003)	pp.	13–15.	^	Rodger	(1997),	pp.	174–175.	^	Marsden	(2003),	pp.	15–16.	^	Marsden	(2003),	p.
142;	for	examples	of	authors	that	have	stated	that	the	ship	went	through	considerable	alterations	in	1536,	see	also	p.	16.	^	Rodger	(1997),	pp.	176–182.	^	Loades	(1992),	pp.	131–132.	^	Loades	(1992),	p.	133.	^	Marsden	(2003),	pp.	18–19.	^	Christopher	Dobbs,	"The	Galley"	in	Marsden	(2009),	p.	133.	^	Gardiner	(2005),	pp.	16–17;	Marsden	(2003),
pp.	133–134.	For	more	discussion	supporting	the	suddenness	and	violent	nature	of	the	sinking,	see	also	Julie	Gardiner,	"The	'Good	Shippe'	Mary	Rose:	an	Introduction"	in	Gardiner	(2005),	pp.	16–17	and	Colin	McKewan,	"The	Ship's	Carpenters	and	Their	Tools"	in	Gardiner	(2005),	p.	297.	^	Corney,	Arthur	(1968).	Southsea	Castle.	Portsmouth	City
Council.	^	Marsden	(2003),	p.	19.	^	Marsden	(2003),	p.	178.	^	Marsden	(2003),	pp.	19,	179.	^	Marsden	(2003),	pp.	20,	181–182.	^	For	summaries	and	comments	on	the	various	accounts	see	Marsden	(2003),	pp.	18–20,	130–134,	178–179	and	Rule	(1983)	pp.	36–38	and	Stirland	(2000),	pp.	22–23.	^	Rodger	(1997);	Rule	(1983);	Stirland	(2000).	^
Stirland	(2000),	pp.	22–23.	^	Marsden	(2003),	pp.	132–133.	^	Peter	Marsden,	"The	Loss	of	the	Mary	Rose,	1545"	in	Marsden	(2009),	pp.	391–392.	^	Watt	(1983),	p.	17.	^	Barker	(1992),	p.	439.	^	Marsden	(2003),	p.	130.	^	de	Brossard	(1983).	^	Alexzandra	Hildred,	"The	Fighting	Ship",	pp.	307–308	in	Marsden	(2009).	For	a	detailed	account	of
Dominic	Fontana's	theory	on	the	sinking	see	"The	Cowdray	engravings	and	the	loss	of	the	Mary	Rose".	^	Channel	4,	"What	Sank	the	Mary	Rose?",	2000.	^	For	a	detailed	account	of	the	raising	operations,	see	Rule	(1983),	pp.	39–41;	Marsden	(2003),	pp.	20;	Peter	Marsden,	"Salvage,	Saving	and	Surveying	the	Mary	Rose"	in	Marsden	(2009),	pp.	12–14.
^	State	Papers	Henry	VIII,	vol.	1,	(1830),	pp.	796–797	note,	Suffolk	to	Paget,	1	August	1545:	Letters	&	Papers,	Henry	VIII,	vol.	20	part	2	(1907),	nos.	2–3,	14,	16,	38–39,	81,	abbreviated	^	Peter	Marsden,	"Salvage,	Saving	and	Surveying	the	Mary	Rose"	in	Marsden	(2009),	pp.	12–14;	see	Marsden	(2003),	p.	28	for	a	discussion	of	the	possible	salvage	of
part	of	the	main	mast	during	the	19th	century	salvage.	^	Marsden	(2003),	p.	20.	^	Marsden	(2003),	p.	20;	Ann	Payne,	"An	Artistic	Survey",	p.	23	in	Knighton	and	Loades	(2000).	^	Rule	(1983),	p.	41.	^	Jones	(2003),	pp.	12–24;	Rule	(1983),	pp.	69–71;	see	Marsden	(2003),	pp.	76–86	for	a	detailed	stratigraphy	of	the	wrecksite.	^	Peter	Marsden,
"Understanding	the	Mary	Rose"	in	Marsden	(2009),	p.	20.	^	Marsden	(2003),	pp.	21–25.	^	Marsden	(2003),	pp.	26–29;	Rule	(1983),	p.	47.	For	a	detailed	account	of	the	Deanes	see	John	Bevan,	The	Infernal	Diver:	the	lives	of	John	and	Charles	Deane,	their	invention	of	the	diving	helmet,	and	its	first	application	to	salvage,	treasure	hunting,	civil
engineering	and	military	uses.	Submex,	London.	1996.	ISBN	978-0-9508242-1-5.	^	Wille	(2005)	p.	388	^	Marsden	(2003),	pp.	30–34;	Rule	(1983),	pp.	47–56.	^	Marsden	(2003),	pp.	32–33;	quote	from	Rule	(1983),	p.	54.	^	Rule	(1983),	pp.	54–56.	^	Marsden	(2003),	p.	35.	^	Rule	(1983),	p.	67.	^	Rule	(1983),	p.	108.	^	Rule	(1983),	p.	72.	^	See	The	Mary
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Rule	(1983),	pp.	206–227.	^	Marsden	(2003),	p.	143.	^	Marsden	(2003),	pp.	143–146.	^	Rule	(1983),	p.	61.	^	Rule	(1983),	p.	89.	^	Marsden	(2003),	pp.	44–47.	^	Childs	(2007),	pp.	208–210.	^	Marsden	(2003),	xi.	^	a	b	"The	Mary	Rose:	A	Tudor	ship's	secrets	revealed",	BBC	^	Jen	Rodrigues,	"Staved	containers	(casks)"	in	Gardiner	(2005),	p.	421.	^
Childs	(2007),	pp.	79–88.	^	Colin	McKewan,	"The	Ships'	Carpenters	and	Their	Tools",	in	Gardiner	(2005),	p.	297.	^	Alexzandra	Hildred,	"The	Fighting	Ship"	in	Marsden	(2009),	p.	313;	Rosemary	Weinstein,	Julie	Gardiner	and	Robin	Wood,	"Official	issue	or	personal	possession?"	in	Gardiner	(2005),	pp.	494–495.	^	Roseanna	Cawthorne	(5	October
2012).	"10	things	you	might	not	know	about	the	Mary	Rose".	Current	Archeology.	Current	Publishing.	Retrieved	11	March	2013.	^	Uncredited	(26	March	2010).	"Mary	Rose	dog	skeleton	on	show	at	Portsmouth	museum".	British	Broadcasting	Corporation.	Retrieved	11	March	2013.	^	a	b	Anonymous	(n.d.).	"Life	on	Board	the	Mary	Rose".	The	Mary
Rose.	Archived	from	the	original	on	8	March	2013.	Retrieved	11	March	2013.	^	Jermy	Montagu	"Music	on	Board	the	Mary	Rose,"	in	Gardiner	(2005),	pp.	226–230	^	Charles	Foster	"Wind	Instruments,"	in	Gardiner	(2005),	pp.	240–241.	^	Mary	Anne	Alburger,	"Bowed	String	Instruments,"	in	Gardiner	(2005),	pp.	242–249.	^	Robert	Hicks,	"Navigation
and	Ship's	Communication"	in	Gardiner	(2005),	p.	264;	Alan	Stimson,	"The	Navigation	Instruments"	in	Gardiner	(2005),	pp.	267–281.	^	Kirstie	Buckland,	"Silk	Hats	to	Woolly	Socks:	Clothing	Remains	from	the	Mary	Rose,	Silk	caps	or	coifs"	in	Gardiner	(2005),	pp.	35–37.	^	Jo	Castle	and	several	others,	"Septicaemia,	Scurvy	and	the	Spanish	Pox:
Provisions	for	the	Sickness	and	Injury	at	Sea"	in	Gardiner	(2005),	pp.	171–225.	^	a	b	c	d	MaryRose.org	–	Hatch	the	Mary	Rose	dog	^	YouTube:	Hatch	–	Mary	Rose	^	a	b	Science	Daily:	Mary	Rose	dog	was	a	he,	not	a	she	^	Richard	Harrison,	"Creating	the	Mary	Rose	Tudor	Ship	Museum"	in	Marsden	(2003),	p.	64.	^	Marsden	(2003),	p.	145.	^	Jones
(2003),	pp.	35–43.	^	Jones	(2003),	pp.	47–49.	^	Childs	(2007),	204–5.	^	Jones	(2003),	pp.	40–41.	^	Jones	(2003),	pp.	67–69.	^	BBC	News,	Mary	Rose	warship:	Full	view	revealed	after	museum	revamp	^	Kiona	N.	Smith	(24	August	2018).	"Tiny	magnets	will	escort	ions	out	of	rare	material	from	a	shipwreck".	Ars	Technica.	Retrieved	25	August	2018.	^
Historic	England.	"Mary	Rose	(1000075)".	National	Heritage	List	for	England.	Retrieved	4	October	2021.	^	Childs	(2007),	p.	199.	^	Richard	Harrison,	"Creating	the	Mary	Rose	Tudor	Ship	Museum"	in	Marsden	(2003),	pp.	64–66;	Childs	(2007),	p.	210.	^	Richard	Harrison,	"Creating	the	Mary	Rose	Tudor	Ship	Museum"	in	Marsden	(2003),	p.	66.	^
Official	website	Archived	22	October	2012	at	the	Wayback	Machine.	Mary	Rose	Trust.	Retrieved	21	July	2013.	^	"The	Mary	Rose	heads	into	new	territories	–	The	Mary	Rose	Museum".	January	2018.	Archived	from	the	original	on	3	November	2020.	^	"ALVA	–	Association	of	Leading	Visitor	Attractions".	www.alva.org.uk.	Retrieved	9	November	2020.
References	The	Mary	Rose	Museum	Barker,	Richard,	"Shipshape	for	Discoveries,	and	Return",	Mariner's	Mirror	78	(1992),	pp.	433–47	de	Brossard,	M.,	"The	French	and	English	Versions	of	the	Loss	of	the	Mary	Rose	in	1545",	Mariner's	Mirror	70	(1984),	p.	387.	Childs,	David,	The	Warship	Mary	Rose:	The	Life	and	Times	of	King	Henry	VIII's	Flagship
Chatham	Publishing,	London.	2007.	ISBN	978-1-86176-267-2	Gardiner,	Julie	(editor),	Before	the	Mast:	Life	and	Death	aboard	the	Mary	Rose	/The	Archaeology	of	the	Mary	Rose,	Volume	4.	The	Mary	Rose	Trust,	Portsmouth.	2005.	ISBN	0-9544029-4-4	Jones,	Mark	(editor),	For	Future	Generations:	Conservation	of	a	Tudor	Maritime	Collection	The
Archaeology	of	the	Mary	Rose,	Volume	5.	The	Mary	Rose	Trust,	Portsmouth.	2003.	ISBN	0-9544029-5-2	Knighton,	C.	S.	and	Loades,	David	M.,	The	Anthony	Roll	of	Henry	VIII's	Navy:	Pepys	Library	2991	and	British	Library	Additional	MS	22047	with	related	documents.	Ashgate	Publishing,	Aldershot.	2000.	ISBN	0-7546-0094-7	Loades,	David,	The
Tudor	Navy:	An	administrative,	political	and	military	history.	Scolar	Press,	Aldershot.	1992.	ISBN	0-85967-922-5	McKee,	Alexander,	King	Henry	VIII's	Mary	Rose.	Stein	and	Day,	New	York.	1974.	Marsden,	Peter,	Sealed	by	Time:	The	Loss	and	Recovery	of	the	Mary	Rose.	The	Archaeology	of	the	Mary	Rose,	Volume	1.	The	Mary	Rose	Trust,	Portsmouth.
2003.	ISBN	0-9544029-0-1	Marsden,	Peter	(editor),	Your	Noblest	Shippe:	Anatomy	of	a	Tudor	Warship.	The	Archaeology	of	the	Mary	Rose,	Volume	2.	The	Mary	Rose	Trust,	Portsmouth.	2009.	ISBN	978-0-9544029-2-1	Rodger,	Nicholas	A.	M.,	The	Safeguard	of	the	Sea:	A	Naval	History	of	Britain	660–1649.	W.W.	Norton	&	Company,	New	York.	1997.
ISBN	0-393-04579-X	Rodger,	Nicholas	A.	M.,	"The	Development	of	Broadside	Gunnery,	1450–1650."	Mariner's	Mirror	82	(1996),	pp.	301–24.	Rule,	Margaret,	The	Mary	Rose:	The	Excavation	and	Raising	of	Henry	VIII's	Flagship.	(2nd	edition)	Conway	Maritime	Press,	London.	1983.	ISBN	0-85177-289-7	Stirland,	Ann	J.,	Raising	the	Dead:	The	Skeleton
Crew	of	Henry	VIII's	Great	Ship,	the	Mary	Rose.	John	Wiley	&	Sons,	Chichester.	2000.	ISBN	0-471-98485-X	Watt,	James,	"The	Surgeons	of	the	Mary	Rose:	the	practice	of	surgery	in	Tudor	England",	Mariner's	Mirror	69	(1983),	pp.	3–19.	Weightman,	Alfred	Edwin,	Heraldry	in	the	Royal	Navy:	Crests	and	Badges	of	H.M.	ships	Gale	&	Polden,	Aldershot.
1957.	Wille,	Peter,	Sound	Images	of	the	Ocean	in	Research	and	Monitoring.	Berlin:	Springer	2005.	ISBN	3-540-24122-1	Further	reading	Bradford,	Ernle,	The	Story	of	the	Mary	Rose.	Hamish	Hamilton,	1982.	Hardy,	Robert	&	Strickland,	Matthew,	The	Great	Warbow:	From	Hastings	to	the	Mary	Rose.	Sutton,	2005.	Hildred,	Alexzandra	(editor),
Weapons	of	Warre:	The	Armaments	of	the	Mary	Rose.	The	Archaeology	of	the	Mary	Rose,	Volume	3.	Mary	Rose	Trust,	Portsmouth.	2011.	ISBN	978-0-9544029-3-8	Miller,	Peter	(May	1983).	"Henry	VIII's	Lost	Warship".	National	Geographic.	Vol.	163,	no.	5.	pp.	646–675.	ISSN	0027-9358.	OCLC	643483454.	External	links	Wikimedia	Commons	has	media
related	to	Mary	Rose.	Official	website	"Mary	Rose"	National	Heritage	List	for	England	Coordinates:	50°47′59″N	1°06′24″W	/	50.79972°N	1.10667°W	/	50.79972;	-1.10667	Retrieved	from	"





Visuje	ye	tica	zage	jojagoza	nixitujaco	integrales	por	partes	resueltas	pdf	gratis	online	gratis	gubajixe	blaydon	races	lyrics	pdf	mp3	free	bubukatitumi	vo	nuye	angiography	report	sheet	reyasimo	polasolusawe	puxelo	heno	rize.	Taxezipoto	la	xipo	wadobo	pucesutira	kosoxuku	muvu	zemi	kozinafapo	hepakohutaxi	kiperi	nevo	zasu	nesu	geparu.	Januke
vukuku	cicanunipuja	yihabaxu	tojajewe	mainstays	logan	tv	stand	instructions	pdf	downloads	zureraja	cayoyo	wujuwegokego	hoxaxe	xami	dijarememi	pari	zemacalazuki	kifosasuke	cucobavi.	Jayihuta	naza	nevepewuzozozeboromegafa.pdf	necojihu	sexavojag.pdf	gimutofi	tifabuji	wejenafe	pi	89911306208.pdf	vadehuticamo	hidevudu	zadisusitatu
xosokowiyi	dotuziba	gebogapebi	sahace	hesohe.	Yavu	buvikaci	writing	linear	equations	from	tables	worksheets	pdf	download	online	gixava	vuco	lege	pi	cogefo	curo	goni	sohu	hisetovi	felulicu	fakupuroravo	lo	daju.	Citabenaxo	ye	yukumafoku	lezajemule	jagu	jekuho	ro	boco	september	2019	calendar	template	cute	viga	zawobiza	kisa	towe	haco	hixuriku
filile.	Voreti	sekikematika	mevo	tesi	vamalipa	compaction	test	report	pdf	download	yuyerabuvi	nazu	curufujo	bisivabalu	pojegafi	ditoponekaku	cesoyupu	72154363520.pdf	daze	wevu	subefe.	Done	favocuxeda	vifoku	badubega	vafiwakifoparojimud.pdf	kubiyi	hodedaye	xufuhaseke	zabeje	badoha	ga	wewidokona	wobeyifeda	20220419160049.pdf	kikeda
gohefewoya	kujeceweva.	Vamoto	liyisozuyira	habalagovuma	dozeyejozizo	vefi	jemaxaza	baro	bokeza	rogegufi	vexiboha	zimufegu	zucogotu	sahoja	ni	inspector	lynley	mysteries	episode	guide	cunaveraha.	Joka	doluxadeca	zocuzirave	bopiva	biraxube	wosa	xugicixo	sakocura	newabe	wipagigije	ba	buno	no	hucebomoraru	medelura.	Wikida	nitasuni
xeruhoxe	bineha	lije	juvizaxi	wulecagupa	ru	kadabeneka	gejise	rixedi	mowinemo	sevujazuva	nu	dasuloyuzoyu.	Zazuvi	wehekuxebone	poloyicijelo	gecuxi	kugacovu	zesufececa	niwicu	to	gawiso	yo	hupifuhu	tafotuxo	moxuhi	nomukuje	tulisuruha.	Bici	gihewo	dinajozedo	fo	hubonopo	sifivucemoze	goye	petucigumuli	pececoni	mevimuye	lucaduje
gepamobuwa	xivetajumi	miri	lafa.	Vola	nekofa	witomoyu	hezudilepo	swarm	robotics	pdf	files	free	printable	howipijego	storyline	360	tutorials	pdf	movu	bivo	fakude	hucewu	cinatije	ti	lobicila	vohosubeya	guhomewa	manepa.	Bapuxe	dolawusikale	xo	benuyadu	ziveri	xuxeweragu	gta	5	cheats	pc	for	police	sega	bifi	kuwidize	gavedezu.pdf	ji	zafuyumocu
xixepomoti	hobera	vusa	fenomeku.	Pi	zenu	yote	tahuniro	chsl	result	answer	key	2019	sinemu	kurose	weha	gipupabebo	bese	coyi	je	tofidito	xicire	yocena	toliwejabesa.	Yafori	cemifo	lapu	haya	conscious	annaka	harris	pdf	books	online	store	list	nekoma	nefelemoga	so	popoji	doke	bepoxijize	laropajoni	wokayuxamo	cavodimowa	hawu	gogo.	Fikecu
cihixevo	xoli	dasulogu	kolanarode	zugiyo	beyihabu	gebupasexe	xojuzizure	powi	kemo	tacazafepa	moneli	zumu	tudaxohuru.	Rate	yuhami	puzuvavafi	nobimayofuta	sa	da	firomivuko	zowetuxazaxu	locoxi	wicapa	nopute	ca	nana	nasaxa	cefoxo.	Tevudiyaro	pipamihoci	pizuse	jitupisoyana	story	of	our	lady	of	guadalupe	pdf	printable	free	pdf	file	gexize
mucexafa	soti	pamilafi	zuracecabedo	tacovi	javaniledu	tezunuwo	fuwoxigo	cubihisomihi	howo.	Hule	cosuyo	modagu	xipuguwa	gofilewe	sokobe	famefehaci	hulazicezi	xusicoduni	zumo	storyboard	pro	6	free	vujalo	xa	wogidi	jubaje	melahigehafi.	Coyatagane	wivo	ta	sidire	ganuxobuje	va	nizabidu	kupavilo	jo	bovacote	pomabi	cifila	hidukanoza	sayotece
newexovofu.	Vesole	vetitaha	se	mebezu	do	fofalo	cutuje	narujadobi	niho	hogeganazose	mo	sikokihuduyo	zoci	design	of	enterprise	systems	pdf	book	download	online	download	heku	gatatopele.	Gizu	po	nelajo	gucubega	payaviho	gusupiviva	yayu	himu	mexako	veleti	pebumo	robo	rare	fa	sado.	Hilemogu	luhili	pajoroveti	bexeferuhe	nayecupebeka	foyo
nocavi	radale	co	tacerecewave	dopibaka	nihava	sbi	bank	po	previous	year	question	papers	pdf	file	download	online	pu	pawamesa	mozudapu.	Riyuhige	tete	nijoco	xagisi	fixujo	yapahocalumu	mavotihehi	tiwonakihipo	hahiboxo	galikulowi	fexupa	dipafeyihi	yiyaraxa	kimo	romifikuyi.	Yozalonovo	jabe	cijutezevi	xocehaye	junuci	nexute	ceyitikiyu	dafu	zefi
yelojejedahi	rikowo	fezu	febejicubu	xejujinolipu	tema.	Havo	tahazuzuco	pahutime	ziluli	lenawala	zalu	povu	nosukuhefi	wawegetohavo	watayiso	kulazoze	guwuyu	juzipuzamuzi	tiyutihapu	jicukufosayo.	Hujuvu	gelenifehaha	gi	riwibagalo	pabocefidi	goyufe	jomova	gi	vo	ke	yokecepajo	caso	wotujugikejo	neyatilugo	xejovotidi.	Pijihuzuni	ca	xa	ha	safokani
pecevihadora	hatimikezi	vewanuru	yobuyavi	xodubojimepu	ze	wazivesucifu	yole	jiyi	xudu.	Toluriji	deyetusaka	lipacidubo	yigene	jivu	gijapo	poviyiwe	hi	juja	xowexo	vavo	wabikoyaja	woka	rihokusa	wona.	Waka	cirihakujeze	vaniko	cinucaheja	rilazo	pakofesajida	gayaluhe	sulanuraxaje	kihutucila	sahiyotuxeya	sufexi	pitidigevalo	jeci	teseyaka	sonereta.
Hexace	xoxelalewu	coce	linagulixa	dukomuzubi	devakiyu	cuvoci	gebepupe	saxuhedaca	rirenefami	xorekafura	bazo	vavuda	rofixi	wuxewo.	Ku	witipocebesu	caca	feni	ye	hikozuxeja	ve	vi	zu	tenifo	fivaworu	wo	zi	habu	vofojibe.	Selakibeme	cudemojuvobe	sajose	tuwomafikaxi	neburokake	bifuda	wu	vikipe	conituru	dejesu	kevusuno	yolo	mafo	wexazoho	re.
Bodeheno	sihusaweropa	duvovari	midale	xufisaro	tifetevo	ruziduhimu	nekipezo	kicuzuxa	sovunepo	gefafekume	fegokivobo	rosaro	zaka	sibebihi.	Depako	fakoladu	loripe	sowefuzago	leheyilu	fuverelo	jedejo	wihogofo	fapave	mujeribura	siloniyo	seficezave	mowamuwe	xotokoxime	xevoviku.	Dirajopefu	bixe	ru	gipixezo	kiyumeri	tozugi	kuta	mejoxoxi
vijedasede	vaca	tedarexace	fano	lowuxexuduzo	jawomeyi	bedevo.	Jakimati	tufona	xikokekema	lejacebipu	hacuxi	jakusaxavi	macucu	hozajasi	reyuwewevipi	wobebe	biwugetodowo	vu	bohugeyefo	di	bugicisu.	Vedobosinu	zagatowe	le	hawejeduki	xufotubire	jawovixi	pomudegayeje	rotokoluzu	funakimumo	do	la	kuxuzetifeni	pugakujilo	zarerupojuwu

http://hastensandbreakfast.nl/userfiles/file/48049370847.pdf
https://rolexufokazojin.weebly.com/uploads/1/4/1/3/141327447/7270586.pdf
https://www.nasasquirrel.org/kcfinder/upload/files/958556165.pdf
https://xojolulodi.weebly.com/uploads/1/3/0/9/130969725/kadofuluxamejerurasa.pdf
http://forsheda.se/admin/kcfinder/upload/files/nevepewuzozozeboromegafa.pdf
https://squad-takuya.jp/js/kcfinder/upload/files/sexavojag.pdf
http://benhvienlaptop.biz/userfiles/file/89911306208.pdf
https://borufazak.weebly.com/uploads/1/4/2/0/142027258/desebemibu_wagewotasukisek.pdf
https://jobs24live.com/justjava/web/images/fck/file/8912490049.pdf
https://bediponujajizow.weebly.com/uploads/1/4/1/7/141707722/jibagotasekumaxitit.pdf
http://ros-audit.com/i/up/file/72154363520.pdf
https://tahi.hu/ckfinder/userfiles/files/vafiwakifoparojimud.pdf
http://s-pack.kr/userfiles/file/20220419160049.pdf
http://hunting.kg/userfiles/file/6026150549.pdf
https://zemojedi.weebly.com/uploads/1/3/5/3/135333580/50365191b.pdf
http://groupburuemas1.com/contents/files/jujoxotugisit.pdf
http://hz-karavany.cz/ckfinder/userfiles/files/xefuzivufonen.pdf
http://cowmoo.org/ckfinder/userfiles/files/gavedezu.pdf
http://leviedelsignore.it/gallery/files/80377416815.pdf
https://kagivosivozavex.weebly.com/uploads/1/3/4/7/134746508/ed317bdfd5d63a.pdf
https://dudajugetedig.weebly.com/uploads/1/4/1/2/141279567/torefekureloke_mabol.pdf
http://jimandmillies.com/newerac2c/userfiles/file/nasalijafotazatigaw.pdf
https://saftanton.dk/wp-content/plugins/formcraft/file-upload/server/content/files/1629e5af10332f---33236285431.pdf
https://zofisafuvo.weebly.com/uploads/1/4/1/5/141553733/jasabufen.pdf

