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A short geological and environmental history 
of  the Sydney estuary, Australia 
 
Gavin Birch 
 

Abstract 
Sydney is blessed with one of the most beautiful harbours in the world. 
However, like many large, capital ports world-wide, this environment 
has been exposed to relentless stress due to a rapidly increasing 
population density and extensive residential, commercial and industrial 
expansion. In this chapter, we explain why the coastal zone is such an 
important environment, especially for the people of Australia, and 
describe changes to the Sydney estuary as an example of environmental 
transformation due to anthropogenic pressure. The geologic 
development of the Sydney estuary is briefly traced, showing how the 
feature was eroded into the Hawkesbury Sandstone, mainly during low 
sea levels of the glacial periods. The estuary and its catchment changed 
soon after Captain Philip landed in Sydney Cove. Early land clearing 
increased sedimentation in the waterway and rapid industrial growth, 
located mainly on the waterfront, resulted in increasing contamination of 
the estuary. At the University of Sydney, a novel collaboration between 
urban geographers working on changes in historical cadastral records of 
the city and environmental chemists studying estuarine sediments, have 
shown that as urbanisation and industrialisation spread through the 
catchment, so did the level and spatial extent of contamination in the 
estuary. The area of the estuary has been reduced by 22 per cent over 
220 years of almost constant reclamation, resulting in ecological 
modification and possible additional contamination. The present 
contaminant status of the waterway is described in the concluding part 
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or
ig

in
 a

nd
 

ev
ol

ut
io

n 
of

 s
uc

h 
a 

lar
ge

 r
iv

er
 v

all
ey

 c
om

pa
re

d 
to

 it
s 

sm
all

 c
at

ch
m

en
t 

ar
ea

 h
as

 a
lw

ay
s 

be
en

 d
iff

icu
lt 

to
 e

xp
lai

n.
 P

os
sib

ly 
th

e 
Pa

rr
am

at
ta

 R
iv

er
 

w
as

 o
nc

e 
co

ns
id

er
ab

ly 
lar

ge
r t

ha
n 

it 
is 

to
da

y 
an

d 
ex

te
nd

ed
 w

es
tw

ar
ds

 to
 

be
 c

on
ne

ct
ed

 to
 th

e 
N

ep
ea

n 
Ri

ve
r. 

Pe
rh

ap
s 

th
e 

N
ep

ea
n 

Ri
ve

r 
w

as
 la

te
r 
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‘ca
pt

ur
ed

’ 
by

 t
he

 H
aw

ke
sb

ur
y 

Ri
ve

r 
le

av
in

g 
th

e 
Pa

rr
am

at
ta

 
Ri

ve
r 

co
ns

id
er

ab
ly 

re
du

ce
d 

in
 s

iz
e 

(L
iu

 1
98

9)
. 

Th
is 

hi
st

or
y 

m
ay

 e
xp

lai
n 

th
e 

un
us

ua
lly

 
de

ep
 

er
os

io
n 

as
so

ci
at

ed
 

w
ith

 
w

ha
t 

is 
cu

rr
en

tly
 

a 
sm

all
 

ca
tc

hm
en

t. 
 Th

e 
an

cie
nt

 r
iv

er
, w

hi
ch

 is
 n

ow
 P

or
t J

ac
ks

on
, w

as
 a

n 
ol

d,
 m

at
ur

e 
riv

er
 

th
at

 m
ea

nd
er

ed
 a

cr
os

s 
a 

fla
t p

lai
n 

80
 m

ill
io

n 
ye

ar
s 

ag
o.

 D
ur

in
g 

pe
rio

ds
 

of
 u

pl
ift

, t
he

 r
iv

er
 e

ro
de

d 
do

w
n 

in
to

 th
e 

ele
va

te
d 

co
as

ta
l p

lai
n 

fo
rm

in
g 

st
ee

p-
sid

ed
 b

an
ks

 a
nd

 a
t 

tim
es

 c
ut

 t
hr

ou
gh

 s
om

e 
of

 t
he

 m
ea

nd
er

s. 
D

ur
in

g 
in

te
rg

lac
ial

 p
er

io
ds

, 
se

a 
lev

el 
ris

es
 a

nd
 t

he
 ‘

riv
er

’ 
is 

flo
od

ed
, 

lea
vi

ng
 t

he
 b

re
ac

he
d 

m
ea

nd
er

s 
as

 is
lan

ds
, o

f 
w

hi
ch

 t
he

re
 a

re
 1

4 
un

de
r 

pr
es

en
t s

ea
 le

ve
l c

on
di

tio
ns

. T
he

 g
re

at
 d

ep
th

 to
 b

ed
ro

ck
 in

 P
or

t J
ac

ks
on

 
is 

at
tri

bu
te

d 
to

 th
e 

in
cis

io
n 

by
 th

e 
re

ju
ve

na
te

d 
pa

leo
-P

or
t J

ac
ks

on
 st

re
am

 
as

so
cia

te
d 

w
ith

 u
pl

ift
 d

ur
in

g 
an

d 
re

lat
ed

 to
 s

ea
 fl

oo
r s

pr
ea

di
ng

 w
he

n 
th

e 
A

us
tra

lia
n 

pl
at

e 
m

ov
ed

 a
w

ay
 fr

om
 th

e 
Lo

rd
 H

ow
e 

Ri
se

 P
lat

e 
(L

iu
 1

98
9)

. 
Se

di
m

en
t, 

w
hi

ch
 a

cc
um

ul
at

ed
 i

n 
th

e 
va

lle
y 

be
d 

du
rin

g 
hi

gh
 s

ea
 l

ev
el

 
st

an
ds

, 
w

as
 r

ep
ea

te
dl

y 
er

od
ed

 a
nd

 f
lu

sh
ed

 f
ro

m
 t

he
 f

lo
or

 o
f 

Po
rt 

Ja
ck

so
n 

va
lle

y 
du

rin
g 

se
a 

lev
el 

lo
w

s. 
Th

e 
pr

es
en

t-d
ay

 a
bs

en
ce

 o
f 

se
di

m
en

t 
in

 d
ep

re
ss

io
n 

in
 t

he
 P

or
t 

Ja
ck

so
n 

ch
an

ne
l 

is 
m

ain
ta

in
ed

 b
y 

hi
gh

 w
at

er
 v

elo
cit

ies
 a

nd
 s

co
ur

in
g 

by
 tu

rb
ul

en
t c

ur
re

nt
s 

m
ov

in
g 

ar
ou

nd
 

he
ad

lan
ds

 p
ro

tru
di

ng
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to
 th

e 
es

tu
ar

y. 

Q
ua

te
rn

ar
y 

pe
rio

d 
O

sc
ill

at
io

ns
 o

f s
ea

 le
ve

l f
ro

m
 5

 m
 a

bo
ve

 to
 1

20
 m

 b
elo

w
 th

e 
pr

es
en

t d
ay

 
po

sit
io

n 
oc

cu
rr

ed
 e

ve
ry

 1
00

,0
00

 to
 1

50
,0

00
 y

ea
rs

 d
ur

in
g 

th
e 

Q
ua

te
rn

ar
y 

du
e 

to
 

gl
ob

al 
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m
at

e 
ch

an
ge

 
an

d 
by

 
gl

ac
iat

io
n.

 
Th

e 
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nu
lti

m
at

e 
gl
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iat

io
n 

en
de

d 
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ou
t 1

35
,0

00
 y

ea
rs

 a
go

 w
ith

 th
e 

su
cc

ee
di

ng
 in

te
rg

lac
ial

 
ex

te
nd

in
g 

to
 a

bo
ut

 8
0,

00
0 

ye
ar

s 
be
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 t
he

 p
re

se
nt

. 
Se

di
m

en
ts

 w
hi

ch
 

ac
cu

m
ul

at
ed

 in
 e

st
ua

rie
s 

in
 t

hi
s 

re
gi

on
 d

ur
in

g 
in

te
rg

lac
ial

s 
w

er
e 

er
od

ed
 

du
rin

g 
in

te
rv

en
in

g 
gl

ac
ial

 p
er

io
ds

. H
ow

ev
er

, f
or

 th
e 

m
ajo

rit
y 

of
 th

e 
las

t 
13

5,
00

0 
ye

ar
s, 

se
a 

lev
el 

w
as

 2
0 

to
 7

0 
m

 b
elo

w
 th

e 
pr

es
en

t a
nd

 th
er

ef
or

e 
er

os
io

n 
of

 e
st

ua
rie

s 
w

as
 m

or
e 

pr
on

ou
nc

ed
 t

ha
n 

de
po

sit
io

n 
du

rin
g 

th
is 

pe
rio

d 
(R

oy
 1

99
8)

.  
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H
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oc
h 

Th
e 

w
or
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ar
te

d 
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 c
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00
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ea
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 l
ev

el 
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ar
te

d 
to

 r
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 q
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ly 

(T
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m
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A
t t

hi
s 

tim
e 

th
e 

co
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t w
as

 a
bo

ut
 2

5 
to

 3
0 

km
 e

as
t o

f 
its

 p
re

se
nt

 
po

sit
io

n,
 b

ut
, w

ith
 a

 s
lo

pe
 o

f 
co

ns
id

er
ab

ly
 le
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 t

ha
n 

on
e 

de
gr

ee
, s

m
all

 
in

cr
ea

se
s 

in
 s

ea
 l

ev
el 
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va
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ed

 t
he

 c
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st
lin

e 
th

ou
sa

nd
s 
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 m

et
re

s. 
By

 
10

,0
00

 y
ea

rs
 b

ef
or

e 
th

e 
pr

es
en

t, 
se

a 
lev

el 
ha

d 
ris

en
 to

 2
5 

m
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s 

be
lo

w
 

to
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y’s
 s

ea
 l

ev
el 

an
d 

on
ly 

3–
5 
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ff 
th

e 
pr

es
en

t 
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tli

ne
. 

Th
e 

se
a 

re
ac

he
d 
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 p

re
se

nt
 p

os
iti

on
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bo
ut

 6
00

0 
ye

ar
s a

go
 (R

oy
 e

t a
l 1

99
7)

.  
 Si

nc
e 

th
e 

A
us

tra
lia

n 
A

bo
rig

in
es

 h
av

e 
in

ha
bi

te
d 

th
e 

co
nt

in
en

t 
fo

r 
m

or
e 

th
an

 4
0,

00
0 

ye
ar

s, 
th

ey
 w

ou
ld

 h
av

e 
ex

pe
rie

nc
ed

 t
hi

s 
ra

pi
d 

ch
an

ge
 i

n 
cli

m
at

e 
an

d 
ra

pi
dl

y 
ad

va
nc

in
g 

co
as

tli
ne

. I
t i

s 
ha

rd
 to

 v
isu

ali
se

 h
ow

 th
ey

 
co

pe
d 

w
ith

 s
uc

h 
a 

ra
pi

dl
y 

flu
ct

ua
tin

g 
co

as
tli

ne
 w

hi
ch

 w
ou

ld
 h

av
e 

be
en

 
hi

gh
ly 

un
st

ab
le 

ev
en

 o
ve

r 
de

ca
da

l p
er

io
ds

. A
s 

th
e 

se
a 

ad
va

nc
ed

 a
cr

os
s 

th
e 

co
nt

in
en

ta
l s

he
lf,

 it
 p

ro
ba

bl
y 

‘sw
ep

t’ 
ah

ea
d 

of
 it

 la
rg

e 
qu

an
tit

ies
 o

f 
sa

nd
 t

ha
t 

ha
d 

ac
cu

m
ul

at
ed

 o
n 

th
e 

sh
el

f 
fr

om
 r

iv
er

s 
w

hi
ch

 d
isg

or
ge

d 
se

di
m

en
t a

s 
th

e 
riv

er
s 

fla
tte

ne
d 

ou
t a

nd
 lo

st
 th

eir
 e

ne
rg

y. 
Th

is 
sa

nd
 w

as
 

pu
sh

ed
 i

nt
o 

em
ba

ym
en

ts
 a

nd
 n

ow
 f

or
m

 t
he

 b
ea

ut
ifu

l 
go

ld
en

 s
an

ds
 

w
hi

ch
 o

cc
up

y 
th

e 
m

an
y 

be
ac

he
s 

alo
ng

 th
e 

ea
st

 c
oa

st
 o

f A
us

tra
lia

. S
om

e 
of

 t
hi

s 
sa

nd
 w

as
 t

ra
ns

po
rte

d 
by

 w
av

e 
en

er
gy

 in
to

 t
he

 m
ou

th
 o

f 
Po

rt 
Ja

ck
so

n 
as

 a
 t

id
al 

de
lta

. M
ea

nw
hi

le,
 a

s 
th

e 
se

a 
ad

va
nc

ed
 in

to
 t

he
 n

ow
 

dr
ow

ne
d 

riv
er

 v
all

ey
, 

se
di

m
en

t 
tra

ns
po

rte
d 

by
 r

iv
er

s 
st

ar
te

d 
to

 b
e 

de
po

sit
ed

 in
 th

e 
up

pe
r p

ar
ts

 o
f t

he
 e

st
ua

ry
 a

s a
 fl

uv
ial

 d
elt

a. 
Fi

ne
-g

ra
in

ed
 

se
di

m
en

ts
, c

ar
rie

d 
m

os
tly

 in
 su

sp
en

sio
n 

af
te

r f
lo

od
s, 

ar
e 

de
po

sit
ed

 in
 th

e 
m

id
dl

e 
of

 th
e 

es
tu

ar
y 

be
tw

ee
n 

th
e 

tid
al 

an
d 

flu
vi

al 
de

lta
s. 

  Th
e 

pr
es

en
t-d

ay
 e

st
ua

ry
 c

om
pr

ise
s 

fiv
e 

se
di

m
en

to
lo

gi
ca

l u
ni

ts
. S

ha
llo

w
 

of
f-c

ha
nn

el 
em

ba
ym

en
ts

 o
f 

th
e 

ce
nt

ra
l 

ha
rb

ou
r 

ar
e 

co
ve

re
d 

in
 t

hi
ck

 
m

ud
, 

as
 i

s 
th

e 
30

-m
et

re
 d

ee
p 

ba
sin

 i
n 

M
id

dl
e 

H
ar

bo
ur

. 
Th

e 
m

ain
 

ch
an

ne
l o

f 
th

e 
up

pe
r 

ha
rb

ou
r 

is 
m

od
er

at
el

y 
de

ep
, a

nd
 a

lso
 m

an
tle

d 
in

 
m

ain
ly 

m
ud

dy
 s

an
d,

 b
ut

 i
n 

th
e 

ce
nt

ra
l 

ha
rb

ou
r, 

th
e 

m
ain

 c
ha

nn
el 

is 
de

ep
ly 

sc
ou

re
d.

 
Th

e 
sa

nd
 

co
nt

en
t 

of
 

bo
tto

m
 

se
di

m
en

t 
in

cr
ea

se
s 

gr
ad

ua
lly

 d
ow

ns
tre

am
 a

nd
 th

e 
m

ain
 p

ar
t o

f 
th

e 
lo

w
er

 h
ar

bo
ur

 s
ea

w
ar

d 
of

 th
e 

Sy
dn

ey
 H

ar
bo

ur
 B

rid
ge

 is
 m

an
tle

d 
in

 sa
nd

y 
se

di
m

en
t. 
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0 E
nv

iro
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en
ta

l h
ist

or
y 

Ea
rly

 E
ur

op
ea

n 
oc

cu
pa

tio
n 

17
88

–1
80

0 
A

lth
ou

gh
 th

e 
A

bo
rig

in
es

 h
ad

 o
cc

up
ied

 th
e 

Po
rt 

Ja
ck

so
n 

es
tu

ar
y 

ar
ea

 fo
r 

te
n 

th
ou

sa
nd

s 
of

 y
ea

rs
, 

ev
id

en
ce

 o
f 

th
eir

 p
re

se
nc

e 
is 

ha
rd

 t
o 

fin
d.

 
H

ow
ev

er
, a

fte
r 

th
e 

ar
riv

al 
of

 t
he

 E
ur

op
ea

ns
 in

 1
78

8,
 t

he
 e

nv
iro

nm
en

t 
ch

an
ge

d 
ra

pi
dl

y. 
So

on
 a

fte
r 

se
ttl

em
en

t 
th

e 
E

ur
op

ea
ns

 e
m

ba
rk

ed
 o

n 
ex

te
ns

iv
e 

lan
d 

cle
ar

in
g,

 b
ut

 b
ec

au
se

 o
f 

th
e 

po
or

 s
oi

ls 
ar

ou
nd

 P
or

t 
Ja

ck
so

n,
 

cu
lti

va
tio

n 
so

on
 

m
ov

ed
 

w
es

tw
ar

ds
 

to
 

th
e 

N
ep

ea
n 

an
d 

H
aw

ke
sb

ur
y 

Ri
ve

rs
. C

lea
rin

g 
an

d 
po

or
 la

nd
 p

ra
ct

ice
s 

pr
om

ot
ed

 e
ro

sio
n,

 
an

d 
se

di
m

en
ta

tio
n 

ra
te

s 
in

cr
ea

se
d 

m
or

e 
th

an
 t

en
 t

im
es

 p
re

-E
ur

op
ea

n 
lev

els
 in

 th
e 

es
tu

ar
y. 

 Th
e 

Fi
rs

t F
lee

t, 
w

hi
ch

 h
ad

 d
ep

ar
te

d 
Po

rts
m

ou
th

 o
n 

13
 M

ay
 1

78
7,

 la
nd

ed
 

in
 B

ot
an

y 
Ba

y 
un

de
r t

he
 c

om
m

an
d 

of
 C

ap
ta

in
 A

rth
ur

 P
hi

lli
p 

be
tw

ee
n 

18
 

an
d 

20
 Ja

nu
ar

y 
17

88
. C

ap
ta

in
 P

hi
lli

p 
qu

ick
ly 

re
ali

se
d 

th
at

 th
e 

lan
d 

in
 th

e 
Bo

ta
ny

 B
ay

 a
re

a 
w

as
 n

ot
 fe

rti
le 

en
ou

gh
 to

 su
pp

or
t t

he
 1

00
0-

st
ro

ng
 p

ar
ty

 
of

 t
he

 F
irs

t 
Fl

ee
t 

an
d 

de
cid

ed
 t

o 
m

ov
e 

to
 P

or
t 

Ja
ck

so
n 

– 
“t

he
 f

in
es

t 
ha

rb
ou

r i
n 

th
e 

w
or

ld
”.

 O
n 

26
 Ja

nu
ar

y 
17

88
 C

ap
ta

in
 P

hi
lli

p 
lai

d 
an

ch
or

 in
 

a 
w

on
de

rf
ul

 c
ov

e 
w

ith
 “

sp
rin

g 
w

at
er

” 
w

hi
ch

 h
e 

ca
lle

d 
Sy

dn
ey

 C
ov

e. 
Th

e 
ne

xt
 d

ay
 C

ap
ta

in
 P

hi
lli

p 
es

ta
bl

ish
ed

 th
e 

co
lo

ny
 a

nd
 to

ok
 p

os
se

ss
io

n 
of

 
N

ew
 S

ou
th

 W
ale

s, 
w

hi
le 

th
e 

co
nv

ict
s 

be
ga

n 
cu

tti
ng

 d
ow

n 
tre

es
. 

Th
e 

Se
co

nd
 a

nd
 T

hi
rd

 F
le

et
s 

ar
riv

ed
 i

n 
Ju

ne
 1

79
0 

an
d 

Ju
ly

–A
ug

us
t 

17
91

 
re

sp
ec

tiv
ely

 a
nd

 th
e 

co
lo

ny
 s

pr
ea

d 
ra

pi
dl

y. 
M

or
e 

fe
rti

le 
lan

d 
to

 th
e 

w
es

t 
ar

ou
nd

 P
ar

ra
m

at
ta

 a
nd

 f
ur

th
er

 a
w

ay
 i

n 
th

e 
H

aw
ke

sb
ur

y 
an

d 
N

ep
ea

n 
Ri

ve
rs

 w
as

 c
ul

tiv
at

ed
 a

nd
 se

ttl
ed

 (M
cL

ou
gh

lin
 2

00
0)

.  

In
du

st
ria

lis
at

io
n 

an
d 

ur
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ni
za

tio
n 

18
00

–1
85
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In

du
st

rie
s 

be
ga

n 
to

 t
ak

e 
sh

ap
e 

on
 t

he
 b

an
ks

 o
f 

D
ar

lin
g 

H
ar

bo
ur

 i
n 

ab
ou

t 1
80

0 
an

d 
so

on
 s

pr
ea

d 
to

 n
ea

rb
y 

Co
ck

le,
 R

oz
ell

e 
an

d 
Bl

ac
kw

at
tle

 
Ba

ys
 c

lo
se

 t
o 

th
e 

pr
es

en
t-d

ay
 S

yd
ne

y 
ce

nt
ra

l 
bu

sin
es

s 
di

st
ric

t 
(C

BD
). 

M
et

al 
fo

un
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ies
 w

er
e 

th
e 

fir
st

 to
 b

e 
es

ta
bl

ish
ed

 a
nd

 th
e 

nu
m

be
r o

f t
he

se
 

in
du

st
rie

s 
in

cr
ea

se
d 

fr
om

 t
hr

ee
 t

o 
14

 b
et

w
ee

n 
18

31
 a

nd
 1

85
1 

(T
ay

lo
r, 

Bi
rc

h 
&

 L
in

ks
 2

00
4;

 W
als

h 
19

63
). 

Ta
nn

er
ie

s s
ta

rte
d 

op
er

at
io

n 
in

 1
80

3 
in

 
th

e 
sa

m
e 

ar
ea

 a
nd

 w
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e 

de
ve

lo
pm

en
t o

f i
nd

us
try

 
ou

tw
ar

ds
 fr

om
 c

en
tra

l S
yd

ne
y 

(F
ig

ur
es

 1
, 2

, 4
 a

nd
 5

) a
re

 re
fle

ct
ed

 in
 th

e 
ex

pa
ns

io
n 

of
 c

on
ta

m
in

at
ed

 se
di

m
en

t i
n 

th
e 

ad
jac

en
t e

st
ua

ry
.  

 Th
e 

da
te

 o
f 

on
se

t 
of

 c
on

ta
m

in
at

io
n,

 a
s 

de
pi

ct
ed

 i
n 

th
e 

co
re

s, 
sh

ow
s 

ap
pr

ox
im

at
ely

 
th

e 
sa

m
e 

tim
in

g 
as

 
th

at
 

of
 

ur
ba

ni
sa

tio
n 

an
d 

in
du

st
ria

lis
at

io
n 

in
 t

he
 a

dj
ac

en
t 

ca
tc

hm
en

ts
. M

or
eo

ve
r, 

th
e 

se
ve

rit
y 

of
 

co
nt

am
in

at
io

n 
in

 th
e 

se
di

m
en

t p
ro

fil
e 

als
o 

de
cr

ea
se

s 
aw

ay
 f

ro
m

 c
en

tra
l 

Sy
dn

ey
 

w
ith

 
de

cr
ea

sin
g 

ur
ba

n 
in

te
ns

ity
. 

Fo
r 

ex
am

pl
e, 

zi
nc

 
in

  
se

di
m

en
t 

fr
om

 t
he

 c
or

e 
ta

ke
n 

clo
se

st
 t

o 
ce

nt
ra

l 
Sy

dn
ey

 (
Co

re
 1

) 
in

 
Bl

ac
kw

at
tle

 B
ay

 is
 a

t a
 m

ax
im

um
 o

f 
ab

ou
t 2

00
0 

μg
/g

 a
nd

 f
or

 th
e 

co
re

 
ta

ke
n 

in
 I

ro
n 

Co
ve

 (C
or

e 
2)

 it
 is

 a
pp

ro
xi

m
at

ely
 1

50
0 

μg
/g

, w
he

re
as

 in
 

H
om

eb
us

h 
Ba

y 
th

e 
m

ax
im

um
 z

in
c 

co
nc

en
tra

tio
n 

in
 t

he
 s

ed
im

en
t 

is 
ap

pr
ox

im
at

ely
 1

00
0 

μg
/g

.  
 



 
23

3

Th
e 

da
ta

 p
ro

vi
de

d 
he

re
 a

re
 f

or
 h

ea
vy

 m
et

als
, 

bu
t 

th
e 

sa
m

e 
tre

nd
 i

s 
ev

id
en

t f
or

 o
rg

an
ic 

co
nt

am
in

an
ts

 a
s 

w
ell

 (T
ay

lo
r, 

Bi
rc

h 
&

 L
in

ks
 2

00
4)

. 
O

rg
an

oc
hl

or
in

e 
co

m
po

un
ds

 
ar

e 
en

tir
ely

 
ar

tif
ici

al 
in

se
ct

ici
de

s 
an

d 
he

rb
ic

id
es

 a
nd

 t
he

se
 c

he
m

ic
als

 c
am

e 
in

to
 u

se
 i

n 
A

us
tra

lia
 a

fte
r 

th
e 

Se
co

nd
 W

or
ld

 W
ar

. T
he

 o
ns

et
 o

f t
he

se
 o

rg
an

ic 
co

nt
am

in
an

ts
 in

 th
e 

co
re

 
pr

of
ile

s 
ar

e 
da

te
d 

at
 1

94
5,

 a
lm

os
t 

pr
ec

ise
ly 

w
he

n 
th

ey
 w

er
e 

in
tro

du
ce

d 
in

to
 th

e 
ca

tc
hm

en
t. 

 
 Th

es
e 

re
su

lts
 p

ro
vi

de
 c

on
fid

en
ce

 in
 th

e 
m

et
ho

do
lo

gy
 a

nd
 th

e 
sc

ien
ce

 o
f 

th
e 

cu
rr

en
t 

ap
pr

oa
ch

. A
lth

ou
gh

 s
im

ila
r 

re
su

lts
 h

av
e 

be
en

 o
bt

ain
ed

 f
or

 
in

di
vi

du
al,

 
sit

e-
sp

ec
ifi

c 
st

ud
ies

, 
th

is 
is 

th
e 

on
ly 

ca
tc

hm
en

t-w
id

e 
de

m
on

st
ra

tio
n 

of
 th

is 
ap

pr
oa

ch
. 

  

 

F
ig

u
re

 7
.6

 C
or

es
 fr

om
 B

lac
kw

at
tle

 B
ay

, I
ro

n 
Co

ve
 a

nd
 H

om
eb

us
h 

Ba
y 

sh
ow

 t
he

 v
er

tic
al 

di
st

rib
ut

io
n 

of
 h

ea
vy

 m
et

al 
co

nc
en

tra
tio

ns
 i

n 
th

e 
se

di
m

en
t. 

A
t 

th
e 

bo
tto

m
 o

f 
ea

ch
 c

or
e, 

th
e 

co
nc

en
tra

tio
n 

of
 m

et
als

 is
 

un
ifo

rm
ab

ly 
lo

w
, b

ut
 a

t 
so

m
e 

de
pt

h 
m

et
al 

lev
els

 in
cr

ea
se

 r
ap

id
ly.

 T
hi

s 
de

pt
h 

(m
ar

ke
d 

w
ith

 a
n 

ar
ro

w
) i

s 
th

e 
da

te
 o

f o
ns

et
 o

f c
on

ta
m

in
at

io
n.

 I
n 

Co
re

 1
, f

ro
m

 B
lac

kw
at

tle
 B

ay
 c

lo
se

 to
 th

e 
cit

y, 
on

se
t o

f 
co

nt
am

in
at

io
n 

w
as

 in
 a

bo
ut

 1
86

0,
 a

nd
 o

ns
et

 d
at

es
 a

re
 la

te
r f

or
 C

or
es

 2
 (I

ro
n 

Co
ve

) a
nd

 
3 

(H
om

eb
us

h 
Ba

y)
, w

hi
ch

 a
re

 lo
ca

te
d 

fu
rth

er
 fr

om
 th

e 
cit

y 
ce

nt
re

. T
hi

s 
sp

re
ad

 o
f 

co
nt

am
in

at
io

n 
de

m
on

st
ra

te
s 

ho
w

 t
he

 e
st

ua
ry

 r
es

po
nd

ed
 t

o 
en

cr
oa

ch
in

g 
ur

ba
ni

sa
tio

n 
ac

ro
ss

 th
e 

ca
tc

hm
en

t. 

 
23

4 R
ec

en
t e

nv
iro

nm
en

ta
l h

is
to

ry
 

M
or

e 
hi

st
or

ic 
in

fo
rm

at
io

n 
ca

n 
be

 g
lea

ne
d 

fr
om

 c
or

es
 s

uc
h 

as
 th

es
e. 

It 
is 

ev
id

en
t f

ro
m

 C
or

e 
1 

th
at

 z
in

c 
co

nc
en

tra
tio

ns
 a

tta
in

ed
 a

 m
ax

im
um

 in
 th

e 
se

di
m

en
t 

in
 

ab
ou

t 
19

55
 

an
d 

co
nc

en
tra

tio
ns

 
ha

ve
 

be
en

 
ge

ne
ra

lly
 

de
cr

ea
sin

g 
sin

ce
 t

ha
t 

tim
e. 

In
 f

ac
t, 

co
nc

en
tra

tio
ns

 a
re

 a
lm

os
t 

ha
lf 

th
e 

m
ax

im
um

 a
t p

re
se

nt
, w

he
re

as
 c

op
pe

r c
on

tin
ue

s t
o 

in
cr

ea
se

 in
 se

di
m

en
ts

 
at

 t
hi

s 
lo

ca
tio

n.
 T

he
re

 i
s 

ev
id

en
ce

 f
ro

m
 t

he
 c

or
e 

pr
of

ile
 t

ha
t 

th
e 

co
nc

en
tra

tio
n 

of
 

lea
d 

ha
s 

st
ar

te
d 

to
 

de
cli

ne
 

in
 

re
ce

nt
 

tim
es

 
in

 
Bl

ac
kw

at
tle

 
Ba

y. 
Th

er
e 

ap
pe

ar
s 

to
 

ha
ve

 
be

en
 

tw
o 

ph
as

es
 

of
 

co
nt

am
in

at
io

n 
in

 t
hi

s 
ba

y: 
a 

pe
rio

d 
of

 m
od

er
at

e 
co

nt
am

in
at

io
n 

fr
om

 
18

75
 to

 1
91

0,
 fo

llo
w

ed
 b

y 
a 

pe
rio

d 
of

 h
ig

h 
co

nt
am

in
at

io
n 

fr
om

 1
91

0 
to

 
th

e 
pr

es
en

t. 
In

 I
ro

n 
Co

ve
 (

Co
re

 2
), 

zi
nc

 c
on

ce
nt

ra
tio

ns
 r

ea
ch

ed
 a

 
m

ax
im

um
 in

 a
pp

ro
xi

m
at

ely
 1

96
0 

an
d 

ha
ve

 re
m

ain
ed

 h
ig

h 
to

 th
e 

pr
es

en
t 

da
y. 

Co
pp

er
 a

nd
 le

ad
 a

lso
 a

tta
in

ed
 a

 m
ax

im
um

 in
 Ir

on
 C

ov
e 

at
 th

is 
tim

e, 
bu

t 
w

hi
le 

lea
d 

ap
pe

ar
s 

to
 b

e 
de

cr
ea

sin
g 

sli
gh

tly
, c

op
pe

r 
co

nc
en

tra
tio

ns
 

ha
ve

 r
em

ain
ed

 h
ig

h 
an

d 
co

ns
ta

nt
. C

or
e 

3 
fr

om
 H

om
eb

us
h 

Ba
y 

sh
ow

s 
co

nt
am

in
at

io
n 

re
ac

hi
ng

 m
ax

im
um

 c
on

ce
nt

ra
tio

ns
 in

 a
bo

ut
 1

97
0 

fo
r z

in
c 

an
d 

co
pp

er
, b

ut
 th

e 
m

ax
im

um
 le

ad
 c

on
ce

nt
ra

tio
n 

oc
cu

rr
ed

 e
ar

lie
r i

n 
th

e 
19

40
s, 

pe
rh

ap
s 

du
e 

to
 th

e 
in

tro
du

ct
io

n 
of

 in
du

st
ry

 m
an

uf
ac

tu
rin

g 
lea

d-
ba

se
d 

pr
od

uc
ts

 
on

 
th

e 
sh

or
es

 
of

 
th

e 
ba

y. 
In

cr
ea

sin
g 

co
pp

er
 

co
nc

en
tra

tio
ns

 in
 r

ec
en

t 
tim

es
 is

 c
om

m
on

ly 
ob

se
rv

ed
 in

 s
ed

im
en

ts
 o

f 
Sy

dn
ey

 H
ar

bo
ur

, 
pe

rh
ap

s 
du

e 
to

 t
he

 c
on

tin
ue

d 
us

e 
of

 c
op

pe
r-b

as
ed

 
an

tif
ou

lin
g 

bo
at

 p
ain

ts
, w

he
re

as
 d

ec
lin

in
g 

lea
d 

ov
er

 th
e 

las
t 1

5 
ye

ar
s 

ha
s 

be
en

 a
ttr

ib
ut

ed
 to

 th
e 

in
tro

du
ct

io
n 

of
 u

nl
ea

de
d 

pe
tro

l. 
Th

e 
m

ain
 s

ou
rc

e 
of

 z
in

c 
is 

ve
hi

cu
lar

 e
m

iss
io

ns
 a

nd
 c

om
po

ne
nt

 w
ea

r a
nd

 is
 tr

an
sp

or
te

d 
to

 
th
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