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ABSTRACT _

HARVEY, N.; BARNETT , E.J. ; BOURMAN, R.P ., and BELPERIO, A.P., 1999. Holocene Sea-level Change at Port
Piri e, South Australia: A Contr ibut ion to Globa l Sea-Level Rise Estimates from Tide Gauges. Journal of Coastal
Research. 15(3),607-61 5. Royal Pa lm Beach (Florida), ISSN 0749-0208 .

Modern t idal sediments (subtidal, inte rt idal and supra t ida l ) at Port Piri e, South Australia, were surveyed to tid al
datum (TOland Australian Height Datum (AHD) and used to int erpret th e nature and elevat ion of preserved intertidal
sediment facies in th e subsurface. Vibrocores and excava t ions along three shore-norma l transects provid ed a wealth
of palaeo sea-level indi cat ors that included in situ sea grass , mangrove and sa mphire (sa lt rna rsh) veget ation remains
and art iculat ed bivalves cha ra cte r ist ic of these facies and now eleva ted by more th an 2.0 m above th eir contempora ry
positions.

Radiocarbon dates at or close to th e boundaries between key sediment facies provide a rigorous chr onologica l fram e­
work for mid to lat e Holocene sea -level cha nge. These revea l that, at Port Pirie, th ere has been a cons istent relative
fall in sea -level from a mid-Holocene highstand of 2.2 m at 6,700 years BP. This long-term rate of sea-level fall of
0.33 mm yr ' is attribute d to isost ati c upwarp of th e coas t that accompanied a nd postd at ed th e Holocene transgression.
The isost at ic componen t of land level change is geographically variable, increasing sys tematically up the local gulf
waters with dist ance from the continental margin .

Isostat ic a nd other neotectonic effects produce millennial -scale land level cha nges th at significantly affect th e sec­
ular tr end of sea-level observ ed in decad al-scale tid e gauge records . At Port Pirie , the histo rica l sea-level trend der ived
from 64 yea rs of tid al records is - 0.02 mm yr ' . Neote ctonics essentially ma sks a decad al secula r sea -level rise of
0.31 mm yr '.

Neotectoni c effects are geographically highly variable. Consequently, th eir quantification at tid e gauge sites is an
ess ent ial element in th e detection of any secular or "gree nhouse" sea- level signature from tid e gauge data. Several
case studies are now documented in southern Australi a of both positive and negative contributions to th e gross secular
sea -level trend at tide gauge sites . Neotectoni c corrections at these sites indicate that sea -level is rising but at a rate
much slower th an present global estima tes of greenho use sea -level rise.

ADDIT IONAL INDEX WORDS: Sea-leoel ind icators, intertidal sedimentary sequence, hydro -isosta sy, tidal record ,
greenhouse.

INTRODUCTION

Present global se a -le vel is est imat ed to be rising between
1 a nd 2.5 m m yr 1 (GORNITZ, 1995; IPCC , 1996) based on
long-term ti de -gauge da t a from geographically di s pe rsed
coa stal local iti e s . H owever, m a ny of these s ites are influ enced
by vertical la nd movements a nd t he reported range of re la­
t ive sea-level change around the wo rld varies by a s m uch as
:!: 10 mm yr 1, dep ending on whet her regions a re u n dergoin g
su bs idence or uplift (Go RNITZ a nd S EEBER, 1990; P ELTIER
a nd T USHINGHAM, 1991). Geodynamic models h a ve been
used to filter regiona l vertica l movements fro m ti dal r eco rds .
However , their precision de pe nds on whether deta iled loca l
H olocene geo logic a l st ud ies h a ve been carried out. Geological
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processes affecting vertical m ove m e n t s at ti de-gauge loca li ­
ties must be taken into account to obtain reliable es timates
of sea-level change from ti dal r ecords . It h as be e n suggested
that ti de-gauge da t a a re often dominated by neotectonic and
a nth ro pogenic effects resulting in an over-estimation of glob­
a l sea-level rise by two to t hree times when these influences
are ignored (P IRAZZOLl, 1989).

Wh ile t here have been n umerous geo logical stu dies of Ho­
locene sea-level change arou n d Australia (eg. HOPLEY, 1983 ;
PIRAZZOLl, 1991; BRYANT et al., 1992; COLLINS et al., 1993;
BEAMAN et al .. 1994; WOODROFFE et al., 1995; WYRWOLL et
al ., 1995; SEMEN IUK, 1996), only a few , s uc h as BELPERIO
(1993 ) and t hose r eport ed by GORNITZ (1995 ), have been car­
r ie d out adjacent to long-ter m, reliable ti de-gauge stations.
Co nversely, few of the numerous reports of secular sea level
ri se fr om h is t oric tide ga uge da t a h a ve a dequately addressed
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the problem of separating local land level changes at the tide
gauge sites. BELPERIO (1993) demonstrated the dramatic ef­
fect that anthropogenic and isostatic land level changes have
had on the tide-gauge signals at Port Adelaide and Outer
Harbor, data that has been used indiscriminately in the
greenhouse sea-level rise debate.

The present study of the coastal zone at Port Pirie, South
Australia, was undertaken to compare and contrast the sea­
level change data from a tide gauge that has been operating
for over 60 years, with that derived from the Holocene geo­
logical record. Temperate mesotidal coastal environments
such as at Port Pirie, preserve an extensive stratigraphic re­
cord containing organic sea-level indicators from former sea­
grass, sandflat, mangrove, samphire (salt marsh) and supra­
tidal environments that can be used to determine sea-level
change over time (DE BOER et al., 1988; BARNETT et al., 1997).

Several earlier studies of Holocene sea-level change in
Spencer Gulf and Gulf St Vincent, South Australia, have doc­
umented a sea-level fall of several metres following a mid
Holocene highstand (BURNE, 1982; BELPERIO et al., 1984,
1988; GOSTIN et al., 1984; CANN and GOSTIN, 1985). Esti­
mates of the highstand have varied according to geographic
location up the Gulfs, as well as with the resolution afforded
by the palaeo sea-level indicators used. BURNE (1982) used
dates from beach ridges and the boundary between the top
of the subtidal seagrass facies and the base of the intertidal
sandflat facies to derive a relative highstand of some 3m at
approximately 6000 yrs BP. BELPERIO et al. (1984) used the
boundary between subtidal and intertidal facies to recon­
struct Holocene sea-level history from coastal cores at Red­
cliff in the northern Spencer Gulf. A Holocene highstand of
4.5 m at 6600 yrs BP preceded sea-level fall to present levels.
The method used by BELPERIO et al. (1984) to establish sea­
level change involved interpolating a contact between dated
seagrass facies and sandflat facies to derive the palaeo sea­
level curve. This technique relies on data from either side of
the curve rather than precisely defining the curve. Subse­
quently, BELPERIO (1993) refined the method, using sea-level
indicators at the sharp contact between intertidal sandflat
and mangrove facies, as a more rigorous way of representing
the palaeo sea-level curve.

Modelling of deglaciation and sea-level change around Aus­
tralia (LAMBECK and NAKADA, 1990) has revealed that re­
gional hydro-isostatic adjustment of the continental margin
in the far-field of a deglaciating Earth explains much of the
variability in the height and timing of the mid-Holocene high­
stand. Field studies at many sites around Australia essen­
tially confirm this regional isostatic adjustment model. Ex­
ceptions include areas of local tectonic activity such as the
southwestern Australian coast (SEMENIUK and SEARLE,
1986; SEMENIUK and SEMENIUK, 1991), as well as areas of
anthropogenic subsidence such as Port Adelaide (BELPERIO,
1993). Around the Australian coast, the magnitude of iso­
static rebound, or land uplift, depends primarily on the dis­
tance from the continental margin. Whilst a Holocene high­
stand of 4.5 m has been documented for Redcliff, one of the
furthest sites from the continental shelf in northern Spencer
Gulf, highstands of lesser magnitude have been documented
progressively to the south (BELPERIO, 1995). Port Pirie, 10-

cated mid-way up northern Spencer Gulf, (Figure 1), provides
an ideal site to investigate further the geographical variabil­
ity of the Holocene highstand, as well as to provide quanti­
tative and site-specific isostatic/neotectonic correction data
for the local tide-gauge record.

In this paper, we document the coastal sedimentary facies
developed in the vicinity of the Port Pirie tide gauge site,
identify appropriate palaeo sea-level indicators, quantify mid
to late Holocene relative sea-level change, and compare, con­
trast and correct the secular sea level trend obtained from
the local tide gauge record. The removal of the isostatically­
driven sea level signal from the tidal record provides a more
definitive estimate of secular sea-level change for the region.

METHODS

Subsurface geological samples and associated elevation
data were collected across the 6-8 km wide Port Pirie peri­
tidal zone along three transects and at 35 sampling sites (Fig­
ures 1, 2). A backhoe was used to excavate sites in the inter­
tidal to supratidal samphire (salt marsh) regions. In subtidal
to intertidal areas 22 vibrocores, 75 mm in diameter and up
to 4 m in length, were collected. Additional cores within the
mangrove woodland were taken using a peat auger. All cores
were corrected for sample compaction by recording penetra­
tion versus recovery in the field. Compaction varied from neg­
ligible for clay-rich cores, up to 40% for organic-rich man­
grove-dominated cores. The sediments intersected using the
back hoe required no corrections for sample compaction.

The elevation of all core and sample sites, as well as the
modern sedimentary zone boundaries, were surveyed to both
Australian Height Datum (AHD) and to local Tidal Datum
(TD). Tidal Datum at Port Pirie, regularly re-surveyed by the
Port Authority, is related to Australian Height Datum by a
correction of -1.933 m (South Australian Ports Authority,
17/3/1983). Elevations of core tops, from which facies bound­
aries were determined, were levelled to an accuracy of
± 0.01 m.

Samples from cores and excavations selected for radiocar­
bon dating included in situ articulated bivalves, other mol­
luscs and mangrove and seagrass remains. Each sample was
sieved, washed and submitted for pretreatment and radio­
carbon dating at the Quaternary Dating Research Centre,
Australian National University. 8d l:IC reservoir-corrected
ages are used throughout the paper unless otherwise stated.

The present sea-level trend at Port Pirie was determined
from tidal levels recorded on a continuous drum, float-oper­
ated tide gauge during the past 64 years. The mean annual
sea-level trend is based on readings taken at hourly intervals
GMT as entered into the National Tidal Facility data base,
Flinders University of South Australia. The sea-level trend
was computed by the least squares method over hourly sea­
levels from 1930 to 1994.

RESULTS

The Coastal Succession

Modern Facies Zones

The Port Pirie coastal environment (Figure 1) comprises
broad low-lying intertidal flats with a well-developed shore-
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Figure 1. Map of Port Pirie region showing coastal zona tion, loca t ion of t ide gauge and tran sect s.

normal zonation of sediment and biota that reflects the
extent of t ida l inun dation (see BARNETT et al., 1997 for a
more comprehe nsiv e descript ion and discussion). Below mean
low water spring (MLWS) tide, t he subtidal zone comprises
dense mead ows of Posidonia austra lis seagra ss with a pro lific
epibent hic and encrust ing carbonate biota . Posidonia sp. are
replaced by Zostera sp. at and above the MLWS tide level ,
with an accompanying trans ition to coarser grained sandfiats
that define a lower intertidal boundary. The sa ndfla ts host a
characteristi c mollusca n infa una including the bivalves
Anapella cycladae, Katelysia scalarina , K. rhytiphora and
Tell ina deltoidalis, a nd the gastropod Batt ilaria
(Zeacumantue) diemenensis . Higher in the intert idal zone, th e
bare sa ndy and she lly low intertida l sa ndfla ts change sharply
to a dense man grove woodland (Avicennia ma rina var.
resi nifera) with associa te d organic- ric h se dim entary
substrate . The mangrove canopy a nd den se root and
pneurn atophore network provide a micro-environm ent that is
rich in orga nic detritus an d as sociated sulphate-reducing

organism s. Sediments are corresponding ly fine graine d,
organic rich and mud domin ated . Cyanobac teria l mats also
grow within the mangrove zone and exte nd landward in to the
interti da l samphi re zone . Th e intertidal samphire (sa lt
ma rs h ) comm unity compr ises sa lt -tolerant vegetation
including Sarcocornia quinqueflora, Sclerostegia arbuscula,
Halosarcia halocnemoides a nd Suaeda australis. Th e
suprati da l zone, above mean high water spring (MHWS) tide,
is inundated only when eithe r high or king tides combine
wit h sto rm surges. A limited amount of sa mphire and
salt bus h vegetation man ages to survive in this zone between
bare sa line or gypsiferous flats , sa lt lakes and lunettes.
Landward of the mos t sa line supratida l fiat s are isolated ,
preserved foredune ri dges a nd conti ne ntal all uv ia l
sediments.

Th e striki ng shore- pa ralle l vegetatio n, biot ic a nd
sedimentary zonation developed across the peritidal zone
reflects elevation of t he substra te and hen ce degr ee of tida l
inundation. Dist inct and consistent elevationa l differences
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Figure 2a to c. Geologic cross sect ions of Transects 1 to 3 relat ive to 'I'D. Num bers on cores correla te with radiocarbon da tes listed in Tabl e 1. Tran sects
1 an d 2 are at 1:80 sca le an d Transect 3 is at 1:250 sca le .

cor respond to the boundaries between the mod ern
sedimentary faci es. The boundary between subtidal
Posidonia seagrass and overl ying inte r tida l sa ndfla ts occur s
at an elevation of 0.25 ::!:: 0.25 m TD (approxima te ly mean
low water springs level ). Th e sa ndflat environment passe s
laterally into mangrove woodlands at an elevation of 1.32 ::!::

0.2 m TD. On more exposed sections of coast, where
man groves are not present, the upp er sandflat rises higher ,
passing into samphire habitats at an elevati on of 2.2 ::!:: 0.5
m TD {see B ARNETT et al. (1997) for a det ail ed discussion of
tid al facies zone elevations}. Higher in the coas tal succession,
the transition from mangrove woodland to samphire occurs
at 2.6 ::!:: 0.4 m TD. Th e sa mphi re marsh , with it s own
intern al zonation of veget ation at th e species level , continues
to 3.0 ::!:: 0.4 m TD, at which point marine inundation becomes
irregul ar, the substrate hyp ers aline, and th e landscap e
dominated by bare supratida l flats . Supratidal flats conti nue
up to 5.0 m TD but also undergo significant deflation because
of the lack of vegetation .

Holocene Sediment Facies

Vertical facies chan ges equiva lent to the modern later al
transition from th e subtida l through suprati da l zones are
pr esent in the cores and subs urface excavations . Th e subsu r­
face data a re presented as interpret ed geologic cross-sect ions
in Figure 2. Supporti ng radio carbon data are given in Tabl e
1. Th e vertical succession includes the pre-Holocen e alluvial
sediments (Pooraka Formation; BOU RMAN et al., 1997 ), bas al
Holocene sh ell lag, subtida l Posidonia facies, intertidal sand­
flat facies, mangrove facies and intertidal to suprati da l sam-

phi re facies . Th e thickn ess of each sediment facies corre­
sponds to the difference in modern elevational ranges , but
the subsurface units are at higher elevations than their mod­
ern counterparts, indicating deposition during a period of
high er re lat ive sea-l evel

Tran sect 1 (Figu re 2a ) contains some of the most landward
Holocen e coastal sediments th at un conformably overlie allu­
vial sedime nts of the late Pleistocene Poorak a Formation.
Shell lag at the bas e of the sequence is overlain by a 2 to 3
m succession of Posidonia , sa ndflat and sa mphi re facies de­
posited in response to the mid to late Holocene transgressive­
regressive sea-level cycle. Gyps eous supratida l dune facies
occur above the intertidal sequ en ces.

Th e landward limit s of th e Posidonia and sa ndflat facies
are well illu strated in Tran sect 2 (Figure 2b). The strata here
consist predominantly of inte rtidal to supratid al sa mphire fa­
cies forming a classic transgressive-regressive sequence, with
a contained wedge of Posidonia facies marking the landward
exte nt and maximum elevation of the Holocen e sea. Th e max­
imum elevat ion of the Posidonia and sandflat facies are 2.5m
TD and 4.0m TD compa red to th eir cont empo rary maximum
eleva tio ns of 0.25m and 2.2m resp ectively.

Tr an sect 3a illustrates a more conventional progr ading
coastal wedge comprisi ng gently seawards-inclined subtida l,
inte rti da l an d supratida l layers (Figure 2c). Cores inter sect­
ing the terrestrial Poorak a Forma tion reveal an erosional ,
undulatin g Pleistocene/Holocene boundary. In contrast , the
contact of th e Posidonia facies with the sandflat facies ap­
pears to be re latively smooth and drop s about 1 m in eleva­
tion from southeast to nor thwest over a distan ce of 5 km .

Journal of Coastal Research, Vol. 15, No. 3, 1999
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Ta ble 1. Radiocarbon dales [rom Port Pirie. So uth Au strali a .

Reservoir
Date Sampl e Conventional Corrected Sam ple Level Palaeo Sea
No. Corp Code Sea -Level Indicat or Age BP Age BP TD (m) Level ( rn)

Port Pirie Transect I
I 1'1'47 ANU-1044 3 Ana pella cycltulc «. top of sa ndflat 1600 :!: 60 1170 :!: 70 2.23-2.13 0.86
2 1'1'41 ANU-l 0433 An apella a nd Katelvsia sp., top of sa ndflat 2140 :!: 60 1710 :!: 70 2.80- 2.78 1.47
3 1'1'41 AN U-10434 An op ello a nd Kot clysia s p., she ll lag 1760 :!: 70 1330 :!: 80 1.38- 1.30 N/A
4 1'1'48 ANU - I0444 An apel la cvclodae. top of sa ndfla t 2230 :!: 70 1800 :!: 80 2.5 6-2.44 1.17
5 1'1'48 ANU- 10445 Posidoni« fibres with in sea grass 4220 :!: 90 3945 :!: 100 1.94-1.84 > 1.59
6 1'1'49 ANU-I 0446 An apella cyclu dae. top of sa ndflat 233 0 :!: 70 1900 :!: 80 3.25- 3.2 0 1.90
7 1'1'49 ANU·10447 shells, to p of ba sa l shell lag 37,170 :!: 1050 36,740 :!: 1050 2.95- 2.75 N/A

Par/ Pirie T ransect 2
8 1'1'43 ANU-I0437 Tellin a tleltoidalis , top of sa ndfla t 4510 :!: 90 4080 :!: 100 2.67-2.61 1.32
9 1'1'43 ANU-104 38 Posidon ia fibres , top of seagrass 6110 :!: 70 5835 :!: 75 2.39-2.29 2.09

10 1'1'44 ANU-I0439 A na pella and Katelvsia s p., top of sa ndflat 5850 :!: 90 542 0 :!: 100 2.95-2.85 1.58
II 1'1'44 ANU - I0440 sa rnphire root let , lower sa m phire facies 6710 :!: 230 6695 :!: 235 2.43-2.33 > 1.06
12 1'1'45 ANU-1044 1 Anapella eycl rulae. top of sa ndfla t 6580 :!: 120 6150 :!: 125 3.46-3.36 2.08
13 1'1'46 ANU-104 42 An apcllo cycla dae, top of sa ndfla t 5160 :!: 150 4730 :!: 155 3.94- 3.77 2.54

Par/ Pirie Tra nsect .3
14 1'1'16 AA-17946 Botillaria d iemencsis, top of seagr ass 1450 :!: 80 1020 :!: 90 0.76-0.75 0.51
15 1'1'16 AA-17947 Dosina oicto riae within sea grass 4035 :!: 50 3605 :!: 60 - 0.43 to - 0.45 > 0.65
16 1'1'16 AA- 1 7~l48 sma ll ga st ropods nca r base of se agrass 6770 :!: 50 6340 :!: 60 - 1.16 to - 1.14 - 2.45
17 1'1'36 ANU -I OI42 she ll hash in defla ted chen ier 1750 :!: 170 1320 :!:1 75 3.04- 2.56 N/A
18 1'1'36 ANU·10 143 mangrove remains in sa mphire 163 :!: 90 161 5 :!: 100 2.26-2.12 > 0.06
19 PP 3 AA-17938 Vel/eridae s p., top of sa ndflat 2645 :!: 60 2215 :!: 70 2.47-2.46 1.15
20 1'1'3 ANU-9733 Brach iodont es ros tra /us , base of sa ndfla t/top of seagrass 4270 :!: 80 3840 :!: 90 1.55- 1.54 1.30
21 1'1'2 AA-17936 sma ll molluscs , top of sa ndfla t 3325 :!: 50 2895 :!: 60 2.5 1-2 .49 1.18
22 1'1'2 AA-17937 Pho sianello aus tralis sa ndtlat base/top of seagrass 3990 :!: 55 3560 :!: 65 1.61-1.59 > 1.34
23 1'1'7 AA-17939 Katelysia «callarina in sa mph ire facies 890 :!: 45 460 :!: 55 2.38-2.37 > 0.17
24 1'1'7 AA-17940 Bat il laria and Telli na sp., top of sa ndfla t 44 35 :!: 50 4005 :!: 60 2.20- 2.19 0.88
25 1'1'8 AA-1794 I Tell ina deltoidal is , to p of sa ndfla t 4355 :!: 55 3925 :!: 65 2.73- 2.72 1.41
26 1'1'9 AA-17942 Dosin ia victoriae within seagrass 641 5 :!: 60 5985 :!: 70 0.19-0.17 > - 0.08
27 1'1'10 AA-17943 Bat illa ria dieme nen si s, base of sa mphi re 3470 :!: 50 3060 :!: 60 2.52- 2.51 1.25
28 1'1'10 AA-17944 Bati lluria die me nens is , top of sa ndfla t 3705 :!: 50 3275 :!: 60 2.44-2.42 1.1 1
29 1'1'10 ANU ·9734 Posidonia fibre s near top of seagrass 5920 :!: 60 5645 :!: 65 1.38-1.3 1 1.10
30 1'1'12 AA-17945 Mactra a nd Batill aria sp., top of sa ndfla t 2540 :!: 45 2110 :!: 55 2.20-2.18 0.87
3 1 BS25 ANU -9735 man grove orga nics 430 :!: 50 394 :!: 60 1.92 0.60
32 BS26 ANU -9736 Katelysia and Tel/ in a sp., top of sa ndflat 161 0 :!: 40 1180 :!: 50 1.62 0.30
33 1'1'29 AMS-I0 32 Tellin o a nd Botillar ia sp. , to p of sa ndlla t 3775 :!: 50 3345 :!: 60 2.89-2.87 1.56
34 1'1'40 ANU -10 147 Man grove re ma ins, top of sa ndtla t 2650 :!: 70 2635 :!: 80 2.08-2.03 0.76
35 1'1'38 ANU· I OI44 Detri tal Posidonia fibr es , top of seagrass 5090 :!: 90 4815 :!: 100 2.5 1- 2.46 2.24
36 1'1'39 ANU -10145 A nap ella cyclada e. top of sa nd flat 2760 :!: 100 233 0 :!: 105 2.48- 2.39 1.12
37 1'1'39 ANU-10 146 Orga nic fragme nts , top of sa ndtla t 2340 :!: 70 2305 :!: 80 2.4 8- 2.39 1.12

Sam ph ire facies mask much of th e subsurface , with man­
grove development bein g spatially and temp orally restricted.
Rare supratida l storm ridg es (che niers ) are locally developed
and suprat ida l pan s are now largely covered by th e urban
development of Port Pirie.

Radi ocarbon dating of shells and other organ ic remains
(Table 1) provides a consistent Holocene chronological fram e­
work. Ages decrease up-core and in a seaward direction from
th e inception of near-present coastal sedimentation. Th e old­
est Holocene date of 6695 :t 235 Yrs BP is very simila r to
other dates around southe rn Australia that record th e tim e
th at presen t sea level was reached (BE LP ERlO , 1995). Only
one sa mple (ANU-10447) was of rework ed origin , whe reas the
remaining data record the progressive development, deposi­
tion and pr ograd ation of tid al facies.

Over all , the Holocene sedimentary sequences in Tran sect s
1 to 3, together with the chronologica l fra mework provided
by th e rad iocarbon data , reveal that deposition of coas tal was
sediments accompanied by a slight marine regres sion follow-

ing a sea-level h ighstand at 6,700 years BP . With sea- level
adjus tment to present level , sediments continue to accumu­
late in their respective modern t ida l zones.

Palaeo Sea-Level Indicators

Th e cores and sediment samples collect ed from the Port
Piri e coastal environment contain a diver se assemblage of'pa­
laeo sea-level indicators including Posidonia fibre remains,
man grove remains, sa mphi re rootlet s a nd tide-level specific
molluscs. For a particular coastal sector of given wave expo­
sure, th e growth limits of she lls, seagrass and mangroves are
limited to certain eleva tion intervals. Fu rtherm ore, palaeo
sea-level indicators may be either 'fixed or rela t ional' (C HAP­

P E LL, 1987 ) depending on whe ther th ey are in their grow th
positi on or have under gone transportat ion. In this study, age
a nd elevat ion errors were minimised by the se lection for dat­
ing , wher e possible, of in situ remains, together with judi­
cious sampling close to the boundaries of tidal facies. Fixed
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Table 2. Principal features of palaeo sea-level indicators utilised at Port Pirie.

Facies

Storm ridge

Samphire

Mangrove

Sandflat

Posidonia seagrass

Dating Medium

shell hash and selected shells e.g. Anapel­
la cycladae

samphire rootlets, organics, various bi­
valves

mangrove remains within mud facies

Sandflat infauna: Anapella cycladae, Kate­
lysia scalarina, Katelysia rhytiphora,
Batillaria diemenensis

Dosinia victoriae, Batillaria diemenensis
and other small gastropods; Posidonia
australis fibres

Palaeo Sea-Level Features

i ) Storm ridge elevations depend on tidal surge and storm intensity.
ii) Both bottom and top of the storm ridge can be subject to erosion.
iii) Not a good palaeo sea-level indicator.
i) Samphire species grow from the intertidal to supratidal zone. While certain spe­

cies occur in each tidal zone, any remains in the subsurface are difficult to identi­
fy to species level.

ii) Organic remains provide an overall elevation estimate for this facies.
i) Penetration of younger rootlets into facies can result in younger ages than the

sediment.
ii ) Mangroves not extensively developed; maximum age 1700 yrs.
iii) Sharp basal contract provides best material for palaeo sea-level calculations.
i ) The top of sandflat zone is sharp and clear and can be easily surveyed.
ii) Sharp contact between sandflat and mangrove or samphire facies in the subsur­

face.
iii) The modern transition between sandflat and samphire zones is not well repre­

sented locally.
iv) In situ, articulated bivalves such as Anapella cycladae or Katelysia scalarina

provide high quality palaeo sea-level indicators.
v) Disarticulated shells may have undergone significant transportation and rework­

ing.
i) The top of Posidonia seagrass represents MLWS tide level (2=0.25 m) that can be

correlated with AHD.
ii) The contact between the top of seagrass and sandflat facies in the subsurface

may be gradational rather than sharp.
iii) Compaction within the facies can lead to inaccurate measurements of eleva­

tions/depths.
iv) Dated material varies from articulated shells to penetrative (post-sedimenta­

tion) root and rhizome remains.

indicators used to establish palaeo sea-levels at Port Pirie
include in situ, articulated Anapella cycladae and Katelysia
scalarina or K. rhytiphora characteristic of the intertidal
sandflat facies, in situ root and rhizome remains of Posidonia
seagrass, and in situ remains of mangrove and samphire veg­
etation.

Within the cores, the sharp change from one tidal facies to
another (tidal boundary) provides the best data (elevation
and age) for assessing the relative change in palaeo sea-level.
Elevation of the corresponding modern tidal boundaries pro­
vides the benchmark against which palaeo-tidal boundaries,
and palaeo sea-levels, are calculated. Palaeo sea-level eleva­
tion calculations and radiocarbon ages are given in Table 1.
Particularly useful at Port Pirie are the contacts between
Posidonia seagrass and intertidal sandflat facies, and the up­
per contact of the intertidal sandflat with mangrove or sam­
phire facies. Useful features of the various sediment facies
are summarised in Table 2.

Holocene Sea-Level Curves

A variety of palaeo sea-level indicators from different tidal
zones can be plotted to derive a time/elevation sea-level his­
tory of the region (Figure 3), Ideally, if a sequence of dates
from a single facies or tidal boundary is used, the data more
accurately define the sea-level curve, particularly where the
indicators used have narrow growth ranges. For Port Pirie,
the top of Posidonia facies and the top of the sandflat facies,
provide a consistent sampling focus from the cores and have
been utilised to interpret sea-level change.

A time/depth plot of all radiocarbon data, uncorrected for

present tidal elevations (Figure 3a) shows the overall ele­
ments of the Holocene sea level trend, though with a wide
scatter due to the mix of data from different sediment facies.
In general, subtidal indicators are lower than intertidal in­
dicators and they increase in height with age. Posidonia aus­
tralis grows to 0.25 m above TD, and the elevation of the
upper boundary of this facies provides the best estimate of
the trend of sea level over time. In Figure 3b, the sea-level
indicators from the top of the Posidonia facies boundary are
plotted separately and corrected by - 0.25 m to adjust them
relative to present TD. The data highlight an overall sea-level
fall from a mid-Holocene peak of 2.2 m at 6700 yrs BP. The
transgressive portion of the curve is derived from deeper re­
gions in the Gulfs (BELPERIO, 1995).

Data from the top of sandflat facies, are plotted in Figure
3c. Sea-level indicators at the upper sandflat facies boundary
are related to present TD by a correction of -1.32 m, which
is the present elevation of the boundary between the top of
the modern sandflat facies with the base of the modern man­
grove facies. Regression analysis of the top of sandfl..at indi­
cators corroborates a sea-level fall from 2.2 m at 6,700 years
BP to the present. The consistent calculation of 2.2 m for the
mid-Holocene peak compares favourably with the geophysi­
cally modelled height of2.5 m (LAMBECK and NAKADA, 1990)
and with higher and lower maxima recorded in the upper and
lower reaches respectively of Spencer Gulf (BELPERIO, 1995).

Contemporary Sea-Level Change from Tide Gauge
Data

The tidal record at Port Pirie is one of the longest in Aus­
tralia, with the gauge operating since 1930. It contains over
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Figu re 3a to c. Port Pi r ie Holocen e sea-level curves. alTime/dep th plot of a ll ra diocarbon da ta un corr ected relative to pr esent tidal da tu m (TD). The
mid-Holocen e t ra nsgress ive curve is from BELPERIO (1995 ); b) Tim e/depth plot of "Top of Posidonia " rad iocarbon data with sa mple elevatio ns corrected
by - 0.25 m to gene rate a pal aeo sea -level curv e relative to present t ida l datum (r = 0.85); c) Tim e/depth plot of "Top of Sa ndfla t" radiocarbon data with
sa mple elevations corrected by - 1.32 m relati ve to genera te a palaeo sea-level cu rve relat ive to present t ida l datum (r = 0.70). For Figs. 3b and 3c,
vert ical ba rs represent the elevation range of facies cont acts and hori zontal bar s represe nt da ting errors .

3 lun ar cycles of 18.6 yea rs and is th er efore cons ide red to be
more reliab le than shorte r term trends that generally reflect
vari abl e oceanic-atmospheric processes. Based on data to
1994 (including 58.3 years of continuous monthly data), the
secular sea-level trend is - 0.02 mm yr" ± 0.04 mm at th e
95% confidence limit (Figure 4). Thi s negative trend in mean
sea-level contrasts with positive sea- level t rends derived from
long-term tid e-gau ge data at other South Australian locali ­
ties.

DISCUSSION

Ext en sively developed peritidal sediment facies at Port Pi­
rie in centra l Spencer Gulf have provided an ideal environ­
ment in whi ch to investigate Holocene sedimen ta t ion and
sea-level change . The shar p boundaries, identified in the
cores, betw een th e Posidonia/sandflat facies, and sandflatl
samphire facies have proved particularly usefu l for quan ti ­
fying sea -level change over the millennial t ime scale to con­
trast, compare a nd correct decad al scale data from th e local
tide gauge. An important ass umpt ion of th e technique used
in th is study, as well as th at employed by BELPERIO (1993)
at Port Adelaid e, is th at past and pre sent tid al facies tran­
siti ons occur at consiste nt relative eleva tions (ie. th ere has
been no significant chan ge in tidal ran ge or wave climate).
Elevati on corrections applied to palaeo sea-level indi cators at

subsurface boundaries allow th e data to be presented relative
to modern sea-level.

In investigating Holocen e sea-level change in the Port Pirie
region , a variety of sea-level indicators from facies boundaries
has been uti lised to provide an overall interpretation of sea­
level change. Radio carbon dates of specific indicators from
the differ ent boundaries provide consistent resu lt s indicating
a mid-Holocene highstand at Port Piri e of 2.2 m at 6,700 Yrs
BP. Thi s is less than the 4.5 m highstand at Redcliff, 60 km
to the north , a nd greater than the 1.0 m highstand at Port
Lincoln , 200 km to the south (BELPERIO, 1995). Th e signifi­
cant spa ti al variability in the height of the mid-Holocene
peak is cons iste nt wit h that whi ch has been geophysically
predicted from rheological modelling (LAM BECK and NAKA­
DA,1990).

Th e more den se a tim e/depth data set, the greate r is the
potentia l to discriminate minor sea level fluctu ations over
and above a broad trend. In general, minor oscillations have
not been det ect ed in sout hern Australian pal aeo sea-level
data, a nd are not discernible in the present data set. If Ho­
locen e sea-level fall has been relatively constant, th e rate of
fall can be compared with th e conte mporary sea-level t rend
from th e local tid e ga uge to gene rate a corr ect ed secula r sea­
level interpret ation. It has been suggested that, at least in
th e Northern Hemi sphere, Holocen e sea-level change ha s

J ourn al of Coastal Resea rch, Vol. 15, No.3, 1999



614 Harvey et al.

20001990198019701950 1960

Years
1940

.. .... .. .. .. .•• ..w . ... .w. .•.• ~..
• •• ••• •

1930

E 2000

.s 1900

Q) 1800

~ 1700

~ 1600
C/) 1500 I I

1920 I I I I I

Figure 4. Raw sea-level trend for Port Pirie (-0.02 mm yr 1 -:+:- 0.04 mm at the 95(/r confidence limit: based on hourly sea levels from 1930 to 1994.
Source: National Tidal Facility.

been oscillatory with fluctuations on the scale of decimetres
to metres over hundreds of years (ALLEN, 1995). Problems
may arise in removing the isostatically derived rate of sea­
level fall from the present sea-level trend in that averaged
geological trends can superimpose or induce underestimates
of the effects of shorter term, nonlinear vertical movements
(ZERBINI et al., 1996). In a study of sea-level change on the
relatively quiescent United States east coast, GORNITZ and
LEBEDEFF (1987) tested the validity of subtracting long-term
trends from individual tide gauges. They discovered that only
three out of 36 stations had residual errors outside the 95lfr
confidence limit of the combined geologic/historic sea-level
trends, and plots of these data showed similar spatial varia­
tions. A study of late Holocene and twentieth-century sea­
level trends from the United Kingdom (SHENNAN and WOOD­
WORTH, 1992) also found that the two data sets were closely
correlated.

In the present study, a simple linear correction of the tide
gauge trend (-0.02 mm yr 1) for isostatic land uplift (0.33 mm
yr 1) implies a secular sea level rise at Port Pirie of 0.31 mm
yr -1. Clearly, the contemporary secular rise of sea level at
Port Pirie is being largely masked by isostatic uplift of the
land. This is in marked contrast with the situation at Port
Adelaide, were land subsidence has greatly increased the ap­
parent rate of sea rise recorded by that tide gauge (BELPERIO,
1993). While some caution is necessary in comparing long and
short-term rates of sea-level change, this study highlights the
importance of removing the land change signal from tide­
gauge data to obtain a more reliable estimate of present sea­
level change. To do so necessarily requires the collection of
data at the specific tide gauge site. The remaining signals in
the tidal data then give an indication of eustatic (or steric)
sea-level change and the effects of gulf currents and oceano­
graphic-atmospheric forcing mechanisms such as the EI Nino
Southern Oscillation (ENSO) at this location. Similar local
studies of vertical movements that include isostatic, tectonic
and residual glacio-eustatic processes, where appropriate at
other tide-gauge localities, would significantly contribute to
refining global sea-level rise estimates.

CONCLUSIONS

mangrove and samphire remnants and specific boundaries
between such facies provide reliable palaeo sea-level indica­
tors from which time/depth plots of relative sea level change
can be constructed.

Holocene sea-level fall in the Port Pirie region, in response
to isostatic uplift of the land has been relatively constant over
the past 6,700 years BP from a highstand of 2.2 m.

By undertaking this investigation in close proximity to the
Port Pirie tide gauge, it has been possible to separate Holo­
cene land level rise (0.33 mm yr I) and secular sea level rise
(0.31 mm yr 1) from a tide gauge record that, by itself, sug­
gested minimal long term change (-0.02 mm yr I). The sec­
ular sea-level rise of 0.31 mm yr I is substantially less than
the most recent range of IPCC best estimates for global sea­
level rise of between 1 and 2.5 mm yr I. However, as more
historic tide gauge sites are critically examined, it is becom­
ing increasingly evident that land level changes, whether
positive or negative, are significantly affecting the tidal re­
cords. As suggested by PIRAZZOLI (1989), the dominance of
neotectonic and anthropogenic signals in tide-gauge data may
be resulting in an over-estimation of global sea-level rise by
two to three times when these influences are ignored. Clear­
ly, all tide gauge sites should be investigated for subtle land
level changes and their secular sea level signals corrected
accordingly.
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At Port Pirie, radiocarbon dated palaeo sea-level indicators
in association with preserved sediment facies boundaries
have been used to delineate and quantify Holocene sea-level
change over millennial time scales. Seagrass, intertidal shell,
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