
BMR P U B L I C A T I O N S C C 

BMR Bulleti n 

uperf icial sedimen 
of the Tasmanian 
continental shelf 
and part of Bass Strait 
H. A . Jone s &  P . J . Davie s 



DEPARTMENT O F RESOURCE S AND  ENERG Y 

B U R E A U O F M I N E R A L R E S O U R C E S , G E O L O G Y 
A N D G E O P H Y S I C S 

B U L L E T I N 2 1 8 

Superficial sediment s o f 
the Tasniania n continenta l shel f 

and par t o f Bas s Strai t 

H. A . JONE S &  PETE R J . DAVIE S 

AUSTRALIAN GOVERNMEN T PUBLISHIN G SERVIC E 
CANBERRA 198 3 



D E P A R T M E N T O F R E S O U R C E S A N D E N E R G Y 

MINISTER; SENATO R TH E HON. PETER WALS H 

SECRETARY: A . J . WOOD S 

B U R E A U O F M I N E R A L R E S O U R C E S , G E O L O G Y A N D G E O P H Y S I C S 

DIRECTOR: R . W . R . RUTLAN D 

Published for the Bureau of Mineral Resources, Geology and Geophysics 
by the Australian Government Publishing Service 

©Commonwealth of Australia 1983 

I S B N 0 644 02686 3 
I S S N 0084-7089 

This Bulletin was edited by G . M. Bladon 

Printed b y Graphic Service s Pty . Ltd., Northfield, S.A . 



C O N T E N T S 

Page 
ABSTRACT i v 

I N T R O D U C T I O N 1 

T E X T U R E S 1 

COMPOSITION 4 

Carbonate 4 

Terrigenous elastic s 4 

Phosphate 6 

S U R F A C E S E D I M E N T DISTRIBUTIO N A N D DISPERSA L . . . . . 7 

Relict an d moder n sediment s . . . . . . . . . . . 7 

Origin o f th e shel f sediment s 9 

R E F E R E N C E S 1 0 

A P P E N D I X 1 : Statio n data , carbonat e content , colour , an d summar y description s o f 

samples . . . . . . . . . . . . . 1 1 

A P P E N D I X 2 : Grainsiz e distribution : statistica l parameter s 1 7 

A P P E N D I X 3 : Heavy-minera l assemblage s i n selecte d surfac e sediment s . . . 2 2 

A P P E N D I X 4 : Polle n analyse s o f sediment s fro m th e Bas s Strai t shelf , b y M . K. Macphail 2 3 

F I G U R E S 

1. Sampl e station s . . . . . . . . . . . . . . 2 

2. Distributio n o f mea n grainsiz e . . . . . . . . . . . 3 

3. Mollusca n gener a an d thei r dept h range s identifie d i n dredg e haul s o n th e eas t Tas -
manian shel f . . . . . . . . . . . . . . 5 

4. Generalise d lithofacie s o f th e surfac e sediment s 8 

PLATE 
1. Continenta l shel f sediments—Tasmani a an d Bas s Strai t (1 : 1 million ) 

iii 



A B S T R A C T 

Three hundred and sixty-five surface and near-surface seabed samples provide the basis 
for an assessment of regional lithofacies variations on the Tasmanian shelf and in eastern 
and western Bass Strait. Quartz-rich sands with variable amounts of shell debris occur on 
the innermost shelf and on the rises flanking the central Bass Strait basin. They are essentially 
modern deposits derived in the main from Pleistocene nearshore sand bodies reworked and 
transported landwards during the Holocene marine transgression. Muddy sediments of the 
middle shelf off eastern Tasmania and in central Bass Strait are sites of present-day sedimenta­
tion, but they are likely to form only a thin veneer, and include coarse material probably 
reworked from the Pleistocene and early Holocene substrate. Extensive areas of the middle and 
outer shelf, particularly off southern and western Tasmania, are floored by dominantly relict 
bryozoan sands and gravels. Fine-grained and shelly, slightly quartzose sands in areas of the 
middle shelf consist of relict sediment, and sediment from the late Holocene transgressive 
marine sand sheet, in about equal proportions. 

Four main suites of heavy minerals are present in the surface sediments. Provenance 
relationships with sources in the adjacent hinterland suggest that little offshore sediment trans­
port parallel to the coastline has taken place. Rare grains of cassiterite were identified in 
marine sediments lying off the tin-producing areas of northeastern Tasmania, but 1 0 ppm 
Sn was the maximum value recorded in the geochemical analyses. 

Some phosphatisation of relict limestone gravels on the middle and outer shelf off north­
western Tasmania has taken place, but the highest recorded whole-rock analysis was 3.6 
percent Pi>0.-,. Density of sample stations in this part of the shelf is low. 
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I N T R O D U C T I O N 
Most o f th e dat a o n whic h thi s accoun t o f th e super -

ficial sediment s o f th e Tasmania n shel f an d Bas s Strai t 
is base d wer e collecte d i n 1973 , durin g a  marin e geo -
logical surve y b y BM R aboar d th e converte d ocean -
going tu g M V Sprightly. Additiona l dat a hav e com e 
from 6 5 sample s tha t BM R collecte d aboar d th e oil-ri g 
supply vesse l M V San Pedro Strait i n Bas s Strai t durin g 
the previou s year . A  larg e are a i n centra l Bas s Strai t 
was no t sample d durin g thes e tw o surveys , an d ther e 
are significan t gap s i n th e coverag e i n wester n Bas s 
Strait an d t o th e nort h an d sout h o f Kin g Islan d 
(Plate 1) . Interpretatio n an d reportin g o f th e result s 
were initiall y delaye d pendin g follow-u p wor k t o fill 
these gaps . However , furthe r field  survey s hav e no t 
been possible , an d eventuall y i t wa s decide d t o publis h 
this descriptio n base d o n th e dat a tha t wer e available . 

Of th e tota l o f 36 5 botto m sample s obtaine d durin g 
the 197 2 an d 197 3 cruise s (Fig . 1 ) , al l bu t five  wer e 
recovered wit h a  pip e dredg e o r a  dredg e o f th e chain -
bag typ e wit h provisio n fo r retainin g th e fin e fraction . 
At fiv e station s a  2- m pisto n core r wa s used . Summar y 
accounts o f th e cruise s hav e bee n give n b y Davie s & 
Marshall (1972 , 1973) , an d Jone s &  Holdgat e (1980 ) 
have describe d th e shallo w structur e an d geologica l 
history o f th e wester n hal f o f th e are a fro m th e seismi c 
data collecte d durin g th e Sprightly cruise . Interpre -
tations o f th e gcochemica l dat a ove r th e whol e area , 
and o f th e shallo w seismi c profile s fro m th e easter n 
shelf, hav e ye t t o b e completed . 

The subsurfac e geolog y o f th e offshor e Gippslan d 
Basin i s no w wel l know n i n outlin e a s a  resul t o f petro -

leum searc h b y industry , an d geophysica l survey s an d 
some drillin g hav e bee n carrie d ou t i n th e are a unde r 
review i n th e wester n par t o f Bas s Strait . However , 
little ha s hithert o bee n recorde d o n th e natur e o f th e 
superficial sediment s o f th e continenta l shelf , apar t 
from studie s o f restricte d area s suc h a s thos e b y Slate r 
(1969) an d Taylo r ( 1 9 7 5 ) . Durin g th e BM R surveys , 
samples wer e generall y collecte d o n a n 1 8 k m (1 0 
nautical miles ) grid , althoug h station s wer e mor e 
closely space d i n som e area s o f th e eas t Tasmania n 
shelf. Statio n dat a an d summar y description s o f th e 
samples ar e liste d i n Appendi x 1 . 

H. A . Jones , P . J . Davies , an d J . F . Marshall , al l o f 
BMR, too k par t i n bot h cruise s an d eac h acte d a s 
cruise leade r a t variou s time s durin g th e fou r month s 
spent a t sea . Othe r scientist s wh o helpe d wit h th e wor k 
at se a fo r shor t period s include d G . Holdgat e o f th e 
Geological Surve y o f Victoria , P . Colema n o f th e Aus -
tralian Museum , an d A . Drummon d o f Flinder s Uni -
versity. B . G . Wes t (BMR ) wa s mainl y responsibl e fo r 
grainsize analyse s i n th e laboratory . Th e heavy-minera l 
fraction o f th e sediment s wa s investigate d b y J . B . 
Colwell ( B M R ) , an d hi s wor k form s th e basi s o f th e 
section o n heav y mineral s i n thi s account . Mollusc s 
recovered i n dredg e haul s o n th e eas t Tasmania n shel f 
were identifie d o n boar d b y P . Coleman . Th e result s o f 
pollen analyse s carrie d ou t b y M . K . Macphai l o f 
Esso Australi a Lt d ar e presente d a s Appendi x 4 . T . J . 
Kimber o f th e BM R Cartographi c Sectio n dre w th e 
figures. 

T E X T U R E S 
In th e laboratory , representativ e sample s fro m eac h 

station wer e treate d wit h hydroge n peroxid e t o remov e 
organic matter , washe d i n fres h water , an d air-drie d 
at 50°C . Initia l grainsiz e separatio n wa s carrie d ou t b y 
wet-sieving int o grave l ( > 2 m m ) , san d (2 .0 -0 .06 2 
m m ) , an d mu d ( < 0 . 0 6 2 mm ) fractions , an d th e per -
centages b y weigh t o f eac h wer e determined . Grave l 
finer tha n —5.2 5 ph i (3 8 mm ) wa s furthe r sieve d int o 
eight fraction s ( 1 ph i interval s betwee n —5.2 5 ph i an d 
— 2.25 phi , an d quarter-ph i interval s betwee n —2.2 5 
phi an d —1. 0 phi) . Th e san d fractio n wa s processe d i n 
a settlin g tube , an d grainsiz e distributio n a t quarter -
phi interval s wa s determined . Th e mu d fractio n wa s 
analysed b y th e standar d pipett e metho d t o giv e eigh t 
readings a t half-ph i intervals . Finally , th e tota l grain -
size dat a wer e programme d throug h a  CT C 360 0 
computer, whic h provide d cumulativ e an d frequenc y 
curves, an d th e standar d grainsiz e statistica l parameter s 
were calculate d b y th e metho d o f moments . Thes e 
data ar e summarise d i n Appendi x 2 . 

The interpretatio n o f grainsiz e dat a obtaine d b y a 
combination o f differen t analytica l technique s i s subjec t 
to error ; thu s th e apparen t lac k o f materia l o f abou t 

1 ph i siz e i n man y o f th e samples—tha t is , materia l 
on th e boundar y betwee n ver y coars e san d an d grave l 
—may b e partl y du e t o th e grave l b^ein g measure d b y 
sieving an d th e san d b y settlin g velocity . However , 
numerous writer s ove r th e year s hav e suggested , fro m 
other line s o f evidence , tha t clasti c grain s i n th e granul e 
range ar e no t abundan t i n natur e (fo r example , Udden . 
1914; Pettijohn , 1949) , an d w e believ e tha t th e relativ e 
paucity o f materia l o f thi s siz e indicate d b y th e 
mechanical analyse s o f thes e sediment s i s no t wholl y a 
product o f th e measuremen t techniques . 

Two othe r factor s nee d t o b e take n int o accoun t i n 
assessing th e significanc e o f th e grainsiz e data . Th e 
first i s tha t par t o f th e sediment , particularl y th e coarse r 
fraction i n shel f area s distan t fro m land , commonl y 
consists o f relic t gravel , recen t shell s fro m th e loca l 
benthic community , an d concretionar y o r nodula r 
material wit h authigeni c components . Non e o f thes e 
are necessaril y relate d t o th e present-da y regim e o f 
sediment transpor t an d deposition . 

The secon d facto r relate s t o th e samplin g tech -
nique. Mos t sample s wer e obtaine d b y dredging , an d 
the materia l recovere d i n a  singl e dredg e hau l ma y 
include sediment s collecte d fro m site s ten s o f metre s 
apart. I n area s o f rapidl y changin g seafloo r relief , wha t 
appears t o b e a  poorl y sorte d sedimen t ma y therefor e 
represent a  composit e sampl e consistin g o f separat e 
components, eac h o f whic h ma y b e wel l sorte d an d 
in hydrodynami c equilibriu m wit h it s ow n small-scal e 
environment. I n addition , th e dredg e recovere d materia l 
from th e to p fe w centimetre s o f sediment , an d th e 
resulting mixe d sampl e ma y b e derive d fro m mor e 
than on e thi n bed . o r fro m severa l laminae ; her e again , 
apparent poo r sortin g ma y reflec t th e composit e natur e 
of th e sampl e recovered , an d i n thi s respec t simulat e 
naturally occurrin g bioturbatio n effect s o f burrowin g 
organisms. 

The grainsiz e distributio n (Plat e 1) , base d o n th e 
10-compartment three-endmembe r classificatio n o f 
Shepard ( 1 9 5 4 ) , indicate s tha t san d an d grave l cove r 
the entir e shel f excep t fo r area s o f silt y san d i n centra l 
Bass Strai t an d t o th e eas t o f S t Helens , southeas t o f 
Bicheno. an d of f Mari a Island . Quit e smal l proportion s 
of sil t an d cla y ca n impar t a  ver y mudd y appearanc e 
to sediment s plottin g i n th e silt y san d o r eve n th e 
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Fig. 1 . Sample station . 

sand compartment s o f the Shepar d triangula r diagram , 
and thi s i s reflected i n the summar y description s o f th e 
sediments give n i n Appendix 1. 

In orde r t o gain a  better indicatio n o f grainsize dif -
ferences th e sand fractio n wa s subdivided: th e mea n 

grainsize a t eac h statio n wa s plotted an d the value s 
were contoure d a t 1 phi intervals (Fig . 2 ) ; where the 
distribution wa s bimodal, th e coarser fractio n was 
ignored whe n i t consiste d o f shel l debri s fro m the 
existing benthi c community . Thi s devic e introduce s a 
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Fig. 2. Distributio n o f mea n grainsize . Th e mea n grainsiz e i s plotte d an d contoured a t 1  0 interval s an d adjusted b y ignorin g 
the coars e mode(s ) i n bimoda l an d polymoda l sediment s wher e th e coars e materia l i s derive d fro m th e moder n benthos . 
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subjective elemen t int o th e interpretation , bu t i t allow s 
more realisti c conclusion s t o b e draw n regardin g pas t 
and presen t depositiona l environments . Figur e 2  show s 
that revers e gradin g (coarsenin g seaward ) i s th e 
regional pattern . Fin e san d predominat e alon g th e 
inner shel f of f Victori a an d of f muc h o f Tasmania , 
and grade s seaward s int o medium-graine d sand , an d 
locally int o coars e san d a t th e edg e o f th e shelf . Majo r 
disruptions o f thi s regiona l patter n ar e cause d b y th e 
areas o f ver y fin e san d an d mu d o f centra l Bas s Strait , 
the southeas t Victoria n shelf , an d of f easter n Tasmania , 
by th e bel t o f coars e san d extendin g north-northwest -

wards fro m Flinder s Island , an d b y th e coars e san d 
covering muc h o f th e northwes t Tasmania n shelf . 

Sorting o f th e sediment s (Appendi x 2 ) reinforce s th e 
impression gaine d fro m th e grainsiz e dat a tha t muc h 
of th e shel f i s floore d b y relic t sediments . Wel l sorte d 
and moderatel y wel l sorte d sand s (standar d deviatio n 
less tha n 1. 0 phi ) ar e generall y confine d t o th e near -
shore zon e an d t o area s betwee n Flinder s Islan d an d 
the Morningto n Peninsula , an d th e middl e an d oute r 
shelf i s covere d wit h poorl y sorte d an d ver y poorl y 
sorted material . Implication s o f th e textura l dat a ar e 
discussed mor e full y i n a  late r section . 

Carbonate 

Calcium carbonat e i s th e dominan t componen t o f th e 
superficial sediments : 8 1 percen t o f th e sample s 
analysed contai n ove r 5 0 percen t C a C 0 3 , an d 6 2 
percent contai n ove r 7 5 percen t C a C 0 3 (Appendi x 1 , 
Plate 1 ) . Apar t fro m restricte d occurrence s o f con -
cretionary limeston e an d beachroc k o n th e middl e an d 
outer shelf , mainl y of f northwester n Tasmani a an d 
southeastern Victoria , an d o f abundan t micriti c materia l 
in th e mudd y sediments , mainl y o n th e easter n shel f 
and toward s centra l Bas s Strait , th e carbonat e consist s 
of recognisabl e skeleta l debri s mainl y contribute d b y 
molluscs, bryozoans , an d foraminifera . 

Twenty-four gener a o f bivalv e mollusc s wer e iden -
tified o n th e eas t Tasmania n shel f (Fig . 3 ) . Thirtee n 
genera wer e represente d b y dea d form s only ; te n wer e 
represented b y bot h livin g an d dea d specimens ; an d a 
single genu s {Modiolus) wa s represente d b y livin g 
specimens only . I n mos t case s th e dept h rang e o f th e 
dead form s exceed s tha t o f th e living , commonl y b y a 
large margin , whic h suggest s a  relic t origin . Th e sam e 
is tru e t o a  lesse r exten t o f th e gastropods , o f whic h 
19 gener a wer e recorded , an d th e scaphopod s (tw o 
genera). 

Bryozoans contribut e th e larges t singl e componen t 
of th e skeleta l debri s ove r wid e area s o f th e middl e 
and oute r shel f an d ar e completel y dominan t ove r muc h 
of th e wes t Tasmania n shelf . Muc h o f th e gravel-siz e 
material represente d i n Plat e 1  an d recorde d i n 
Appendix 1 , consist s o f bryozoa n colonies . Was s & 
others (1970 ) note d tha t reteporifor m bryozoa n 
zoarial type s predominat e i n sample s fro m th e eas t 
Tasmanian shelf , bu t for m onl y a  mino r constituten t 
of sample s fro m th e Grea t Australia n Bigh t an d th e 
west Tasmania n shelf . 

Calcareous benthi c foraminifer a mak e u p a  signifi -
cant proportio n o f th e shel f sediments , particularl y of f 
eastern Tasmani a an d i n easter n Bas s Strait , wher e 
they commonl y approac h bryozoan s an d mollusc s i n 
abundance. Arenaceou s benthi c form s ar e les s common , 
and planktoni c foraminifera . althoug h presen t i n almos t 
every sampl e examined , usuall y d o no t for m a  majo r 
component o f th e tota l shel l fraction . Th e distributio n 
of benthi c foraminifer a i n easter n Bas s Strai t ha s bee n 
described b y Taylo r &  Me e (1970 ) wh o stresse d tha t 
the physico-chemica l propertie s o f th e botto m water — 
rather tha n wate r depth—ar e th e critica l factor s govern -
ing specie s distribution . Amon g th e gener a recorde d 
by Taylo r &  Mee . Spiroloculina, Amplicornia. Glan-
dulina, Brizalina, Eponides, an d Lenticulina ar e pro -
minent i n th e BM R sample s fro m th e eas t Tasmania n 
shelf. Thes e form s als o occu r i n shallowe r wate r ( 4 0 -
60 m ) i n Bas s Strait , an d o n th e oute r shel f of f easter n 
and souther n Tasmania , wher e thei r generall y unbroke n 

C O M P O S I T I O N 
condition contrast s wit h th e comminuted , crushed , an d 
worn appearanc e o f th e mid-shel f assemblag e comprise d 
largely o f specie s o f Discorbis, Guttulina, Quinquelo-
culina, an d Gaudryina. Thi s wor n comminute d assem -
blage als o occur s i n patche s alon g th e eas t an d sout h 
Tasmanian shelf , an d i n th e centra l part s o f Bas s Strait , 
at depth s greate r tha n 6 0 m . 

Along th e sout h Victoria n an d eas t Tasmania n 
coasts, th e are a o f comminute d foraminifer a i s replace d 
shorewards b y th e quartz-ric h sediment s i n whic h fora -
minifera ar e altogethe r sparser , bu t dominate d b y 
Elph idium. 

Terrigenous elastics 
The terrigenou s componen t o f th e coars e fractio n o f 

the shel f sediment s consist s mainl y o f quartz , wit h 
subordinate roc k fragments , feldspar , an d ferromag -
nesian minerals . Sil t an d cla y o f terrigenou s origi n 
form majo r component s o f th e sediment s onl y i n 
restricted area s o f th e middl e shel f of f easter n Tas -
mania. Overal l abundanc e o f land-derive d elastic s 
decreases rapidl y awa y fro m th e coas t an d i s inversel y 
proportional t o th e carbonat e conten t (Plat e 1 ) . Onl y 
east o f Flinder s Islan d an d of f th e eas t Victoria n 
coast d o th e sediment s o f th e oute r shel f consis t o f 
more tha n 2 0 percen t terrigenou s material . 

Quartz 
N o attemp t ha s bee n mad e t o classif y th e quart z 

population i n term s o f optica l propertie s (extinctio n 
characteristics an d type s o f inclusions) , o r grain-shap e 
and grain-surfac e differences ; suc h dat a ca n contribut e 
to provenanc e studies , bu t i n thi s instanc e no t enoug h 
is know n abou t th e characteristic s o f quart z fro m pos -
sible sourc e area s t o allo w reliabl e conclusion s t o b e 
drawn. However , th e abundanc e o f plutoni c quart z 
with straigh t o r slightl y undulos e extinctio n i n th e sedi -
ments of f Flinder s Islan d an d of f northeaster n Tasmani a 
points clearl y t o derivatio n fro m th e Devonia n granite s 
of tha t region . Wel l rounde d grain s ar e no t a t al l 
common, bu t ar e prominen t i n a  numbe r o f sample s 
from northwester n Bas s Strai t an d eas t o f Flinder s 
Island. Thes e perhap s represen t reworke d materia l 
from Pleistocen e aeolia n coasta l dunes . 

Rock fragments 
Rock fragment s for m les s tha n 1 0 percen t o f th e 

sediment, excep t of f souther n Tasmania , wher e the y 
dominate th e sedimen t a t som e clos e inshor e localities . 
This coars e materia l i s no t far-travelle d an d th e pro -
venance i s commonl y no t i n doubt . T o th e cas t o f 
Flinders Island , graniti c roc k fragment s predominate , 
whereas vei n quartz , mctamorphi c quartzite , schist , an d 
metagranite relate d t o th e onshor e Precambria n an d 
lower Palaeozoi c sequence s occu r of f souther n an d 
western Tasmania . Pebble s derive d fro m th e Tertiar y 
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SCAPHO-
PODS 

GENUS , 
Depth (metres ) 

) 5 0 10 0 15 0 20 0 

GL YCIMERIS 
ANTIGONIA 
CARDIUM 
MYTILUS 
DOSINIA 
MYTILUS 
DOSINIA 
PLACAMEN 
MYODORA 
PLACAMEN 
MYODORA 
GARI 
NUCULANA 
PEC TEN _ SOLEN 
LI MOPS IS 
ARCA 
VENERICARDIA 
CARDITA — 
LIMA 

NEOTRIGONIA 
TELLINA ^HHHIHflHIHHHHflHH 
NUCULA 
MODIOLUS 
CUSPIDARIA 
LEPTONIA 
CRASSATELLA 
CODAKIA 
TROCHUS 
TURRITELLA 

LEPTONIA 
CRASSATELLA 
CODAKIA 
TROCHUS 
TURRITELLA 

— 
LEPTONIA 
CRASSATELLA 
CODAKIA 
TROCHUS 
TURRITELLA 
ANCILLA 
MARGIN ELLA 
PARCANASSA • 
EPITONEUM 1" 

NATICA 
PYRAMIDELLA 
CYMATIUM 
ACTEON 

PYRAMIDELLA 
CYMATIUM 
ACTEON — 
RISSOA 
CO LU BR ARIA 
FASCIOLARIA — 
SCISSURELLA 
RETUSA 
SINGAPATELLA HB ' flflfl 
TEREBRA HHHIHHfl 
CYLICHNA H H H H H H B ' " 'flHHHiflHflHiHH 
MITRA 
DENTALIUM 
CADULUS 

MITRA 
DENTALIUM 
CADULUS gjjj _ 

Dead forms  Living  forms 

2 3 K55 ' 

Fig. 3 . Mollusca n gener a an d thei r dept h range s identifie d i n dredg e haul s o n th e eas t Tasmania n shelf . 

basalt o f wester n an d northwester n Tasmani a appea r i n 
some o f th e inshor e sample s i n thes e areas . 
Heavy minerals 

Sixty-one sample s wit h a  larg e terrigenou s com -
ponent wer e selecte d fro m throughou t th e are a fo r 
heavy-mineral separation . Separation s wer e carrie d ou t 
in th e —1. 2 m m + 0 . 0 5 3 m m fraction , an d 30 0 t o 
400 grain s wer e counte d i n mos t samples . Th e abun -
dance o f eac h o f th e heav y mineral s wa s determine d 
by grai n count s unde r th e microscope . Wher e necessary , 

X-ray diffractio n wa s use d t o confir m minera l identifi -
cations. Detaile d result s ar e give n i n Appendi x 3 . 

The minera l assemblage s fal l int o fou r mai n suites . 
The distinction s betwee n thes e ar e b y n o mean s clear -
cut, but , a s fo r th e roc k fragments , source s i n th e 
neighbouring onshor e hinterlan d ca n commonl y b e 
identified, suggestin g tha t transpor t paralle l t o th e coas t 
is no t a n importan t process . Th e averag e heavy -
mineral conten t o f th e san d fractio n o f th e 6 1 sample s 
analysed wa s 0.7 3 percent . Relativel y hig h value s 
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( > 2 . 0 percent ) ar e eviden t onl y amon g th e pyroxen e 
and ilmenite-ric h sample s o f suit e 1 . 

Suite 1  i s dominate d b y pyroxenes , an d extend s alon g 
the eastern , southern , an d muc h o f th e wes t Tasmania n 
shelf, an d i s als o foun d of f th e Victoria n coas t i n 
western Bas s Strait . Of f easter n an d souther n Tasmani a 
the assemblag e consist s o f 1 0 t o 2 0 percen t opaque s 
(ilmenite, magnetite , hematite , limonite , an d mino r 
leucoxene) , 5 0 t o 7 0 percen t pyroxene . 5  t o 1 0 percen t 
tourmaline, 2  t o 1 0 percen t garnet , 2  t o 5  percen t 
apatite, mino r quantitie s o f hornblend e an d rutile , an d 
traces o f topaz , zoisite , an d metamorphi c minerals . 
The mai n sourc e o f thi s assemblag e i s likel y t o b e th e 
extensive area s o f Jurassi c dolerite s o f easter n Tas -
mania. Of f wester n Tasmani a th e assemblag e contain s 
rather mor e opaqu e mineral s an d metamorphi c specie s 
(chiefly garnet) , an d les s pyroxene . Inshor e sample s 
from th e Victoria n shel f betwee n Cap e Otwa y an d 
Wilsons Promontor y contai n abou t 5 0 percen t opaques , 
20 t o 3 0 percen t pyroxene , an d 5  t o 1 0 percen t o f eac h 
of amphibol e (hornblende) , zircon , an d tourmaline . 
Small quantitie s o f olivin e i n sample s fro m tha t are a 
reflect th e proximit y o f th e basi c volcanic s o f wester n 
Victoria. 

Suite 2  occur s eas t an d northeas t o f Flinder s Islan d 
and i n Ringaroom a Ba y (Bank s Strait ) an d i s dis -
tinguished b y th e abundanc e o f topaz , whic h average s 
42 percen t o f th e heav y fraction , an d tourmaline , 
which average s 2 1 percent . Derivatio n fro m th e topaz -
bearing Devonia n granite s o f northeaster n Tasmani a 
and th e Furneau x Grou p i s clearl y indicated . Othe r 
components o f suit e 2  ar e ilmenit e an d iro n oxide s (1 7 
percent), garne t ( 7 percent) , zirco n ( 5 percent) , an d 
minor t o trac e amount s o f amphibol e (hornblende) , 
epidote, rutile , cassiterite , an d andalusite . 

Suite 3  occur s of f northwester n Tasmani a t o th e 
southeast o f Kin g Island , an d i s characterise d b y th e 
presence o f a n unusuall y hig h proportio n o f olivine , 
derived fro m th e Tertiar y basalt s whic h cro p ou t i n 
coastal region s i n th e northwes t o f th e state . 

Suite 4  i s a  mixe d assemblag e occurrin g of f th e 
southeast Victoria n coas t fro m Ninet y Mil e Beac h t o 
Cape Howe . I t consist s o f betwee n 2 5 an d 4 6 percen t 
opaques (magnetit e an d ilmenit e wit h mino r leu -
coxene) , 5  t o 1 7 percen t zircon , 1 5 t o 2 5 percen t 
tourmaline, 1  t o 2  percen t rutile , 5  t o 2 0 percen t horn -
blende, 5  t o 1 0 percen t epidote . 1  t o 1 0 percen t garnet , 
1 t o 5  percen t andalusite , 1  t o 2  percen t staurolite , an d 
traces o f apatite , topaz , pyroxene , an d sillimanite . 
Many o f th e stabl e an d ultrastabl e component s ar e 
moderately t o wel l rounde d an d ar e probabl y multi -
cyclic. Source s fo r th e suit e ar e likel y t o li e i n th e 
extensive an d rugge d graniti c an d sedimentar y terrai n 
of easter n Victoria . 

A fe w sample s ar e anomalou s an d d o no t readil y fi t 
into on e o f th e fou r suite s describe d above . Thu s a 
single sampl e fro m a n inshor e statio n of f th e eas t 
coast o f Kin g Islan d (numbe r 2168 . include d i n suit e 
1) consist s mainl y o f garne t an d augite , presumabl y 
derived fro m th e contact-metamorphose d pyroxene -
garnet-rich scheelite-bearin g sediment s associate d wit h 
the intrusiv e granit e o f southeaster n Kin g Island . Th e 
heavy fractio n o f th e sedimen t fro m thi s statio n wa s 
searched fo r scheelite ; non e wa s identifie d b y optica l 
properties, bu t rar e grain s wer e picke d ou t b y scan -
ning unde r ultraviole t light . 

Cassiterite i s presen t i n trac e amount s i n suite s 1  an d 
2 fro m eas t o f Flinder s Islan d an d easter n Tasmania . 
The highes t valu e recorde d wa s 1. 7 percen t a t statio n 
1943 i n Ringaroom a Bay , bu t X R F analysi s o f thi s 
sample fo r ti n recorde d onl y 2  pp m Sn . O f 10 7 sample s 
from th e eas t Tasmania n shel f an d easter n Bas s Strai t 
analysed fo r tin , 1 5 equalle d o r exceede d th e 2  pp m 
detection limit . Th e maximu m valu e recorde d wa s 1 0 
ppm S n i n a  sampl e fro m statio n numbe r 1940 , als o 
in Ringaroom a Bay . Thes e lo w value s hav e n o economi c 
significance i n themselves , althoug h highe r value s ma y 
be presen t i n th e subsurface . 

Phosphate 

An offshor e minera l exploratio n progra m t o searc h 
for phosphat e o n th e Tasmania n shel f wa s undertake n 
by a  consortiu m o f minin g companie s i n 1966 . Abou t 
180 dredg e samples , mostl y fro m th e wes t Tasmania n 
shelf, wer e collected , an d nodula r phosphati c materia l 
was recovere d a t si x o f thes e i n wate r depth s o f 6 0 
to 15 0 m . Th e operatin g compan y (Ocea n Minin g 
A.G., Washington ) reporte d a  maximu m P._.O n valu e 
of 2 6 percent ; however , th e overal l result s o f th e 
venture wer e no t sufficientl y encouragin g t o stimulat e 
more detaile d evaluation , an d n o furthe r wor k wa s 
carried out . 

Traces o f phosphat e wer e foun d i n materia l fro m 
several dredg e haul s o n th e wes t Tasmania n shel f 
during th e BM R survey , bu t th e highes t P L . O - valu e 
recorded i n whole-roc k analyse s wa s onl y 3. 6 percent . 
This doe s no t cas t doub t o n th e result s o f th e earlie r 
mining compan y work ; nodula r phosphati c materia l i s 
highly variabl e i n composition , and . furthermore , fe w 
samples wer e collecte d b y BM R of f northwester n 
Tasmania an d southwes t o f Kin g Island , wher e i t 
appears tha t mos t o f th e minin g compan y dredgin g 
was carrie d out . 

The highes t phosphat e value s i n th e BM R sample s 
were recorde d o n materia l fro m station s 212 1 an d 
2126, bot h o n th e middl e an d oute r northwester n shelf . 
In bot h sample s th e phosphat e occur s a s collophan e 
associated wit h goethite , whic h ar e presen t a s mino r 
components i n th e carbonat e cemen t o f smal l brownis h 
limestone nodules . Th e bul k o f th e rock s consis t o f 
bryozoan fragment s i n a  micriti c matri x (2121 ) an d 
planktonic foraminifer a wit h glauconit e pellet s i n a 
micritic matri x ( 2 1 2 6 ) . 

N o depositio n i s takin g plac e o n th e shel f i n thi s 
area, and , apar t fro m element s o f th e moder n benthos , 
most o f th e materia l recovere d i n th e dredg e haul s 
consists o f brown-staine d an d bore d limeston e la g 
gravel. Seismi c dat a confir m th e absenc e o f a  Holocen e 
sequence an d indicat e tha t Tertiar y limeston e (probabl y 
the Miocen e Por t Campbel l Limeston e equivalent ) 
crops ou t o n th e se a floor  (Jone s &  Holdgate , 1980) . 
Phosphatisation o f relic t sediment s o n continenta l 
shelves i s no t uncommon , althoug h i t i s usuall y 
recorded i n wate r depth s somewha t greate r tha n i n th e 
Tasmanian occurrences . Phosphoru s an d iron-ric h 
sediments o n th e eas t Australia n continenta l margi n 
have bee n examine d i n detai l b y Marshal l &  Coo k 
( 1 9 8 0 ) . Thei r dat a sho w tha t comple x multistag e 
diagenetic an d physica l processe s ar e involved , an d 
suggest tha t precipitatio n o f apatit e occur s durin g bot h 
early an d ver y lat e phase s o f th e developmen t o f th e 
material. 
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S U R F A C E S E D I M E N T D I S T R I B U T I O N A N D D I S P E R S A L 

Most dat a o n mid-latitud e temperat e shelve s com e 
from th e norther n hemisphere , wher e th e influenc e o f 
glacially derive d sediment s i s commonl y overriding . Th e 
composition an d texture s o f th e Tasmania n shel f sedi -
ments ar e closel y relate d t o Quaternar y sea-leve l 
changes, bu t th e shel f wa s neve r glaciate d an d Pleisto -
cene glacia l deposit s ar e absent . Skeleta l carbonat e i s 
the dominan t componen t o f th e sediments ; par t o f thi s 
carbonate consist s o f transporte d shel l debri s i n equili -
brium wit h th e hydrodynami c condition s o f th e present -
day environment , bu t part , an d ofte n th e majo r part , 
consists o f livin g o r recentl y dea d element s o f th e 
modern benthos , o r o f staine d an d abrade d relic t 
shallow-water shel l materia l an d altere d nodula r cal -
careous materia l unrelate d t o th e moder n regim e o f 
sediment transpor t an d deposition . 

Relict and modern sediments 
Any attemp t t o explai n th e existin g distributio n an d 

dispersal pattern s o f th e shel f sediment s i s face d wit h 
two majo r problems . Th e firs t i s t o distinguis h moder n 
from relic t sediment s an d asses s th e relativ e proportion s 
of eac h i n th e extensiv e area s wher e th e tw o ar e mixed ; 
the secon d i s t o identif y an d mak e allowanc e fo r th e 
component contribute d b y th e existin g benthos . Wit h 
regard t o th e second , grainsiz e an d sortin g dat a wil l b e 
of limite d valu e a s indicator s o f environmenta l condi -
tions i f th e sediment s contai n a  muc h coarse r o r muc h 
finer componen t fro m th e existin g benthos . Th e moder n 
benthos i s relate d mor e o r les s intimatel y t o existin g 
water depth , physico-chemica l conditions , an d th e sub -
strate, bu t it s skeleta l remain s ar e texturall y uncon -
nected t o th e environmen t unti l equilibriu m b y sortin g 
processes i s reached . Whil e i t i s ofte n possibl e t o 
identify an d exclud e moder n bentho s befor e mechanica l 
analysis, thi s i s no t alway s th e case , particularl y wit h 
broken shel l debris . Als o recen t experienc e wit h radio -
carbon ag e datin g o f shell s fro m th e eas t Australia n 
shelf ha s show n tha t fresh-lookin g shell s ma y i n fac t 
be earl y Holocene , althoug h iron-staine d an d abrade d 
shells i n dee p wate r ar e apparentl y invariabl y earl y 
Holocene o r older . Thu s th e selectiv e remova l o f fresh -
looking shel l materia l i n a n attemp t t o exclud e moder n 
benthos ma y introduc e errors . Remova l o f al l carbonat e 
by aci d leachin g i s usuall y impracticabl e owin g t o th e 
small terrigenou s fractio n i n man y samples . I t mus t 
follow tha t grainsiz e distribution s a s a  measur e o f exist -
ing dispersa l pattern s ar e t o som e exten t suspec t owin g 
to th e unavoidabl e inclusio n o f som e moder n benthi c 
skeletal material . 

The distinctio n betwee n relic t an d moder n sediment s 
also i s no t alway s easil y made , an d thi s to o ma y intro -
duce uncertaintie s i n interpretation . Relic t sediment s 
are easil y recognisabl e wher e the y consis t o f shallow -
water organi c remain s no w i n dee p water , an d particu -
larly wher e th e effect s o f subaeria l exposur e ar e evident . 
But th e differenc e betwee n moder n an d relic t sediment s 
is b y n o mean s clea r fo r th e fine-graine d deposit s i n 
central Bas s Strait , of f southeaster n Victoria , an d alon g 
much o f th e middl e an d oute r shel f o f easter n Tasmani a 
(Fig. 4 ) . Belt s o f mudd y sediment s occu r o n th e 
middle shel f a t a  numbe r o f place s elsewher e o n th e 
east Australia n continenta l margin , an d th e questio n 
of whethe r o r no t the y represen t moder n depositio n 
has no t bee n resolved . Mid-shel f mud s of f Ne w Englan d 
on th e Unite d State s Atlanti c margi n hav e bee n show n 
to b e relic t earl y Holocen e deposit s (Millima n &  others . 

1972; Meade , 1972) . O n th e othe r hand , fine-graine d 
sediments i n ove r 5 0 m  o f wate r o n th e sout h Washing -
ton shel f o n th e Unite d State s Pacifi c margi n ar e 
considered t o b e moder n deposit s supplie d b y th e 
Columbia Rive r (Smit h &  Hopkins , 1972) . Th e mu d 
zones o n th e eas t Australia n shel f als o occu r of f rive r 
mouths, an d ar e simila r i n som e characteristic s t o th e 
modern mud s o f estuarie s o n th e adjacen t coast . Davie s 
(1979) favoure d a  relic t origi n fo r th e shel f mud s 
because thei r texture s ar e simila r t o thos e o f mixe d 
coastal barrie r sand s an d back-barrie r muds , an d be -
cause h e considere d tha t th e provenanc e relationship s 
that the y exhibi t wit h hinterlan d source s woul d b e 
unlikely t o b e preserve d durin g dispersa l acros s th e 
shelf unde r moder n conditions . However , vibrocor e 
holes drille d recentl y o n th e easter n shel f hav e shown , 
locally a t least , tha t th e mudd y sand s res t o n th e Holo -
cene marin e transgressio n unconformit y an d reac h a 
thickness o f a t leas t 3. 5 m  of f Newcastl e (Kudrass , i n 
press). The y wer e therefor e deposite d i n th e lat e 
Holocene, bu t th e sourc e o f th e sediment , whethe r 
entirely fro m moder n river s o r fro m reworkin g o f earl y 
Holocene o r Pliestocen e substrates , ha s no t bee n estab -
lished. 

The mudd y sediment s o f centra l Bas s Strai t an d th e 
southeast Victoria n an d eas t Tasmania n shelve s occu r 
in wate r depth s rangin g fro m 4 4 m  t o 21 2 m . The y 
are bounde d b y mainl y terrigenou s san d landwards , 
and, wher e the y ar e o n th e ope n shelf , b y mainl y relic t 
sand an d grave l seawards . The y hav e n o apparen t 
relationship t o th e onshor e drainag e pattern , eithe r 
with regar d t o th e locatio n o f th e deposit s o r t o th e 
sources o f th e material . The y ar e almos t alway s poly -
modal; dominan t mode s commonl y fal l a t abou t 2 , 3.5 , 
and 4. 5 phi . Th e sand-siz e fractio n consist s mainl y o f 
non-terrigenous shel l debris . Th e thicknes s o f th e 
deposits i s no t known , bu t exceed s 1  m  a t on e statio n 
(2167) wher e a  pisto n cor e wa s obtained . N o significan t 
lithological variatio n wit h dept h wa s note d i n thi s 
core. 

There ar e n o majo r river s supplyin g larg e volume s 
of sedimen t t o th e continenta l shel f i n th e surve y area , 
and ther e i s n o doub t tha t mos t o f th e relativel y little -
transported sedimen t loa d tha t i s carrie d t o th e se a 
is trappe d i n th e protecte d estuarie s an d lagoon s o f 
this drowne d an d embaye d coastline . Some , however , 
reaches th e ope n shel f i n time s o f heav y run-off , a s 
evidenced b y th e turbi d surface-wate r observe d offshor e 
at thes e times . Coasta l erosion , an d winnowin g o f th e 
sea-floor b y current s an d wav e an d swel l action , wil l 
also lif t fine  sedimen t int o suspensio n i n th e near -
bottom wate r layers . Ho w fa r thi s suspende d materia l 
is transporte d an d wher e i t finally  come s t o res t ar e th e 
questions a t issue . Muc h o f i t i s certainl y carrie d bac k 
landwards an d i s deposite d i n th e coasta l sedimen t 
traps. Th e sand s o f th e inne r shel f ar e virtuall y mud -
free, s o i f an y suspende d sedimen t escape s th e coasta l 
sediment trap s i t mus t bypas s th e inne r shelf . Th e pre -
sence o f moder n polle n i n th e mid-shel f mud s suggest s 
that suspende d terrigenou s sedimen t tha t reache d th e 
overlying wate r colum n i n th e middl e shel f mus t b e 
deposited ther e alon g wit h th e pollen . 

The polle n analyse s (Appendi x 4 ) wer e carrie d ou t 
by D r M . K . Macphail . Hi s result s sho w tha t polle n 
from plant s introduce d sinc e Europea n colonisation , fo r 
example Pintts radiata an d agricultura l weeds , ar e 
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Mainly quartz  sands  with  variable 
amounts of  modern  shell  debris 

Muddy quartzose  and  calcareous  sediments, 
mainly in  areas  of  modern  deposition 

2 3 / K 5 5 / 3 

Fine-grained shelly  sands,  slightly  quartzose, 
with modern  and  relict  components 

Bryozoan sands  and  gravels, 
mainly relict  in  origin 

Fig. 4 . Generalise d lithofacie s o f th e surfac e sediments . 
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present i n th e thre e sample s analysed , althoug h onl y 
in on e sampl e ar e th e number s statisticall y significant . 
These result s prov e tha t moder n polle n ar e bein g 
deposited o n th e middl e shel f today , an d i t follow s 
that hydraulicall y equivalen t o r coarse r terrigenou s 
material transporte d t o th e are a mus t com e t o res t ther e 
also. 

N o quantitativ e estimat e o f th e relativ e proportion s 
of moder n terrigenou s sediment , relic t sediment , an d 
material reworke d fro m th e substrat e tha t ar e presen t 
in th e mid-shel f mudd y sand s i s possible , bu t contri -
butions fro m al l thre e source s ar e likely . Th e factor s 
which contro l depositio n ar e suspension-loa d concen -
tration, botto m currents , an d wav e an d swell-induce d 
water movement . Dat a o n non e o f thes e ar e availabl e 
in th e surve y area , bu t i t mus t b e assume d tha t th e 
limiting condition s o f mu d depositio n occu r a t abou t 
45 m  wate r dept h of f easter n Tasmania . Thi s figur e 
can b e compare d wit h 3 0 m  fo r th e mu d depositiona l 
limit i n th e Nort h Se a an d 7 3 m  i n th e Englis h Channe l 
(McCave, 1971) , an d abou t 5 0 m  o n th e Washingto n 
and Orego n shelve s of f th e wester n Unite d State s 
(Smith &  Hopkins , 1 9 7 2 ) . Th e contras t wit h th e wes t 
Tasmanian shelf , whic h i s mud-free , i s marked . Som e 
mud, an d certainl y pollen , mus t b e i n suspensio n i n th e 
shelf waters , bu t i t i s no t deposite d there , presumabl y 
because o f th e highe r incidenc e o f long-perio d swell s 
on thi s coastlin e expose d t o th e prevailin g westerlie s 
of th e Souther n Ocean . 

Origin of the shelf sediments 

Some genera l conclusion s o n th e origi n o f th e surfac e 
sediments ar e summarise d i n Figur e 4 . Th e quartzos e 
sands o f th e innermos t shel f an d th e rise s flankin g th e 
central Bas s Strai t basi n ar e moder n an d mor e o r les s 
in equilibriu m wit h presen t conditions . The y ar e domi -
nantly unimodal , suggestin g a  singl e transportin g 
mechanism, an d th e carbonat e componen t consist s o f 
fresh comminute d shel l debris . The y represen t th e 
sand shee t lai d dow n durin g an d afte r th e postglacia l 
marine transgression , an d wer e probabl y derive d i n th e 
main fro m outer-shel f Pleistocen e beac h an d nearshor e 
quartzose barrie r sand s reworke d durin g th e earl y 
Holocene ris e o f se a leve l an d transporte d landward s 
with th e advancin g shoreline . 

The mudd y sediment s o f th e easter n shel f an d centra l 
Bass Strai t ar e als o considere d t o b e mainl y moder n 
deposits. Th e presenc e o f moder n polle n i n th e mud s 
is proo f tha t depositio n o f fine-graine d materia l i s 
occurring today , bu t ther e ar e n o quantitativ e dat a o n 
the amoun t o f terrigenou s mu d tha t escape s th e coasta l 
sediment trap s an d reache s ope n shel f waters . Muc h 
of th e sand-siz e materia l (mostl y 2 - 4 phi ) consist s o f 
fresh shel l debris , includin g planktoni c foraminifera , 
and als o appear s t o b e o f recen t origin . However , sand -

size quart z an d coarse , mainl y bryozoa n organi c frag -
ments ar e als o presen t i n som e sample s an d i t i s diffi -
cult t o conceiv e o f a  mechanis m whic h coul d transpor t 
this materia l t o th e middl e an d oute r shel f unde r presen t 
conditions. Thi s coars e componen t i s therefor e likel y 
to hav e bee n deposite d whe n se a leve l wa s significantl y 
lower tha n i t i s today , an d i s preserve d i n th e surfac e 
sediment layer s a s a  resul t o f bioturbation . Th e latera l 
and vertica l mixin g o f sedimen t durin g sampling , 
referred t o i n a n earlie r section , ma y b e a  contributin g 
factor also . High-resolutio n seismi c profiling , supporte d 
by a  corin g program , i s neede d t o establis h th e thicknes s 
of th e shel f muds , an d th e natur e o f th e substrate , 
before fir m conclusion s ca n b e draw n o n th e relativ e 
importance o f moder n an d ancien t depositiona l pro -
cesses i n th e genesi s o f thes e sediments . 

The bryozoa n sand s an d gravel s whic h occup y exten -
sive area s o f th e middl e an d oute r shel f ar e mainl y 
relict, althoug h a  significan t componen t i s contribute d 
by th e moder n benthos . Planktoni c foraminifer a ar e 
abundant i n thi s facie s of f easter n an d souther n Tas -
mania, bu t rar e o r absen t i n Bas s Strait . The y ar e usuall y 
poorly o r ver y poorl y sorte d an d polymodal ; thei r mai n 
constituents ar e texturall y an d compositionall y unre -
lated t o th e presen t environments . Th e relic t origi n o f 
much o f th e coars e shel l materia l i s evidence d b y sur -
face stain s o f limoniti c material , whic h als o fill s th e 
extensive alga l boring s tha t riddl e th e skeleta l fabric . 
Glauconite, a s cavit y infilling s i n foraminifer a test s an d 
as discret e grains , i s a  commo n bu t mino r componen t 
of thes e sediments , an d collophan e occur s i n associatio n 
with ferruginou s materia l i n som e sample s fro m th e 
west Tasmania n shelf . 

The fina l grou p o f sediment s consist s o f slightl y 
quartzose fine  shell y sand s i n whic h relic t an d moder n 
components ar e presen t i n abou t equa l proportions . 
They flan k th e quartzos e sand s o f th e inne r shel f an d 
the rise s i n Bas s Strait . The y var y greatl y bot h i n tex -
tural characteristic s an d i n composition , bu t alway s 
contain som e quart z an d ar e nearl y alway s polymoda l 
with a  mixe d fauna l assemblag e whic h include s bot h 
fresh an d relic t components . Thes e sediment s com -
monly contai n a  mino r amoun t o f terrigenou s materia l 
in th e mu d grade , whic h i s likel y t o b e partl y o r wholl y 
modern i n origin . Th e degre e o f sortin g i s variable , 
and range s fro m a  standar d deviatio n o f abou t 0. 9 fo r 
the sand s of f th e souther n ti p o f Tasmani a t o ove r 
2.0 ph i i n Bas s Strai t an d of f southeaster n Victoria . 
The evidenc e suggest s tha t thes e sediment s ar e transi -
tional i n nature , th e bette r sorte d sample s approachin g 
equilibrium wit h th e present-da y environment . Th e 
coarse fraction , bot h terrigenou s an d biogenic , include s 
modern material , materia l i n proces s o f bein g reworke d 
from th e earl y Holocen e substrate , an d materia l 
reworked an d deposite d durin g th e lat e Holocen e 
transgression. 
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APPENDIX 1 
Station data , carbonat e content , colour , an d 

summary description s o f sample s 

Station Latitude Longitude Depth CaCOs Colour Summary description 
no. °S °E m % 

1784 37°50.0' 149°25.2' 102 29 5 Y  5/6 Quartz sand, medium, shelly 
1785 37°50.6' 149°37.5' 119 40 5 Y 5/2 Quartz sand, fine, shelly 
1786 37°49.9' 149°49.0' 124 53 5 Y 5/2 Shell sand, fine, quartzose, muddy 
1787 37°50.0' 149°59.5' 137 58 5 Y 6/4 Shell sand, medium, quartzose, muddy 
1788 37°42.2' 150°10.6' 208 N D 5 Y 5/2 Shell sand, medium, quartzose, muddy 
1789 37°43.0' 149°57.4' 95 73 5 Y 5/6 Shell sand, medium, quartzose 
1790 37°40.2' 149°47.4' 73 22 5 Y 5/6 Quartz sand, fine, shelly 
1791 37°40.4' 149°41.9' 22 N D ND No recovery 
1792 37°57.9' 149°33.4' 124 56 10 Y 6/2 Shell sand, fine, quartzose, very muddy 
1793 38°04.6' 149°40.5' 146 85 10 Y 6/2 Shell sand, fine, very muddy 
1794 38°13.2' 149°12.5' 168 86 5 Y 5/2 Shell sand, fine, muddy 
1795 38°02.6' 149°13.8' 119 80 10 Y 6/2 Shell sand, fine, muddy 
1796 37°52.5' 149° 13.0' 88 32 10 YR6/6 Quartz sand, medium, shelly 
1797 38°17.8' 148°34.4' 196 58 10 YR5 /4 Shell sand, coarse, quartzose gravelly 
1798 38°07.3' 148°34.8' 77 39 10 YR5/4 Quartz sand, medium, shelly 
1799 37°58.4' 148°36.0' 51 25 10 YR5/4 Quartz sand, coarse, shelly 
1800 37°49.4' 148°36.1' 26 03 10 YR6/2 Quartz sand, medium 
1801 37°48.2' 148°47.9' 24 21 10 YR6/2 Quartz gravel, sandy, shelly 
1802 37°59.0' 148°47.6' 73 26 5 YR6 /4 Quartz sand, medium, shelly 
1803 38°07.0' 148°47.2' 119 77 10 Y 6/2 Shell sand, fine, quartzose, muddy 
1804 38°17.4' 148°47.4' 208 86 5 Y 5/2 Shell sand, fine, muddy 
1805 38°20.0' 148°33.2' 185 67 10 Y 6/2 Shell sand, medium, quartzose, slightly 

muddy 
1806 38°13.5' 148°21.2' 70 63 10 YR5/4 Shell sand, medium, quartzose 
1807 38°06.0' 148°09.1' 59 81 5 Y 7/2 Shell sand, fine, slightly quartzose, muddy 
1808 38°01.5' 148°0.28' 53 71 10 YR5 /4 Shell sand, fine, quartzose, muddy 
1809 38°27.8' 148°26.5' 187 79 5 Y 6/1 Shell sand, medium, quartzose, gravelly 
1810 38°24.3' 148°13.5' 69 62 10 YR5/4 Shell sand, coarse, quartzose, gravelly 
1811 38°22.2' 148°03.2' 66 88 5 Y 7/2 Shell sand, medium, quartzose, muddy, 

gravelly 
1812 38°29.2' 147°59.8' 68 88 5 Y 7/2 Shell sand, medium, slightly quartzose, 

slightly muddy 
1813 38°30.0' 148°11.5' 77 67 5 Y 7/2 Shell sand, medium, quartzose 
1814 38°29.8' 148°24.9' 128 79 5 Y 7/2 Shell sand, medium, quartzose, slightly 

muddy 
1815 38°39.3' 148°22.2' 190 82 10 YR4/2 Shell gravel, sandy, slightly quartzose 
1816 38°38.5' 148°11.4 ' 81 90 10 YR5/4 Shell sand, medium, slightly muddy 
1817 38°38.0' 147°58.6' 75 88 5 Y 7/2 Shell sand, fine, slightly quartzose, muddy 
1818 38°50.3' 148°17.2' 179 60 5 Y 6/1 Shell sand, medium, quartzose 
1819 38°49.3' 148°07.4' 80 90 10 YR6/2 Shell sand, fine, slightly muddy 
1820 38°50 . r 148°00.0' 80 92 5 Y 8/1 Shell sand, medium, slightly muddy 
1821 39°00.0' 148°00.0' 70 80 5 Y 8/1 Shell sand, coarse, slightly quartzose, 

gravelly 
1822 3 9 ° 0 0 . 0 ' 148°11 .7 ' 70 86 5 Y 7/2 Shell sand, medium, gravelly 
1823 39°00.0' 148°24.1 ' 75 71 5 Y 7/2 Shell sand, fine, quartzose 
1824 39°00 .0 ' 148°34.6' 187 74 5 Y 6/2 Shell sand, fine, quartzose, muddy 
1825 39°09.7' 148°38.2' 179 100 5 Y 7/2 Shell sand, coarse, gravelly 
1826 39° 10 .0 ' 148°25.0' 59 67 5 Y 7/1 Shell sand, fine, quartzose 
1827 39° 10.0' 148°11 .6 ' 59 84 10 YR7/2 Shell sand, medium, slightly quartzose 
1828 39°10.0' 148°00.0' 59 92 10 YR7/4 Shell sand, coarse, gravelly 
1829 39039 9 - 148°00.2' 31 59 5 Y 5/2 Shell sand, coarse, quartzose, gravelly 
1830 39°40.0' 148°13.5' 32 31 10 Y R 6 / 2 Quartz sand, medium, shelly 
1831 39°31.5' 148°45.0' 38 38 10 YR6 /4 Quartz sand, medium, shelly 
1832 39°41.7' 148°44.2' 130 91 10 YR6/4 Shell sand, medium 
1833 39°31.5' 148°45.0' 152 86 10 YR5/2 Shell sand, medium, slightly quartzose, 

gravelly 
1834 39°33.3' 148°33.5' 53 37 10 YR6/4 Quartz sand, fine, shelly 
1835 39°31.0' 148°25.7' 35 36 10 YR6/2 Quartz sand, medium, shelly 
1836 39°30.6' 148°13.4' 44 73 10 YR6/4 Shell sand, medium, quartzose 
1837 39°28.5' 148°01.0' 46 91 10 YR6/2 Shell sand, coarse, slightly quartzose, 

39°50.0' 
gravelly 

1838 39°50.0' 148°06.6' 13 09 10 Y R 6 / 2 Quartz sand, coarse, slightly shelly 
1839 39°50.6' 148° 18.0' 29 23 10 Y R 6 / 4 Quartz sand, medium, shelly 
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Station Latitude Longitude Depth CaC03 Colour Summary description 
no. °S °E m % 

1840 39°50.3' 148°32.0' 53 25 10 YR5/4 Quartz sand, medium, shelly 
1841 39°50.5' 148°48.0' 223 92 5 Y 6/1 Shell sand, coarse, gravelly 
1 8 4 2 40 '02.0° 1 4 8 ° 5 1 . 5 ' 209 9 1 5 Y 7/2 Shell sand, fine, muddy 
1843 40°00.5' 1 4 8 ° 3 8 . 0 ' 80 50 5 Y 5/2 Quartz sand, fine, shelly, muddy 
1844 4 0 ' 0 0 . 5 ° 148°21.5' 26 26 5 Y 6/1 Quartz sand, fine, slightly glauconitic 
1845 39°20 .5 ' 1 4 7 ° 5 9 . 5 ' 53 93 10 YR6 /4 Shell sand, coarse, gravelly 
1846 39°20 .0 ' 148° 12.4' 5 3 81 10 YR6 /4 Shell sand, medium, slightly quartzose 
1847 39°20.0' 148°26.2' 53 62 10 Y R 6 / 4 Shell sand, medium, quartzose 
1848 39°20.0' 1 4 8 ° 4 1 . 8 ' 179 70 5 Y 5 / 2 Shell sand, fine, quartzose, muddy 
1900 37°57' 147°50' 22 07 10 Y R 5 / 4 Quartz sand, coarse, slightly shelly 
1901 38°07' 147°50' 48 76 10 Y 6/2 Shell sand, very fine, quartzose, slightly 

muddy 
1902 38°17' 147°50' 52 89 10 Y 6/2 Shell sand, coarse, gravelly, slightly muddy 
1903 38°27' 147°50' 60 90 5 Y 7 / 2 Shell gravel and coarse shell sand 
1904 38°38.6' 1 4 7 ° 5 0 ' 64 91 5 Y 7/2 Shell gravel and coarse shell sand 
1905 38°47' 147°50' 72 91 5 Y 7/2 Shell, sand, medium, gravelly 
1906 3 8 ° 5 9 ' 147°45' 62 94 10 YR7/4 Shell, sand, medium, gravelly 
1907 3 9 ° 1 0 ' 147°42' 56 94 10 YR7 /4 Shell sand, coarse, gravelly 
1908 39°14' 147°35' 60 94 10 YR7/4 Shell sand, coarse, gravelly 
1909 39°04' 147°35' 58 93 10 YR7/4 Shell sand, coarse, gravelly 
1910 38°54' 147°35' 61 94 10 YR7/4 Shell sand, medium 
1911 38°44' 147°35.8' 54 90 10 YR7/4 Shell sand, medium, gravelly 
1912 38°33' 147°36.4' 49 88 10 YR7/4 Shell sand, medium, gravelly 
1913 38°28.5' 147°35' 45 53 5 Y 7/2 Shell sand, medium, quartzose, gravelly 
1914 38°13' 147°35' 35 28 10 YR4/2 Quartz sand, very fine, shelly 
1915 38°18.6' 147°20.1' 16 22 10 YR5/4 Quartz sand, fine, shelly, gravelly 
1916 38°28.6' 147°20.3' 32 29 10 YR5/4 Quartz sand, fine shelly 
1917 3 8 ° 3 9 ' 1 4 7 ° 1 9 . 5 ' 45 83 10 YR7/4 Shell sand, medium, slightly quartzose, 

gravelly 
1918 38°50' 147°19' 57 90 10 YR7/4 Shell sand, coarse, gravelly 
1919 39°04' 147°18.5' 5 7 92 10 Y R 7 / 4 Shell sand, coarse, gravelly 
1920 39°14' 147°18' 58 94 10 YR7/4 Shell sand, coarse, gravelly 
1921 3 9 ° 2 0 ' 147°50' 53 94 10 YR7/4 Shell sand, coarse, gravelly 
1922 39°30' 147°50' 42 92 10 YR7 /4 Shell sand, coarse, gravelly 
1924 39°48.5' 147°46.5' 38 32 5 Y 6/1 Quartz sand, fine, shelly 
1925 39°59.5' 147°46' 40 63 5 Y 6/1 Shell sand, coarse, quartzose gravelly 
1926 40°08.5' 147°51' 34 89 10 YR7/4 Shell sand, coarse, slightly quartzose, 

gravelly 
1927 40°16' 147°45.5' 42 85 10 YR7/4 Shell gravel and coarse shell sand 
1928 40°25.5' 147°50' 36 94 10 YR7/4 Shell sand, coarse, gravelly 
1929 40°35.5' 147°50.5' 32 89 10 YR7 /4 Shell sand, coarse, slightly quartzose 
1930 40°39.5' 148°07' 38 ND N D Basaltic rock fragments 
1931 40°38.5' 148°30.5' 39 59 5 Y 6/1 Shell sand, fine, quartzose 
1932 40°39' 148°43' 56 57 10 YR7/4 Shell sand, coarse, quartzose, gravelly 
1933 40°07' 148°23' 17 23 10 YR5/4 Quartz sand, medium, shelly 
1934 4 0 ° 1 0 ' 148°55' 46 52 5 GY6/1 Shell sand, coarse, quartzose, slightly muddy 
1935 40°10' 148°48' 118 78 10 Y 6/2 Shell sand, fine, quartzose, muddy 
1936 40°23' 148°50' 97 79 10 Y 6/2 Shell sand, fine, quartzose, muddy, gravelly 
1937 40°20' 148°37' 20 41 10 YR5/4 Quartz sand, coarse, shelly, slightly muddy 
1938 40°44.7' 147°55.5' 25 N D 10 YR6/2 Quartz gravel, muddy, shelly 
1939 40°45.4' 147°51.6' 28 N D 10 YR6/2 Quartz sand and gravel, shelly 
1940 40° 4 5 . 0 ' 147°49.0' 24 N D 5 Y 6/1 Quartz sand, medium, shelly, gravelly 
1941 40°45.8' 147°45 .1 ' 32 N D 5 Y 6/1 Quartz sand, fine, shelly, gravelly 
1942 40°46.6' 147°41.0 ' 30 ND 5 Y 6/1 Quartz sand and gravel, shelly 
1943 40°49.5' 147°42.2' 15 N D 5 Y 6/1 Quartz sand, fine, shelly 
1944 40°48.7' 147°46.0' 25 N D 5 Y 6/1 Quartz sand and gravel, shelly 
1945 40°47.9' 147°49.8' 27 N D 10 YR5 /4 Quartz sand, coarse, shelly 
1946 40°47.2' 147°53.8' 24 N D 10 YR5/4 Quartz sand, coarse, shelly 
1947 40°50.3 ' 147°53.4' 11 ND 5 Y 6/1 Quartz sand, fine, shelly 
1948 40°50.9' 147°50.4' 13 N D N D Pebbles and cobbles of algae-coated rock 
1949 4 0 ° 5 1 . 5 ' 147°47.0' 15 N D 5 Y 6/1 Quartz sand, coarse, shelly 
1950 40°48.0' 147°43.8' 29 ND 5 GY6/1 Quartz sand, shelly, muddy and rock 

fragments 
1951 40°10.6' 147°35' 46 83 5 Y 6/1 Shell gravel and coarse shell sand, quartzose 
1952 40°02' 147°34.8' 50 75 10 YR5/4 Shell sand, coarse, quartzose, gravelly 
1953 39°51.5' 147°34.5' 48 93 10 YR7/4 Shell sand, coarse, gravelly 
1954 39°51.9' 147°21.5' 58 94 10 YR7/4 Shell sand, coarse, gravelly 
1955 40°02' 147°21.5' 63 93 10 YR7/4 Shell sand, coarse 
1956 40°11.5' 147°21.5' 64 93 10 YR7/4 Shell sand, coarse 
1957 39°31.6' 147°33' 52 94 10 YR7/4 Shell sand, coarse, gravelly 
1958 3 9 ° 2 2 . 5 ' 147°33' 52 94 10 YR7/4 Shell sand, coarse, gravelly 
1959 39°23' 147°20.3' 56 84 10 YR7/4 Shell sand, coarse, slightly quartzose, 

gravelly 
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Station Latitude  Longitude  Depth  CaCO%  Colour 
no. °S  °E  m  % 

Summary description 

1960 39°33 ' 147°20' 55 N D 10 
1961 39°43' 147°20' 59 94 10 
1962 39°53' 147°07.5' 70 94 10 
1963 40°03' 147°07' 71 93 10 
1964 40°13 > 147°07' 72 93 10 
1965 40°40.7' 147°35.5' 43 61 10 

1966 40°31 ' 147°35' 46 58 10 
1967 40°21 ' 147°35' 46 82 10 
1968 40°31 ' 147°21' 55 93 10 
1969 4 0 c 3 1 ' 147°22' 52 88 10 

1970 40°40.6' 147°21' 50 40 10 
1971 40°50.5' 147°21.4' 40 62 10 
1972 40°50.6' 147°08.4' 52 90 10 
1973 40°40.7' 147°08.4' 66 65 10 
1974 40°26' 147°08' 70 91 10 
1975 39°42' 147°05' 71 93 10 
1976 39°31.7' 147°05' 63 92 5 
1977 39°21 ' 147°05' 62 92 5 
1978 39°11 ' 147°05' 54 92 5 
1979 3 9 ° o r 147°05' 55 90 10 
1980 38°51 ' 147°05' 52 89 10 
1981 38°58' 146°50' 52 89 10 
1982 43°17.2' 148°00.5' 130 86 10 
1983 43°17.4' 148°07.2' 39 90 10 
1984 43°10' 148°12' 172 89 10 
1985 43°10' 148°06.7' 113 67 10 
1986 43°10' 148°01.4' 95 66 10 
1987 43°00.6' 148° 00' 80 64 5 
1988 43° 00' 148°06.8' 97 78 5 
1989 43°00' 148°13.6' 122 89 10 
1990 42°51 ' 148°20.4' 157 90 10 
1991 42°50' 148°14' 99 84 5 
1992 42°50' 148°07.3' 84 62 5 
1993 42°50' 147°59.8' 58 26 5 
1994 42°39.7' 148°11.6' 84 77 10 
1995 42°39.6' 148°17.2' 106 82 10 
1996 42°39.5' 148°24' 130 83 5 
1997 42°30.5' 148°03.8' 44 22 5 
1998 42°30' 148°10.4' 66 59 5 
1999 42°29.8' 148°16.6' 88 70 5 
2000 42°29.8' 148°23.2' 106 86 5 
2001 42°30.2' 148°29.3' 184 88 10 
2002 42°21.2' 148°31' 115 ND 10 
2003 42°20' 148°13' 45 12 10 
2004 42°20' 148°07.7' 42 15 5 
2005 42°20' 148°03' 33 13 5 
2006 42°14.8' 148°02.8' 18 09 5 
2007 42°14.5' 148°08.1' 24 21 5 
2008 42°14.6' 148°13.6' 16 02 5 
2009 42°10.2' 148°14.2' 15 02 5 
2010 42°10.2' 148°10.4' 16 02 5 
2011 42°10.2' 148°06.2' 14 07 5 
2012 42°00' 148°35.5' 148 82 10 
2013 41°59.5' 148°29.5' 88 91 10 
2014 42°00' 148°23.0' 70 58 5 
2015 42°00' 148°18' 28 77 10 
2016 42°10.3' 148°21.7' 64 66 10 
2017 42°10' 148°34.7' 205 89 5 
2018 42° 10.2' 148°29.2' 104 85 5 
2019 42°08.2' 148°28.6' 95 80 5 
2020 42°20' 148°26.3' 100 86 5 
2021 42°20' 148°21.4' 73 57 10 
2022 42°15.1' 148°30' 113 ND 5 
2023 42°28.5' 148°27.5' 119 N D 5 
2024 43°14.5' 147°27.8' 53 26 5 
2025 41°50' 148°17.3' 33 14 5 
2026 41°50' 148°23.3' 60 36 10 
2027 41°50' 148°28.9' 84 88 10 
2028 41°49.9' 148°35.3' 128 91 5 
2029 41°41.6' 148°39' 823 ND 
2030 4 T 3 9 . 8 ' 148°32.1' 113 85 5 

YR7/4 Shell gravel and coarse shell sand 
YR7/4 Shell sand, coarse, gravelly 
Y 6/2 Shell sand, medium, muddy 
Y 6/2 Shell sand, medium, muddy 
Y 6/2 Shell sand, medium, muddy 
YR7/4 Shell sand, coarse, quartzose, and shell 

gravel 
YR6/4 Shell sand, coarse, quartzose, gravelly 
YR6/2 Shell sand, fine, quartzose 
YR6/2 Shell sand, fine 
YR6/4 Shell sand, coarse, slightly quartzose, 

gravelly 
YR5/2 Quartz sand, fine, shelly 
YR5/2 Shell sand, medium, quartzose, gravelly 
Y R 5 / 2 Shell sand, medium, slightly quartzose 
YR6/2 Shell sand, fine, quartzose, muddy 
Y 6/2 Shell sand, medium, muddy 
Y 6/2 Shell sand, medium, muddy 
Y 7/2 Shell sand, medium, muddy, gravelly 
Y 7/2 Shell sand, coarse, gravelly, slightly muddy 
Y 7/2 Shell sand, medium, gravelly 
YR7/2 Shell gravel and coarse shell sand 
YR7/2 Shell gravel and coarse shell sand 
YR7/2 Shell sand, medium, gravelly 
YR5/4 Shell sand, coarse, and shell gravel 
YR7/4 Shell sand, medium, gravelly 
YR5/4 Shell sand, medium, gravelly 
YR5/4 Shell sand, medium, quartzose, gravelly 
YR5/4 Shell sand, coarse, quartzose 
YR5/2 Shell sand, fine, slightly quartzose, muddy 
Y 5/6 Shell sand, fine, quartzose, muddy 
YR7/4 Shell sand, medium, gravelly 
YR6/6 Shell gravel and coarse shell sand 
Y 5/6 Shell sand, fine, very muddy 
Y 5/2 Shell sand, fine, quartzose, very muddy 
Y 4/4 Quartz sand, fine, shelly, slightly muddy 
YR4/2 Shell sand, medium, slightly quartzose 
Y 6/2 Shell sand, fine, very muddy 
Y 5/2 Mud, calcareous, and shell sand and gravel 
Y 5/2 Quartz sand, fine, shelly, slightly muddy 
Y 5/2 Shell sand, fine, quartzose, muddy 
Y 5/2 Shell sand, fine, quartzose, very muddy 
Y 5/2 Shell sand, coarse, muddy 
YR6/2 Shell gravel and coarse shell sand 
YR6/2 Shell sand, coarse, gravelly, muddy 
YR5/4 Quartz sand, medium, slightly shelly 
Y 5/4 Quartz sand, medium, slightly shelly 
YR5/6 Quartz sand, coarse, slightly shelly 
Y 5/2 Quartz sand, fine, slightly shelly 
Y 6/4 Quartz sand, fine, shelly, gravelly 
Y 5/4 Quartz sand, fine, slightly silty 
Y 5/2 Quartz sand, fine 
Y 5/2 Quartz sand, fine 
Y 5/2 Quartz sand, fine, slightly shelly 
YR6/4 Shell sand, coarse, gravelly 
Y 5/2 Shell sand, coarse, very muddy 
Y 5/6 Shell sand, fine, quartzose 
YR6/2 Shell sand, coarse, slightly quartzose 
YR6/4 Shell sand, medium, quartzose 
Y 6/1 Shell sand, coarse, gravelly, muddy 
Y 5/2 Shell sand, coarse, slightly quartzose, muddy 
Y 5/2 Mud, calcareous, and shell sand and gravel 
Y 5/6 Shell sand, medium, slightly muddy 
YR6/2 Shell sand, medium, quartzose, gravelly 
Y 5/2 Mud, calcareous, and shell sand and gravel 
Y 5/2 Mud, calcareous, and shell sand and gravel 
YR5/2 Quartz sand, fine, shelly 
Y 6/1 Quartz sand, fine, slightly shelly 
YR5/4 Quartz sand, fine, shelly 
Y 6/2 Shell sand, coarse, muddy 
Y 7/2 Shell sand, coarse, gravelly 
N D No recovery 
Y 7/2 Shell sand, medium 
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Station Latitude  Longitude  Depth  CaCOs  Colour 
no. °S  °E  m  % 

Summary description 

2031 41°40' 148°25.1' 69 81 
2032 41°40' 148°18.4' 27 14 
2033 41°30' 148°17.5' 31 16 
2034 41°30.2' 148°23.6' 71 70 
2035 41°30' 148°30' 113 78 

2036 41°29.8' 148°36.3' 314 ND 

2037 41°20 . r 148°23.4' 73 70 

2038 41°20.6' 148°30' 110 79 
2039 41°20' 148°37' 121 90 
2040 41°10' 148°38.6' 161 87 
2041 41°10' 148°32.2' 110 86 
2042 4 i ° i o . r 148°25.7' 95 73 

2043 41°09.8' 148M9.2' 60 12 
2044 41°00' 148°24.3' 60 10 

2045 41°02' 148°31.5' 97 74 
2046 41°00' 148°38.3' 119 86 
2047 40°48.7' 148°20.1' 33 15 
2048 40°48.7' 148°27' 51 34 
2049 40°49.5' 148°32.1' 62 60 
2050 40°49.6' 148°39.9' 82 75 
2051 40°50.6' 148°46.5' 399 85 
2052 41°45.5' 148°31.0' 113 87 
2053 4 T 5 5 . 8 ' 148°31.5' 106 ND 
2054 43°28.8' 147°58.0' 161 93 
2055 43°28.6' 147°22.6' 62 36 
2056 43°35.5' 147°32.3' 121 89 
2057 43°40.5' 147°40.3' 146 91 
2058 43°47.0' 147°48.5' 212 N D 

2059 43°58' 147°30' 175 93 
2060 43°33.6' 147°06' 84 18 
2061 43°43.5' 147°07.1' 128 81 
2062 43°53.2' 147°08.3' 148 86 
2063 44°02.9' 147°10' 168 94 
2064 43°47.9' 147°25.6' 154 90 
2065 43°39.5' 147°20.5' 95 92 
2066 43°40.4' 146°50.4' 104 39 
2067 43°46.5 ' 146°50.5' 124 88 
2068 43°55.0' 146°51' 168 83 
2069 44°02.2' 146°50.5' 176 92 
2070 43°35.5' 146°33.5' 58 08 
2071 43°42' 146°33' 115 75 
2072 43°49.5' 146°33.5' 159 71 
2073 43°57' 146°33.7' 159 85 
2074 43°58.5' 146°19.1' 168 93 
2075 43°50.6' 146°18.5' 165 78 
2076 43°42.2' 146°18.6' 108 91 
2077 43°20.3' 147°37.7' 97 63 
2078 43°24.6' 147°48.8' 133 87 
2079 43°33.5'. 146°14.2' 53 32 
2080 43°38.5' 146°07.8' 119 64 
2081 43°44.0' 146°00.5' 159 86 

2082 43°33.5' 145°52.1' 161 ND 
2083 43°31.5' 145°55.8' 104 56 
2084 43°29.0' 145°59.r 44 ND 
2085 43°20.3' 145°48.2' 82 47 
2086 43°22.5' 145°44.5' 144 68 
2087 43°24.2' 145°41.2' 159 91 
2088 43 ° 12.2' 145°43.3' 62 ND 
2089 43°13.8' 145°36.9' 132 54 
2090 43°15.0' 145°30.6' 155 93 
2091 43°16.2' 145°23.7' 190 94 
2092 43°06.4' 145°16.1' 154 94 
2093 43°05' 145°26' 135 90 
2094 43°04.1 ' 145°35.7' 73 44 
2095 42°58.2' 145°26.6' 84 26 
2096 42°58.1 ' 145°15.5' 132 92 

10 Y R 7 / 4 Shell sand, medium, quartzose 
10 YR7 /4 Quartz sand, fine, slightly shelly 
10 YR6/6 Quartz sand, coarse, shelly, gravelly 
5 Y 6/4 Shell sand, fine, quartzose 

10 Y 6/2 Shell sand, fine, slightly quartzose, very 
muddy 

5 Y 6/1 Shell sand, fine, slightly quartzose, slightly 
muddy 

5 Y 6/2 Shell sand, fine, quartzose, very muddy, 
gravelly 

5 Y 6/2 Shell sand, medium, very muddy 
5 Y 7/2 Shell sand, medium, muddy 

10 Y 6/2 Shell sand, medium, very muddy, gravelly 
5 Y 6/2 Shell sand, medium, very muddy 
5 Y 6/2 Shell sand, fine, slightly quartzose, very 

muddy 
10 YR4/2 Quartz sand, coarse, slightly shelly 
10 YR5 /4 Quartz gravel and coarse sand, slightly 

shelly 
10 Y 6/2 Shell sand, fine, quartzose, very muddy 
5 Y 7/2 Shell sand, fine, muddy 

10 YR7/4 Quartz sand, medium, shelly 
5 Y 6/4 Quartz sand, fine, shelly 

10 YR7/6 Shell sand, coarse, quartzose 
5 Y 7/2 Shell sand, medium, quartzose 
5 Y 6/1 Shell sand, coarse, and shell gravel 
5 Y 6/1 Shell sand, coarse, gravelly, slightly muddy 
5 Y 5/2 Mud, calcareous, with shell sand 

10 YR7/4 Shell sand, medium, gravelly 
10 YR6/4 Quartz sand, fine, shelly 
10 YR7/4 Shell sand, medium, slightly quartzose 
10 YR7 /4 Shell sand, medium 
5 Y 7/2 Shell sand, medium, and shell gravel, 

slightly muddy 
5 Y 7/2 Shell sand, medium, slightly muddy 

10 YR5/4 Quartz sand, medium, shelly 
5Y 7/2 Shell sand, medium, slightly quartzose 

10 YR6/4 Shell sand, fine 
5 Y 7/2 Shell sand, fine, muddy 

10 YR8/6 Shell sand, medium 
5 Y 6/4 Shell gravel and coarse shell sand 

10 YR5/4 Quartz sand, fine, shelly 
10 YR7/4 Shell sand, coarse, phosphatic 
5 Y 5/2 Shell sand, fine, slightly quartzose, muddy 
5 Y 7/2 Shell sand, coarse, gravelly, muddy 

10 YR7/2 Quartz gravel and coarse quartz sand 
10 YR6/4 Shell sand, fine, quartzose 
5 Y 6/4 Shell sand, fine, quartzose, slightly muddy 

10 YR7/4 Shell sand, coarse, slightly quartzose 
5 Y 7/2 Shell sand, coarse, gravelly 
5 Y 6/4 Shell sand, medium, slightly quartzose 

10 YR7/4 Shell sand, coarse, gravelly 
5 Y 6/4 Shell sand, fine, quartzose, muddy 

10 YR7/4 Shell sand, fine, slightly muddy 
10 YR7/4 Quartz sand, fine, shelly 

5 Y 4 /4 Shell sand, very fine, quartzose, muddy 
10 YR6/4 Shell sand, coarse, slightly quartzose, 

gravelly 
10 YR7/4 Shell gravel with shell sand 
10 YR6/6 Shell sand, fine, quartzose 
10 YR2/2 Schistose rock fragment, highly weathered 
10 YR7/4 Quartz sand, fine, shelly 
10 YR7/4 Shell sand, medium, quartzose 
10 YR7/4 Shell sand, coarse, gravelly 
10 YR6/6 Quartz-muscovite schist and shell sand 
10 YR6 /4 Shell sand, fine, quartzose 
10 YR7/4 Shell sand, fine 
5 Y 7/2 Shell sand, coarse 

10 YR7 /4 Shell sand, coarse, gravelly 
10 YR7/4 Shell sand, medium, slightly quartzose 
10 YR5/4 Quartz sand, very fine, shelly 
10 YR5/4 Quartz sand, very fine, shelly 
10 YR7/4 Shell sand, coarse, gravelly 
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Station Latitude  Longitude  Depth  CaCO%  Colour 
no. °S  °E  m  % 

Summary description 

2097 42°58.2' 145°05' 188 88 
2098 4 2 ° 5 1 . 1 ' 145°19.5' 91 90 
2099 4 2 ° 5 1 . 1 ' 145°09.9' 124 93 
2100 4 2 ° 5 1 . 2 ' 145°00.6' 146 95 
2101 42°39.8' 144°58.6' 142 N D 
2102 42°39.5' 145°09.6' 90 93 
2103 42°39.8' 145°17.6' 5 1 N D 
2104 42°30' 145°09.1' 88 89 
2105 42°30' 1 4 5 ° 0 1 . 0 ' 104 93 
2106 42°30.2' 144°52.5' 154 94 
2107 40°30.5' 144°37.5' 44 55 
2108 40°30' 144°23.4' 50 81 
2109 40°29.8' 144°09.7' 71 95 
2110 40°20' 1 4 4 ° 1 0 ' 58 88 

2111 40°20' 144°22.9' 55 ND 
2112 40°20' 144°36.4' 55 79 
2113 40°19.8' 144°49.5' 49 84 
2114 40°202 ' 145°02.5' 49 75 
2115 40° 1 0 . 2 ' 145°00.7' 53 89 
2116 41°00' 144°33.7' 55 88 

2117 4 1 ° 0 1 . 2 ' 1 4 4 ° 2 1 . 5 ' 80 94 
2118 41°00' 144°07.5' 104 90 
2119 41°00' 143°55' 170 93 
2120 41°09.4 ' 144°10.6' 132 93 
2121 41°09.2' 144°24.2' 88 94 
2122 41°29.5' 144°24.4' 119 96 
2123 41°29.5' 144°36.2' 91 94 
2124 4 T 3 0 . 3 ' 144°45.8' 49 89 
2125 4 1 ° 3 9 . 8 ' 144°47.3' 60 94 
2126 41°39.5' 144°37.1' 130 88 

2127 41°39.6' 144°28.7' 186 93 
2128 41°50' 144°34.6' 170 94 
2129 4 1 ° 4 9 . 5 ' 1 4 4 ° 4 6 ' 86 92 
2130 41°50' 144°57 .1 ' 69 12 
2131 41°58.3' 144°37.3' 155 92 
2132 42°00.2' 1 4 4 ° 5 1 . 8 ' 132 90 
2133 42°00.5' 145°00.6' 88 16 
2134 41°59.8' 145°09.0' 48 16 
2135 42° 10.2' 145°10.4' 37 07 
2136 44° 10 .2 ' 144°57.2' 128 90 
2137 44°09.6' 144°43.8' 161 89 
2138 44°19.8' 1 4 4 ° 5 1 . 0 ' 170 93 
2139 44°20.2' 145°00.3' 122 91 
2140 42°20' 145°08.3' 90 19 
2141 41°11.2 ' 144°35.6' 80 84 
2142 41°20.3' 144°39.8' 30 ND 
2143 41°19.6' 144°26.6' 128 ND 
2144 40° 1 0 . 2 ' 144°06.5' 49 50 
2145 40° 1 0 . 5 ' 144°18.6' 51 ND 
2146 40° 10' 144°32.6' 59 88 
2147 40° 10' 144°45.8' 59 90 

2148 40°09.2' 1 4 5 ° 1 1 . 6 ' 51 88 
2149 40°09.5' 145°25.5' 64 83 
2150 40°22.5' 143°39' 128 95 
2151 40°09.4' 143°37.5' 81 ND 
2152 4 0 ° 0 9 . 5 ' 143°30.6' 104 94 
2153 40°20' 1 4 3 ° 2 7 . 5 ' 106 95 
2154 40°20.5' 1 4 3 ° 4 1 ' 86 51 
2155 4 0 ° 2 1 . 2 ' 143°53 .6 ' 59 27 
2156 40°14.5' 143°46.4' 68 N D 
2157 40°13.8' 143°35.7' 95 91 
2158 40°24.8' 143°34.3' 110 93 
2159 40°36 .5 ' 143°37' 108 94 
2160 4 0 ° 3 6 . 4 ' 143°47' 90 95 
2161 4o°oo.r 144°13.7' 33 28 
2162 40° 00' 144°26 .5 ' 46 33 
2163 4 0 ° 0 0 ' 144°38.5' 46 59 
2164 40°00' 144°52.6' 53 78 
2165 40°00' 145°06.0' 55 89 

10 YR7/4 Shell sand, coarse, gravelly 
10 YR5/4 Shell sand, coarse, gravelly 
10 YR7 /4 Shell sand, medium 
10 YR7/4 Shell sand, medium, gravelly 

No recovery 
10 YR7 /4 Shell sand, medium, gravelly 

Quartz gravel 
10 YR6/6 Shell sand, coarse, gravelly 
10 Y R 6 / 6 Shell sand, medium, gravelly 
10 Y R 7 / 4 Shell sand, medium, gravelly 
10 YR7 /4 Shell sand, fine, quartzose 

Shell gravel with basalt pebbles 
10 YR7 /4 Shell sand, medium 
10 Y R 7 / 4 Shell sand, coarse, slightly quartzose, 

gravelly 
10 YR7/4 Shell gravel with shell sand 
10 YR7/4 Shell sand, coarse, muddy, gravelly 
10 YR6/6 Shell sand, coarse, quartzose, gravelly 
10 YR6/6 Shell sand, medium, quartzose 
5 Y 7/2 Shell sand, fine, slightly quartzose 

10 YR5/4 Shell gravel with slightly quartzose coarse 
shell sand 

10 YR6/4 Shell sand, medium, gravelly 
10 YR7/4 Shell sand, coarse 
10 YR7 /4 Shell sand, coarse, gravelly 
10 YR7/4 Shell sand, coarse, with shell gravel 
10 YR7/4 Shell sand, medium, gravelly 
10 Y R 7 / 4 Shell sand, coarse, gravelly 
10 YR6 /4 Shell sand, coarse, gravelly 
10 Y R 5 / 4 Shell sand, coarse, quartzose, gravelly 
10 YR5/4 Shell sand, coarse, with shell gravel 
10 YR7/4 Shell sand, coarse, quartzose, with shell 

gravel 
5 Y 7/2 Shell sand, medium, gravelly 
5 Y 7/2 Shell sand, coarse, gravelly 
5 Y 7/2 Shell sand, medium, gravelly 

10 YR5/2 Quartz sand, fine, slightly shelly 
10 YR7 /4 Shell sand, medium 
10 YR7/4 Shell sand, coarse, gravelly 
10 YR5/4 Quartz sand, fine, slightly shelly 

Quartz gravel with medium quartz sand 
10 YR6/2 Quartz sand, fine 
10 YR7 /4 Shell sand, coarse, gravelly 
10 YR8/2 Shell sand, fine, gravelly 
10 YR8/2 Shell sand, medium, gravelly 
10 YR7 /4 Shell sand, coarse, gravelly 
10 YR5/4 Quartz sand, fine, shelly 
10 YR6/2 Shell sand, coarse, quartzose 

N D Rock fragments, possibly weathered basalt 
N D Limestone gravel and coarse shell sand 

10 YR7/4 Quartz sand, coarse, shelly 
10 YR8/2 Shell gravel with coarse shell sand 
10 YR8/2 Shell sand, medium, slightly quartzose 
10 YR7/4 Shell sand, coarse, slightly quartzose, 

gravelly 
10 YR7 /4 Shell sand, fine, slightly quartzose 
10 Y 6/2 Shell sand, very fine, muddy 
10 YR6/6 Shell sand, coarse 

N D No recovery 
10 YR7/4 Shell sand, fine 
10 YR7/4 Shell sand, coarse 
10 YR5 /4 Shell sand, coarse, quartzose 
10 YR7/2 Quartz sand, very coarse, shelly, gravelly 

N D Shell gravel 
5 Y 7/2 Shell sand, medium, gravelly 

10 YR7/4 Shell sand, medium 
10 YR7/4 Shell sand, medium, gravelly 
10 YR7/4 Shell sand, coarse, gravelly 
10 YR7 /4 Quartz sand, coarse, shelly, gravelly 
10 YR7/7 Quartz sand, very coarse, shelly, gravelly 
10 YR7/4 Shell sand, medium, quartzose, gravelly 
10 YR7/2 Shell sand, medium, quartzose 
10 YR7/2 Shell sand, medium 
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Station Latitude Longitude Depth CaCOs Colour Summary description 
no. °S °E m % 

2166 40°00' 145° 19.0' 64 84 10 Y R 6 / 2 Shell sand, fine, slightly quartzose 
2167 40°00' 145°32.5' 73 84 10 Y R 6 / 2 Shell sand, fine, very muddy 
2168 39°49.6' 144°11.9' 27 48 5 Y 5/2 Quartz sand, medium, shelly, gravelly 
2169 39°49.9' 144°25.3' 37 52 10 Y R 7 / 4 Shell sand, medium, quartzose 
2170 39°50' 144°38.7' 46 52 10 Y R 7 / 4 Shell sand, medium, quartzose 
2171 39°50' 144°51.3' 49 69 10 Y R 7 / 2 Shell sand, medium, quartzose 
2172 39°50' 145°04.6' 51 76 10 YR7/2 Shell sand, medium, quartzose, and shell 

gravel 
2173 39°50' 145°18.G' 59 83 10 YR7/4 Shell sand, fine, quartzose 
2174 39°50' 145°31.0' 68 86 5 Y 6/1 Shell gravel with slightly quartzose fine 

shell sand 
2175 38°40' 144°01.r 71 84 10 YR6/6 Shell sand, fine, slightly quartzose 
2176 38°40' 144° 14.0' 73 86 10 YR5 /4 Shell sand, fine, slightly quartzose 
2177 38°40' 144°27.0' 77 86 5 Y 5/4 Shell sand, fine, slightly quartzose 
2178 38°40.5' 144°39.4' 77 87 10 YR5 /4 Shell sand, fine, slightly quartzose 
2179 38°40.5' 144°47.4' 75 42 10 YR6/6 Quartz sand, very coarse, shelly, gravelly 
2180 38°40' 144°53.8' 73 67 10 YR5 /4 Shell sand, medium, quartzose 
2181 38°40' 145°06.7' 73 81 10 Y R 5 / 4 Shell sand, fine, slightly quartzose 
2182 38°40' 145° 19.2' 73 62 5 Y 5/2 Shell sand, very fine, quartzose, muddy 
2183 38°40.3' 145°30.2' 44 26 5 Y R 4 / 4 Quartz sand, coarse, shelly 
2184 38°50' 143°58.5' 77 85 10 YR6/2 Shell sand, fine, slightly quartzose 
2185 38°49.6' 144° 11.2' 75 84 10 Y R 6 / 2 Shell sand, fine, slightly quartzose, gravelly 
2186 38°50' 144°24' 79 87 5 Y 7/2 Shell sand, fine, slightly quartzose 
2187 38°50' 144°36.6' 73 90 10 Y R 5 / 4 Shell sand, medium, slightly quartzose 
2188 38°50' 144°49.3' 73 90 5 Y 6/1 Shell sand, fine, slightly quartzose 
2189 38°49.2' 145°02.4' 72 N D 5 Y 6/1 Shell gravel and coarse shell sand 
2190 38°49.6' 145° 14.0' 73 90 10 Y R 6 / 2 Shell sand, medium, gravelly 
2191 38°52.5' 145°30' 71 87 5 Y 5/2 Shell sand, fine, slightly quartzose 
2192 39°10.0' 144°05.3' 84 66 10 YR6/6 Shell sand, coarse, quartzose, gravelly 
2193 39°09.5' 144°19.0' 75 92 10 YR7 /4 Shell sand, medium 
2194 39°09.5' 144°33.6' 66 94 10 YR7 /4 Shell sand, medium 
2195 39°09.0' 144°47.6' 62 92 10 Y R 6 / 4 Shell sand, coarse, gravelly 
2196 39°09.0' 145°02.2' 68 92 10 YR7/4 Shell sand, fine 
2197 39°08.5' 145°15.9' 71 91 10 YR7/4 Shell sand, medium, gravelly 
2198 39°08' 145°31.0' 73 93 10 YR7 /4 Shell sand, fine 
2199 39°08' 145°39.5' 71 92 10 YR6 /4 Shell sand, medium 

Notes: BMR registered numbers of the samples consist of the 4 digits of the station number preceded by 7263 (station nos. 1784-
1848) and by 7363 (station nos. 1900-2199). Colour notations are those of the Rock-Color Chart, Geological Society of 
America, and were determined on the fresh samples. In the summary description, the Wentworth Scale is used for grainsize 
descriptions, which refer to the dominant modes; the term gravel  is used for all material larger than 2 mm grainsize. Quartz-
zose (shelly)  indicates 15 to 49% of quartz (shells). Slightly  quartzose  (shelly)  indicates 5 to 15% quartz (shells). Very  muddy 
indicates more than 30% mud, muddy  indicates 10 to 30% mud, and slightly  muddy  indicates 3 to 10% mud. Gravel  with 
sand, or sand  and  gravel  indicate approximately equal amounts (over 40%) of both components; gravelly  indicates 10 to 
40% gravel. ND = not determined. 
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APPENDIX 2 
Grainsize distributio n :  statistical parameter s 

Station Gravel Sand Silt Clay Mean Std dev. Skewness KurtosL 
no. % % % % <t> 0 

1784 6.47 93.53 0.00 0.00 1.03 1.49 —2.01 4.84 
1785 1.10 98.90 0.00 0.00 2.17 0.86 — 3.86 26.95 
1786 1.06 86.57 7.86 4.51 2.92 2.13 1.90 7.15 
1788 7.16 82.91 7.55 2.38 1.75 2.31 0.95 5.32 
1789 7.28 92.72 0.00 0.00 1.18 1.52 — 1.97 4.95 
1790 1.16 98.84 0.00 0.00 2.42 0.91 —4.24 27.29 
1792 0.00 66.57 22.89 10.54 4.41 2.45 1.83 2.69 
1793 0.55 58.93 31.44 9.08 4.12 2.72 1.05 1.63 
1794 2.05 82.96 11.87 3.12 2.55 2.19 1.21 6.42 
1795 0.72 78.22 15.02 6.04 3.57 2.23 1.58 4.57 
1796 3.00 97.00 0.00 0.00 1.49 1.10 —2.95 13.61 
1797 23.63 76.37 0.00 0.00 0.23 2.15 - 1 . 0 5 0.12 
1798 1.77 98.23 0.00 0.00 1.48 0.96 - 3 . 3 3 17.62 
1799 9.54 90.46 0.00 0.00 0.81 1.48 —2.17 5.11 
1800 0.53 99.47 0.00 0.00 1.12 0.58 —0.80 16.20 
1801 56.17 43.83 0.00 0.00 —0.81 1.93 —0.01 — 1.12 
1802 3.40 96.60 0.00 0.00 1.17 1.12 —2.36 10.07 
1803 0.11 78.01 15.49 6.39 3.82 2.08 2.20 5.48 
1804 2.47 81.33 12.18 4.02 2.69 2.39 1.04 4.29 
1805 4.24 89.21 4.86 1.69 1.83 2.00 0.94 6.66 
1806 2.67 97.33 0.00 0.00 1.34 1.07 —2.78 13.39 
1807 5.37 84.26 7.43 2.94 2.71 2.18 0.49 6.22 
1808 4.62 82.75 9.57 3.06 2.41 2.30 0.81 4.91 
1809 10.66 89.34 0.00 0.00 1.41 1.86 — 1.57 2.34 
1810 12.17 87.83 0.00 0.00 0.81 1.69 — 1.70 2.77 
1811 10.62 79.07 7.53 2.78 1.87 2.65 0.29 3.10 
1812 10.30 81.58 5.25 2.87 1.75 2.54 0.50 4.20 
1813 3.48 92.98 2.10 1.44 1.69 1.78 1.01 10.89 
1814 4.14 90.80 3.37 1.69 1.82 1.95 1.06 7.60 
1815 66.04 33.96 0.00 0.00 — 1.38 1.46 —0.01 0.03 
1816 3.49 92.57 2.22 1.72 2.00 1.89 0.83 9.40 
1817 3.24 84.87 6.32 5.57 2.45 2.54 1.43 4.95 
1818 4.06 95.94 0.00 0.00 1.47 1.24 —2.04 7.17 
1819 7.23 87.93 1.97 2.87 2.13 2.26 0.16 6.13 
1820 8.89 85.97 2.06 3.08 1.86 2.49 0.41 5.02 
1821 16.58 83.42 0.00 0.00 1.00 2.08 — 1.58 1.33 
1822 14.42 85.58 0.00 0.00 1.33 2.15 — 1.52 1.42 
1823 2.45 97.55 0.00 0.00 2.61 1.00 —4.18 22.21 
1824 3.57 80.54 11.83 4.06 2.24 2.54 1.10 3.52 
1825 10.4' 89.56 0.00 0.00 0.82 1.78 — 1.81 3.28 
1826 1.71 98.24 0.00 0.00 2.24 0.91 —3.40 20.74 
1827 5.29 94.71 0.00 0.00 1.75 1.34 —3.01 10.26 
1828 16.51 83.49 0.00 0.00 0.48 2.02 — 1.52 1.23 
1829 29.32 70.68 0.00 0.00 0.30 2.31 —0.75 —0.71 
1830 4.02 95.98 0.00 0.00 1.86 0.93 —3.51 17.08 
1831 3.82 96.18 0.00 0.00 1.39 1.09 —2.92 12.43 
1832 6.08 93.92 0.00 0.00 1.89 1.17 - 2 . 3 6 6.97 
1833 10.64 89.36 0.00 0.00 1.12 1.64 — 1.70 3.01 
1834 1.29 98.71 0.00 0.00 2.16 0.72 —3.56 24.99 
1835 2.89 97.11 0.00 0.00 1.58 1.09 —3.41 15.30 
1836 1.81 98.19 0.00 0.00 1.58 0.92 —3.82 22.36 
1837 17.23 82.77 0.00 0.00 0.66 1.89 — 1.56 1.47 
1838 6.70 93.30 0.00 0.00 0.45 1.30 — 1.85 5.91 
1839 3.71 96.29 0.00 0.00 1.06 1.05 - 2 . 4 5 10.57 
1840 1.43 98.57 0.00 0.00 1.12 0.86 —2.97 18.82 
1841 15.73 84.27 0.00 0.00 0.65 1.90 — 1.56 1.61 
1842 5.92 82.52 6.49 5.07 2.28 2.68 —0.96 4.16 
1843 0.41 87.32 8.56 3.71 2.84 2.00 2.12 7.28 
1844 1.54 98.46 0.00 0.00 2.70 0.96 - 3 . 5 3 19.63 
1845 37.49 62.51 0.00 0.00 —0.29 2.24 - 0 . 5 8 - 1 . 0 6 
1846 9.08 90.92 0.00 0.00 1.52 1.64 —2.30 5.06 
1847 4.39 95.61 0.00 0.00 1.69 1.31 —2.97 11.11 
1848 5.09 79.66 10.98 4.27 3.03 2.35 0.63 4.74 
1900 2.29 96.94 0.77 0.00 1.27 0.85 0.70 10.33 
1901 8.11 85.52 6.08 0.29 2.61 1.85 — 1.69 4.90 
190? 21.89 75.07 3.04 0.00 1.23 2.14 —0.56 - 0 . 0 1 
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no. %  %  %  %  <t>  4> 

1903 52.51 47.14 0.35 0.00 —0.38 2.11 0.21 —0.98 
1904 49.95 48.16 1.89 0.00 —0.41 2.27 0.20 —0.64 
1905 20.62 78.18 1.20 0.00 1.03 1.83 0.73 0.41 
1906 19.29 79.38 1.33 0.00 0.96 1.53 —0.67 1.26 
1907 12.69 86.31 1.00 0.00 1.02 1.23 - 0 . 6 9 3.55 
1908 46.37 53.02 0.38 0.23 —0.26 1.61 0.68 4.14 
1909 27.93 71.62 0.45 0.00 0.24 1.99 —0.80 —0.25 
1910 6.18 93.24 0.58 0.00 1.55 1.06 — 1.38 5.38 
1911 14.45 84.91 0.64 0.00 1.35 1.46 — 1.30 1.74 
1912 18.98 79.63 1.39 0.00 1.08 1.62 —0.47 0.59 
1913 10.01 85.10 3.91 0.98 1.98 1.90 —0.11 5.25 
1914 1.25 96.81 1.94 0.00 2.94 0.96 - 2 . 6 1 16.19 
1915 19.34 76.98 3.68 0.00 1.68 2.18 —0.81 —0.04 
1916 2.84 96.55 0.61 0.00 2.17 1.05 —2.91 16.01 
1917 27.32 70.75 1.93 0.00 0.51 2.05 —0.46 0.10 
1918 33.17 65.44 1.39 0.00 0.41 1.78 —0.11 —0.12 
1919 25.26 73.67 1.07 0.00 0.49 1.43 —0.18 1.34 
1920 37.90 60.83 1.27 0.00 0.07 1.65 0.08 0.54 
1921 20.96 77.27 1.77 0.00 0.72 1.62 —0.52 1.34 
1922 26.92 71.51 1.57 0.00 0.52 1.74 —0.35 0.46 
1923 26.99 71.48 1.53 0.00 0.28 1.46 0.19 2.09 
1924 0.00 97.94 2.06 0.00 2.39 0.69 1.93 15.59 
1925 40.85 57.74 1.41 0.00 0.20 2.26 0.06 —0.95 
1926 23.57 74.93 1.50 0.00 0.45 1.42 0.26 1.98 
1927 60.81 38.05 1.14 0.00 —0.55 1.59 1.09 1.64 
1928 28.11 71.08 0.50 0.31 0.22 1.54 0.43 6.44 
1929 4.63 94.64 0.73 0.00 0.96 0.89 1.00 7.60 
1931 0.51 97.44 2.05 0.00 2.62 0.71 0.87 14.24 
1932 11.03 88.50 0.47 0.00 0.85 1.27 —0.61 2.73 
1933 0.00 98.09 1.91 0.00 2.02 0.78 2.27 10.07 
1934 21.44 73.70 4.21 0.65 1.25 2.22 0.22 1.47 
1935 0.79 77.33 17.08 4.80 3.22 2.30 1.47 2.84 
1936 14.97 74.36 8.20 2.47 2.01 2.30 1.80 3.20 
1937 5.92 87.66 6.42 0.00 1.30 1.55 0 55 3.02 
1938 75.84 2.34 21.82 0.00 - 1 . 6 6 4.03 1.09 —0.38 
1939 58.45 41.04 0.5 0.00 —0.84 1.53 0 80 1.17 
1940 11.23 87.06 1.71 0.00 1.20 1.61 —0.63 1.86 
1941 12.56 86.53 0.91 0.00 1.74 1.85 — 1.61 2.09 
1942 65.52 33.91 0.57 0.00 — 1.22 1.97 0.67 - 0 . 3 5 
1943 0.28 98.52 1.20 0.00 2.30 0.68 0.84 12.91 
1944 69.02 30.03 0.95 0.00 — 1.27 1.81 0.80 0.81 
1946 14.49 85.20 0.31 0.00 0.34 1.02 0.30 2.56 
1947 0.00 98.65 1.35 0.00 3.01 0.63 - 0 . 6 9 14.44 
1949 3.97 95.59 0.27 0.17 0.91 0.91 0.74 28.70 
1951 73.94 25.41 0.40 0.25 - 1 . 6 9 1.97 1.49 3.55 
1952 44.61 55.02 0.23 0.14 —0.80 1.47 0 65 5.21 
1953 14.12 84.72 0.72 0.44 0.69 1.44 0.76 11.18 
1954 22.22 76.87 0.56 0.35 0.45 1.71 0.70 4.31 
1955 9.89 88.60 0.93 0.58 1.16 1.42 1.30 11.60 
1956 9.84 89.61 0.34 0.21 0.90 1.23 0.60 9.37 
1957 19.73 79.51 0.47 0.29 0.61 1.66 —0.36 4.16 
1958 31.93 67.06 1.01 0.00 0.19 1.96 —0.51 - 0 . 3 6 
1959 39.30 56.81 0 89 0.00 —0.12 1.75 —0.13 0.25 
1961 23.47 75.73 0.80 0.00 0.41 1.27 0.12 2.00 
1962 2.08 80.21 12.50 5.21 2.69 2.36 1.71 3.87 
1963 1.94 70.12 18.62 9.32 3.37 2.89 1.36 1.53 
1964 0.54 74.13 21.86 3.47 3.09 2.27 1.37 2.42 
1965 39.79 59.62 0.59 0.00 —0.13 1.63 0.22 —0.29 
1966 12.03 87.70 0.17 0.10 0.34 1.11 0.37 8.92 
1967 0.62 96.61 2.78 0.00 2.31 0.90 0.94 8.18 
1968 0.36 97.32 2.32 0.00 2.34 0.87 0.90 6.79 
1969 13.23 85.79 0.98 0.00 0.74 1.29 —0.46 3.12 
1970 1.34 97.44 1.22 0.00 2.21 0.92 —0.93 9.36 
1971 10.68 87.64 1.68 0.00 1.15 1.38 —0.12 2.16 
1972 0.76 97.36 1.8 0.00 1.94 0.88 1.01 7.85 
1973 6.79 71.45 13.48 8.28 2.92 3.01 0.97 1.80 
1974 0.63 89.14 10.23 0.00 2.02 1.49 0.96 1.32 
1975 4.07 73.31 15.99 6.63 2.95 2.71 1.28 2.22 
1976 14.94 71.75 9.45 3.86 1.96 2.67 1.03 2.53 
1977 25.04 71.05 3.88 0.00 0.74 2.06 —0.28 0.32 
1978 22.65 75.71 1.64 0.00 0.85 1.65 —0.15 0.49 
1979 56.73 41.59 1.68 0.00 —0.81 2.23 0.46 —0.45 
1980 50.05 47.70 2.25 0.00 —0.30 1.76 0.83 1.30 
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1981 24.47 73.96 1.57 0.00 1.00 1.91 - 0 . 5 0 - 0 . 1 3 
1982 44.73 54.33 0.94 0.00 —0.44 2.03 0.00 - 0 . 7 1 
1983 16.19 83.18 0.63 0.00 0.86 1.28 — 0.77 1.95 
1984 23.80 75.40 0.80 0.00 0.54 1.86 - 0 . 9 5 0.29 
1985 17.01 81.67 1.32 0.00 0.90 1.57 - 0 . 5 6 1.37 
1986 7.58 91.98 0.44 0.00 1.02 0.98 — 1.22 6.09 
1987 8.87 80.49 9.24 1.40 2.31 2.00 0.21 3.99 
1988 1.34 87.65 9.27 1.74 2.78 1.62 1.77 8.05 
1989 15.55 82.74 1.71 0.00 1.33 1.53 —0.53 1.04 
1990 51.48 46.76 1.76 0.00 —0.34 2.27 0.33 - 0 . 7 3 
1991 4.85 58,31 31.73 5.11 3.46 2.49 0.59 1.75 
1992 1.41 64.54 29.92 4.13 3.47 2.12 1.43 3.87 
1993 0.39 90.21 8.70 0.70 2.66 1.19 2.05 14.06 
1994 6.28 92.55 1.17 0.00 1.50 1.26 - 0 . 5 1 3.17 
1995 2.34 61.00 32.48 4.18 3.56 2.23 0.57 0.84 
1996 16.76 32.64 45.73 4.87 3.22 3.16 - 0 . 1 2 - 0 . 3 6 
1997 0.00 93.27 6.06 0.67 3.06 0.99 3.15 22.19 
1998 0.43 73.58 22.74 3.25 3.36 1.75 1.39 4.35 
1999 1.35 65.13 30.47 3.05 3.40 2.04 0.85 1.86 
2000 8.24 70.70 20.01 1.05 2.33 2.20 0.69 1.98 
2001 66.94 32.14 0.57 0.35 —0.96 1.98 1.23 3.38 
2002 15.14 73.30 9.50 2.06 1.25 2.19 1.74 4.95 
2003 0.00 98.91 0.68 0.41 2.14 0.91 3.48 32.06 
2004 0.25 98.49 0.78 0.48 2.30 0.90 3.60 36.90 
2005 3.80 95.60 0.37 0.23 0.41 0.88 4.34 45.43 
2006 2.58 95.86 0.97 0.59 2.34 1.23 0.54 16.18 
2007 18.17 81.25 0.58 0.00 0.95 1.85 - 1 . 1 5 0.71 
2008 0.84 94.97 4.19 0.00 2.74 0.92 —0.64 18.79 
2009 0.83 98.42 0.75 0.00 2.35 0.68 - 1 . 0 3 17.21 
2010 0.00 97.17 2.83 0.00 2.38 0 . 8 8 1.47 6.00 
2011 1.25 95.84 1.80 1.11 2.59 1.21 2.79 22.87 
2012 37.91 61.41 0.42 0.26 - 0 . 0 7 2.03 0.02 0.86 
2013 5.90 61.30 27.75 5.05 2.65 2.77 1.05 1.04 
2014 1.38 96.45 1.34 0.83 2.39 1.25 1.85 16.36 
2015 4.98 94.78 0.15 0.09 1.49 1.15 —0.83 7.83 
2016 1.14 98.70 0.10 0.06 2.19 0.68 — 0.33 24.49 
2017 33.17 47.49 16.12 3.22 1.30 2.98 0.84 0.69 
2018 3.86 82.59 11.61 1.94 2.00 1.94 1.61 4.39 
2020 5.93 86.01 4.98 3.08 2.10 2.09 1.95 6.90 
2021 12.56 87.18 0.26 0.00 1.58 1.40 — 1.36 1.52 
2024 0.44 99.23 0.33 0.00 2.75 0.72 —0.91 6.08 
2025 8.00 91.92 0.08 0.00 1.92 1.60 —2.41 5.46 
2026 2.69 97.00 0.31 0.00 2.03 0.87 —2.38 11.51 
2027 5.83 77.61 14.72 1.84 2.06 2.09 1.29 3.18 
2028 23.79 75.81 0.40 0.00 0.65 1.58 —0.44 —0.07 
2030 7.87 89.20 2.93 0.00 1.60 1.42 —0.04 2.24 
2031 2.21 97.38 0.41 0.00 1.83 0.98 - 0 . 7 2 3.87 
2032 3.68 95.86 0.46 0.00 2.18 1.10 - 3 . 1 2 13.39 
2033 19.11 78.05 2.84 0.00 - 0 . 1 1 1.91 - 0 . 2 6 1.69 
2034 9.71 87.94 2.35 0.00 1.70 1.61 —0.94 2.11 
2035 0.92 66.20 26.20 6.68 3.60 2.43 1.36 2.37 
2036 13.17 80.20 5.07 1.56 2.06 2.21 —0.25 2.01 
2037 10.85 56.15 30.70 2.30 3.24 2.99 0.03 - 0 . 2 4 
2038 0.31 65.76 26.18 7.75 3.77 2.52 1.35 1.84 
2039 2.03 78.38 13.99 5.60 2.79 2.49 1.65 3.12 
2040 10.68 51.51 26.87 10.94 3.41 3.45 0.55 —0.04 
2041 0.41 69.21 21.27 9.11 3.48 2.78 1.35 1.30 
2042 1.61 54.39 32.61 11.39 4.31 2.92 0.49 1.64 
2043 8.08 91.36 0.56 0.00 0.37 1.08 1.40 4.38 
2044 37.29 62.42 0.29 0.00 - 0 . 3 8 1.11 1.15 2.60 
2045 0.39 63.09 27.90 8.62 3.61 2.77 1.23 1.09 
2046 1.63 85.15 10.79 2.43 2.53 1.90 2.18 7.57 
2047 6.08 93.84 0.08 0.00 0.98 1.18 —0.67 0.14 
2048 5.51 93.67 0.82 0.00 2.44 1.49 —2.86 9.11 
2049 3.86 95.79 0.35 0.00 0.88 0.92 —0.59 5.56 
2050 2.30 96.46 1.24 0.00 1.74 1.08 0.29 2.99 
2051 40.10 59.64 0.26 0.00 —0.17 1.63 — 0.21 - 0 . 6 4 
2052 12.66 77.74 8.09 1.51 1.56 2.12 1.17 4.05 
2054 16.12 83,36 0 32 0.20 1.04 1.48 - 0 . 3 7 3.93 
2055 0.11 99.57 0.20 0.12 2.60 0.69 1.77 25.28 
2056 3.11 96.40 0.30 0.19 1.59 1.07 —0.25 15.17 
2057 6.95 91.89 0.72 0.44 1.41 1.33 0.92 11.27 
2058 43.87 52.75 2.09 1.29 0.37 2.76 0.54 0.64 
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2059 7.33 89.35 2.05 1.27 1.90 1.66 1.61 8.78 
2060 0.29 99.03 0.42 0.26 2.16 0.88 2.45 22.43 
2061 0.74 97.91 0.83 0.51 2.36 1.08 2.03 18.23 
2062 1.67 95.67 1.65 1.01 2.55 1.32 1.76 14.37 
2063 7.49 82,45 7.77 2.29 2.27 2.07 0.87 4.92 
2064 2.65 96.19 0.72 0.44 1.96 1.24 0.88 11.89 
2065 52.81 46.44 0.75 0.00 —0.44 1.55 0.40 0.43 
2066 0.55 98.46 0.99 0.00 2.71 0.73 — 1.24 17.29 
2067 7.72 92.09 0.19 0.00 1.01 1.10 —0.10 1.58 
2068 3.83 79.74 13.35 3.08 2.75 2.03 1.40 5.42 
2069 23.51 59.81 13.84 2.84 1.72 2.78 0.73 1.39 
2070 50.61 49.05 0.34 0.00 - 0 . 8 0 1.59 0.51 0.74 
2071 1.36 97.40 1.24 0.00 2.39 0.94 —0.43 4.56 
2072 2.58 88.53 7.44 1.55 2.71 1.70 1.30 7.03 
2073 3.27 95.70 1.03 0.00 1.39 1.11 0.23 3.12 
2074 17.70 80.98 1.32 0.00 1.02 1.47 —0.13 0.95 
2075 5.62 93.42 0.96 0.00 2.00 1.48 — 1.14 2.78 
2076 27.59 71.94 0.47 0.00 0.26 1.45 —0.41 0.46 
2077 1.03 79.80 16.58 2.59 3.41 1.63 1.63 7.51 
2078 2.52 88.63 7.52 1.33 2.58 1.58 1.41 8.06 
2079 0.11 99.36 0.53 0.00 2.52 0.65 —0.12 6.65 
2080 0.82 88.17 9.72 1.29 3.60 1.23 1.63 17.04 
2081 21.77 77.12 1.11 0.00 0.67 1.52 —0.32 1.13 
2082 77.56 21.50 0.94 0.00 — 1.31 2.13 1.32 0.75 
2083 0.41 99.45 0.14 0.00 2.74 0.64 —0.74 7.00 
2085 0.14 99.58 0.28 0.00 2.61 0.61 0.18 4.77 
2086 4.36 94.94 0.70 0.00 2.09 1.30 —0.95 2.09 
2087 13.04 86.21 0.75 0.00 1.04 1.37 - 0 . 5 4 1.67 
2088 88.19 11.26 0.55 0.00 —2.56 1.99 1.70 2.65 
2089 1.33 97.61 1.06 0.00 2.93 0.91 —2.15 12.41 
2090 4.01 95.49 0.50 0.00 1.95 1.21 — 1.00 2.87 
2091 9.07 89.66 1.27 0.00 1.41 1.32 —0.24 1.76 
2092 13.64 85.96 0.40 0.00 0.95 1.23 —0.34 1.27 
2093 6.57 92.88 0.55 0.00 1.56 1.24 —0.51 1.24 
2094 0.00 99.46 0.54 0.00 3.44 0.50 — 1.42 14.29 
2095 0.00 98.90 1.10 0.00 3.21 0.55 0.31 11.04 
2096 25.33 74.17 0.50 0.00 0.50 1.49 —0.23 0.32 
2097 29.28 69.87 0.85 0.00 0.21 2.08 - 0 . 4 8 —0.47 
2098 38.89 60.87 0.24 0.00 0.09 1.56 —0.11 —0.76 
2099 8.74 90.82 0.44 0.00 1.38 1.43 — 1.14 2.82 
2100 20.57 78.91 0.52 0.00 0.81 1.51 —0.77 0.56 
2102 24.70 74.61 0.69 0.00 0.83 1.76 —0.49 —0.47 
2104 26.25 73.37 0.38 0.00 0.28 1.38 —0.24 0.80 
2105 15.03 84.69 0.28 0.00 1.01 1.40 — 1.04 1.51 
2106 13.46 86.30 0.24 0.00 1.04 1.40 - 0 . 8 3 1.10 
2107 3.52 96.38 0.10 0.00 1.97 0.96 —2.31 8.47 
2108 77.70 22.08 0.22 0.00 —2.06 1.89 0.72 0.26 
2109 5.13 94.56 0.31 0.00 1.40 1.11 —2.06 7.93 
2110 25.58 74.25 0.17 0.00 —0.03 1.83 —0.86 —0.24 
2111 81.45 18.20 0.35 0.00 —1.65 1.48 1.20 2.15 
2112 33.34 47.62 10.88 8.16 1.35 3.65 1.31 1.38 
2113 24.97 74.56 0.47 0.00 0.42 1.70 —0.38 —0.18 
2114 4.98 94.80 0.22 0.00 1.70 1.06 —2.74 10.25 
2115 7.69 92.00 0.31 0.00 1.93 1.43 — 1.94 4.56 
2116 53.21 45.85 0.94 0.00 —0.76 1.63 0.50 0.89 
2117 14.27 84.92 0.81 0.00 1.06 1.36 —0.79 1.79 
2118 5.14 94.63 0.23 0.00 1.05 1.02 — 1.14 4.79 
2119 19.76 79.29 0.95 0.00 0.92 1.59 —0.42 0.42 
2120 49.25 50.00 0.75 0.00 —0.62 1.59 0.20 0.49 
2121 24.44 75.00 0.56 0.00 0.45 1.60 - 0 . 7 4 0.28 
2122 36.44 62.75 0.81 0.00 —0.01 1.70 —0.28 —0.18 
2123 28.67 70.63 0.70 0.00 0.62 1.89 —0.50 —0.53 
2124 37.54 61.54 0.92 0.00 —0.28 1.88 —0.13 - 0 . 3 5 
2125 43.06 56.58 0.36 0.00 —0.38 1.24 0.15 1.33 
2126 42.41 57.14 0.45 0.00 —0.20 1.84 —0.06 —0.64 
2127 24.60 74.41 0.99 0.00 0.82 1.79 —0.46 —0.01 
2128 18.67 79.73 1.60 0.00 0.90 1.62 —0.27 0.80 
2129 19.36 80.06 0.58 0.00 0.82 1.65 — 1.02 0.99 
2130 0.71 98.69 0.60 0.00 2.69 0.92 —2.40 8.95 
2131 4.91 94.11 0.98 0.00 1.87 1.36 —0.74 2.09 
2132 24.69 74.62 0.69 0.00 0.26 1.38 0.32 1.69 
2133 0.10 99.21 0.69 0.00 2.65 0.56 0.23 15.22 
2134 83.19 16.69 0.12 0.00 — 1.10 1.26 1.72 2.56 
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2135 0.00 99.38 0.62 0.00 2.93 0.53 0.97 6.23 
2136 17.52 82.29 0.19 0.00 0.54 1.11 —0.65 1.70 
2137 3.04 95.90 1.06 0.00 2.40 1.09 — 1.11 3.97 
2138 4.05 94.94 1.01 0.00 1.95 1.20 —0.35 1.66 
2139 41.33 57.04 1.63 0.00 —0.12 1.77 0.30 0.55 
2140 0.10 99.19 0.71 0.00 2.83 0.56 0.64 10.78 
2141 2.61 97.18 0.21 0.00 1.50 0.85 —0.26 4.70 
2144 2.17 97.58 0.25 0.00 0.97 0.69 —0.12 9.95 
2145 60.32 39.41 0.27 0.00 —0.32 1.10 1.24 1.94 
2146 5.11 94.47 0.42 0.00 1.68 1.03 — 1.88 7.18 
2147 25.64 74.21 0.15 0.00 0.34 1.51 - 0 . 9 2 0.13 
2148 3.62 95.96 0.42 0.00 2.30 1.13 —3.48 15.74 
2149 1.42 88.47 7.08 3.03 3.48 1.61 1.94 11.40 
2150 4.90 94.47 0.63 0.00 1.48 1.36 —0.04 0.55 
2152 1.01 98.84 0.15 0.00 2.37 0.65 — 1.66 13.09 
2153 9.47 90.26 0.27 0.00 1.07 1.44 — 1.18 2.75 
2154 4.24 95.46 0.30 0.00 0.21 0.66 1.60 20.48 
2155 28.12 71.57 0.31 0.00 —0.60 1.04 0.70 4.75 
2157 11.75 88.12 0.13 0.00 1.23 1.50 1.18 1.38 
2158 2.46 97.31 0.23 0.00 1.84 1.09 —0.49 2.05 
2159 20.35 79.25 0.40 0.00 0.76 1.79 —0.83 0.14 
2160 10.94 88.76 0.30 0.00 0.97 1.31 —0.46 0.87 
2161 45.33 54.33 0.34 0.00 —0.64 1.35 0.20 0.98 
2162 23.37 76.12 0.51 0.00 - 0 . 1 5 1.38 - 0 . 1 3 1.48 
2163 28.42 71.16 0.42 0.00 0.26 1.85 - 0 . 9 6 0.32 
2164 7.75 92.05 0.20 0.00 1.47 1.28 - 2 . 2 7 6.05 
2165 2.16 97.41 0.43 0.00 2.24 0.89 - 2 . 1 6 11.57 
2166 3.12 96.34 0.54 0.00 2.77 1.09 — 3.44 15.93 
2167 0.96 49.82 37.78 11.44 4.28 2.77 0.97 0.88 
2168 12.03 86.01 1.21 0.75 1.38 1.82 0.70 3.85 
2169 2.14 97.41 0.28 0.17 1.79 0.92 —0.35 23.09 
2170 0.73 98.91 0.22 0.14 1.94 0.70 1.58 0.14 
2171 2.54 96.98 0.30 0.18 1.98 0.96 — 1.17 24.08 
2172 41.16 57.59 1.15 0.10 0.00 2.39 - 0 . 2 5 — 1.14 
2173 7.49 91.86 0.40 0.25 2.38 1.57 — 1.99 7.49 
2174 63.51 35.85 0.40 0.24 —0.88 2.84 0.68 - 0 . 8 6 
2175 2.36 97.33 0.19 0.12 2.13 1.10 —2.34 17.45 
2176 2.87 96.17 0.59 0.37 2.72 1.19 - 0 . 9 8 14.46 
2177 1.28 97.02 1.05 0.65 2.81 1.17 1.06 15.18 
2178 1.38 97.77 0.53 0.32 2.69 0.92 0.69 24.37 
2179 24.86 74.79 0.22 0.13 - 0 . 0 5 1.26 0.73 7.25 
2180 6.43 93.26 0.19 0.12 1.87 1.26 — 1.60 7.70 
2181 3.39 95.83 0.48 0.30 2.43 1.19 —0.54 10.71 
2182 0.30 75.08 15.22 9.40 4.11 2.45 1.49 2.49 
2183 8.98 90.61 0.25 0.16 0.41 1.34 0.00 7.26 
2184 2.75 96.65 0.37 0.23 2.69 1.21 — 1.41 11.36 
2185 17.30 81.67 0.64 0.39 1.72 1.94 —0.40 1.18 
2186 3.58 95.08 0.83 0.51 2.79 1.52 —0.74 5.57 
2187 5.17 94.35 0.30 0.18 1.40 1.23 — 1.12 12.25 
2188 6.37 92.74 0.55 0.34 2.65 1.57 — 1.28 5.18 
2190 23.14 76.48 0.24 0.14 0.64 1.60 - 0 . 2 1 2.01 
2191 4.25 89.68 4.91 1.16 2.37 1.63 0.98 7.49 
2192 17.26 82.54 0.12 0.08 0.41 1.48 —0.89 2.95 
2193 2.98 96.57 0.28 0.17 1.81 1.05 —0.40 14.17 
2194 8.26 91.59 0.09 0.06 1.62 1.54 —2.03 5.34 
2195 26.29 73.32 0.24 0.15 0.46 1.42 0.14 3.37 
2196 5.60 93.95 0.28 0.17 1.98 1.25 — 1.19 8.24 
2197 10.10 89.28 0.38 0.24 1.77 1.55 - 0 . 8 5 4.16 
2198 5.68 93.88 0.27 0.17 2.26 1.32 — 1.55 7.97 
2199 7.37 91.93 0.43 0.27 2.06 1.52 — 1.12 5.83 
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APPENDIX 3 
Heavy-mineral assemblage s i n selecte d surfac e 

sediments 
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1925 I 256 0.24 13 5 13 47 6 1 6 — I 3 tr — tr 5 
1931 1 334 0.28 19 2 5 55 4 3 3 — 2 2 tr — 2 3 
1934 1 326 0.13 22 4 7 47 4 2 4 — 1 5 1 1 1 1 
1941 1 356 0.90 13 1 9 50 6 4 5 — 1 1 1 1 5 3 
1943 1 241 0.36 13 2 14 42 9 3 4 — 2 2 1 2 1 5 
1947 1 333 0.18 10 1 10 57 14 1 1 — — 1 2 — 1 2 
1949 1 386 2.62 13 1 22 42 1 1 2 — — 10 1 — 5 2 
1985 1 320 2.13 17 2 2 60 tr 1 3 tr 1 1 tr — 11 2 
1997 1 506 1.35 14 2 5 60 2 10 — 1 tr 1 — 3 — 
2003 1 317 1.04 23 2 5 53 1 1 8 — 1 1 1 tr 1 3 
2004 1 392 0.55 11 2 6 73 1 — 4 — 1 tr 1 — 1 —• 
2006 1 338 1.58 10 3 6 70 1 — 8 — tr tr 1 — 1 — 
2007 1 326 1.05 10 3 4 69 tr — 9 — 1 — 1 tr 1 2 
2008 1 305 0.29 6 2 8 73 1 — 7 — tr — 1 1 1 
2009 1 478 0.34 20 3 18 45 1 — 6 — 1 1 1 1 2 1 
2010 1 468 1.00 9 2 10 56 tr 1 14 — 1 — 2 — 5 — 
2011 1 455 1.22 12 1 7 71 tr tr 4 — 1 — 1 — 2 1 
2014 1 370 0.57 18 2 5 62 2 tr 6 — 1 tr 1 — 2 1 
2024 1 390 1.96 34 1 3 56 1 1 1 — — tr tr — 1 
2025 1 397 2.21 16 9 6 47 2 tr 16 — 1 — 1 — 1 1 
2032 1 306 1.66 12 3 12 48 4 tr 16 — 1 1 tr — 3 
2047 1 310 0.32 27 3 8 51 — tr 5 — tr 1 1 — 3 1 
2048 1 331 0.65 20 2 3 64 4 tr 2 — 1 — tr — 
2055 1 341 1.68 11 1 5 78 1 — 1 — 1 tr — — 1 1 
2079 1 299 0.37 44 2 28 7 2 2 8 — 3 1 1 — 1 1 
2080 1 336 0.64 22 2 7 59 3 1 2 — 1 tr 1 — 1 1 
2085 1 329 0.92 39 4 21 9 2 2 13 — 2 1 2 — 1 4 
2094 1 330 1.06 29 1 10 47 3 4 2 — 1 tr tr — tr 3 
2095 1 253 3.28 34 3 13 27 3 2 3 — 4 5 2 — 1 3 
2114 1 302 0.16 21 2 3 59 1 1 2 — 1 2 1 — 1 6 
2115 1 214 0.04 21 1 4 67 — 1 1 — 1 1 1 — 1 — 
2130 1 357 1.93 20 1 7 61 1 1 4 — 3 2 tr — — — 
2133 1 447 0.89 29 2 11 46 1 2 1 — 3 1 1 — 1 3 
2135 1 330 5.70 24 2 25 32 2 4 4 — 2 2 tr — 1 2 
2140 1 395 1.17 41 1 8 41 1 2 2 — 1 1 tr — i 1 
2168 1 459 0.70 5 2 1 48 4 tr 35 tr — 1 tr — i 3 
1830 2 408 0.06 15 8 31 — — — 5 — 2 38 1 tr — — 
1831 2 381 0.09 16 8 16 — 1 2 10 — 2 44 1 tr — — 
1834 2 715 0.13 16 6 29 — 3 1 14 — 2 26 1 tr — 2 
1835 2 332 0.05 10 7 23 — 1 1 7 — 1 49 1 tr — — 
1836 2 309 0.04 20 11 32 — — 1 8 — tr 24 1 1 — 2 
1838 2 247 0.26 9 tr 9 tr — 2 — 1 77 — 2 — — 
1839 2 238 0.06 10 3 22 — 1 1 4 — 1 55 tr tr — 3 
1840 2 402 0.13 8 3 23 — 1 1 3 — tr 6 0 1 tr — .— 
1844 2 424 1.34 17 7 22 1 7 5 20 — 2 13 2 1 i 2 
1924 2 301 0.08 28 8 28 3 — 2 10 — 2 17 2 — — — 
1933 2 282 0,19 23 7 26 — 1 2 4 — 3 32 1 — — 1 
1937 2 111 0.06 37 2 4 — 1 3 4 — 1 47 1 tr — — 
1940 2 363 0.35 14 1 16 1 tr 1 4 — 2 59 1 tr tr 1 
1946 2 333 0.18 19 1 7 — 1 1 1 — 1 69 — — — — 
2107 3 229 0.20 31 1 5 47 — — 1 13 tr tr tr — — 2 
2110 3 290 0.27 29 3 3 6 tr — 1 56 — — 2 — — — 
1790 4 377 0.36 25 5 28 1 16 11 6 — 3 1 1 — tr 3 
1792 4 189 0.13 31 5 20 1 15 9 7 — 2 1 1 — 2 6 
1796 4 248 0.06 27 6 24 2 17 9 4 — 3 1 tr tr 2 5 
1798 4 252 0.07 37 3 25 — 12 8 6 — 4 — 2 — 1 2 
1 7 9 9 4 301 0 . 1 0 28 3 28 — 9 7 10 — 5 — 1 — tr 9 
1 8 0 0 4 251 0.31 46 6 15 1 5 12 4 — 5 1 tr — — 5 
1802 4 319 0.12 31 3 25 tr 2 0 10 4 — 2 tr 1 — 1 3 
1803 4 377 0.08 26 11 27 tr 15 5 5 — 2 1 2 — 1 5 
1914 4 444 0,22 40 10 14 tr 21 7 1 — 1 1 2 1 — 2 
1915 4 367 0.63 38 17 15 tr 12 7 3 — 1 1 3 — 1 2 

Notes: Minera l abundance s ar e percentages base d o n grain count s o f th e heavy fraction . Trac e (tr ) indicates les s tha n 0.5% . Total 
heavy-mineral (HM ) values ar e percentages b y weight of heavy mineral s (S . G. >2.96 ) i n the —1.2 mm -f 0,05 3 mm fraction 
of th e whole sediment . 2 2 



APPENDIX 4 
Pollen analyse s o f sediment s fro m th e Bas s Strai t shel f 

M. K. Macphail 

(Esso Australia Ltd) 

Method and results 
Dr H . A , Jone s submitte d thre e sample s o f organi c 

mud fro m th e Bas s Strai t shel f (Tabl e A l ) fo r polle n 
analysis. Al l sample s wer e treate d wit h hydrofluori c 
acid, followe d b y hydrolysi s an d acetolysi s accordin g 

to th e metho d outline d b y Faegr i &  Iverse n ( 1 9 6 4 ) . 
Samples 2  an d 3  wer e filtere d throug h 7 -/i,m filtratio n 
cloth t o improv e concentratio n o f th e palynofioras . 
Pollen an d spore s wer e counte d fro m a  minimu m o f 
two slide s pe r sampl e a t magnification s o f 30 0 t o 600 , 

TABLE Al . LOCATION S O F SAMPLE S 
No. BMRNo.  Depth  Lat.°S  Long.°E 
1 736 3 196 3 7 1 m  40°03 ' 147°07 ' c a 8 5 k m NN E o f mout h o f 

R. Tama r 
2 736 3 199 7 4 4 m  42°31 ' 148°04 ' c a 7  k m N  o f Mari a Islan d 
3 736 3 204 2 9 5 m  41°10 ' 148°26 ' c a 2 5 k m N E o f S t Helen s 

Point 

Results o f th e polle n analyse s ar e give n i n Tabl e A2 . 
Only i n sampl e 1  wer e statisticall y significan t number s 
of polle n present ; thes e dat a ar e expresse d a s per -
centages o f th e tota l identifiabl e spore-polle n count . 
The dat a fo r th e tw o othe r sample s ar e expresse d onl y 
as number s o f polle n counted . 

All sample s containe d identifiabl e polle n an d spores , 
but ar e dominate d b y charcoa l particle s (lon g axi s 
> 1 0 jjum) an d marin e organism s includin g dinoflagel -
lates an d radiolarians . Mos t o f th e palynomorph s wer e 
indistinguishable fro m livin g tax a an d hav e bee n iden -
tified a s such . Th e specie s aff . Pteris an d cf . Selaginella 
(Table A 2 ) ma y b e reworke d Mesozoi c spores . Spore s 
and polle n referabl e t o Tertiar y for m specie s describe d 
by Stove r &  Partridg e (1973 ) wer e absent . 

Pollen an d spor e preservatio n varie d fro m mostl y 
good (sampl e 3 ) t o poo r (sample s 1  an d 2 ) . Th e sam e 
small grou p o f spore s an d polle n dominat e al l assem -
blages: Dicksonia, Cyathea, trilet e fer n spores , Pinus 
radiata, Chenopodiaceae , Compositae , Eucalyptus, an d 
Gramineae. 

All sample s containe d exoti c pollen , includin g Pinus 
radiata, an d agricultura l wee d tax a suc h a s Taraxacum, 
Rumex, an d Plantago lanceolata. Exoti c tax a tha t coul d 
not b e referre d t o know n familie s o r gener a hav e bee n 
included wit h othe r unidentifie d palynomorph s i n Tabl e 
A2. 

Discussion 
The presenc e o f exoti c polle n demonstrate s tha t sedi -

mentation persist s a t al l thre e sites . Plantin g o f Pinus 
radiata di d no t becom e widesprea d unti l th e 1930s , 
providing a  broa d maximu m ag e fo r tha t componen t 
of th e sediment . 

Because pin e plantation s ar e uncommo n i n Tasmania , 
it ma y b e possibl e t o us e P. radiata polle n a s a  sedi -
ment tracer : fo r exampl e thos e i n sampl e 1  ma y reflec t 
stands withi n th e catchment s o f th e Tamar , Mersey , 
and Fort h Rivers ; and , i n sampl e 3 , plantation s betwee n 
Scottsdale an d S t Helens . Occurrence s o f th e sam e 
pollen a t lowe r latitude s i n Bas s Strai t woul d un -
doubtedly includ e Victoria-derive d grains . 

Differential preservatio n ha s distorte d th e composi -
tion o f th e polle n assemblages , resultin g i n th e pre -
ferential recover y an d identificatio n o f robus t paly -
nomorphs—e.g., Epacridaceae , Dicksonia, an d Cyathea 

—and tax a tha t remai n distinctiv e despit e considerabl e 
corrosion—e.g., Pinus radiata, Compositae , Cheno -
podiaceae, Gramineae , an d Myrtaceae . 

Nevertheless th e majorit y o f th e polle n an d spor e 
types presen t i n th e sample s ar e know n t o floa t wel l 
and/or b e wind-disperse d ove r lon g distance s (Hop e 
1968; Macphai l 1975 , 1976 ) . Fo r example , pollen -
trapping i n Tasmani a ha s show n Chenopodiacea e polle n 
to b e transporte d acros s Bas s Strai t i n sizabl e numbers . 
Other Australia n taxa—includin g Eucalyptus, Casua-
rina, Amperea, an d Gyrostemonaceae—hav e bee n 
recovered i n N e w Zealan d sediment s (Macphai l 
1979b) . Thi s strongl y suggest s tha t th e palynofiora s i n 
the shel f sediment s accuratel y reflec t th e genera l o r 
background 'polle n rain ' ove r Bas s Strait . Charcoa l 
particles fro m bushfire s o n bot h side s o f Bas s Strai t ar e 
a commo n componen t o f thi s 'rain* . 

The commo n polle n an d spore s ar e als o thos e pro -
duced b y tax a tha t ar e abundan t i n coasta l o r riverin e 
environments—e.g., Chenopodiacea e i n sal t mars h com -
munities, an d Pomaderris apetala, Cyathea, an d Dick-
sonia i n mois t coasta l valleys . Myoporum (sampl e 1 ) 
is characteristi c o f sand y coasts . Accordingl y th e 
simplest hypothesi s i s tha t al l element s i n th e polle n 
assemblages ar e recent , an d th e differen t degree s o f 
preservation reflec t spatia l variatio n i n transportation , 
bioturbation, an d fades . 

On thi s hypothesis , th e sample d strat a ar e als o recen t 
in age . However , severa l factor s sugges t a  mor e 
complex origin , possibl y obscure d b y th e sampl e 
retrieval techniques : 

(a) th e presenc e o f palynomorph s tha t ar e rare , eve n 
in sample s take n fro m withi n th e sourc e vegetatio n 
—e.g. , Papilionaceae , Sprengelia, an d Pimelea i n 
sample 2 ; 

(b) th e rarit y o r absenc e o f som e robus t polle n type s 
that ar e commo n component s o f th e moder n polle n 
rain—e.g., Casuarina an d Dodonaea—whilst les s 
common component s o f th e polle n rai n ar e wel l 
represented i n th e samples—e.g. , Compositae ; 

(c ) th e similarit y betwee n a  majo r portio n o f th e 
palynoflora i n sampl e 1  an d Lat e Pleistocen e paly -
nofioras fro m easter n an d northwester n Tasmani a 
and th e southeas t mainland . 
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TABLE A2. TAXA IDENTIFIED IN SAMPLES 

Taxon Sample 1 Sample 2 Sample 3 
No. counted % No. counted No. counted 

(a) free s 
Nothofagus cunninghamii — — ? 1 
Phyllocladus 2 + 1 1 
Pomaderris apetala-type 4 1 — 2 
Eucalyptus 32 10 26 21 
Casuarina 4 1 2 — 
Acacia 1 + 1 — 
Cupressaceae/Taxodiaceae 1 + 1 — 

(b) shrub s 
Rhamnaceae 5 2 1 3 
Bursaria — — — 1 
Pimelea — — 1 — 
Nothofagus gunnii — — — 1 
Drimys 1 + — — 
Melaleuca-type 2 1 4 
Melaleuca squamea 1 + 1 — 
Baeckia-type 1 1 — 
Leptospermum 2 + 1 — 
Indet. Myrtaceae — — 2 3 
Papilionaceae 1 + 1 — 
Epacridaceae 1 + 3 — 
Monotoca — — 1 1 
Sprengelia-type — — 1 1 
Amperea — — — 1 
Myoporum 1 + — — 
Gyrostemonaceae 2 + — — 
Chenopodiaceae 40 12 2 7 
Compositae 40 12 6 9 

(c) herb s 
Gramineae 28 9 4 6 
Plant ago 1 + — — 
Cruciferae 4 1 — — 
Liliaceae — — — 1 
Cyperaceae 6 2 1 2 

(d) fern s &  lycopod s 
Dicksonia antarciica 49 15 3 24 
Cyathea australis -type 21 6 — 3 
C. cunninghamii -typQ 5 2 — 1 
Gleichenia 3 + 2 8 
aff. Pteris 1 + 1 — 
Trilete fern spores 13 4 6 12 
Histiopteris 1 + — 1 
Phymatodes 1 + — — 
Monolete fern spores 9 3 — 2 
cf. Selaginella — — — 1 

(e) exotic s 
Pinus radiata 38 12 3 3 
Betula — — — 1 
Taraxacum 7 2 3 — 
Plantago lanceolata 1 + — — 
Rumex — — — 1 

(f) unidentifiabl e 21 6 8 9 
(g) marin e microorganism s 

Radiolanans 39 12 18 31 
Dinoflagellates 244 74 19 13 
Crustacean parts 1 
Charcoal particles CO CO 743 CO 

Less than 1% expressed as -f 

Late Pleistocen e palynoflora s i n Tasmani a ar e typi -
cally dominate d b y tw o o r mor e o f Gramineae , Com -
positae, an d Chenopodiacea e pollen . Tre e polle n i s 
rare, suggestin g tha t th e vegetatio n befor e c a 1 1 50 0 B P 
comprised a  mosai c o f grassland s an d heat h (Macphai l 
1975, 1979a) . Th e Lat e Pleistocen e vegetatio n i n 
eastern Tasmani a ma y hav e include d a  chenopo d 'col d 
steppe'; an d eucalypt s appea r t o hav e bee n confine d 
to near-coasta l location s (Macphai l &  Jackso n 1978) . 

On th e basi s o f simila r polle n assemblage s i n deposit s 
from northwes t Tasmani a an d th e southeas t mainland , 
Hope (1978 ) ha s propose d tha t thi s mosai c o f grass -
land, Compositae-ric h shrubland , an d Eucalyptus 
savannah extende d acros s th e Bassia n Plai n t o th e 
Adelaide region . Becaus e o f th e bathymetr y o f th e 
landbridge, Chenopodiacea e saltmars h communitie s ar e 
likely t o hav e bee n par t o f thi s vegetation , an d possibl y 
widespread durin g earl y stage s o f marin e transgression . 
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Accordingly, i t i s conceivabl e tha t th e (muc h cor -
roded) Gramineae , Compositae , Chenopodiaceae , 
Cyperaceae, an d Eucalyptus polle n i n sampl e 1 ar e o f 
Late Pleistocen e ag e and reflect par t o f th e landbridg e 
flora. I f so , a  portio n o f th e charcoa l conten t ma y 
reflect Lat e Pleistocen e firin g o f th e vegetatio n b y 
Aboriginals. O n this hypothesi s th e stratum represente d 
by sampl e 1 is terrestria l o r possibly lagoonal , o f Lat e 
Pleistocene age , an d overlai n b y recent sediments . 

Because o f variation s i n the amount o f detritu s lef t 
after processing , i t i s difficul t t o asses s th e relativ e 
concentration o f charcoa l particles . Nevertheless , thes e 
seem surprisingl y abundan t and , if abl e t o b e meta -
bolised b y the benthic fauna , woul d for m a  significan t 
source o f carbo n withi n th e sediments. 

Conclusions 
(a) Sedimentatio n persist s a t th e thre e site s sample d 

by BMR . It ma y be possibl e t o us e pollen fro m 
plants havin g restricte d distribution s a s tracer s for 
sediment transport . 

( b ) Sampl e 1 may contain a  Lat e Pleistocen e palyno -
flora mixe d wit h moder n spore-polle n an d dino -
flaggellates. Analysi s o f a  cor e preservin g th e 
original stratigraph y wil l resolv e thi s point . 

( c ) Th e fac t tha t divers e palynofiora s ar e preserve d 
in Bas s Strai t shel f sediment s wil l allo w direc t 
testing o f hypothese s concernin g th e las t glacia l 
palaeoecology an d prehistory o f the Bassian Plain . 
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