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The information contained in this report has been obtained
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SUMMARY

Textural analysis of the surface. sedlment samples taken
durlng the 1969 B.M.R. Arafura Sea survey, reveals the presence of
rellct Plelstocene sedlments on the. edge of the continental shelf,
The sample dlstrlbutlon on the sand-smlﬁ-clay dlagram for the Arafura
Sea is almost identical to that of_sedlments from the Sahul shelf

to the gscuthwest. Areas of post-Pleistocene sedimentation off the
coast of Arnhem Lénd extend as far as 120 miles out (222. km) to sea.
The Recent sediments in the area are derived frbm'the stable cratonic.
Australian continent, No éedimentS'from the orogenic New Guinea maine.
land have béen trahsported into the area during post-Pleistocene times,
The Arafura Shelf is an area of slow sedimentation and a large part is

nondepos1tlonal.
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INTRODUCTION

ThlS report deals with the texture and colour of surface
sedlment .samples collected in the Arafura Sea by the Marine Geology
Party of the Bureau of Mineral Resources during 1969, A more detailed
account. of the bathymetry of the Arafura Shelf based on seismic and

vechosOunding'prefiles taken during this survey is at present in
preparation, The,aree surveyed is the northern Australian continental
shelf between longitudes 130°E and 136°E and between latitudes 8°S.
and 12°S, (Fig. 1). From the 2nd of May to the 25th of May the

- Japanese research submeréiblee“Yomiuri“ and itsemothership, a
converted deepsea tug the m.v. "Yamato“ were employed in this

survey, The major part of the survey commenced on the 21st of
September and finished on the 6th of December; during this perlod

a chartered oil rig supply vessel-the m.v, "San Pedro Sound" was

used in the operations.

Sampling of the sediments in the Arafura Sea was chiefly
carried ouf with a small conical dredge, a large box dredge and a
triangular dredge., In addition a number of short gravity eores
were obtalned (see Appendix). Four hundred and flfteen stations
were occupled, and 16 gravity cores together with 399 surface sediment
samples were recovered from these stations, Station localities are
shown in Figure.2,. The.sample traverses were run at a spacing of 10
to 15 miles (18,5 to 27,7 km) in a North-South direction, Stations
were kept 10 to 12 miles (18.5 to 22,2 km) apart (1 hours" steamlng)
on the traverse lines.
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Navigation and positioning

Conventional methods of celestial navigation were used to
determine the locations of the stations at sea, and near-shore
stations were positioned by radar. Whenever possible an accurate fix
(accuracy within 1 mile) was obtained at the beginning and end of a
sampling traverse, These accurate fixes taken at dawn and dusk were
from a landmark, crossbearing or 4 good celestial body observations,.
Sampling operations wexre carried out during the day and with the
traverses running in a North-South direction position lines from.the
sun combined with dead reckoning detefmined the station locality, A%t
noon a latitude obtained from the sun combined with a previously taken
positibnline.were used to find the position of the vessel, The appendix
indicates the accuracy of the positions of the sample stations., The

following classification'has been adopted..

A, Accuracy 1 mile (1.8 km)or better, Fix from landmark
‘ crossbearings, or top class celestial fix (4 good

observations at least) S

B. Accuracy better than 3 miles (5.5 km), Short D,R. run
from A class fix or good celestial fix (3 good observat- -

ions and small cocked hat)

C. Accuracy better than 5 miles (9.3 km)., Short D,R. run
from B class fix or standard celestial fix (often
6n1y 2 sights) or moderate to long D.R. run from last

fix supported by position lines only.

- D, Accuracy poor, Position doubtful (error may be as
much as 10m, 18.5 km), Up to 12 hours since last fix
~and drift not known with any certainty

E, Position unknown, error 10 miles (18.5 km),

Most station pbsitions fall within categoxry 'C'.

o
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Previous investigations

' The morphology of the Arafura Shelf has been discussed by

 Fairbridge (1953)., Sediments obtained by the Snellius expedition

. to the north'df‘thé éuxvey area have been described by Kuenen and

Neeb (1943). Tjia (1966) gives a short summary of the oceanography -
and geology of the Arafura Shelf, An earlier report by Trail &

Jones (1969) records the field observations of the sediments collected
’ oﬁ the Yémato. To the southeast of the area previous systematic

mapping of the Australian Continental Shelf by the Bureau of Mineral

Resources has been. documented by Van Andel and Veevers (1967) and

. Jones (1968,'1970)6 The regional setting of the Arafura Shelf is
" treated by Boutakoff (1963) and Phipps (1967).

The hydrology and salinity of the Arafura Sea have been

uihvestigated4by Rochford (1962, 1967), Wyrtki (1962), and Van Riel
et al. (1950). ' '

" HINTERIAND GEOLOGY AND COASTAL GEOMORPHOLOGY

'jThe geoldgy.bf the Arnhem Land and Darwin region is

outlined in Figure 3, Walpole et al, (1968) describe the region

as a Precambrian Shield area covered in places by a thin veneer of

‘Cretéceous and Cainozoic sediments, The region has not been affected

‘by severe diastfophism since Archean times (Walpole et al., 1968,

Noakes, 1949). Vertical movements and injection of high level plutons,
characteristic offa cratonic area have affected the region during the
Upper Proterozoic, Small basins within the Arnhem Land region have
resulted in'epicratonic sediment deposition during Mesozoic times, ¢
Cainbzoic sediments both marine and contiﬁental occur in the Arafurq

Basin (Dunnet, 1965) , Coburg Peninsula, and on Bathurst Island.

-~
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The morphology of the region is one of low relief up to
300 m (Hays;.1968). A number of erosion surfaces have been recognized
in this area, On the coast a narrow coastal piain which represents
an emergent coastline is dissected by consequeﬁt streams with a dendritic
drainage pattern, Some low .cliffs of Mesozoic sandstone are-seen on
Cape Wéssei and Croker Island. Tidal flats, narrow bands of coastal
sediments, are subjected to seasonal and tidél flooding around many
parts of the coast of Arnhem Land and on many of the islands such as
Bathurst and Melville Islands, Around the.coast low sand énd shell

dunes are developed in places,

CLIMATE

From<April.tb.September the Arafura Sea.is affected by the
south east trade winds, The Australia Pilot Vol, 5, reports a steady
influence of thi#¢ wind both in strength and direction from June to
August., During the B.M.R. survey on the Yamato/Yomiuri in May 1969 a
dbntinual swell created by the south east trade wind was experienced by
the survey party., The average wind strength during thé south east

tfade wind seasgon is between force 4 and force 6 on the Beaufort scale,

During December -the northwest monsoon spreads across the
Timor and Arafura Seas, reaching.Darwin by the beginning of January.
Wind forces of between 1.5 and 4.4 prevail during this season,

Squalls frequently associated with thunderstorms are common,

In the transition periods between the southeast trade winds
and the northwest monsoons, quieter conditions brevail,.with periods
vbf calm except for the daily alternation of land and sea breezes, The
survey party experiénced optimum conditions with clear skies, and slight

seas during the monﬁhs of October and November,

The temperaturés in the Arafura Sea are very high, this being
-one of the hottest maritime climaftes in the world, At Darwin the average

~ day maximum temperature is 91°F in November while the corresponding
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minimum is 68°F in July. Rainfall for the Arafura Sea is high
(1500-2000 mm), Most of the precipitation takes place during
the wet season; which lasts from November o April, During the

dry season; especially in July and August, the rainfall.is negligible,

OCEANOGRAPHY

» Surface currents, accordlng to the Australia Pilot Vol, 5,

. have no constant dlrectlon during the northwest monsoon season
(December to March). The south.Eqpatorlal Current is not found east
of-11598vto.12093 during these months, and hence does not affect the
Arafura'sea. In the southwest and southeast parts of the Arafura Sea
the currents are directed outwards into the Indian Ocean and Coral
Sea respegtively, A third system revolves around 10°S and 1369E
(Tjia, 1966). Current speeds areﬁless-than 0.5 knots, During the
remainder of the year, April to November, the South Equatorial

Current causes a westerly set with a maximum rate of 1 to 2 knots.

Tides-in'the Arafura Sea are semidiurnal with a well marked
diurnal iheQﬁality typical of tropical waters, Variatioms in range
and>phaSe‘areva result of the enclosed nature of the Arafura Sea,

The mean spring range varies from 1.47 m at Cape Don to 4.15 m at
Arnhem Bay (Baston, 1970). Tidal currents of less than 1 knot occur
_near the Australian'coast during flood these set eastward and south-
ward while at ebb they set westward and northward (Australia Pilot
Vol. 5).

Upwelling from.tpe‘Indien Ocean occurs along the shelf and
slope region of the eagtern Arafura Sea (Réchford, 1962; Van Riel.et
al,.,. 1950)' The maximum upwelling occurs probably before August,
Relatlvely hlgh 1norganlc phosphate values and low oxygen values at the
surface are reported to.be present in the Arafura Sea (Rochford, 1962
Wyrtki, 1962), A review by Rochford (1967) has shown these values to

be of minor importance with respect to phosphate deposition (See also
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Van Andel and Veevers, 1967). The extensive slicks of microscopic

planktonic algae seen in these waters during the survey are suggest-

ive of high productivity, but fish and bird poPulations do not appear
to be particularly high.

BATHYMETRY

The Arafura Shelf like most continental shelves in the

- world is a result of erosion processes during low sealevel stands in
 the Pleistocene.(Shepard; 1963). The bathymetry of the Arafura Sea

is shown in Fig., 4. Fairbridge (1953) put the edge of the Sahul Shelf
at a depth of 550 m but it is evident from the bathymetric contours
that the break in slope occurs at about 120 to 180m in the Arafura Sea,

- On the edge of the shelf and the upper slope submarine terraces down

to- 200 m‘have'been-obserVed in the sounding profiles taken during‘this
survey (Jongsma, 1970b). No series of .shallow banks rising from the
upper slope ocours in the survey ares, Two banks outside the survey
area are shoWn on the bathymetric chart at 10°S and between 129°E

‘and 130°E, which have been documented by Van Andel and Veevers (1967).

Over much.qf the Arafura Shelf_dgpths range between 50 and

- 80 m, Bathymetric contours indicate the presence of a drowned fluvial

pattern (Fairbridge 1951), which originated during low sealevel stands
in the Pleistocene. South of latitude 9°S the shelf has a gently
sloping smooth profile,

ﬁxt about 133°E, 9°S. the edge of the shelf swings around to
the north from an eastxwest direction, At this point a well defined
identation, marking a steep sided bank is observed in the bathymetric
contours, A reflection of this indentation continues to the southeast
toward. Cape Wessel indicating the axis of a submerged river system,
To the northwest, awﬁy from the edge of the shelf, the slope increases
into a trough termed the Arafura Depression by Fairbridge (1951);
Fairbridge believes this feature to be of structural origin, The

continental edge is reached at about 550 m and the bottom then drops
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coral, molluscs, and bryozoans, Foraminiferal identification of the -

-

‘more steeply doWn to 1000 m south of Tanimbar Island into the -

extension of the Timor trough. West of Aru Island the depths exceed -
3650 m in the Aru trough. -

SURFACE SEDIMENTS

- Chemical and mineralogical studies of the. sediments from the
1969 B.M.R. cruises are still in progress, and only textural data

are treated in any detail here,

- Composition

The sediments from the Arafura Sea are composed of detrital
and biogenic-materiai. Sfudy of the composition is in the early stages

and the following is a brief tentative account.

The biogenic componént in the samples consists of foraminifera,

samples taken on the Yamato by Professor H, Niino of Tokyo has shown
the most abundant planktonic species to be Globigerinoides rubex,.

Globogquadrina dutertrei, Globorotalia menardii, and Glbbigerinita,

‘glutinatai Planktonic foraminifera increase in number offshore,

Benthonic foraminifera according to Professor Niino, are plentiful
in samples taken between depths of 80 and 130 m where organic remaing
‘are most abundant, Miliolidae and Textularia are common in the sandy

samples whereas muddy facies support the growth of Ammonia,

Detrital minerals in the samples are chiefly quartz with
minor amounts of felspar, The quartz is subangular and usually grains
are of fine sand or silt size., A cursory inspection of the heavy
mineral fraction.in some samples revealed the presehce of much iron
oxide and zircon, Traces of'pyroxenes,-amphiboles and epidote have -
also been observed in the heavy mineral fraction, Glauconite is
abundant in samples taken from the northeast corher»of the survéy area,

In this avea the gravity cdiésindicated that sedimentation is slow or
nonexistent, Samples taken near the Arnhem Iand coast and off Cape Wessel
contained many brown rock fragments composed of fine grained ferruginized

sandstone,



~Colour

The colour of the suﬁface sediments was determined with the
Rock Colour Chart (Geological Society of America, 1959).. No colour
determinations were made of the samples collected during May on the
Yamato (Nos 800 to 862), For the samples 885 to 1220 taken on the

San Pedro Sound, the colour was determined immediately after recovery.

of the 311 colour determinations, 75 percent of the samples

are either dusky yellow green (5GY 5/2, 41%) or greyish green (10GY
5/?, 346). Fig. 5 shoﬁs the sediment colour distribution in the
Arafura 8Sea, The greenish hues are mainly due %o the presence of
glauconite in the samples, An increase in carbonate sand or gravel
size particlesrimpérts*a lighter and more yellowish colour to the
sediment, Compared with the colour -of the Timor sea sediments (Vans

Andéi'and-Véevers 1967) there isra similar predominance. of dusky
| yellow green (5GY 5/2) sediment there, but the range of colour in the
Arafura Sea appears to befsméllei'than that in the Timor sea,

" Laboratory technique. of textural analysig

A portioh of the sediment sample (50 grams) was used for the
textural anmalysis., The sample was wet sieved on a 240-gesh sieve,
The coarse fraction retained on.the sieve was dried and weighed, and
the weight of gravel was found by sieving on a 10-mesh sieve, The
 fine fraction which passed:on the 240-mesh sieve was transferred_to
a 1000 ml meaéuring'dylinder, and the préportions of clay and silt were
determined by the i)ipette method (Folk, 1965). Computation of the

percentages of gravel, sand,silt, and clay was done with an electronic
calculator,

Textural classification

For the description of the regional textural distribution in
the Arafura Sea, Shepard's (1954) sand-silt-clay diagram was used
. (Fig, 6), The end members employed in this classification have a

purely textural significance, as intended by Shepard. In this instance
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the Arafura Sea sediments are dominantly calcareous and hence the .
names of the end members ought strictly speaking to be calcarenite,
caleisiltite and calcilutite (Pettijohn 1957). Shepard's clagsific-
ation refers only to the fraction finer than 2 mm, The material
coarser than 2 mm has been expressed as percentage of the total sample

and is plotted as a distribution map in Figure 9.

Textural description and disfribution

The sediments of the Arafura Sea are deficient in silt-size
particles and are chiefly coarse-gralned Flguma8a.shows the distrib-
utlon of the samples on Shepard's sand-S11t—clay dlagram. The texture
of these samples range between sand and silty clay., The highest

'proportlgn of the samples (25 percent) lie in.the sand-silt-clay range

with a slightly higher clay than silt content, Sand and clayey=sand
covers 24 percent and 22 percent respectively, while 18,2 percent of
the samples are silty clays. The remaining samples are divided
between sandy clay. (4 9 percent), silty sand (3.1 percent), and clayey
silt (2 6 percent) ~ Only one sample plots on the diagram as a clay and

one is sandy s11t,f.

The distribution of the sediment textures in the Arafura Sea
is shown in Figure 7, Sand or calcaﬂenlte covers the edge of the shelf
in thé eastern part of the survey area, and occurs close inshore east
of Bathurst Island._'Narrow bands of clayey sand or sand-silt~-clay
separate this sand from a broad band of fine silty clay covering the
middle of the shelf, Towards the southwest corner near Arnhem Land
the sediment has a medium grain~size being mostly sand-gilt-clay and
clayey sand, In the northeast corner dissected bottom topography is
covered by sand, silty sand or clayey sand, Grading of the sediment
is observed jusﬁ west of 1329E, Sands on the édge of the shelf grade

into clayey sand and sandy clay as the depth increases,

- Compared With‘sediments from the Timor Sea (Van Andel and
Veevers 1967). the sediments from the Arafura Shelf are not as coarse=
grained, About 50'percent of the Arafura Shelf is covered by sand and
clayey sénd as compared with the Sahul Shelf's 90 percent, The lesser
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based on modification of system propose by Shepard (1954)
To accompany Record /1970/59 C53/A15/12
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amount of sahdy material on the Arafura Shelf is presumably due to the
absence of banks, and the increase in sediments deposited during Recent
timés. Figure 8 shows the distributions of samples from different-
continental shelves in the world on the sand-silt-clay diagram (Van Andel
and Veevers, 1967), The sample. distribution of the Arafura and Sahul -
- shelf are almost identical (Fig. 8 a,b) and in turn the distribution is
similar to that of sediments from the northwestern gulf of Mexico (Fig.

8, a,b,c), Deltaic sedimehtation in the Gulf of Paria and the Mississippi
Delta results in a higher proportion of 8ilt than found on the Arafura

Shelf (Fig. 8 a,d,e), Similarly sediments described from New Guinea
(Johgsma, 1970a; Walraven, 1969) have a much higher silt content (Fig.

8 f ,g)o '

The sedimeﬁts from the Arafura Sea can be considered as a
éohtinuous mixture of sand and silty clay containing about 25 to‘35‘
'percent silt, . this is aléo the case in the Timor Sea (Van Andel and
Veevers 1967)s The relationship between>texture.and water depth noéed
by Van Andel and Veevers in the Timor Sea sediments is not evident in

the Arafura Sea,

Gravel distribution

The‘distribution of material coarser than 2 mm is in Figure 9;
The gravel component in the samples near the Arnhem Land coast consists
of ferruginous siltstone and sandstone fragments derived from the
weathering of rocks on the continent., On the edge of the shelf, and in
the northwestexn part of the survey area, the gravel component ig largely
shell material. Coral reef debris is common in the gravel fraction in

i

the northwestern part of the area,

The pattern of the gravel distribution reflects that of the
sand silt and clay components (Fig. 7). The gravel on the edge of
the shelf is part of the relict shallow water Pleistocene sediment
deposited dufing a low sealevel stand and is too far distant from
present day sources of sediment supply to be buried by Recent finew .-

grained detritus.



Sedimentation rates

- Radiocarbon dating of wood at the base of a core 130 cm
long (station 1222) in water depth 99 m gave an age of 14,5002? 700 yx
BP (Jongsma 1970b). The wood was .obtained from a possible soil'horizon
which was submerged by the lateet Pleistocene eustatic sealevel rise
- and covered by.post Pleistocene sediments, ‘A thickness of 130 cm of
_ sedlment collected in the last 14,500 yrs gives a figure.for the

average sedlmentatlon rate of less than 0,01 cm per year,

CONCLUSIONS

As demonstrated by Shepard (1963), many present—day continental
shelves do not present a profile of equilibrium, The Arafura Shelf
which adjoins the cratonic northern Australian region is no exception
to,th%s, Here;the influenee of Pleistocene transgressions and
reg#essioﬁs-is also‘evidenﬁ in the character of the surface sediments,

.Instead’of a‘gradation of sediment from well sorted sands nearshore to
more poorly sorted fine clays on the edge of the shelf, it was found
that no systematlc decrease. in gralnS1ze with increasing depth and
distance from shore takes place on the Arafura Shelf, The texture

| of near-shore sediments displays the normal gradation from coarse to

fine but coarse sands occur on the edge of the shelf,

The 1imit of the influence of Recent sedimentation is the
outer limit ofvthe‘fine-grained gilty clay covering the middle of
the shelf_(Fig. 7)¢, Relict Pleistocene coarse sediments are present
on the edge of the shelf and the upper slope below a depth of about
140 m, The maximum dlstance away from. the coast of post Pleistocene
silty clay is about 120 miles %See Fige T) north of Arnhem Land,

The influence of terrigenous sedimentation from the New Guinea
orogenic mainland is not noticeable in the area surveyed. Sediment
discharged by the Digoel River does not reach the area since the
distribution of the samples on the sand silt clay diagraﬁ is that
commonly found on shelves away from large river deltas., The sediments
are in many aspects identical with thoserof the Timor Sea and thus
‘the source area for the terrestrial component is the Australian cratonic
‘region, Sedimentation in.the northeast corner of the area surveyed appears
to be almost non-existent,
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As more data. from sample analysis and shallow seismic
traverses taken in the Arafura Sea come to hand a more complete

picture of the marine geology of the Arafura Sea should emerge.
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et Qolour determinations were.carried” out on samples P69-885 to P69-1237.
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