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7. QUATERNARY DINOFLAGELLATE CYST DISTRIBUTION AT SITE 820,
GREAT BARRIER REEF!

Andrew McMinn?

ABSTRACT

Compared with other Australian marine Quaternary locations, Site 820's dinoflagellate cyst assemblages are low in both
abundance and diversity. Abundances are between <1 and 14 cysts/em? , and the number of species is between 7 and 14 per sample.
The dominant species are Operculodinium israelianum, Spiniferites bulloideus, Spiniferites hyperacanthus and Tuberculodinium
vancampoae, which together usually make up more than 75% of the assemblage.

The rareness of Protoperidinium spp., taxa usually associated with nutrient enrichment, suggests that upwelling was not a

regular feature of this region during the Quaternary.

The relative dinoflagellate abundance, which indicates changes in the position of the coastline, shows the presence of several
sea-level events, particularly near the base of the sequence. Here, they parallel at least two upward-coarsening cycles in the
sediment record, Further comparison is hindered by too large a sampling interval.

INTRODUCTION

Site 820 is located on the Queensland continental slope in the
Grafton Passage of the Great Barrier Reef in a water depth of 278 m
(Fig. 1). The site contains a 400-m-thick, expanded Pleistocene
sequence of wackestone, mudstone, and bioclastic packstone. The
uppermost interval, Unit I (0-150.7 m), is composed of fine-grained
wackestones and mudstones interbedded with bioclastic packstones.
Unit 11 (150.7-208.1 m) is composed of a mixture of bioclastic
packstones, bioclastic clayey mixed sediments, and silty claystones.
Unit 111 (208.1-400.0 m) is dominated by bioclastic packstones with
interbedded calcareous mudstones and mixed sediments. Pleistocene
nannofossil assemblages from Zones CN15 to CN13b imply that the
sequence is relatively complete. Planktonic foraminifers are limited
to the upper Pleistocene Zones N22-N23 (Davies, McKenzie, Palmer-
Julson, et al., 1991). Preliminary '*0 analysis of the upper 135 m (this
volume) has recognized the first 22 isotope stages, with the lowest of
these being approximately equivalent to 800,000 yr. Fossil evidence
for the age of the oldest sediments in the hole suggests a date between
1.27 and 1.48 Ma (Davies, McKenzie, Palmer-Julson, et al., 1991).
Sedimentation rates vary from a high of 41.1 cm/k.y. in the middle
Pleistocene to more moderate rates of 8.2 em/k.y. in the latest middle
Pleistocene and 10-11 ecm/k.y. in the latest Pleistocene.

Most Quaternary dinoflagellate cyst studies are based on material
from the Northern Hemisphere temperate and boreal zones. Australian
studies, which are also mostly of temperate areas, include those of
McMinn (1988, 1989, 1990, 1991a, 1991b, 1992b, 1992c) and Bint
(1988). Only the studies of Wall et al. (1977) from the Caribbean,
Bradford and Wall (1984) from the Persian Gulf, and McMinn (1992a)
from the Timor Sea deal with tropical assemblages.

METHODS AND MATERIALS

Thirty-eight samples, approximately one per core, were collected
by Leg 133 shipboard scientists for this study. All samples were
processed at the palynological laboratory of the N.S.W. Geological
Survey. Samples were initially disaggregated in 30% HCI, and then
left overnight in 30% HF. After repeated washings in distilled water,
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they were sieved on an 8 im screen with the aid of an ultrasonic needle.
The residue was then further concentrated with the heavy liquid ZnBr,
solution, which had a 2.1 specific gravity. Neither oxidation nor KOH
was used in the preparation. Residues were mounted in Eukitt and are
stored in the Paleoecology Collection of the Institute of Antarctic and
Southern Ocean Studies at the University of Tasmania, Hobart, Aus-
tralia. All photography was done using a Zeiss Photomicroscope 11 at
the N.S.W. Geological Survey, Sydney, Australia.

COMPOSITION OF ASSEMBLAGES

In comparison with Quaternary sequences from other areas, the
abundance of dinoflagellate cysts at Site 820 is low (Table 1). Abun-
dances are between <1 and 14 cysts/em’, which compares with values of
approximately 100 cysts/g on the N.S.W. continental shelf (McMinn,
1992b) and values of up to 20,000 cysts/g in some N.S.W. estuaries
(McMinn, 1991b). These abundances also are significantly lower than
those recorded from Neogene sequences of the Great Barrier Reef area
(McMinn, this volume).

Species diversity is also low, with the number of species present
varying from only 1 to 14, with an average of 7. The dominant dino-
flagellate cyst taxa are Operculodinium israelianum, Spiniferites bul-
loideus, Spiniferites hyperacanthus and Tuberculodinium vancam-
poae, which together make up more than 75% of most assemblages.
Protoperidinium, a genus often characteristic of areas of upwelling and
nutrient enrichment and which is also common on the inner continental
shelf in areas such as southeastern Australia (McMinn, 1992b), is
present in less than 10% of the assemblages at Site 820. However,
Impagidinium, a genus typically associated with outer-shelf, slope, and
oceanic-basin environments is present in more than half of the assem-
blages. Nematosphaeropsis lemniscata, another taxa associated with
outer-shelf and oceanic environments, is less common and is found in
less than 10% of the assemblages.

ENVIRONMENTAL IMPLICATIONS

The tropical location of Site 820 makes it difficult to interpret
climatic cycles from the paleontological data, because water tempera-
tures never became cold enough for the entry of cooler water taxa.
Similarly, the site’s outer-shelf location in a water depth of 278 m
limits the amount of faunal and floral changes with changing sea level.
Changes that did occur in the dinoflagellate assemblage composition
are difficult to interpret and do not seem to be directly associated with
either cooler or shallower water. At Site 820 little systematic change
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Figure 1. Location of Site 820. Bathymetry in meters.

was seen in the relative dinoflagellate abundance with the changing
abundance of the oceanic species Impagidinium spp. and Nema-
tosphaeridium lemniscata. These species, which have been shown to
reflect the changing position of the shoreline in southeastern Australia
(McMinn, 1992b), were not abundant enough at Site 820 to provide
a coherent picture of changes in sea level.

Although cysts of Protoperidinium spp. are sometimes abundant
in estuarine and marine sediments, very high concentrations usually
have been associated with nutrient enrichment (McMinn, 1992b).
Uniformly low abundances at Site 820 during the Quaternary suggest
that the Great Barrier Reef area has rarely been a site of nutrient
enrichment. This contrasts with modern areas of known upwelling off
the coast of Peru (Wall et al., 1977) and Indonesia (Van Waveren,
1989), where Protoperidinium abundances are high. As nutrient
upwelling also is often associated with the strength of a current, the
unchanging abundance of Protoperidinium at Site 820 may imply that
the East Australia Current did not vary significantly in volume or
velocity during the Quaternary.
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Relative dinoflagellate abundance (i.e., the number of dinoflagel-
late cysts in a dinoflagellate plus pollen palynological assemblage) has
been shown to reflect changing proximity of the coastline and thus
indirectly reflect changes in sea level and possibly also climatic
changes (McMinn, 1992b). In the lower part of the sequence at Site
820 (Samples 133-820B-44X-2, 74-77 cm, to 133-820B-28X-3, 70—
74 cm), two cycles representing rapid increases followed by a gradual
decrease in sea level can be observed. These are indicated by high
relative dinoflagellate abundances, which subsequently decline gradu-
ally. Several less well-defined cycles possibly overlie these lower two
cycles. Closer sampling may provide more detail about changing sea
level during this period.
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Table 1. Percentage abundance of dinoflagellate cysts at Site 820.
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0 — 133-820A-
1H-3, 71-76 2 00 00 10 00 0O 0O 00 0O 00O 00 10 00 00 OO 00O 00 00 00 10 00 10 20 00 0.0 6
2H-3, 70-74 1 00 00O 0O 0O OO OO OO 0O 0O OO OO OO 10 OO 00 0O 00 OO0 10 00 00 10 00 0.0 3
3H-3, 70-74 1 00 00 00O 00 0O 71 00 00 00 OO0 OO0 00 357 00 00 00 0.0 143 214 00 143 00 71 00 14
4H-3, 70-74 7 00 00 OO OO OO OO OO OO 23 00 23 00 341 00 OO0 00 00 318 250 00 46 00 00 00 44
5H-3, 69-73 1 00 00 0O 0O OO 0O 00O 00O 0O OO 10 0O 10 OO 0O 00 OO0 0O 30 00 00 00 0.0 0.0 5
6H-3, 69-71 5 00 00O 00 OO OO 00 53 00 00O OO 00 00O 105 00 00 00 00 474 211 00 00 00 105 52 19
7H-3, 67-91 6 00 00 00 00 OO 0O 46 00 46 00 OO 00 91 91 00 00 00 409 136 00 00 00 182 00 22
8H-3, 67-71 4 00 00 OO 56 00 00 OO 00 0O 00 111 00 56 00 OO0 0O 00 00 167 00 00 56 556 00 18
9H-3, 67-71 4 00 00 00 26 00 00 26 00 00 26 105 00 158 00 00 00 0O 105 447 00 00 53 53 00 38
100 10H-3, 68-71 4 00 00O 00 OO OO OO OO 00O 0O OO 67 00 133 133 00 00 00 0.0 400 00 00 67 200 00 15
11H-3, 67-71 7 00 00 OO 0O OO OO0 00O 111 00 00 56 00 222 00 00 00 00 00 556 00 00 00 55 00 18
12H-3, 68-72 2 00 00 00 00 00 OO 0O 20 00O OO OO OO 00 OO OO 00 0O 30 40 00 00 00 00 0.0 9
® 13H-3, 68-72 8 00 00 00O OO OO 00 OO0 167 42 00 42 00 83 00 00 00 OO0 208 292 00 0.0 125 42 00 24
I 15H-3, 68-72 2 00 00 00O OO OO 0O OO 00 OO OO 10 00 20 00D 0.0 ? 00 10 20 00 0D 10 20 00 9
[} 133-820B-
8 18X-3, 70-74 6 00 00 00 00 60 00 30 00 00 00 00 81 152 00 00 212 00 3.0 152 00 00 121 152 0.0 33
"Jj' 19X-3, 70-74 13 00 00 00 00 00 OO0 00O 00 00 OO0 00 37 148 00 00 00 00 222 259 0.0 0.0 148 148 37 27
D 200 20X-3, 70-74 5 00 00 0O 0O OO OO0 0O 00O 0O OO OO0 00 167 42 00 00 00 125 167 00 00 208 125 0.0 24
E 21X-3, 70-74 6 00 00 OO0 0O OO OO OO 26 00 OO 26 00O 105 26 00 00 OO0 53 26 00 00 26 684 26 38
22X-3,69-74 i 00 00 00 OO0 OO 0O 0O 0O 00 0O 0O 0O OO 0O 0O 0O OO 0O 00 OO OO 00 10 00 -1
23X-3, 68-72 9 00 00O 00 27 00O 0O 0O OO 0O 0O OO OO 189 54 00 00 00 108 108 00 00 54 459 00 37
24X-3, 70-74 28 00 00 OO 07 0O OO 00O 00 0O OO O7 OO 338 00 OO OO 00 118 63 00 00 28 394 0.7 142
25X-3, 76-80 7 00 0O 00 OO OO 00 OO OO 00 00 143 00 286 00 00 00 00 143 214 00 00 00 214 00 14
26X-1,120-125 15 107 ? 00 00 00 00. 0O 38 00 00 00 OO 179 00 00 00 00 214 179 00 7.1 00 179 00 28
27X%-3,70-74 24 56 00 11 00 00O 00 00 22 11 44 56 11 00 11 00 00 00 111 67 00 00 00 589 00 SO
28X-3, 70-74 6 00 00 00 00 OO0 00O 0O 71 00 00 OO0 00 429 11 00 00 00 143 71 00 00 7.1 143 0.0 14
29X-3, 70-74 34 48 00 07 07 00 00 OO0 07 07 00O 55 07 82 00 07 00 00 404 89 07 0.0 14 247 14 146
300 — 30X-2,112-116 22 00 00 OO 0O 0O OO 0O 00 0O OD 25 12 37 00D 00 00 00 136 111 00 00 12 667 00 81
32X, CC 4 00 00 00 00 OO 00O OO OO 00O OO 00O 00 10 00 00 00 0.0 1.0 10 00 00 10 20 0.0 6
33X%-3, 79-83 6 00 00 00 0O OO 0O OO 00D 0O 00 26 26 26 105 00 00 00 158 26 00 00 0.0 605 00 38
35X-2, 76-79 963 00 00 00 00 41 21 00 00 00 00 63 125 63 00 00 00 271 104 00 00 21 229 0.0 48
36X-3, 78-83 15 38 00 00 00 10 10 00 00 29 00D 48 10 57 57 00 00 10 533 48 00 00 1.0 143 0.0 105
37X-3, 70-74 100 00 00 00 00 00 0O 00 00 0O 0O 10 0O 0O 00 00 OO 00 00 0O 00 00 10 00 2
38X-3, 70-74 100 00 00O 00O OO 00 00O OO OO 0O OO 63 188 0.0 00 00 00 250 250 00 0.0 OO0 188 0.0 16
39X-3, 55-59 6 95 00 00 00 00 00 00 00O 48 00 48 00 191 00 00 00 00 524 48 00 00 00 48 00 21
40X-3, 68-72 6 00 00 36 00 00 00 00 00 00 OO0 00 00 429 00 00 00 0.0 250 143 00 00 0.0 107 00 28
41X-3, 68-71 19 57 00 00O 00 00 00 OO 00O 10 00 48 95 181 10 00 00 10 381 86 00 0.0 0.0 105 19 105
42X-3, 70-74 3 00 00 OO 0O OO 09 OO0 00 09 00 0O 42 178 26 17 00 00 288 51 00 00 09 356 1.7 118
44X-2, 74-77 33 00 00 OO OO 09 OO0 OO OO 09 00O OO0 395 114 18 00 00 00 123 61 00 0.0 09 254 09 114

Notes: Relative abundance is the percentage of dinoflagellate cysts in the palynomorph assemblage. Count is the total number of dinoflagellate cysts in the sample; if fewer than 10 specimens were found, then the number of specimens rather

than the percentage abundance is given. Cyst type A refers to similarly named taxon in McMinn (1991b); Impagidinium sp. A refers to a small Impagidinium taxon, similar to /. paradoxum but with crenulated septa.
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