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3 The vegetation of Tertiaxy Islands on the inetyeast Ridge: palynolegiszal
; : o S o o
; evidence from deep sca drilling.
. ' Elizabeth K. Kemp* & Yayne K. Harris+
é- - . . . .
| ) Follen from deep—sca drillsites on the Ninetveast Ridue roflesis
i island floras that flourished in the Paleocens and Olisocene, nrd shewed

S ! _ : o
pronounced similarity to Australian and lew Zealand bLarly Tertiary florais.

truly cceanic, and their colonization occurred through lorng-distaoncs

|

!

i : : Althouzh closer to scouthern landmasses when emergent, these islands were
i —

t

: digspersal mechanismse.
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j

{
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i Deep-sea drilling on the Ninetyeasi Ridge has shoun tho presernce

t . . . )

! : o _

: . : JORR . ~ . * st -~ : ‘~4.1)2’ B
; of shzllou—unter sedimente at several peints along the ridge crest . At IITE
% : |

i Sites 214 and 254, in the northern and southcrn sectors of the ridge \

1 ) ;

! . _

i . . ’ o . . . . . - .

Y respectively (Fig. 1), sequences of volcaniclostics, sands, cloys, nebdle

i ‘ : R .

fn_ conslomerates,.and organic-~rich intervals lie immediately avove oceznic

: basement and show evidence of subacrial weatherinzg and deposition, Among ths

! . strongest evidence for subacrial conditions is the presence of wgll-preservai

spores and pollen, reflecting the éxistence of a land vegetation of scms

gs;

diversity at points alonz the ridse crest during the Paleogene. Such

f vegetation is here interpreted as that of oceanic islands that were ecrerg
‘ along the ridze from perhaps the latest Crelaceous to lhe late Olizocune;
i present fosgzil evidence establishes the prescnce of such vegetaied lund oreax
| for the Paleccerne and again in the Cligocenc,
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Fige 1. Location of DSDP Sites 214 & 254
Ninetyeast Ridge, Indian Ocean.
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Frblnmln ey accounts of the n;cﬁoflﬁr" have alrendy Loar
published ’4; this pa por docurents the cccurrence of thege pellan-rich

sedlment y discusses the Tloristic composition of the vesetntion thee rofiaciy
2 B A R AR e R

A

the dlorerval problcng Taced by the island floras, and +the infiuvence of

former dis trmoutlonu of land and sen areos on these. Debniled dtaxoncny cof

dispersed spores and pollen is cur: Nolj being widertaken (Komp :

—

unpublished work) .

Tectonic setting of the Minetyeast Ridge

The Ninetyeast Ridge extends for some 5000 km aleng the 9003

meridia n, from 32 % to at lezst 9 1, The ridge crest deepens progressivelw
from south to nerth, and sediments immediately azbove oceanic basement in

crestal drillsites increase in age northwards. Similarities in sedimentoary

sequences at the drillsites accord Ulth northﬁrd subsidence of the ridge

throughout its history;. the north to scuth diachronism of shallow wund doep~
water fucies bhoundaries has recently been documented for its northern sectors.

. 6 ) . . .
The ridge hiu been interpreted 17 as having formecd from an extruzive

! , \
pile acCcumulating at the junction of a former active spreading centre and a

nsoT

north~south trending transform fault parallel to the present ridge. Accordi

D -

this model, volcanism was associated with motion alorg a transform accomscdaiizg

‘relative movement between the Indian and Australian plates until their fusion
in the late Cligocene. The formation of both the ridge and the attached

Indian platc in relatively high southern latix and thc1p subseqguent noriazvz

sud
8 . PN
movement is sulport ed by mag netlc anomaly data , by the palecomagnetism of bz

H
in drillsites9, and by calc:reous microfossils indicating warming of

s . 10
depositional conditicns in younger. strata .

- Formerly emergent oreas on the ridze crest are likely to haove bhzen
- i . relatively smzall islands, as the configuration of the ridge places limits on

T ) their cast-arest. dimension, and the age differences, of basal : cd]ncn» freom




: . - AN
S . 5,
.. Wl

- -'.‘"'. “ T . '*." A’l
. R -«?:_\_;‘:;.v
oL .,“ B Ar ,
» v .‘ : . :‘ - ‘:. . . L, S
T Tags 2 o Cenopeliced stratigraphlc esluins | . .




s

SITE 214

1685m _water “de pth

Pliocene

Miocene

Paleocene

o
A s

******#** It

>
4
v
»

* %%
i

8 A<
.. *
N ES
o #

Miocene

200m

. Oligocene

Penetration 343.5m

Colcareous ooze
Sandy & silty clays
Pebble conglomerate

Productive sample




“comes from the lower rart of the-cverlying calcareous ooze unit, which has T\

“include 15 form—-species of angiosperms, 18 pteridophytes, 4 conifers and

north to south precludes the emergence of lurge areas at any one iime.
Stratigraphy of sampled sites

The generalised stratigraphy of Sites 214 and 254 is shown in
Fig. 2. - At Site 214, well-preserved spores and pollen were recovered fror

interbedded volaniclastics and lignites; -<this sequence is non-marinél  Thasa
./ : ’
assemblages continue into overlying glauconitic carbonaute silts and sands

which contain dinoflegellate cysts, acritarchs, foraminifera, nannofossils ani

molluscs. Foraminifera in the glauconitic urnit indicate a Palcocene age ~
11, . o s s o .
3+ the nannofossil zone of Heliolithus kleinpelli is present at 337 m

P4

below the sea-floor, and the section may be-as old as the Cyclococcolithina

= 12 . . . . ' "
robuste Zone at 389 m . - This mid-Paleocene dating is extrapolated down intis

the volcaniclastic sequence below as the spore and pollen assemblages are

esgentially the same throughout. ™

At Site 254, excellently pfeserved spores and pollen occur

abundantly in the lowest sedimentary unite. This consists of poorly sorted

"sandstone and clay, some pebble cenglomerates, has a high content of organic
- 1 © ) [+

matter,-and grades downvards into weathered olivine basalte. It possibly

originates from the subaerial weathering of a basaliic terrain, with rapid

s S . L . ' . . 10
deposition of weathering products in a quict, shallow marine environment ;

‘a lagoonal setting adjaCeﬁt to vegetated highlands is perhaps represented.

Age estimates of the palyniferous basal unit are ambiguous; the firmest conizcl

N

’

“yielded middle to late Oliéécene planktohic foraminifera1o. Below this,

foraminifera, ostracods and molluscs are notlétratigraphically diggnostic, &xi

’ ’ ' . 10
an age range of Docene to late Oligocene has been suggested . . -
-~ ) . . i .

\

Composition of the microlloras

Form~species of angiospermous and LYmnospermous origin present

1

at the two sites aré 1i§ted in Table 1. At Site 214, the major pollen grous

n
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Table 1 = Form species of anglospermous
| and gymnospermous origin present at
DSDP Sites 2‘14 & 254,
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Palynalogical Prabable batanical DSDP Site
- fora-snecias affinity 0% 25%
Angiesperas
Areciplies cf wal takiensis (Mclntyrﬁ) Palnae X
hrocinites so, Palrze X
*ollas ob°CLrus (Harris) urknown . X
Clavatipolienites huchesil Coupar Chloranthaceae (Ascarzng7) X X
Cupanieidites orthoteichus Cookson § Pike Sspindaceae (Cu;anieae) X
Echinericorites sp. : unknown . X
Gothanipollis cf.gnthani Krutzsch Loranthaceae _ X
Faloragacidites cf.harrisii {Couper) Casuarinaceas (Casuarina) X X
Milfcrdiea hemeopunctata (Hclntyrs) - - Resticnaceae_(Restio?) ' X
Hyrtacsidites cf.mesenesus Cookson & Pike Hlyrtaceas S . X
iyrizceidites spp, - . Hyrtaceae ' X X
Proieacidites cf, ynphonemoides Cookson _Proteacéae X
Proteacidites sp, Proteaceas X
lintho fagidites spp, fagaceas (thhofagus) X X
‘Psilatricalporites sp, - unknown X
Ssilodiparites cf.redundantis Guzman MGraceae/Urticaceao : X
Polycolpites sp. : i unknown X
Sz ont:uwoldaepo]lcn\tes rotundus Harris’ Sapotacean X
‘Sparganiazceasnol lenites -sp,- Sparganiaceae X
- Sninizonscolpites proninatus (mclntyre) “Palrae X
Schizocclaus marlinensis Stover . B Dxuync.zceae (Didxme]e 7)) X X
triatricalzariias sp, " ‘unknown . X
CTIricolpites rcticu]atus Cookson Gunneraceae (Gunnera) - X X
Iricolpites spp, E ‘unknown - X X
'[Ijg__por!tcs SPP. “unknown X X
Tubnlifloridites cf, nntapo*ica Cookson Conpositae (Tubuliflorae) -X
Tebulifleridiies sp. Conpositae? X
Gymnosperns .
Araucariacites ausfra]is Cockson Araucariaceae (Araucaria?) X
Lygistepollenites flapinii (Cookson & Pike) Podccarpaceae (cf.Dscgzdium) X
Hicrodachryidifés_;ntarcticus Cookson Podocarpsceae (cf.Microcachrys. X X
~ Padecarpidites spp. Podocarpaceas X X
xdang M"'S"( e




ige B  Doconstructisns ot 60 & 09 UHI34on yeors DlP

of ¢uotern Indion Scean,




25 Million years B.P.

60 Million years B.P.
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these 1a11nd “had nmch in comion With Lhe'Burly Terbiary vcgctutioh of

have been emergent in’ the late Cretaceous would have been even closer

temwerate and subantarctic’ islands. Fossible intermediate island si%es, aztizs

-, . N . -

~

AR
4 e

luzzrul;n Lo: AcalnAd, oonihernmoﬂu ucvth .P“TLCT and “ni wretica.e
speecies ocvurlcd in common hl‘h Crtlxry Ilor 1S of Inala and Inlo~lzlaysian
archipclago.f- Cf 41 form~ox of rollpn loOlwad at 'ite 214, 2E have

been identified,.or'have closely similer'eounterparts, in the Ausiralizz

Tertiary. ~,At‘Sife/254, 28 of the knoun 48 form-species occur in the fusirzlizz

. o . an " l. ‘ .r. » Pt
Tertiary, and 19 are knoun from the Tertlary-of Lew Zealand. Reserblarces ooz

:w1b11n all planu ”roups. imong conlfers, the mlxture of podocarpaceous =2x3

arancarian elements is thlc 1 of tne sovt;ern hemiSphere Zarly Tertiar; .

Among angiosperns, species lists indicate that many common forms cxiste

between continent and island, but qualitative differences lie in the extrenz

N . B

rarity of Hothofagus pollen at the island sites, and in the poor represeniziizz
of Proteaceae there. e '

Reconstructions of the Indian‘Ocean for the mid-Paleocene and lziz

Ol‘i{;‘ecene (Fi'g. 3) irid:i:ca*l;e fhatldista ces o:[' the Hinetyeast Ridge islanis oIz

the southern conmlnents were. much less in the Barly Tertiary in compariscn

with present geogrophy, which must account inipart for the similarity of zhe
e

island floras with those of the landmaUQeo to the souuhen°t. Islands which oisz

< L% -
vO TLZ
.

.

continents; . It does, however,rseem likely that. the sites were still truly

oceanlc, separated from the nez rest contlnent by distances probably in sxc=s:s

of 1000 km. The floras, therefore, must have become establihed through ire

RN

lon"»dlsLdnce dxupersal of propa~ulcu; as has the veretwtloh of modern scuilx

' ° ’

as biotic 'stepping-stones' between the socuthern continents 'and the ridge Izlzz:iz

. . A
may have been present along the formerlv joined Broken and Kerjuelen Rid

ZTE;
beach gravels in a drillsitc on Broken Rid~e confirm that parts of it wers
m 2 3 1
emergent in the Barly ertiary , and the Kerguelen 1slands have pos 31b¢y teoar
o . 13

emergent since the Ollgoccne °
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Problers in understanding the colonization of the Ninetyeast

Hndvn Juldﬂdﬁ relate to the apparent inability of some of the modern Familizc

representod tovcros: ehtcnaed vater gaps. © Adaptations for long-Cistance
wind and water transport are unkmown in Casuarinaceae and Myrtaceoc, and ire

present disjunct distributions of these : and other southern familics such zs

Proteaceae and Restionaceae are usually. explained by invoking former land
connections. , ArauC'm ria, too, has a modern distribution in the Pacific

» €L 14 2.
account: blp in terms of prevxou land connections . Figravion pethways to
the Barly Tcrtiany'Arapcaria stands in the Indlan Ccean, on Kerguelen

on the Ninetyeast Ridge islands, however, are mere difficult

alere eae

.are no Tcrt1 ary records from countries bordering that ocean,
another Iémily poorly re prﬁ"entcd today on ‘oceanic islends, although migrazic:n
may have occurred throusgh Indo%&alayan archipelagic islands in the late

Tertiary.

) ' Direct transport by winds and currents, and transport by HlO*C:¢CZ;

agcntc arc fa0111tated in regions o intense oceanic and atmos phoric

circulation, and in this context it should be . noted that the islands oi the

£

S Hinetyeast hldge, when emerg cnt lay in the belt of circum—polar-circulaiic

s

-r

The intensity of thig circulation must have varied through the Pa lecgene;  in Tns
Paleocene, with Australia-Antarctica still joined, and in the-abscnce cf e

polar ice-cap, circulation may have been rclh tively clun~1oh. By the Cligcoers

however, in the wake of the opening of a seauzy between Australin and

17

Antarctica, and the development of an Antarctic icecap 'y strong

:

and currents seem likelye

S e e .4 S e ae e
liglmont -7 o

(s

Slrd t“‘r'yozt may ave bocn signiificant in the estal

Lon 4Ny T cede TR L Y T v e s P
bamy on the Tinevyoast Jlidoe ond Neroelon oid
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- o much, seml b

direct observ th“" are few. Anmong the inetyeast Ridse microfloras fthoere
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v
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are ceme crouns in vhich bird disrersal of cceed is o= Sunnera,
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and mophers of the L (”yu'}1LC(‘LC are L)LG.“ to be dispersed by oy
: K T
A . l( (('\‘—'\5)41( f\ 1 4e he f.. e 1Y e Al e - . 19
b fedcchrous fruits by frusiverous birds has been s -mesied 7,

2lineugn tihe oificiency of such a a5 up(¢,31 rechnnisn over lorno cgenn distincss

TG Ing Spechlaﬁivo. Iorzoene, toe, is a group wWitl

for this kind of dispers:2l and a pousible example of

-
I"rt’ncqe (Letresideres) on Heu | calu- shelf islands Dby migroiing birds

. 20
has been decumented o
Comparison with modern island flores

_ The reconstructions of Fig. 3 suggest that the islands of the

. ™ 2 . . Y o 2
Hinetyeast Ridse, when emergent, lay somewvhat south of 40+  Presently,

N

in the ecastern Indian Ccean, Amsterdszm and 1 Faul Islands lie at 37 5f" ard

% ) . . N
38TA4S, and Kerguelen at 49 30" The floras of these mecdern islands hove
few species; St FPaul and Amsterdam presently support some 1€ species of
p . 21,22 ' - . C
flowering plants y & Tigure somewhat lower than the 25 reflected in the

'pollon Sp ocbrum for Site 254, which probably lay even {arther socuth. Hergusizz

pres nuly bhr ort about 21 {lowering plant species,. odern izland florag

are further disting uluhed by & high ratio of pteridophytes to anziosperms -

“the ocourrovco of 'fern bush' communities on the more temperate of the stutherz

C s . . ‘ ' } 22
ocecanic islands, 1nclud1ng Amsterdam Island, is a common feature «  On spore
ev:dcnce the ptcrldophyte assembly of the fossil islands appears comparable Tz

thosie of the modern ones,

Lven more striking tha the ity shown by
the Tertiary is 1avd floran are basic differences in floristic comnesition

1

between these and the modern islands, Plants of high-latitude southern rezlcz:
s . . ' Ty . . 23 . - -
have been divided into 'insular' and 'continental' groups 73 in the first

Y
LT

yith o i

e G LouTl

it oy or

in the second are groups presently largely confined to the continents — the

Centrolepidacenc, Proteacere, Restioncceae, Iyrtoccne, and the genus Zovhe!

-




<

vive been cited‘as.béiu@ chieflfly of {this distribution. “These grours are

e nt from rodern i ands in the Southern Indian Cccan in spite cf the

1

exizstence of apparently ¢ ulb&b]L hihitets on some of these islands, 3uekh

1o

[¢H
N
7
(34
5
(,‘
S

an ahsence hasg becn'takﬂn by biogeosraphers to indicate a lack of
O 3 -

ebility. -

‘

‘The fossil evidence to hand suggests that members of scme of these

‘continental' families did in fact become successfully e,uLbll hed on islards

of,the Hinctyeast Ridge, where pollen of kyrtaceae, Restionaceze, Iroteacezs

3

and that of Iodocarpacele and Ar“ucwrlaCLae occurs in unJtlthu that are nci

4

suggestive of a wind-blowun or1 21N, GGOIO"lC&l considerations cdictate thai

PR

cstablishment at these sites must have involved dispersal across significant
ocean gaps, so that these groups may not always have lacked V“”llluy. 1t
further s ux; t that their curreiit absence from southern oceanic islands

reflects the recunt environmental hwotorv of those islands, all of which hLzve

been subjected, to greater or lesser degree, to late Neogene chilling.

lesults.are published with the permission of the Acting D '“ectcr,‘
Burecau of Kineral'Rcsourc;s,'Geology and Geophysios, and the Dl““otor
Dcﬁartmcnt of Hiheé,.South Australié.> ﬂe wish to acknowledge the U.S.
Fational Soienée.Foundatioﬁ for pfovision of core material from the Deep

Sea Drilling Project. D.P. Hos offered critical comment on an earlier draft..
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