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DISCONTINUOUSLY RISING LATE CAINOZOIC EUSTATIC SEA-LEVELS, 
WITH SPECIAL REFERENCE TO SUNDALAND, SOUTHEAST ASIA 1 

BRIAN C. BATCHELOR2 

ABSTRACT 

Batchelor, B. C. 1979 Discontinuously rising Late Cainozoic eustatic sea-levels, with special 
reference to Sundaland, Southeast Asia - Geo!. Mijnbouw 58: 1-20. 

A Late Cainozoic global eustatic sea-level rise, of greater magnitude and opposite trend to previous 
schemes, is indicated , with important consequences on climates, sedimentation, pedogenesis , 
oceanographic features and biological distributions, especially for Sundaland and other equatorial 
regions. 

An abrupt sea-level depression during the late Middle Miocene to around I 000 m below present , is 
correlated with an emergent Sundaland continent. Increased land/sea area ratio resulted in more 
seasonal semi-arid climates facilitating savanna expansion and IM~rite development. A major 
Miocene discontinuity in Sundaland is paralleled worldwide by contemporaneous unconformities or 
facies changes on continental terraces , reduced oceanic sedimentation and truncation and pedoge­
nesis on Pacific reefs. Sea levels have since risen discontinuously at around IO cm/ 103 a with 
maximum transgression in the late Quaternary. Sea-level curves are constructed assuming that 
eustasy is mainly due to superposition of glacio-eustatic fluctuations on a linear tectono-eustatic 
trend , adjusted to fit Sundaland data. 

Before the Middle Pleistocene Sundaland coastlines changed very little . Once since then did seas 
rise above the shelf-break causing major coastline shifts , dramatically affecting sedimentation and 
climates. Extinctions of savanna-adapted mammals resulted from their geographical isolation and 
unsuitability of increasingly homogeneous rain-forest habitats. Intervening glacials temporarily 
restored former continental environments. 

1979 

INTRODUCTION 

Recent studies of late Cainozoic deposits in the Sundaland 
area have shown the inapplicability of schemes (ZEUNER, 

1959; TANN ER, 1968; FAIRBRIDGE, 1971) indicating a general 
lowering of global eustatic sea-levels during this period. Even 
those (e .g. CHAPPELL, 1974) which suggest that successive late 
Quaternary interglacial sea levels were similar to , or slightly 
higher than the present level, are not consistent with Sunda­
land data. 

A number of workers, including TJIA ET AL. ( 1975) and 
STAUFFER (1973) consider the Sunda Platform (continental 
margins of Peninsular Malaysia , Indonesian Tin Islands , 
West Borneo and the Sunda Shelf excluding Tertiary basina l 
areas) (Fig. 1) to have been a tectoni cally stable craton since 
the mid-Tertiary . Furthermore . unequivocal evidence for 
significant late Cainozoic downwarp , uplift o r tilting is lac­
king, and lithostratigraphic correlation is possible between 

areas over 1000 km apart (ALEVA ET AL. , 1973; BATCHELOR, 

1976, in press; RYALL ET AL. , 1977). The dominantly con­
tinental Quaternary sediments are not known to exceed 
250 m thickness , either on or off-shore. No earthquake epi­
centres have been reported from Sundaland for the pe riod 
1962-1969 (u.s. DEPT. COMMERCE, 1970) , nor fro m Peninsular 
Malaysia in historica l time (rnA ET AL., 1975). KUEN EN ( 1950) 
remarked that the normal gradients of the large submerged 
valleys on the Sunda Shelf a re formiJal.J le evidence for the 
complete crustal stabi lity of this area. at least since their 
formation during the Pleistocene . DICKERSON ( 1941) a lso be­
lieved stability to be cha racteristic of Sundaland during Plio­
Pleistocene times. 

' Manuscript received: 1978-10-1 3. 
Revisions received and accepted: 1979-02-07. 

2 Department of Geology. University of Malaya, KUALA LUM­
PUR, Malaysia. 

HAILE ( 1971, 1975) has shown tha t the re are no good evi­
dences for the presence in Peninsula r Malaysia of sea levels 
above 6 m and those in the littoral zone that have been dated 
a re all Ho locene (TJIA, 1977). Evidence provided for higher 
Quaterna ry sea levels in the Indonesia n Tin Islands (TnA, 

1970-a, b) does not stand critical examination. Levels of the 
18-25 m riverine ' high terrace' (of VAN OVEREEM, 1960) in 
Belitung, and breaks in stream gradients and surface slopes in 
Belitung and Bangka are not convinc ing evidence for high 
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;till stands of the sea. The use of bauxite levels as a direct 
;ea-level indicator has been cha ll enged by WILFORD (1969) . 
IROUWER ( 1925), WESTERVELD ( 1937), and KOESOEMAD!NATA & 

'ULUNGGONO (1972) appear to be in fu ll agreement that the 
)unda Pla tfo rm represented a conti nuous land mass in late 
fertiary time and was onl y inunda ted by the sea during the 
)leistocene , so that present sea-levels a re near the ir 

maximum for the late Cainozoic. 

STRATIGRAPHIC DATA FROM THE SUNDALAN D 
TIN BELT 

Recent studies of offshore d rilling and shallow seismic data 
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Late Cainozoic stratigraphic/tin placer relationships with granitic bedrock in the Dindings nearshore area, Perak, Peninsular Malaysia 
(reproduction of EG & G High Resolution Boomer record ; bore hole locations indicated). 

from stable Sundal and provide confirmation of very low late 
Cainozoic sea-levels, and stratigraphic correlation has been 
established throughout the region. A typical seismic profile 
(Fig. 2) shows the relationships of the five regional units 
delineated (partly after ALEVA ET AL., 1973) to the underlying 
bedrock, in the Dindings nearshore area of Perak, Malaysia. 

Younger Sedimentary Cover 

This Holocene cover (YSC) is a superficial, blanket-like de­
posit of neritic muds and beach sands up to 30 m thick . 

Alluvial Complex 

Disconformably underlying the YSC is the Alluvial Complex 
(AC) consisting of meander channel and floodplain deposits 
with a 'Riss-Wiirmian' marine incursion below its base. Pa­
ralic deposits were, however, more restricted than at pre­
sent. The regular occurrence of peats , and the repeated ero­
sional phases and infilling of broad valleys incised to a 120 m 
depth maximum, indicates repeated climatic variations and 
changes in erosional base level caused by sea-level fluctua­
tions younger than the 'Riss-Wiirm' interglacial. Observa­
tions in coastal placer mines allow correlation of these two 
units with the Young Alluvium (of WALKER, 1956 and 
STAUFFER, 1973) having a late Pleistocene-Holocene age . 

Older Sedimentary Cover 

The Older Sedimentary Cover (OSC) generally lies discon­
formably below the AC and differs markedly from the over­
lying sediments . It comprises a proximal facies of subhori­
zontal , gravelly , poorly-sorted 'granite wash' close to bed­
rock in a piedmont-fan environment (cf. Boulder Beds of 
WALKER, 1956) distinguished abruptly from a distal facies in 
an alluvial-plain environment (cf. Old Alluvium of WALKER, 

1956) in which horizontal bedding is more obvious and the 
alluvium is finer grained. Apart from lateral facies changes 
and minor diastems , this grey-bed sequence is quite massive 
indicating negligible effects from climatic or sea-level fluc­
tuations. Morphogenetic development and sedimentation 
corresponds to that described by v ERST APP EN ( 1975-a) for 
Pleistocene periods of low sea-level. Sedimentary structures, 
the lack of marine foss ils, the occasional presence of peats 
and the dominance of kaolinitic clays indicate a totally con­
tinental origin in upland areas far from the sea coast. Whereas 
the AC is characterised by linear river incision (and fi ll) due 
to higher discharge rates prevailing at times of relatively high 
precipitation , the OSC is typified by fans and vertical ag­
gradation of braided-stream deposits forming high terrace 
features a,s the result of more arid , seasonal climatic con­
ditions when river discharges were not sufficient or prolon­
ged enough to fu ll y remove bed-load detritus . A Pliocene to 
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ne (to early Pliocene) time. 
The geological record therefore indicates rising sea levels 
throughout the late Cainozoic, from a minimum in the late 
Miocene to a maximum high near the present. Admittedly. 
the deepest drilling has only proved continental OSC depo­
sits to 120 m depth below sea level, in the Perak offshore 
area. However, their characteristic seismic appearance a l­
lows confident definition to 160 m depth . Apparently, onl y 
since the late Middle Pleistocene was the sea level suf­
ficientl y above the continental slope to inundate the Sunda 
Shelf over large areas (Fig. 4), such that glacio-eustatic sea­
level fluctuations and related climatic changes could affect 
sedimentation patterns of the younger deposits in present 
coastal and nearshore areas of Sundaland. Only in the latter 
part of this period did widespread marine deposition take 
place here. 

ADDITIONAL DATA SUPPORTING 
LOW SEA LEVELS IN SUNDALAND 

Regional Late Cainozoic stratigraphic relationships in Sundaland , Veep alluvial deposits 
)outheast Asia. 

~arly Pleistocene age for the OSC, as well as for the Old 
Alluvium (as earlier suggested by SCRIVENOR, 1928) is sup­
ported by determinations on pollen (ALEVA ET AL. , 1973), fossil 
fruits (WARBURG, 1897) and vertebrates (STAUFFER, 1973) and 
the finding of Matuyama palaeomagnetic reversals at some 
localities (HAILE & WATKINS, 1974). 

Transitional Unit 

A poorly differentiated Transitional Unit of varied lithology 
including peat and braided-stream alluvium . is occasionally 
found overlying partly lateritised Old Alluvium and separa­
ted by erosional disconformity from the Young Alluvium 
1bove (Fig . 3). The middle Pleistocene age indicated for this 
unit corresponds with finds of penecontemporaneous verte­
brate remains from limestone caves (HOOIJER, 1962) and tek­
tites (KROL, 1960; STAUFFER, 1973) from various Sundaland 
sites . 

Sundaland R egolith 

The Sundaland Regolith lying unconformably below the OSC 
1·epresents deep soi l development of red-yellow-brown lato­
sols , laterites and bauxites within basement rocks, together 
with derived red-beds of colluvial and fan material. A number 
Jf workers (e .g. PAITERSON, 1967 ; STAUFFER, 1973 ; 

SCHELLMAN, 1977) have stressed the importance of tectonic 
stability and peneplanation for the development of laterites 
md bauxites , and further evidence suggests that this Sunda­
land pedogenesis took place under a seasonal savanna c li­
mate when sea leve ls were ex tremely low during late Mioce-

Probable equivalents of the OSC, represented by continental 
a lluvium at considerable depths below present sea level , 
have been recorded by numerous authors from coastal mar­
gins of Peninsular Malaysia (Table I) . All uvium-filled valley 
features are known onshore from Perak, Selangor, Singapore 
and Kelantan , and in the nearshore areas of Perak and Pa­
hang where they extend to depths of 200 m confirming the 
existence of extremely low Quaternary sea-levels . 

Sunda shelf geomorphology 

HILL ( 1968) described a series of e longate depressions in the 
Singapore Straits , the deepest of wh ich is 217 m, in part of the 
shelf which is mostly less than 30 m deep. Although ad­
mitting the possibility of some downfaulting causing this 
deepening, Hill appeared to favour at least a 220 m sea-level 
lowering to explain stream erosion at this depth, as well as for 
the deeply buried Dindings Channel in Perak . The patte rn of 
hranching channels on the Sunda Shelf between Sumatra and 
Borneo is, according to KUENEN ( 1950). the finest example of 
a shelf channel s"yslem known . HAILE (1969, 197 1) believed 
that the North Sunda Submarine Valley clearly indicates a 
sea level lower than - · 110 m. The Proto-Lupar Channels 
which are mainly between 100 and 140 m deep (deepest 
165 m) , suggest even lower sea-levels. unless the she lf has 
subsided. It wou ld appear a lso that shelf-break levels of the 
Sunda Shelf facing the Andaman Sea ( 128 m) and South 
China Sea ( 180 m) approximate la te and earlier Pleistocene 
sea-levels. respectively. For the South China Sea, PIMM 

( 1965) recorded sands from the shelf edge and slope at 135-

360 m depth. thought by HAILE ( 1971) to have been deposited 
during a low Pleistocene sea-level phase. 
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Submarine geology of the Sunda Platform and adjacent 
margins 

Studies by petroleum companies (e.g. KOESOEMADINATA & 

PULUNGGONO, 1972; TAMESIS ET AL. , 1973 ; FLETCHER & 

SOEPARJADI, 1976; PALTRINIERJ ET AL. , 1976; WOOLLANDS & 

HAW, 1976), CCOP (UN) sponsored groups (PARKE ET AL., 

197 1; EMERY ET AL., 1972), and tin mining companies (ALEY A ET 

AL. , 1973; BATCHELOR, in press) on the Sunda P latform and 
'ldjacent Tertiary basins of both shelfal (Malay-Thai and 

Sunda Basins) and continental margin (North west Palawan 

Shelt) geotectonic settings, indicate almost identical deposi­

:ional histories and negligible tectonic deformation displayed 

by sediments overlying the major region-w ide mid-M iocene 

unconformity. T his event represented major marine regres­
s ion and emergence of the whole Sunda P latform and even 
parts of the deep marginal basins. It is probably at this time 

that the 'double planation ' effect ofVERSTAPPEN (1975-a) was 

at its maximum during final development of the' Sunda Pene­

plain ' (ofvAN BEMMELEN, 1949). 

Except for tectonically-induced overprint in unstable areas 

(e.g. Sarawak), a strongly cyclic, almost synchronous depo­
sitional hi story is now well-documented for the late Caino­

zoic. Regional marine transgression a nd submergence 

reached a maximum in early Middle Miocene (planktonic 

zones N9andN 10) time (TAMESIS ET AL. , 1973; MURPHY, 1975; 



Lble I 
1idence for Quaternary emergence in West Malaysia and adjacent parts of the Sunda Shelf 

LOCALITY NATURE OFFEATURE(S) ELEVATION REFERENCES 
(m) 

1. Sunda Shelf, South China Broad submarine valleys (North -110 Kuenen , 1950; Haile 1971. 
Sea ... Sunda Submarine Valley System) 

2. Sitiawan, Perak ... Bore in alluvium; bottomed on -III Richardson, 1947. 
bedrock 

3. Lumut-Dindings, Offshore Max. depth of submerged Late -118 Batchelor, this paper. 
Perak . .. Wisconsin river valleys 

4. Bernam River, Selangor ... Bore in fluviatile alluvium; -120 Scrivenor, 1931. 
bottomed on bedrock 

5. Kinta Valley, Perak .. . Depth of river alluvium & bedrock -122 Walker. 1956. 
valley gradient 

6. Bedok Valley, Singapore . .. P.U.B. test bore 3 in Old -122 Pfeiffer. 1975 . 
Alluvium; unbottomed 

7. Sund~ Sh~lf, Malacca Strait . . . Continental shelf-break level (late -128 Batchelor, this paper. 
Quaternary) 

8. Butterworth, Province Bore in alluvium, bottomed on -137 Courtier, 1974. 
Wellesley . . . bedrock 

9. Sunda Shelf, Peninsular East Broad infilled submarine valleys -80 to - 140 Oele et al., in prep. 
Coast (south) ... 

10. Telok Anson, Perak ... Broad alluvium filled channels -91 to -152 Lenk-Chevitch, 1959. 

11. Lumut-Dindings, Offshore Max. interpreted depth of Older -160 Batchelor, this paper. 
Perak ... Sedimentary Cover on seismic 

profiles 

12. Sunda Shelf, South China Open submarine channels (e.g. - 165 Haile, 1971. 
Sea ... Proto-Lupar), north of Kuching 

13. Kelantan River Basin, Max. interpreted depth of 'Old -170 Pfeiffer & Tiedemann, 1975. 
Kelantan .. . Quaternary River Sediments' 

14. Sunda Shelf, Esso Interpreted late Pleistocene sea - 100 to - 180 Biswas, 1973, 1976; 
Concession ... levels from paleobathymetry (?) Batchelor, this paper. 

data 

15. Sunda Shelf, South China Continental shelf-break level -180 Batchelor. this paper. 
Sea ... (early Quaternary) 

16. Sunda Shelf, Peninsular East Very broad infilled submarine - 200 Oele et al., in manuscript. 
Coast (north) .. . valleys 

17. Lumut-Dindings, Perak .. Dindings alluvium fi lled - 200 Lenk-Chevitch, 1959; 
channel Koopmans, 1964. 

18. Sunda Shelf, Singapore Singapore 'Deeps' (river valley - 217 Hill, 1968; Haile 1969. 
Straits ... remnants) 

19. Mt. Knabalu, Sq bah . .. Interpreted pre-Wiirm snowline - 230 Koopmans & Stauffer.1 968; 
depression Batchelor, this paper. 



PALTRINIERI ET AL., 1976) penecontemporaneously with Iarge­
scale rifting in the South China Sea and considerable tectonic 
deformation in marginal areas, evidenced in the Palawan 
Shelf. and Indonesia where this event is known (uMBGROVE, 
1949) as the 'Intra-Miocene' orogeny. Rapid regression 
which followed apparently resulted in maximum emergence 
during the time of N 14andN15 planktonic zones (late Middle 
Miocene), as suggested by their complete absence in the 
southern Malay Basin (ARMITAGE & v10rr1, 1977) and Central 
Sumatra Basin (BAUMANN ETAL., 1973). The magnitude of this 
regression is indicated by the distinct regional change of 
facies and the enormous amount of coarse elastics deposited 
in the great petroliferous deltaic complexes which prograded 
over the proto-shelves and slopes (esp. east Kalimantan; cf. 
GERARD & OESTERLE, 1973; SCHWARTZ ET AL. , 1973) in con­
tinental margin basins. Apparently in the Tembungo Field of 
Sabah, sea-level lowering allowed deposition of an inner 
neritic/fluvial-derived fan complex directly onto the abyssal 
plain, since the typically 'Bouma turbidite sequence' is not 
found in these massive, clean, well-sorted sands (WHITTLE & 

SHORT, 1977). The present gross morphology of the Sunda 
Shelf is mainly due to depositional activity at this time (i.e. 
Late Miocene to Early Pliocene). 
ln all stable areas , resurgence of the sea followed under 
conditions of discontinuous transgression throughout the late 
Cainozoic, with maximum marine incursion represented in 
the late Quaternary. In the Gulf of Thailand in western plat­
form areas , continental fan and flood-plain deposits over­
lying the mid-Miocene unconformity are progressively fol­
lowed by paralic, brackish marine sediments with a strong 
deltaic influence, and finally open marine deposition in the 
latter part of the Quaternary (wooLLANDS & HAW, 1976). In the 
deeper Malay Basin, although penecontemporanemis con­
tinental deposition is minor, the same transgressive trend is 
represented (cf. also ARMITAGE & VIOTTI, 1977). On the Pala­
wan Shelf, deformation of early Neogene sediments prece­
ded total marine regression represented by the mid-Miocene 
unconformity . Shelfal transgression which recommenced in 
Late Miocene time, resulted first in deposition of fine-grained 
detrital carbonate and elastic sediments and finally of car­
bonate (partly reef) facies as open-marine conditions were 
established since early Pliocene time (TAMESIS ET AL., 1973). 
Sundaland foreland margins have been affected to varying 
degrees by the major Pliocene-Holocene orogeny, which 
tectonism (i.e. uplift) has caused local marine regressions 
(e.g. Java geanticline; refer PALTRINIERI ET AL., 1976), super­
imposed on the general Late Miocene to Holocene tectono­
eustatlc transgressional trend . 

Beneath the Java Sea, EMERY ET AL. (1973) reported Pleisto­
cene stream-cut channels fill ed with non-marine sediments. 
Their mention that only slight reworking by marine currents 
of the topmost layers has taken place , suggests that submer­
gence of the shelf in this region was quite a recent event. 
Examination of BISWAS ' (1973, 1976) data from the Malay 
Basin , in water depths less than 100 m , suggests that sea-le-

7 

vel fluctuations recorded in punch-cores are probably of late 
Middle Pleistocene to Holocene age only. Calculations based 
on his estimates of palaeobathymetry suggest that sea-levels 
ranged from below 180 m (during R, time of his fourth regres­
sion) to just above present sea-level (at T , time of his second 
transgression in Seligi No. I well, and Tembungo well, Sa­
bah), though for the latter level estimates vary . T, time 
probably corresponds to the maximum transgression during 
the ' Riss-Wiirm' interglacial, reported also by BROECKER & 

VAN DONK (1970) and CHAPPELL (1974) . 
That the Late Miocene to Holocene transgression re­

presents a eustatic sea-level rise is supported by the unlikeli­
hood of vertical tectonics, isostatic adjustments, or variation 
in sedimentary accumulation rates , being the major con­
trolling factors. Major post-Middle Miocene tectonic defor­
mation is absent from the Sundaland craton. Differential 
Cainozoic isostatic adjustments would be expected if con­
sideration is taken of the vast bedrock thicknesses denuded 
from previously emergent Sundaland a nd deposited in ad­
jacent Tertiary shelfal basins, where sedimentary fill excee­
ding 10,000 m is reported (MURPHY, 1975). Shelf areas with 
thin sedimentary cover might expect to be uplifted in contrast 
to basinal areas suffering subsidence. However, sediments in 
both environments show a synchronous trend of late Caino­
zoic transgression (e.g. WOOLLANDS & HAW, 1976, Fig. 2), 
'indicating that these factors were relatively unimportant. 
Neither can the transgression be explained as due to sinking 
of the whole Sundaland region, as envisaged by FAIRBRIDGE 
(1966). In fact, TJJA 's ( 1977) Sundaland post-glacial sea-level 
curve supports FAIRBRIDGE's (1961) curve which FAIRBRIDGE 
( 1971) assumed to be characteristic of stable coasts . The 
tentative Quaternary eustatic sea-level curve for Sundaland 
(Fig. 5) requires a tectono-eustatic rise of I 0 cm/ 103a for this 
period . Assumed subsidence rates for other 'cratonic' shel­
ves where the thickness of the Tertiary cover is considerable, 
are much less. The subsidence rates off Cape Hatteras 
(U.S .A.) and on the NW African Shelf are 2 cm/ 103a and 
2.4 cm/1 03a respectively, since the Late Jurassic (RONA, 
1973-a). UCHUPI & EMERY ( 1967) calculated a lower Cainozoic 
rate of I cm/I 03a for the Atlantic margin of the United States . 
The Sunda Platform, however , from where most of my evi­
dence (Table I) for low sea-levels is derived, has only a thin 
Cainozoic cover, so subsidence is assumed to have been 
negligible , and the late Cainozoic transgression represents , in 
fact, a eustatic event. The Middle Miocene-Holocene eusta­
tic sea-level cycle established from Sundaland data is iden­
tical to that reported by QUILTY ( 1977) from the passive con­
tinental margin of west Australia, a lso believed by him to 
reflect global events. 

Equatorial sno111 lines and alpine floras 

KOOPMANS & STAUFFER (1968) believed that the snowline on 
Mt. Kinabalu (Sabah) was reduced between 760 and 1070 m 
during the Ple istocene . Noting "the absence of large ac-
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Global eustatic sea-level chart for the Late Cainozoic and Quaternary periods , and a tentative correlation of Sundaland stratigraphic 
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other pertinent literature). Magnetic polarity chronology after LaBrecque et al. ( 1977) 
l - Classical Alpine and north European Pleistocene subdivision; 
2 - Classical North American Pleistocene subdivision; 
3 - British Pleistocene subdivision (after West, 1968); 
4 - Sundaland Quaternary offshore litostratigraphic subdivision; 
5 - Kinta Valley Quaternary lithostratigraphic subdivision (after Walker , 1956). 

cumulations of morainic material which must have formed 
from erosion of the summit area", Stauffer suggested that 
most glacial erosion occurred during the Riss of earlier glacial 
periods, and that the time since has allowed removal of most 
of this debris by stream erosion and mass movement. 
Geomorphological evidence from New Guinea mountains 
suggests a snowline lowering there of 950-1200 m (REINER, 

1960; VERSTAPPEN, 1964; LOFFLER, 1972) . Although the snow­
line position is a complex matter, dependent also on local 
climatic conditions , it does appear that a general snowline 

lowering of 1000 m did take place in these areas. If, as has 
been suggested by COLLENETTE ( 1964) , Kinabalu was uplifted 
in the mid-Pleistocene, then the actual snowline lowering 
there may have been even greater. 

Probably the most reliable evidence for the amp litude of 
Pleistocene temperature changes in this region comes from 
palaeotemperatures determined from oxygen-isotope ratios 
of Foraminifera in deep-sea cores from equatorial and tropi­
cal oceans (e .g. EMILIANI, 1966, 1972 ; IMBRIE ET AL., 1973; 
SHACKLETON & OPDYKE, 1973; CLINE & HAYS, 1976) . Estimates 



for the maximum depression in oceanic ice-age temperatures 
as compared to the present, range from 2-6 °C, though most 
authors would accept a depression of2-4 °C for the equatorial 
Pacific . If it can be assumed that temperatures of coastal 
plains would approximate those of ocean waters with per­
haps a slightly higher diurnal variation due to greater dryness 
during glacial periods , then 5 °C is probably the maximum 
average temperature depression acceptable for coastal Sun­
daland. A similar figure has also been suggested by VER­

STAPPEN (1975-b) and HAMMOND (1976) for Asian monsoon 
regions. Assuming the lapse rate of around 0.65 °C/100 m, 
measured for Malaysian highland areas (BURGESS, 1969) was 
also applicable in general urider Pleistocene glacial con­
ditions, then a 5 °C temperature depression could explain a 
snowline lowering of about 770 m. It would seem reasonable 
to assign the remaining depression of 230 m (or more) to a 
pre-Wurm Pleistocene glacial eustatic sea-level lowering, 
drawing altitudinal temperature zones down with it. 

MULLER ( 1972) mentioned that the present montane vege­
tation on Kinabalu includes the conifers Phyllocladus and 
Podocarpus which are well-established only above 1000 m 
altitude. Podocarpus first appeared there in the Upper 
Pliocene, and Phyllocladus at the Plio-Pleistocene transition, 
both having migrated all the way from New Guinea. Both 
geologists and botanists find difficulty in explaining this alpi­
ne migration across great expanses of present lowland and 
sea areas, especially since Muller considered that a con­
necting mountainous land bridge was a necessity. A 
geomorphological setting of such type would have developed 
in part during glacial periods of very low sea-levels. If a low 
glacial sea-level of at least -230 m occurred in the Pleistoce­
ne, then on the basis of previous calculations, a depression of 
this conifer zone by 1000 m to the present sea-level could 
have taken place . Also, if subsequent denudation is conside­
red, parts of the landscape would have been higher by hund­
reds of metres, especially since Pliocene uplift preceded the 
conifer migration into Borneo (JACOBSON, 1970), so low altitu­
de barriers at that time would have been narrower. These 
factors, together with the considerable dispersive ability of 
montane pollen in general could effectively explain this 
enigmatic migration. Alternatively, if glacial agencies are 
disco11nted as being unimportant in the Late Pliocene, 111ig­
ration could still have been facilitated by a significantly lower 
sea-level, due mainly to tectono-eustatic factors. 

Late Cainozoic palaeogeography, soils, climate and vegeta­
tion 

Certain characteristics of Sundaland soils and vegetation 
support the concept of very low eustatic sea-levels during the 
late Cainozoic. A sea-level drop of around 230 m would fully 
expose the Sundaland continent, which would form a con­
siderable extension to the main Asian landmass (Fig. 4). The 
minimum dimension of Sundaland would then exceed 
I 000 km, and the greatest distance of the central core from 
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the sea would be about 800 km. Additionally, if we accept 
that Late Miocene to Middle Pleistocene sea-levels never 
rose much above the continental slope, then the outline of 
Sundaland during this period would have changed very little, 
since beyond the shelf-break bathymetric contours are clo­
sely spaced. The sea-level at this time would have fluctuated 
up and down the continental slope with only minor lateral 
shifts . Presumably, only during the late Quaternary, when 
sea levels rose considerably above the shelf break with con­
sequent major lateral shifts in coastlines across the Sunda 
Shelf, did sea-level fluctuations have such a drastic effect on 
sedimentation patterns and biological distributions. 

VERSTAPPEN (1975-a) stated, in regard to Pleistocene glacial 
climates in Sundaland, that a considerable reduction in 
rainfall would have occurred, probably equalling or excee­
ding that in most other equatorial regions . Increased con­
tinentality represented by increased aridity and a more pro­
nounced dry season was largely ascribed by him to a positio­
nal shift of the Intertropical Convergence Zone, the decrea­
sed influence of 'thermally inert' ocean waters, the greater 
extent of land areas ;mcl the global drop in temperatures. The 
first two factors, however, are largely dependent on the 
conversion of large warm shallow seas to land areas, which 
would have more than doubled. Regarding the glacial tem­
perature-drop, EMILIANI & SHACKLETON (1974) found that 
average temperatures were depressed less in the equatorial 
Pacific than in the equatorial Atlantic and Caribbean. Addi­
tionally, lowered sea-levels would themselves directly affect 
climate by depressing altitudinal temperature zones. Eustatic 
sea-level variation would therefore appear to be at least as 
important as global temperature depression in affecting Sun­
daland glacial climates. Marked global cooling, probably ac­
companied by worldwide sea-level lowering, has also been 
established for the Late Miocene, Mio-Pliocene and late 
Pliocene. Together with an apparent maximum eustatic sea­
level lowering and expanse of Sundaland in the Late Mioce­
ne, and the presence of a rain-shadow east of the Sumatran 
Barisan following strong mid-Miocene uplift (ASHTON, 1972), 
the late Tertiary (particularly Late Miocene) would be ex­
pected to show maximum continentality, greater even than 
the succeeding Pleistocene glacial periods . A major arid pha­
se in Australia was also initiated in the Late Miocene (BOW­

LER, 1976). 
It would seem significant therefore , that laterites and 

bauxites generally lie at the base of late Cainozoic sequences 
in tin-belt areas and are more abundant in a belt stretching 
from south Borneo, Bangka and Belitung through Riouw to 
Johore and Malacca, which would have represented the Sun­
daland core. Although the genesis of such deposits is still the 
subject of much discussion, I wish to stress certain features 
which have apparently been understated by many agrono­
mists. The ma_iority of laterites (and bauxites) a re now con­
sidered to be fossi l soils in Thailand (PENDLETON & SHANASU­

VANA, 1946) , Peninsular Malaysia (LAW & LEAMY, 1966; EYLES, 

1970) and Indonesia (v AN DER VOORT, 1950; MOHR & VAN BAREN, 
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1954). ASHTON (1972) noted the lack oflaterite-pan formation 
under present humid rain-forest conditions in west Malesia. 
GRUBB (1963) stated that secondary kaolinisation of bauxite 
(plus silicification) is evident throughout the Johore deposits 
and believed that the optimum bauxitisation period had now 
passed. WOLFENDEN (1965) also noted that secondary altera­
tion of bauxite was taking place under present-day swamp 
conditions in Sarawak. Lateritic soils thought to be forming 
under present wet monsoonal conditions in West Malaysia, 
may actually include reworked lateritic material (LAW & 

LEAMY, 1966; GRUBB, 1966). Long reaction times are prerequi­
sites for both strong bauxitisation (PATIERSON, 1967; 
SCHELLMAN, 1977) and lateritisation (MOHR & VANBAREN, 1954) 
indicating the requirement also of penecontemporaneous pe­
neplanation during a long period of geomorphological stabi­
lity . It is obvious, therefore, that the present climate is not 
necessarily characteristic of such pedogenesis, and indeed 
the strong landscape dissection and extent of present allu­
viation (EYLES, 1969), and the considerable mass movement 
of soil material under present wet monsoonal conditions, are 
detrimental to its formation (refer LAW & LEAMY, 1966). 

MOHR & VAN BAREN ( 1954) cited evidence of old lateritic soils 
formed on Miocene and early Pliocene strata in Indonesia, 
and PENDLETON & SHANASUV ANA (I 946) attributed most lateri­
tisation in Thailand to the Mio-Pliocene , in agreement with 
the late Miocene-early Pliocene age of the Sundaland Rego­
lith in tin belt areas. Requirements generally given for such 
pedogenesis are a low water-table with the periodic upward 
movement and concentration of soluble iron and aluminium 
salts in combination with sufficiently dry aerobic conditions 
in the profile for oxidation and deposition to occur seasonal­
ly. The simplest chemico-physical environment to explain 
formation , and one favoured by the majority of workers, is a 
warm, rather semi-arid tropical climate with a marked altera­
tion of wet and dry seasons (e.g. SIVARAJASINGHAM ET AL., 

1962), characteristic of savanna plainlands (FAIRBRIDGE, 

I 968). It is not surprising therefore, that WING- EASTON (1937) 
invoked such conditions for the genesis offerruginous eluvial 
and residual-elutriational tin placers (as well as laterites and 
bauxites) in the late Neogene during very low sea-level 
stands in the Indonesian Tin Belt, and this concept is partly 
supported by BON (1977). These deposits are best developed 
in the Sundaland core regions where continentality would 
have been especially enhanced by extremely low late Ter­
tiary sea-levels. 

VERSTAPPEN (1975-a) argued that the exchange of 'drought 
plants' between the Australian and Asiatic continents via 
Sundaland , must have taken place when a tropical climate 
with a more pronounced dry season was more wide-spread 
than at present. Absence of the Asian savanna tree flora, at 
least at species level from east Malesia, suggested to ASHTON 

(1972) that savanna migration probably took place in late 
Tertiary time, and certainly before the late Pleistocene. 
MORLEY (1977) noted the migration into north Borneo in late 
Miocene-Pliocene time of the mangrove taxa Aegialites and 

Camptostemon, which are presently restricted to areas ex­
hibiting marked seasonality. These views also support the 
concept of maximum continentality in the late Tertiary due 
mainly to drastic sea-level lowering. In favour of a general 
late Cainozoic sea-level rise to the present maximum is the 
evolutionary history of the Sundaland Dipterocarpaceae flo­
ra, according to ASHTON (1972). An initial immigration of all 
major existing genera in the late Tertiary was followed by 
rapid dispersal while continental conditions prevailed. As 
early Pleistocene conditions became moister, early diversifi­
cation led to the evolution of large groups of inland species. 
Towards the end of this period, diversification took place 
into extensive lowland hills, shortly to be submerged for the 
first time under the South China Sea. The late Middle 
Pleistocene and later times, characterised by high sea-levels, 
witnessed a much reduced rate of diversification. 

Late Cainozoic land mammal (and fish) distribution 

The world fauna! characteristics of the Pliocene to Middle 
Pleistocene period represent evolutionary progression with 
the appearance and invasive sp_read of new taxa. In contrast, 
the main differences between faunas of the Middle and Late 
Pleistocene consist of extinction without replacement, 
though the loss of mammals in Sundal and was apparently less 
catastrophic than elsewhere. It would appear from MEDWAY ' S 

(1972) excellent account that, in addition to climatic changes 
affecting vegetation , the presence and subsequent disappea­
rance of land bridges, was a major factor affecting the disper­
sion, evolution and extinction of Sundaland mammals in late 
Cainozoic times . 

GROVES (1975) believed that the first arrival of land mam­
mals into Sundaland did not predate the Pliocene. The major 
influx of the Indian Siwalikian fauna took place in the early 
Lower Pleistocene and the Javan herbivores were then 
adapted to riverine, forest-edge or forest habitats (MEDWAY, 

1972). Even at that time, a forest barrier prevented the intro­
duction of savanna-dwelling Siwalikian animals. From the 
earlier discussion it is apparent that, if a savanna grassland 
corridor existed between the Asian mainland and Sundaland, 
its occurrence was more likely in Mio-Pliocene time before 
the Siwalikian fauna had even appeared in India. With con­
tinued sea-level rise and denudation of Sundaland 
mountains, the Sundaland climate in the lowermost Pleisto­
cene could already have shown decreased continentality re­
ducing the extent of savanna vegetation. 

During the Middle Pleistocene, many forest-dwelling spe­
cies invaded the western area and it is evident (MEDWAY, 1972) 
that forest animals could move freely across Sundaland. How­
ever, some animals were clearly adapted to browsing and 
grazing, their diet being rich in bamboo, grass, and in the case 
of Manis palaeojavanica (an extinct pangolin), tall termita­
ries which are presently restricted mainly to savanna country 
outside of Sundaland. Grazing ungulates which reached Java 
are particularly dependent on large tracts of grassland, and 



this supports Medway's contention that a savanna belt strad­
dled the Equator across Sundal and at least temporarily, du­
ring periods of greater continentality. Because the land brid­
ges were always open (with the Sunda Platform completely 
emergent) , the Sundaland Middle Pleistocene mammal 
faunas became essentially homogeneous with only minor 
local differences in composition (MEDWAY, 1972). Differences 
in land faunas at this time across Sundaland, can be largely 
accounted for as suggested by GROVES (1975), by the fact that 
the Sunda river system (of KUENEN, 1950) was sufficiently 
large then, that the rivers represented barriers to migration in 
their lower courses, and the narrowness of the bottleneck at 
their headwaters would also strongly restrict contact. ASHTON 

(1972) also believed that the present Lupar Valley represen­
ted a marked phytogeographical barrier. High sea-levels and 
consequent island isolation therefore are not necessary to 
explain Sundaland fauna! differences prior to the Late 
Pleistocene. 

MEDWAY ( 1972) stated that there has been no new immigra­
tion of a large mammal into Sundaland since the Middle 
Pleistocene, and by the close of the Late Pleistocene few 
grazing mammals survived. The ecological specialisations of 
mammals which failed to survive into the Late Pleistocene 
indicate a drastic reduction in open jungle and savanna areas 
due to a markedly decreased continentality near the Middle­
Late Pleistocene transition . The zoological evidence there­
fore strongly indicates that Pliocene to Middle Pleistocene 
sea-levels, though rising discontinuously, never lay much 
higher than the continental shelf break. However, marine 
invasions of the Sunda Shelf since the Middle Pleistocene 
resulted in the extinction or size diminution of many mammal 
groups due to a reduction in readily available food following 
their geographical isolation and the unsuitability of the in­
creasingly more homogeneous, dense rain-forest environ­
ment, typical of the tropical monsoon climate presently pre­
vailing in much of Sundaland. 

Studies on the Pala wan fresh-water fish in the Philippines 
showed that , although the genera are Bornean, only one is 
specifically identical. DICKERSON ( 1941) believed that this in­
dicated a connection with Borneo via his ' Molengraaf River' 
in the early Pleistocene but not during the late Pleistocene . 
He also stated that the 200 m isobath prubably indicates 
many connections in Sundaland during glacial phases of the 
early Pleistocene, and the 100 m isobath during the last gla­
cial phase. 

WORLDWIDE OCEANOGRAPHIC DATA 
SUPPORTfNG LOW EUSTATIC SEA-LEVELS 

Further confirmation of global late Cainozoic low sea-levels 
must necessarily be sought in the shelf-break region of stable 
continental margins , as well as deeper oceanographic featu­
res which in their morphology or depositional history may 
show eustatic sea-level control. 
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The depth of non-glaciated continental shelves worldwide 
is relatively uniform with the shelf-break lying between 
125 m and 180 m. The average depth of 132 m (SHEPARD, 

1948) is considered characteristic of stable margins, since this 
level is believed to approximate the Late Pleistocene sea-le­
vel stands (e.g. DIETZ, 1952; CURRAY & MOORE, 1964), the latest 
being at 120-125 m depth, 17,000 to 20,000 B.P. (e.g. CURRAY, 

1965). According to LEWIS (1974), a shelf-break at more than 
120 m depth is probably older than 20,000 B.P. I therefore 
believe that shelf-break levels of the Sunda Shelf, facing the 
Andaman Sea (128 m) and South China Sea (180 m) ap­
proximate Late Pleistocene and earlier Pleistocene sea-levels, 
respectively. A brief literature review suggests that late 
Cainozoic sedimentational histories in shelf-break areas are 
best shown on relatively wide , non-glaciated shelves with a 
moderate rate of sediment supply. The predominant nature 
of such shelves is a 'depositional terrace' (cuRRAY & MOORE, 

1964) where considerable paralic (particu larly deltaic) sedi­
mentation is found (e.g. U.S. Atlantic and Gulf coasts: 
UCHUPI & EMERY, 1967, 1968; Bering Sea: HOPKINS ET AL. , 

1969). In these cases, the intl11ence of basement relief on 
present sea-floor morphology is often masked by the over­
lying sediments and the shelf break is a function of late 
Cainozoic sea-levels and their fluctuations, rather than a 
reflection of the basement surface. 

ln many parts of the world, the time when development of 
the modern continental terrace was initiated, followed the 
major marine regression in the late Middle to Late Miocene 
represented by either a marked unconformity (or peneplana­
tion surface), decreased sedimentation rates, or evidence of 
regressive sedimentary facies (e.g. Australia: JONES ET AL, 

1975; HOCKING. 1976; QUILTY, 1977; Philippines: TAMESIS ET 

AL., 1973; South Africa: DINGLE, 1971; U.S. Gulf coast: JOR­

DAN ET AL., 1964; EMERY & ZARUDZKI, 1967; U.S. Atlantic 
coast: MURRAY, 1961 ; RONA, 1970; SHIDELER & SWIFT, 1972; 
Bering Shelf: HOPKINS ET AL , 1969). This regressive period 
corresponds to that previously determined for Sundaland 
strongly supporting the idea of a global eustatic sea-level 
lowering far below the present continenta l shelf break . Since 
younger discontinuities are generally less widespread and 
more variable in their time of formation , it would appear that 
the "worldwide contemporary hiatus in late Cenozoic sedi­
ments on depositional shelves" , originally postulated by 
GALLOWAY ( 1970), is probably represented by this event of 
late Middle to Late Miocene age. Divergences in time of 
initiation in some areas can certainly be accounted for by 
local tectonic and depositional factors , palaeogeographic lo­
cation , or uncertainties in palaeontologic dating of the event. 

The accumulating evidence on low late Cainozoic sea-le­
vels , together with the mass of data originally provided by 
SHEPARD (1948, 1949) supporting the largely subaerial nature 
of submarine canyons down to at least 1000 m depth , sug­
gests that they were mainly formed subaerially during the 
extreme Cainozoic marine regression in the Oligocene (refer 
VAIL ET AL, 1977) when canyon formation is known on the 
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southeast Australian shelft (CONOLLY, 1968; HOCKING, 1976), 
off southern France (BOURCART, 1950) and central California 
(TRAVERS, 1972). The global variation in depths of canyon 
termini (c.f. SHEPARD & DILL, 1966, p. 25 , appendix) approxi­
mates a normal gaussian distribution with a mean for well­
developed terminations of 1816 m, which I beli€ve may be 
related to this maximum sea-level lowering. However, during 
the late Miocene regression these canyons were probably 
strongly rejuvenated and further deepened by subaerial 
agencies. The late Miocene regression is also believed res­
ponsible for the complete drying out of the Mediterranean 
Sea and extensive evaporite formation (cf. HSU ET AL., 1973) 
when, according to FLEMMING & ROBERTS (1973), eustatic sea­
levels may have been 800-1000 m lower. 

Studies on the Eniwetok and Bikini atolls in the western 
Pacific (SCHLANGER, 1963) disclose that during their history of 
shallow submergence they were synchronously affected by 
two or three emergences (e.g. during the Oligocene and late 
Miocene) during which the reefs were totally truncated by 
subaerial erosion and red 'terra rossa' soils developed. The 
late Miocene 'solution unconformity' at 335 m depth on hoth 
atolls, is underlain by a zone of solution channels and re­
crystallised calcite to a depth of more than 550 m.suggesting a 
eustatic sea-level fall of similar amount since FAIRBRIDGE 

( 1976) believed that such emergences could not be explained 
by either crustal cooling or isostasy. Furthermore, the sub­
sequent continuous build-up of shallow-water limestones 
(save for Pleistocene unconformities) requires a steady rise 
to the present sea-level. KUENEN ( 1950) drew attention to the 
remarkable fact that guyots of less than 940 m depth appear 
to be very scarce. From previous evidence it would seem that 
the last major sea-level fall (i .e . late Miocene) fai led to expose 
deeper guyots, whereas those above this level allowed the 
build-up by coral reefs to form atolls. The fact that the bulk of 
seamounts appear to be older than 30 million years indicates 
(cf. FAIRBRIDGE, 1976) that subsidence due to crustal cooling is 
unlikely, so the 940 m level may prove to be the closest 
estimate of the late Miocene sea-level depression. 

Commonly overlying the major late Miocene discontinuity 
in continental shelf-break areas are a series of deltaic sedi­
ments interspersed with strata of other paralic and open-shelf 
facies and interrupted by as many as 4 or 5 disconformities 
(e.g. U.S. east coast: UCHUPI & EMERY, 1967, 1968; KNOTT & 

HOSKINS, 1968; GARRISON, 1970; Gulf of California: CURRAY & 

MOORE, 1964; West African coasts: MCMASTER & LA CHANCE, 

1968; MCMASTER ET AL., 1970; DINGLE, 1973) which represent 
mainly Pleistocene eustatic sea-level fluctuations. It is quite 
apparent from studies made off the U .S. Atlantic coast 
(KNOTT & HOSKINS, 1968; GARRISON, 1970) that Pleistocene 
sea-levels were often below the shelf-break, at which times 
rivers caused extensive erosion of the outer shelf region , to 
the south of glacial limits near Georges Bank. Since the aerial 
extent of each successive erosional surface is less wide­
spread than its predecessor, a general Pleistocene sea-level 
rise is suggested, with the glacio-eustatic events superim-

posed. In many areas worldwide, rapid progradation on the 
continental slope and outer shelf during low sea-levels was 
followed during interglacial sea-level rise by paralic (par­
ticularly deltaic) upbuilding, tending to stabilise the level of 
the shelf margin with reference to contemporary sea-levels, 
in order to maintain a marine profile of equilibrium. Con­
tinuous paralic deposition must also have been facilitated in 
areas with high accumulation rates by compensatory down­
warp of the continental margin. However, the effect of iso­
static and tectonic factors in causing subsidence ofouter shelf 
areas (i.e. continental flexure) in late Cainozoic time, appears 
to have been often overemphasised (LEWIS, 1974, p . 53). 
GALLOWAY (1970) stated that while downwarping had oc­
curred on some shelves, the depression rate is too slow to 
account for the present depth of many late Cainozoic erosio­
nal features. CURRAY & MOORE (1964) and UCHUPI & EMERY 

(1967) reported from the Gulf of California and U.S. Atlantic 
coasts, the presence of a series of untilted and undeformed 
paralic deposits which would suggest negligible subsidence, 
but a general rise of Quaternary sea-levels to the modern 
shelf-break position . 

Accumulating evidence from submerged wave-cut plat­
forms and associated erosional features on continental ter­
races, also supports the concept of Pleistocene sea-levels 
lower than previously considered. Soundings by DILL (1969) 
and PRATT & DILL ( 1974) on tectonically stable continental 
margins of the Bering Shelf and Australia, show strong evi­
dence for continuous terraces at 146, 165, 200 and 240 m 
depth. Pleistocene eustatic sea-level lowering forming the 
240 m terrace was also supported by deep submersible ob­
servations of terraces and gravel deposits off California , sub­
aerial erosion features on carbonate banks and survey data 
from shallow seamounts. SCHWARTZ (1972) proposed that 
shelf breaks on Cobb and Bowie Seainounts in the Pacific 
represent Pleistocene sea-level lowering of 220-256 m. 
JONGSMA ( 1970) found terraces in the Arafura Sea, off north­
ern Australia at depths of 130, (150), 170-175, and at about 
200 m with littoral reef material from the latter dating older 
than 170,000 B.P. Well developed, undeformed terraces off 
the east Australian coast are known at depths of 160 m (JONES 

ET AL., 1975), 180-220 m (CONOLLY, 1969; THOM ET AL., 1972), 
and the regular extension of the Port Jackson stream profile 
cut to 140 m depth on the outer continental shelf, represents 
sea-level lowering below this depth (THOM ET AL., 1972). 

Numerous authors (e.g. HEEZ EN ET AL., 1959; DONN ET AL., 

1962; KNOTT & HOSKINS, 1968) have described a distinct hori­
zontal wave-cut terrace between 142 and 154 m depth, 
reaching a maximum discernible width of 6 miles, extending 
along the U.S. Atlantic continental margin for over 100 miles 
with occurrences of sand, pebbles and shallow-water shells 
(Ewing et al.: see DONN ET AL., 1962). Shell material is dated 
older than 30,000 B.P. and represents sediment infilling of an 
older erosional surface at 165 m depth. These and other 
benches at a similar level in the West Indies are probably 
Pleistocene (HEEZEN ET AL., 1959). RONA (1970) reported a 



probable surf-cut bench in the Cape Hatteras region at 195 m 
depth and suggested correlation with benches at around 
175 m off Virginia. These may also correspond to the wave­
cut bench near the Hudson Canyon considered by KNOTT & 
HOSKINS (1968) to have been cut by a lowered Illinoian sea-le­
vel. However. this data (and the 124 m last glacial sea-level 
position) may be compromised by findings of DILLON & OL­
DALE (1978) that the continental terrace has probably been 
tilted north of an inflection zone running through New Jer­
sey. BOURCART (1949) found 3 ' terraces' along the U.S. At­
lantic border and assumed the deepest (500-1000 m) to be 
Mio-Pliocene, one between 200 and 500 m Upper Pliocene 
and the 'terrace' from 0 to 200 m to date from late Wisconsin 
to Holocene. A well-defined 280 m terrace and 240 m es­
carpment on the Walvis Shelff off Southwest Africa may 
represent late Pleistocene sea-level positions (VAN ANDEL & 
CALVERT, 1971). 

Drowned valleys well below present sea-level occur on 
most coasts and extend across continental shelves to depths 
of 100-200 m. Buried channels recorded by EWING ET AL. 
(1963) and KNOTT & HOSKINS (1968) off the north u .S. Atl:mtic 
coast at 150, 156, and 202-260 m depth, though partly of 
glacial origin, are related to low Plio-Pleistocene sea levels. 
MCMASTER & ASHRAF ( 1973) reported a buried valley system 
extending off New England to 150-200 m depth, and conside­
red it to be of 'pre-glacial' age. -Investigations on the French 
continental shelf(vERGER, 1970) provided evidence of several 
old shorelines , the deepest of probable karstic origin standing 
below 200 m, together with coarse subaerial deposits. The 
shelf off east India carries oolitic sands with abundant shal­
low-water Foraminifera even at 180 m depth , suggesting low 
sea-level deposition and non-deposition since the sea rose 
(SHEPARD, 1973) . Steplike topography of the Australian Sahu! 
Shelf closely resembles a system of late Cainozoic erosional 
surfaces on the adjacent land (VAN ANDEL & VEEVERS, 1965). 
Though the shelf was exposed during most of the late Caino­
zoic it has only been submerged recently. 

The findings documented above lend considerable support 
to GALLOWAY'S ( 1970) contention that drowned valleys, cliffs 
and erosional features of continental shelves required a pro­
longed period of low sea level (below the shelf margin) fol­
lowed by a period of gradually rising sea-level. 

QUATERNARY EUSTATIC SEA-L EVEL CURVE 

The suggested maximum Quaternary eustatic sea-level lowe­
ring for Sundaland of around 230 m , indicates that glacio­
eustasy is an insufficient mechanism , since most authors 
(e.g. DONN ET AL., 1962) believe it can only explain up to 159 m 
sea-level depression. In agreement with a large and increa­
sing body of opinion (e.g. RONA & WISE, 1974) that tectono­
eustatic factors have made important contributions to Phane­
rozoic sea-level fluctuations. I a lso be lieve this was the major 
factor during the late Cainozoic . MORN ER (1976) in a con-
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troversial paper, refutes the probability of synchronous glo­
bal eustatic changes though his views have not yet been 
subject to rigorous testing by other workers. It is still to be 
ascertained whether suggested vertical changes in the geoid 
(up to 185 m) affect sufficiently the primary trend of global 
glacial + tectono-eustasy on the time scales considered here. 
The general contemporaneous nature of major Phanerozoic 
transgressions and regressions (e.g. RONA, I 973-a; VAIL ET AL., 
1977) suggests the geoidal-eustasy factor may have been 
overestimated. The Quaternary (and late Cainozoic) sea-le­
vel curve (Fig. 5) is therefore tentatively considered to be the 
sum of glacial and tectono-eustatic events, though the pos­
sibility of contributions from other factors cannot be dismis­
sed. 

The g/acio-eustatic component 

Many authors (e .g. IMBRIE ET AL., I 973;SHACKLETON & OPDYKE, 
1973; VAN DONK, 1976) agree that 0 18-cu rves based on isotope 
analysis of Foraminifera from deep sea cores primarily rep­
resent global ice-volume curves aml hence glacio-eustatic 
sea-level fluctuations. I have therefore used those curves of 
SHACKLETON & OPDYKE ( 1973) and VAN DONK ( 1976) from the 
equatorial Pacific and Atlantic, to approximate the Quater­
nary glacio-eustatic effect. For the interva l 0-825,000 B.P., 
the Shackleton-Opdyke curve would seem a better estimate 
since it is largely substantiated by independent ev idence (e.g. 
late Wisconsin glacial maximum at 18,000 B.P.: CLINE&HAYS, 
1976; ages of Barbados interstadial terraces: BROECK ER & VAN 
DONK, 1970). However, because of age adjustments in certain 
fauna! levels on which chronology of the Shackleton-Opdyke 
curve is based, I have used the corrected (V28-238) curve as 
given by VAN DONK (1976, Fig. 4), together with the Vl6-205 
curve of Van Donk for the remaining I Ma Quaternary inter­
val. In both cases the glacial/interglacial transition or ' null 
line' is taken as the midpoint of the isotopic variation (around 
1.2°/oo) between the late Wisconsin glacial maximum and the 
present day. This variation is then equated to the 124 m 
eustatic sea-level fluctuation suggested for the same period 
(CURRAY, 1965) providing a scale for determining the magnitu­
de of Quaternary glac io-eustatic fluctuations around the 'null 
line' , presently equivalent to a -60 m (approx.) sea level. A 
similar approach was used by SHACKLETON & OPDYKE (1973 , 
Fig. 7) to construct their glacio-eustatic sea-level curve for 
the past 130,000 years . 

The tectono-eustatic component 

Because of the limited relevant data available from Sunda­
land , it is necessary to assume a linea r Quaternary tectono­
eustatic trend for the sea-level curve . This would seem ac­
ceptable since FLEMMING & ROB ERTS (1973) believed the dura­
tion of the tectono-eustatic cycle is around 10 Ma. The trend 
gradient can then be dete rmined approximately by the neces­

sity that the resultant (i.e. glacial + tectono-eustatic) sea-
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level curve satisfies the following control data: 
(1) sea-levels rose discontinuously from a late Miocene low 
to present levels, and only in late Middle Pleistocene time did 
they first rise significantly above the -130 m continental shelf 
break; 
(2) apart from high sea-levels over the past 600Q years, and 
around 125,000 B.P. (well documented worldwide at between 
+ 2 and +I 0 m; cf. BROECKER & v AN DONK, 1970 and CHAPPELL, 
1974) as suggested by Biswas' data, sea levels have never 
risen above present levels since the mid-Miocene transgres­
sive event; 
(3) buried river channels require relatively prolonged pe­
riods of low sea-level of at least 130 to 220 m depth; 
(4) the Mount Kinabalu snowline depression suggests sea­
level lowering of around 230 m during the Riss or an earlier 
glacial period; 
(5) certain transgressive/regressive sea-level cycles are indi­
cated for the Middle Pleistocene to Holocene period, from 
marine seismic and drilling studies off the Perak coast and 
from calculations based on BIS WAS' ( 1973, 1976) palaeoba­
thymetry data; 
(6) shelf-break levels of the Sunda Shelf facing the Andaman 
Sea (128 m) and South China Sea (180 m) approximate late 
Pleistocene and earlier Pleistocene sea-levels, respectively. 

The resultant combined glacial/tectono-eustatic sea-level 
curve indicates a gradient for the tectono-eustatic trend of 
10 cm/103a rise throughout the Quaternary. 

EUSTASY AND LATE CAINOZOIC SEA-LEVEL 
CHANGE 

Synchronous worldwide transgressions other than glacio­
eustatic are probably controlled by eustatic sea-level rise 
resulting from a decrease in the combined volumetric capa­
city of world ocean basins (RONA, 1973-a), WISE (1972) and 
QUILTY ( 1977) favoured a constant free board earth model, and 
believed that the present sea-level is close to the normal 
maximum for the Cainozoic. Using a hypsographic curve 
model , FLEMMING & ROBERTS (1973) estimated that a tectono­
eustatic sea-level depression of 800-1000 m is possible 
through size increase of the ocean basins . A significant con­
tributive factor would be a volume decrease of the world­
oceanic ridge system which can explain as much as a 300-
650 m sea-level change (MENARD, 1964; VALENTINE & MOORES, 
1970;FLEMMING & ROBERTS, 1973; Pitman & Hays: see RONA & 

WISE, 1974). HAYS & PITMAN (1973) demonstrated that the 
global mid to upper Cretaceous transgression was probably 
caused by a contemporaneous pulse of rapid sea-floor spread­
ing at most of the mid-oceanic ridges causing them to ex­
pand, accompanied by increased subduction and island arc 
orogenesis . Subsequent continental emergence resulted from 
a reduction in sea-floor spreading rates. It is significant there­
fore, that FLEMMING & ROBERTS (1973) reported a global 
acceleration in spreading rates at 10 Ma, coinciding with the 

initiation of the worldwide Late Miocene transgression. HAYS 
ET AL. (1972) believed that a new regime of underthrusting so 
initiated resulted in a major Late Cainozoic phase of vol­
canism. This view is confirmed by findings of KENNETT & 

THUNELL (1975) that global explosive volcanicity increased 
from a low in the late Middle Miocene (zones N13 to N14) to a 
present maximum (increasing markedly from mid-Pliocene). 
Another volcanicity peak occurred in the early Middle 
Miocene (zones N9 to Nl2). 

The Sundaland chronology of late Cainozoic eustatic cy­
cles and orogenesis closely follows previous concepts. Mid­
Miocene transgression (maximum: zones N9 to NlO, or 15 to 
16 Ma, cf. BERGGREN & YAN COUVERING, 1974) contempora­
neous with regional tectonism in marginal basins, was fol­
lowed by major eustatic regression in the late Middle Mioce­
ne (maximum: zones N14 to N15, or ca. 10.5 to 13 Ma). Sea 
levels then rose discontinuously to the present, accompanied 
.in marginal areas by major orogeneis from Pliocene time 
onwards. Comparable late Cainozoic eustatic cycles found 
off west Australia (QUILTY, 1977) and indicated by similar 
sea-level histories previously determined for a number of 
continental margins worldwide attest to the general global 
synchronousity of these events. VAIL ET AL.' s (1977, Fig. 3) 

. sea-level curve , which is taken as a worldwide compilation, 
also shows general agreement, especially in the major fall 
(and unconformity) of pre-late Miocene (10 .8 Ma) age and the 
preceding Middle Miocene high sea-level. On this basis, a 
global tectono-eustatic sea-level curve (Fig. 5) is con­
structed, assuming that the Sundaland rate of Quaternary 
tectono-eustatic rise can be projected back into the late 
Neogene to give a maximum sea-level lowering (below pre­
sent level) of around 1000 m, which can effectively explain 
deep contemporaneous sub-aerial features of continental 
shelves, coral atolls and submarine canyons. 

Since major development of the Antarctic ice cap around 
10-12 Ma (VAN ANDEL ETAL., 1975; KENNETT, 1977) marked by 
global cooling and regression (e.g. WOLFE & HOPKINS, 1967; 
MERCER, 1973), it has remained a semi-permanent feature with 
relatively small volume changes. However, global cooling 
resultant from its expansion is evident for the Mio-Pliocene 
(around 5 Ma; KENNETT, 1977) and late Pliocene (2.3-3 Ma; 
HAYS & OPDYKE, 1967; KENNETT ET AL., 1971), separated by a 
period of marked ice regression and eustatic sea-level rise 
(HAYES ET AL., 1973). These fluctuating ice phases are con­
firmed by the bipolar latitudinal expansion and retreat of cold 
water isotherms detected by Late Miocene to Holocene 
planktonic Foraminifera (BANDY, 1968). Believing that the 
resultant sea-level fluctuations were of an order of magnitude 
similar to those in the Pleistocene (i.e. around 100 m) , BANDY 
( 1968) constructed a global glacio-eustatic sea-level chart 
which I have superimposed on the Sundaland tectono-eusta­
tic trend to give the resultant late Cainozoic global eustatic 
sea-level chart (Fig. 5). 



GENERAL IMPLICATIONS AND CONCLUSIONS 

Eustatic sea-levels 

A global Late Miocene to Holocene tectono-eustatic sea­
level rise at a probable rate of IO cm/103a was apparently 
consequent upon increasing oceanic ridge volume and faster 
spreading rates with resultant major orogenesis and volcani­
city in continental margin and island arc regions since the 
Pliocene. This mechanism is also believed responsible for 
high Middle Miocene (15c 16 Ma) sea levels accompanied by 
regional, and presumably (net) global orogenesis. The suc­
cessive late Middle to Late Miocene (10.5-13 Ma) minimum 
sea-level of around -I 000 m would be mainly consequent on 
net global tectonic quiescence and decreased oceanic ridge 
volume. The regression rate appears to have been roughly 3 
times faster than that of transgression. VAIL ET AL. (1977) also 
found major global sea-level rises to be gradual though the 
falls were generally abrupt. Superimposed glacio-eustatic 
fluctuations were important from about 12 Ma ago following 
the Antarctic ice sheet development. Although geoidal­
eustasy may result in significant local divergences from the 
Quaternary sea-level curve, its restricted magnitude is not 
expected to affect the general trend of the major late Caino­
zoic transgression. 

Climatic variation 

In equatorial areas (especially Sundaland) the late Cainozoic 
sea-level fluctuation was the major climatic control. In gene­
ral, high sea-levels during early Middle Miocene and parts of 
late Quaternary time, correlate with relatively uniform, plu­
vial , monsoonal climates, moderated by an increase in ratio 
of oceanic to continental area, resulting in climax tropical 
rain-forest. Late Midale Miocene to Early Pliocene low sea­
levels correspond to a period ofrestricted oceanic circulation 
and increased continentality with marked thermal gradients 
and seasonal contrast resulting in a more severe, semi-arid 
climate. Peneplanation and lateritisation was then dominant 
in oxidising inland environments. It is significant that closely 
related red-beds are best developed during the Devonian and 
Triassic at times of marked global regression , continental 
emergence (cf. WISE, 1972, Fig. 2) and semi-aridity (e.g. 
LAMING, 1973; HUBERT, 1977). Rising sea-levels with increased 
precipitation result firstly in aggradation _deposits (i.e. 
piedmonts and alluvial plains of braided streams) and finally 
in meander plains , lakes and swamps with improved maturity 
of river valleys and sediment composition. Middle Pleistoce­
ne to Holocene glacio-eustatic sea-level fluctuations and as­
sociated temperature variation resulted in more rapid clima­
tic effects . 

Marine sedimentation rates and hiatuses 

Maximum sediment accumulation rates during the late Pha-
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nerozoic correlate with worldwide epicontinental marine 
transgression or the reversal between a transgression and 
regression, while minimums correspond to regression or the 
reversal between a regression and transgression (RONA, 
1973-a). The late Cainozoic eustatic sea-level cycle therefore 
requires high rates of sediment accumulation for the early 
Middle Miocene and late Quaternary (increasing to the pre­
sent) , whereas lower rates and even hiatuses would apply for 
late Middle Miocene to early Pliocene time. DSDP data from 
the world's oceans entirely confirms this situation, and the 
globally synchronous nature of the fluctuations (RONA, 
1973-b;VAN ANDEL ET AL., 1975; DAVIES ET AL., 1977). The most 
widespread erosional event of the late Cainozoic reached a 
maximum about 12 Ma B.P. in the equatorial Pacific. Al­
though VAN ANDEL ET AL. (1975) attributed this to enhanced 
bottom-water flow resulting from major development of Ant­
arctic glaciation , I believe this hiatus and contemporary low 
sediment accumulation rates worldwide can only be effecti­
vely explained by accepting evidence for the increased ari­
dity of continents at that time , lower discharge volumes of 
rivers and consequent decreased sediment supply (hoth 
chemical and detrital ; cf. present-day desert Australia) to the 
oceans. This situation reversed once pluvial conditions were 
generally re-established by the late Cainozoic sea-level rise . 
Sediment peaks and hiatuses contemporary with those dis­
cussed here are also documented by QUILTY ( 1977) from the 
west Australian margin and are directly correlatable with 
regression and transgression in the manner of RONA ( 1973-a). 

Oceanographic features 

Because of minimum sea-levels in late Middle to Late Mioce­
ne time, continental shelves (and epeiric seas) hardly existed 
and deltaic sediments and flysch (also 'turbidites') were 
dumped directly onto continental slopes and even abyssal 
plain margins forming great fan complexes, sometimes at the 
termination of submarine valleys. These deposits often have 
excellent oil potential (e.g. Borneo - Kutei and Tarakan 
Basins: FLETCHER & SOEPARJADI, 1976; California: SULLWOLD, 
196 1). Although the majority of submarine canyons probably 
formed during maximum Cainozoic regression in the Oligo­
cene, late Middle lo Late Miocene low sea-levels probably 
resulted in their strong rejuvenation and subaerial deepening. 
Increased sediment accumulation rates in the Quaternary , 
and glacial sea-level lowering to and below the shelf-break 
level (evidenced by deeply submerged wave-cut terraces and 
unconformities) faci litated turbidity current action and mass 
movements on unconsolidated sediments (cf. KUENEN, 1950, 
p. 503) thus modifying canyon profiles. Also during the late 
Miocene low sea-level, shallow seamounts were eroded, and 
exposed coral formations were partly dissolved and re­
crystallised. With the succeeding sea-level rise, atolls were 
formed where coral growth kept pace with the rate of sea­
level change . 
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Fauna/ extinction, diversification and migration 

According to MOORE ( 1954, 1955) and NEWELL (1963), the most 

dramatic episodes of mass extinction in the fossil record took 
place during major marine regressions, often associated with 
regional unconformities and crustal quiescence. Rates of 
global regression (and accompanying environm'ental chan­
ges) were greater than those of transgression (v AIL ET AL., 

1977), so evolutionary changes in many organisms could not 

keep pace. During regressive periods, the marked alteration 
of oceanic circulation and thermal regime (VALENTINE & 

MOORES, 1970; HAYS & PITMAN, 1973) , and the diminuition of 
epicontinental seas, together with increased thermal gra­
dients, seasonality and aridity on continents would produce 

considerable ecological stress resulting in extinctions in both 
marine and terrestrial . faunas. However, the formation of 
extensive land bridges then allowed development of newly­
evolving cosmopolitan la nd faunas. Evidence suggests that 

the late Miocene regression was of lesser magnitude than 
those of the post-Cretaceous and Oligocene, and consequent 

extinctions were less evident. 
However, this regression led to one of the most important 

developments in primate evolution. The well-established 
trend in most equatorial regions during Pleistocene phases of 
low sea-level, of the replacement of tropical rain-forest by 
savanna (and even desert!) (e .g . VERSTAPPEN, 1975-a; 
FAIRBRIDGE, 1976; ALEKSEEV, 1977) was even more pro­
nounced during late Miocene regression (COETZEE, 1977). I 0 
to 14 Ma ago in a faunal zone stretching from East Africa to 
India, climates that had been tropical were becoming more 
temperate. jungles were thinning out , and fruits normally 
available year round began to appear only seasonally (PIL­

BEAM, 1972; STOLER, 1977). Some of the forest-dwelling ar­

boreal apes began venturing into grasslands at the forest 
margin, developing bipedalism in their search for food. Ac­
companying evolution resulted in Ramapithecus, probably 
the first hominid and forebear of Australopithecus (and fi­
nally Homo) , fully adapted to savanna-dwelling by the early 
P liocene. A parallel change from browsing to grazing habits 
occurred among many mammals as an adaptation to the 
changing environment. 

Rising late Cainozoic sea-levels with accompanying 'com­
partmentation of the continents' and amelioration in climate 
led to increasing faunal diversity and provincialism unti l the 
Middle to Late Pleistocene transition when rapid geogra­
phical shifts of shallow seas to and from continental shelves 
(and glacial temperature variation), resulted in drastic chan­

ges in climate and the distribution of open forest and savanna 
in equatorial regions . Major extinctions of savanna-adapted 
land mammals took place during interglacial high sea-level 
periods resulting from their geographical isolation and the 
unsuitability of increasingly homogeneous, dense rainforest 

habitats. 
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