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Abstract 

Radiocarbon dates of pre-Holocene marine deposits in Hong Kong 
ranging from 21,580 + 1.210 to 45,700 + 2.000 years BP are found 
to be younger than uranium-series dates of mollusks and othcr 
indirect age evidence. Two mollusk samples yielded last intergla- 
cial ages of 130,500 + 5,300 and 1424100 _+ 20.000 years BP. 
respectively. Palynological and oxygen-isotope evidence shows 
that lhe marine deposits containing the mollusks were formed 
under marginally warmer temperature conditions than in the pre- 
sent day, which is consistent with a last interglacial age. Since old 
radiocarbon dates are likely to be minimum age estimates, similar 
studies carried out elsewhere would be of value to Pleistocene 
stratigraphy. 

Introduction 

Numerous finite radiocarbon dates in the range of 
25,000 to 40,000 years BP, which are, if correct,  last 
interstadial, have been cited as proof  that sea level 
stood above its present position at least once during 
the last interglacial time (Bloom 1983). However ,  
radiocarbon ages near the upper  limit of the method 
are notoriously sensitive to contamination.  For an 
age of about 25,000 years BP, 1% modern  carbon 
can change the age by a factor of two while dates of 
39,000 years BP are as good as infinite. In a critical 
review of high interstadial sea levels during the last 
glaciation (Thorn 1973), the need for reliable radio- 
metric dates was stressed, An appropriate  way to 
check the reliability of the results obtained by any 
radiometric method of dating is to use another method 

which is known to be more reliable for that particular 
age range. For example,  last interstadial ages ob- 
tained by radiocarbon dating may be checked by ura- 
nium-series dating. In the latter method,  samples of 
non-recrystallized corals are preferred to mollusks 
because they are less susceptible to open system ex- 
changes (Kaufman and others 1971, Stearns 1984). 
In the absence of coral samples,  reliable dates are 
obtainable from mollusks only if they have remained 
under a closed system since burial. Consequently,  it 
is also desirable to check the validity of dates against 
results obtained by other indirect methods of dating. 

Hong Kong is situated near to the mouth of the 
Pearl River Estuary just south of the Tropic of Can- 
cer on the northern part of the South China Sea (Fig. 
1). It lies on the South China coast which is regarded 
as forming part  of a passive continental margin (Tay- 
lor and Hayes 1980). Because of rapid population 
growth and a great shortage of flat land for urbani- 
zation, engineering work,  particularly that involving 
coastal land reclamations,  have provided excellent 
opportunit ies for the study of Quaternary  deposits. 
Pre-Holocene marine deposits have been encoun- 
tered in boreholes and sea bed excavations carried 
out (Yim and Li 1983; Yim 1984a and 1984b; Wang 
and Yim 1985; Yim and others 1988). Previous ra- 
diocarbon datings of these deposits were found to 
range from 30,560 _+ 580 to 36,230 _+ 680 years BP 
(Yim 1986). If a last interstadial age is accepted, it 
is necessary to invoke post-depositional uplift of Hong 
Kong because the deposits reached an elevation of 
at least - 9  m Principal Da tum (P.D. which in Hong 
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Figure 1. L o c a t i o n  m a p  o f  r a d i o m e t r i c a l l v  d a t e d  s i los  r e f e r r e d  to  in t h e  p r e s e n t  s t u d y .  

Kong is approximately 1.15 m below mean sea level). 
Based on the eustatic sea level of - 4 1  m during the 
last interstadial inferred from coral reef terraces in 
New Guinea (Bloom and others 1974), the amount 
of uplift is about 30 m. This paper presents results 
of a study carried out to check the reliability of last 
interstadial ages obtained by radiocarbon dating, by 
means of uranium-series, and other indirect meth- 
ods. The possibile implications of the results to Pleis- 
tocene stratigraphy are discussed briefly. 

Materials and Methods 

In the present study, samples were collected for ra- 
diometric dating from two localities involving major 
coastal engineering projects (Fig. 1): firstly, from the 
excavation of a land reclamation in the central dis- 
trict of Hung Kong Island to below the former sea 
bed level at the Sheung Wan Station on the Island 
Line of the Mass Transit Railway Corporation,  and 
secondly, grab samples were obtained from dredging 
and boreholes of the sea bed for the tunnel of the 
East Harbour  Crossing. The stratigraphy of the sed- 

imentary successions at the two sites are summarised 
in Fig. 2. 

Following the recommendation of Geyh and others 
(1974), all samples selected for radiocarbon dating 
in the present study were oven-dried soon after their 
collection in the field to avoid unreliable results caused 
by bacterial uptake of recent carbon dioxide. Seven 
samples including one from Sheung Wan and six from 
the East Harbour  Crossing were submitted to the 
Australian National University for radiocarbon dat- 
ing. The Sheung Wan sample was collected from pre- 
Holocene marine deposits and comprises a complete 
oyster shell identified as Crassostrea gigas. Previ- 
ously, two radiocarbon dates of 30,560 +_580 and 
36,230 +_ 680 years BP, respectively, were obtained 
on two oyster shells which formed part of the same 
oyster bed (Yim 1986). All these oyster shells were 
identified to be preserved in their growth position. 
The six samples from the East Harbour  Crossing 
were collected from pre-Holocene marine deposits 
including four mollusk and two organic mud samples. 
The mollusk samples include one of unidentified bi- 
valves and snails, Andara sp., Ostrea sp., and Cras- 
sostrea gigas, respectively. 

Two complete valves of Crassostrea gigas from the 
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Figure 2. Summary of Quaternary stra- 
tigraphy at Sheung Wan and the East 
Harbour Crossing. All samples used for 
radiometric dating in the present study 
are from the stratum of pre-Holocene 
marine deposits. 

Sheung Wan site and the second valve of the same 
Andara sp. specimen from the East Harbour  Cross- 
ing were selected for uranium-series dating. They 
were chosen because both were buried in low perme- 
ability mud in their position of growth which is help- 
ful to ensure that they have remained under a closed 
system without exchanges of uranium isotopes and 
their daughter products. 

The isotope dilution/alpha-spectrometry methods 
used are described in some detail in Lally (1982) and 
Ivanovich (1982). After  dissolution of the sample, 
weighed amounts of 229Th and 236 U spike solutions 
are added. After 24 hours of equilibration, an am- 
monia solution is added resulting in the precipitation 
of ferric hydroxide. The flocculent precipitate is sep- 
arated from supernatant liquid by centrifugation. The 
uranium and thorium coprecipitated with iron are 
redissolved and then passed through an anion ex- 
change column to separate uranium and iron from 
thorium. The uranium and thorium fractions are then 
purified on separate ion-exchange columns and pre- 
pared for electro-deposition on stainless steet plan- 
chets for alpha-spectrometric analysis. The datea- 
bility of mollusks by the uranium-series disequilibrium 
methods are also discussed in lvanovich (1982), ref- 
erences therein, and in Ivanovich and others (1983). 
In the present work, the mollusk samples were dis- 
solved in 2 N nitric acid yielding negligible amounts 
of acid-insoluble detritus. Consequently,  no correc- 
tion of impure calcite conditions were necessary. 

Information on the palynological study of borehole 
samples carried out was presented in Yim and others 
(1988). Only part of the results are included in this 
paper as they will be published in greater detail else- 
where. 

Results of Radiocarbon Dating 

A summary of possible last interstadial radiocarbon 
dates from marine deposits in Hong Kong, including 
the seven new dates obtained in the present study, 
is shown in Table 1. 

The dates show the general trend of shell materials 
being the oldest in relative age followed by wood and 
organic mud. Because the shells are low in faunal 
diversity and are perfectly preserved in most cases, 
recycling of transported shells is considered to be 
unlikely. At the same time, the muds enclosing the 
shells are indicated by their particle size distribution 
to be from a low to moderate  energy environment.  
This rules out the transportation of large shells by 
current action. Although the natural distribution of 
Crassostrea gigas is not fully known (Morris 1985), 
in present day Hong Kong it is cultivated in Deep 
Bay where it lives on intertidal mud flats under  es- 
tuarine conditions, In contrast to oysters, the com- 
paratively thick walled Andara sp. is associated with 
a subtidal muddy bottom environment  (B.S, Morton,  
personal communication,  1987). 

All wood samples radiocarbon dated by RMP En- 
con (1982) were collected from boreholes.  Since the 
sample weights available were small and did not ex- 
ceed 10 g, they were all dated by the accelerator 
method. Because their ages show a tendency to be 
younger than the shells, they are probably derived 
from in situ plant rootlets rather than driftwood. 
However ,  no information was available to confirm 
this. On the other hand, the two youngest ages ob- 
tained for the two organic mud samples from the 
East Harbour  Crossing concur with subaerial expo- 
sure of the deposits during the low sea level stand 
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Table 1. Summary  of possible last interstadial radiocarbon dates from marine deposits in Hong Kong 

Elevation l_aboratory Age 
Localitv Referencc Sample type (m P.D.)  code (years BP) 

East Harbour  present  study organic mud  - 2 0  A N U  6168 21,580 + 1.210 
Crossing 

East Harbour  presen~ studv organic mud - 2 0 . 8  A N U  6169 23,980 + 2,055 
Crossing M21 

Chek Lap Kok RMP Encon (1982) wood - 2 5 . 5  B E T A  4139 26,770 + 84(I 
M28 

Chek Lap Kok RMP Encon (1982) wood -25 .5  BETA 4144 27,660 _+ 590 
M67 

Sheung Wan Yim (1986) Crassostrea gigas 18 KWG 569 30,560 +_ 580 
Sheung Wan Yim (1986) wood - 15.5 KWG 483 31,450 + 61[) 
East Harbour  present  study bivalvcs and snails 2(1 ANU 5968 31,500 + 2,(100 

Crossing 
Chek Lap Kok RMP Encon {1982) wood 26.5 BETA 4140 33,440 + 1,740 

M35 
East Harbour  present  study Crassostrea gigas - 2(I A N U  5965 34,880 _+ 1,230 

Crossing 
Sheung Wan Yim (1986) Crassoslrea gigas 17 KWG 482 36,230 m (~80 
Chck Lap Kok RMP Encon (1982) wood 24.2 BETA 4138 37,590 + 1,590 

M28 
East Harbour  present  study Andara sp. - 2 0  A N U  5967 39,460 + 2,320 

Crossing 
East Harbour  present  study Ostrea sp. 20 A N U  5966 39,910 + 2,460 

Crossing 
Sheung Wan present  study Crassostrea gigas 17 A N U  5964 45,700 ~ 2,000 

P .D . - -P r inc ipa l  Da tum in Hong Kong is approximately 1.15 in below mean sca level 
A number  of infinite dates which may also bc last intcrstadial have not been included 

of the Last Glacial Maximum at about 18,000 years 
BP. The radiocarbon ages of 21,580 _+ 1,24(/ and 
23,980 + 2,055 years BP are transitional between 
the last glacial and last interstadial which is best ex- 
plained by contamination of the samples through the 
introduction of "new"  carbon during the last glacia- 
tion. 

The frequency with which the period 28,000 to 
38,000 years BP recurs in radiocarbon dates from 
samples in coastal deposits and on the continental 
shelf implies either a consistent degree of 1 - 3 %  con- 
tamination of a variety of marine organisms of other- 
wise infinite or background age, or that a real event 
has taken place (Thom 1973). A real count is ruled 
out in the present study because of the high elevation 
of the samples. In the coastal region of South China, 
rates of uplift found by Huang and others (1984) 
cannot account for their present day elevation. If the 
elevation of last interstadial sea level stand of - 4 1  
m inferred from coral reef terraces in New Guinea 
by Bloom and others (1974) is accepted, then the 
amount of post-interstadial uplift is about 30 m. 
However,  evidence to support uplift of such mag- 
nitude is lacking in Hong Kong. Fur thermore,  al- 
though an age of 29,000 years BP was assumed for 
reef complex II (Bloom and others 1974), the age 
was obtained by radiocarbon dating and has not been 

checked by uranium-series dating. The radiocarbon 
dates of shells are therefore more likely to represent 
minimum ages which may be caused by post-depo- 
sitional changes in the calcite/aragonite ratio through 
recrystallization in addition to other causes. 

Results of Uranium-Series Dating 

Dates obtained on shells other than corals by the 
uranium-series method are highly questionable 
(Kaufman and others 1971, Stearns 1984). However,  
in Hong Kong corals from pre-Holocene marine de- 
posits have not yet been found so it was therefore 
necessary to at tempt dating of available mollusks. 

The migration of uranium-series isotopes out of 
and/or into mollusks was considered by Kaufman and 
others (1971) to pose a serious obstacle to age de- 
termination. Because of this, it is essential to select 
shells which have remained in a closed system since 
burial. In the present study, both oyster shells chosen 
exceeded 12 cm and the Andara sp. shell exceeded 
6 cm, therefore a derived origin may be ruled out 
due to their large size. Furthermore, since these shells 
were all found buried in their growth position within 
a mud of low permeability, they should stand a rea- 
sonable chance of being successfully dated. This was 
partly confirmed by the results (Table 2). The first 
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Table 2. Uranium-series  disequil ibrium obtained from three mollusk shell samples in Hong Kong 
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Sample Uranium Activity ratio Age Initial 

Locality code (ppm) 234u/238u 230t h/234U 230rh/232Th (years BP) (234u/238u)o 

Sheung wan ~ H 4893 0.152 + 0.003 c 1.28 _+ 0.03 1.33 _+ 0.03 22 - -  - -  

Sheung Wan ̀+ H 4894 0.42 + 0.01 1.15 + 0.01 0.715 _+ I).016 37 130,500 + 5,300 1.20 _+ 0.02 
East Harbour H 5261 0.10 _+ 0.005 1.44 +_ 0.08 0.77 + 0.06 13 142+000 +_ 20,01111 1.66 _+ 0.12 

Crossing h 

~ Crassos t rea  gigas  

h A n d a r a  sp 

�9 All quoted values are one standard deviation uncertainties due to nuclear counting statistics only 

specimen (H 4893) yielded a 230Th/234 U activity ratio 
greater than unity and a finite age could not be in- 
ferred from it. Since both Crassostrea gigas speci- 
mens were derived from the same location, the rel- 
atively low uranium content (0.152 ppm) in the first 
specimen H 4893) compared with the second (H 4894, 
0.42 ppm) may be indicative of loss of uranium since 
deposition. Coupled with its nonmarine 234u/230 U 
activity ratio, which is considerably greater than the 
sea water value of 1.15 suggested by Thurber and 
others 1965), it has been concluded that the shell (H 
4893) remained an open geochemical system and 
therefore could not be dated. The second specimen 
(H 4894) yielded a finite age of 130,500 __ 5,300 years 
BP. it is suggested that this age is reliable because 
the 230Th/232Th activity ratio is well in excess of 20 
and no correction for detrital thorium was required. 
Since only negligible amounts of acid-insoluble det- 
ritus were obtained from both specimens, detrital 
mineral analysis was not carried out. This age is re- 
garded as likely because the initial 234v/230 v activity 
ratio is within two standard deviations of the sea 
water value of 1.15 _+ 0.01. Therefore, it is reason- 
able to suppose that the shell remained a closed geo- 
chemical system. The third specimen (H 5261) yielded 
an age of 142,000 _+ 20,000 years BP in comparison 
with a radiocarbon age of 39,460 _ 2,320 years BP 
obtained for the other valve. Although the uncer- 
tainties are rather large due to a combination of small 
sample weight and low uranium content (0.1 ppm), 
the age is within one standard deviation of the 130,500 
years of the second specimen (H 4894). However, 
the initial 234u/238 v activity ratio of 1.66 -+ 0.12 is 
considerably greater than the sea water value of 1.15, 
and the inferred age should be viewed with caution. 
The high 234u/238v activity ratio of this sample may 
be the consequence of post-depositional influx of dis- 
solved uranium in soil or groundwater. Its presence 
would modify the true age of the specimen to dif- 
ferent degrees depending on whether this influx was 
continuous throughout its burial in the deposit or 
was a recent episode. In any event, the age of sample 

H 5261 appears to be much greater than suggested 
by its radiocarbon age. 

Indirect Evidence and Implications of a Last 
Interglacial Age on Pleistocene Stratigraphy 

The two finite ages of 130,500 +_ 5,300 and 142,000 
+_ 20,000 years BP obtained are indistinguishable 
from the 125,000 years B.P. of the last interglacial 
period (Kaufman 1986) and oxygen isotope stage 5e 
(Shackleton and Opdyke 1973). This is supported by 
two indirect lines of evidence. Firstly, palynological 
studies of marine boreholes from the coastal waters 
of Hong Kong have revealed that the pre-Holocene 
marine deposits shown in Fig. 2 possess a plant as- 
semblage indicating a paleotemperature at least as 
high if not higher than in the present day. Table 3 
provides a summary of the spores and pollen of com- 
mon occurrence present in the last interglacial ma- 
rine deposits of Hong Kong. Based on the present 
day distribution of the two mangrove species, Son- 
neratia alba and Sonneratia caseolaris (Muller 1969) 
which are both absent in Hong Kong in the present 
day, a mean annual temperature of about 22~ at 
sea level was exceeded by at least 2~ during the last 
interglacial period. Many of the species shown in 
Table 3 are found south of Hong Kong in the present 
day. Secondly, evidence obtained from oxygen-iso- 
tope study of planktonic foraminifera from a core in 
the continental slope of the northern South China 
Sea (Wang and others 1986) indicated that the last 
interglacial period is the only time period when pa- 
leotemperatures approached the level of the present 
day during the last 130,000 years. 

The two last interglacial ages obtained by uranium- 
series dating, palynological and oxygen-isotope evi- 
dence, have shown that the last interstadial ages pre- 
sented in Table 1 are likely to be erroneous. The 
radiocarbon dates are minimum estimates of the true 
age but in spite of this, the trend in ages shown by 
shell, wood, and organic mud sample types are useful 
in reflecting the change in paleoenvironmental con- 
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Table 3. Spores and pollen of common occurrence in last interglacial marine deposits 
of Hong Kong 

Fern spores Wood pollen 

Acrostichaceae 
Acrostichl~m allreum L.* 

Cyathcacea 
Cyathea brunnoneana Wall. 
C. podophylla (Hock.) Copel. 

Dennstaediaceae 
Microlepia caud(fiormis Ching 
M. Crass Ching 

Dicksoniaceae 
Cibotium barometz (L.) J. Smith 

Gleicheniaceae 
Dicranopteris linearis (Burman f.) 

Underw. wm lmearis 
D. [inearis (Burman f.) Underw. vat, 

tetraphylla (Rosenst.) Nakai 
Diplopterygium chmensis (Rosenst.) 

DeVol 
D. laevissimum (Christ) Nakai 

Grammitidaceae 
Prosaptia urceolaris (Hay.) H. lto 

Lygodiaceae 
Lygodium microphyllum (Cav.) R. Br. 

Potypodiaceae 
Polypodium niponicium Mett. 

Pteridaceae 
Pteris hainanesis Ching 
P. maclurei Ching 
P. taiwanensis Ching 

Altingiaceae 
Altingi, chinensis (Champ.) Oliv. 
Liquidambar fi)rmosana Hancc 

Euphorbiaceae 
Macaranga denticulam (BI.) M.A. 

Myrsinaceae 
Aegiceras corniculatum (k.) Blanco:' 

Myrtaceae 
&'zygium cumini (g.) Skecls 

Palmae 
Rubiaceae 

Ramlia merrillii Chun 
Rhizophoraceae 

Braguiera sexangula (kour.) Poir. := 
Kandelia candel (L.) Druce::: 
RhizoFhora apictdata BI, : 
R. IllltCrOllaltl Lam,:: 
R. stvlosa Griff.* 

Sonneratiaceae 
Somwratia alba J. Smith:' 
Somw,'atia caseolaris (L.) Engl.:' 

gcrbcnaceae 
Avicennia marina (Forsk) Vierk: 

Podocarpaccae 
Dacrvdi,m pierrei Hickel 
Podocart~us sp. 

* Mangrove species 
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ditions which have taken place. The older ages shown 
by the shell samples and the younger ages shown by 
the organic mud samples are consistent with sub- 
aerial exposure of the last interglacial deposits during 
the Last Glacial Maximum when sea level fell to 
about - 1 3 0  m (Emery and others 1970). The latter 
is supported by the recognition of a desiccated crust 
such as that occurring in the East Harbour Crossing 
(Fig. 2). 

A last interglacial age for pre-Holocene deposits 
in Hong Kong has two important implications on 
Pleistocene stratigraphy. Firstly, sedimentation rates 
of inshore waters during the Late Pleistocene are 
greatly reduced. A shift in age from last interstadial 
to last interglacial has increased the duration of the 
disconformity existing between the last glacial ter- 
restrial deposits and earlier marine deposits by more 
than three times. This reinforces the view that the 
Pearl River Delta, with the highest sedimentation 
rate in the region at present, was essentially formed 
after the Holocene transgression. Secondly, sea level 
and associated paleoenvironmental changes during 
the Late Pleistocene are more consistent with the 
world-wide scenario. The identification of last inter- 

glacial marine deposits in Hong Kong reaching an 
elevation of at least - 9  m P.D. (Yim 1986) concurs 
with global evidence that sea levels in stable crustal 
regions during this time were close to or perhaps even 
slightly higher than in the present day. This is con- 
sistent with a number of localities, including Aus- 
tralia (Marshall and Thom 1976, Szabo 1979) and 
Oahu (Ku and others 1974), in the world where ura- 
nium-series dating of corals have revealed last inter- 
glacial deposits between 2 to 9 m above present sea 
level. In Hong Kong this is further supported, al- 
though admittedly controversially, by the presence 
of marine erosional features including wave-cut plat- 
forms and sea caves present on exposed rocky head- 
lands a few meters above present sea level. 

Because of the recognition of the last interglacial 
sea level in Hong Kong, last interstadial sea levels 
along the coast of the People's Republic of China 
recognized solely on the basis of radiocarbon dating 
should be treated with extreme caution. It is desir- 
able to carry out uranium-series dating of corals if 
available and mollusks if corals are absent, and, to 
examine palynological and oxygen-isotope evidence 
to determine the validity of the last interstadial age. 
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Conclusions 

E x t r e m e  c a u t i o n  is n e c e s s a r y  in t h e  i n t e r p r e t a t i o n  o f  

o ld  r a d i o c a r b o n  d a t e s  n o t  s u p p o r t e d  b y  o t h e r  l i ne s  

o f  e v i d e n c e .  In  t h e  p r e s e n t  s t u d y ,  u r a n i u m - s e r i e s  d a t -  

ing o f  m o l l u s k s  u n a f f e c t e d  b y  t h e  m i g r a t i o n  o f  u r a -  

n i u m  i s o t o p e s  a n d  t h e i r  d a u g h t e r  p r o d u c t s  s i n c e  b u r -  

ial ,  m a y  b e  a v a l u a b l e  a d j u n c t  f o r  c h e c k i n g  t h e  

r e l i ab i l i t y  o f  las t  i n t e r s t a d i a l  a g e s  d e t e r m i n e d  by  ra -  

d i o c a r b o n  d a t i n g .  T h i s  m e t h o d  c o u l d  h a v e  w i d e -  

s p r e a d  a p p l i c a t i o n  in t h e  s t u d y  o f  L a t e  P l e i s t o c e n e  

m a r i n e  d e p o s i t s  w h e r e  c o r a l s  a r e  a b s e n t  a n d  m o l l u s k s  

a re  a v a i l a b l e .  A l t h o u g h  u r a n i u m - s e r i e s  d a t i n g  o f  fu r -  

t h e r  s a m p l e s  w o u l d  b e  d e s i r a b l e ,  t h e  las t  i n t e r g l a c i a l  

d a t e s  o b t a i n e d  in t h e  p r e s e n t  s t u d y  a g r e e  w i t h  in-  

d i r e c t  e v i d e n c e ,  a n d  t o g e t h e r ,  t h e y  i n v a l i d a t e  t h e  

r a d i o c a r b o n  ages ,  w h i c h  a r e  t o o  y o u n g .  B o t h  pa ly -  

n o l o g i c a l  a n d  o x y g e n - i s o t o p e  e v i d e n c e  a r e  f o u n d  to  

be  i n d i c a t i v e  o f  m a r g i n a l l y  w a r m e r  t e m p e r a t u r e  c o n -  

d i t i o n s  t h a n  t h e  p r e s e n t ,  w h i c h  is in e x c e s s  o f  t h e  las t  

i n t e r s t a d i a l .  T h e r e f o r e ,  s i m i l a r  s t u d i e s  c a r r i e d  o u t  

e l s e w h e r e  w o u l d  b e  o f  v a l u e  to  i m p r o v e  o u r  u n d e r -  

s t a n d i n g  o f  P l e i s t o c e n e  s t r a t i g r a p h y  as w o u l d  f o l l ow-  

u p  o x y g e n - i s o t o p e  s t u d i e s  o n  m o l l u s k s  to  p r o v i d e  

p a l e o t e m p e r a t u r e  d a t a  to  c o n f i r m  t h e i r  las t  i n t e r g l a -  

cial  o r i g in .  
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