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FOREWORD

The Economic and Social Commission for Asia and the Pacific (ESCAP), the International
Geological Correlation Programme (IGCP), the International Union of Geological Sciences
(IUGS) and the Association of Geoscientists for International Development (AGID) jointly
sponsor the International Geological Correlation Project 296, Quaternary of the Asia/Pacific, a
regional project concerned with the development of Quaternary correlation scheme for the
Asia/Pacific area. IGCP Project 296 was first approved by the IGCP Board at its session held
in Paris in 1989. The first mecting of IGCP Project 296 was held in Ipoh, Malaysia in
September, 1989, and was hosted by the Geological Survey of Malaysia (Ipoh Laboratories).
The participants represented 12 countries including Australia, China, France, Indoncsia,
Malaysia, Netherlands, New Zealand, Philippines, Republic of Korea, Sri Lanka, Thailand,
United States and Viet Nam. Representatives of ESCAP and UNESCO also attended.

The papers presented at that meeting are presented hercin as Atlas of Stratigraphy X
IGCP 296 (1989). All of the papers presented during the life of the project are scheduled to
be published by ESCAP in this Atlas series. The IGCP Project 296 also publishes a
Newsletter, issued biannually, which is available from ESCAP’s Natural Resources Division. A
roster of Quaternary geologists from the region is being compiled.

The papers in this volume represent the progress which has been made in correlating the
Quaternary in a number of countries of South, East and Southeast Asia. At present, the activ-
ity is identifying the most reasonable basis for establishing a correlation scheme and a number
of promising lines of research have been identified. The Quaternary deltas and lake deposits
of the region offer a fertile basis for establishing a time-stratigraphic basis for regional correla-
tion. Corrclation of loess sequences which include tektites in a number of countries was con-
sidered to be a fruitful approach to the correlation of the last 700,000 to 800,000 years of Qua-
ternary time. The Ipoh meeting also concluded that marine transgression sequences (which
include buricd peats) were remarkably similar in many of the coastal areas of East and South-
east Asia and this too showed promise for future correlation.

Continental deposits with well preserved mamallian remains have been known for many
years from China and Indonesia and it may be possible to corrclate these non-marine sequences
with those of the deltaic and offshore sequences. A detailed classification and correlation of
climatic phases is cspecially well advanced in China, Australia and New Zealand. Finally, it
was noted that regional cooperation was extremely important in establishing a firm and lasting
basis for Quaternary correlation in Asia and the Pacific.

ESCAP would like to express its appreciation to the participating countries and to the
donor agencies for their support of IGCP 296.

ESCAP Secretariat
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warming (tree-line rise of 200 m) towards end of
period.

N. Aust. effective precipitation 30 per cent - 40 per
cent present.

Southecast Australia
Essentially a transitional phase.

Conditions becoming cooler and drier, although
conditions not uniform throughout region.

Inland lakes exhibit widespread falling but some
remain full (local catchment conditions).

Pollen indicates continuation of conditions drier
than present.

Tasmania cooler, drier than present; grassland
replacing forest.

Much evidence of increased windincss throughout
the inland and SE of the continent.

18 +/-2 ka ‘Spike’ - SL ¢. -150 m.

[Glacial maximum; age control for this spikc not
equally good for all data)

Northern Australia and Papua-New Guinea:
Glaciation of highlands; temps 7°C lower than
present.

N. Aust. continuation of effective precipitation 40
per cent present; longitudinal dune formation in
north cental part of continent.

Southeast Australia

Widespread cvidence of aridity — harshest climate
of last 32 ka. Widespread drying of lakes, mobi-
lization of dunes. Treeline lowered by between
1,000 m and 1,500 m; 6°-10°C cooler than present.
Small cirque glaciers in highest parts of continent
(Snowy Mts, ¢. 2,000 m ASL, in the southeast) and
Tasmania.

Precise levels of precipitation unclear; increased
dune building may have been controlled more by
increased windiness than decreased precipitation.

Strong evidence of high discharges in inland rivers;
perhaps a sign of increased runoff (depleted
vegetation cover, lowered evaporation?).

15 - 10 ka ‘Series’ - SL ¢. -135 m (15 ka) to -35 m
(10 ka).

[Good age control for this series, but time of
deglaciation still subject to debate; time of rapid
change]|

Northern Australia and Papua-New Guinea:
P-NG highlands glacier retreat started c. 14.5 ka;
temps rose 6° - 8°C throughout time period.

Substantial increase of precipitation in western
P-NG (flooding of neighbouring seas?).

Southeast Australia
Time of climatic amelioration; onset of sedimen-
tation m high altitude bogs about 15 ka.

Inland rivers changed from being large, high
discharge, bedload streams, to smaller, suspended
load streams which are essentially the same as the
present channcls.

Cessation of dune building activity.

7 +/- 2 ka ‘Spike’ - SL ¢. -20 m (9 ka) to + 1-2 m
(5 ka).

[Early Holocene “climatic optimum” - generally
warmer and wetter than present]

Northern Australia and Papua-New Guinea:
Temps and treeline a little higher than present;
introduction and expansion of agriculture in P-NG.

Invasion of rainforests in N. Aust. 85 - 7.5 ka;
consistent cvidence for higher precipitation than
present.

Southeast Australia
Widespread cvidence of conditions wetter than
present (+20 per cent?) - high lake levels and
wetler vegetation at many sites throughout SE and
southern Australia.

6. The environmental “movement”

A final comment should be made about the
increasing role of Quaternarists in Australian cnviron-
mental issues. A growing desire on the part of
government authorities for a better understanding of
environmental change has meant a greater role for the
Quaternary.  Quaternarists have been involved, for
example, in the following issues:

Heritage and conservation values of north Queen-
sland rainforests;

Logging of native forests in the southeast;

Conscrvation of important, very early archaeologi-
cal sites in the inland;

Land degradation, particularly salinisation, in many
areas of Australia;

Asscssment of rates of landscape change under
pre-Aboriginal, Aboriginal and European oc-
cupance;

“Natural” and prescribed burning of many parts of
the continent.
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Symbols show conditions relative to present:

Waetter O Warmer +
Drier O Cooler -
As present O As present /

Numerical values compare with present:
Temperature eg. -3°(C) Rainfall eg. 0.5P

Contribution numbers eg. 7

Sea Level -4515m (rof. 102)

The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

Figure 1. Map showing conditions relative to present at 32,000 B.P. + or — 5,000 B.P. "Spike"



Symbols show trends following 32ka conditions:

Becoming wetter O Becoming warmer +
Becoming drier Becoming cooler -
Stable 0 Stable s

Numerical values compare with present:
Temperature eg. -3°(C) Rainfall eg. 0.4P

Contribution numbers eg. 22 or *

Sea Level Falls from c.-70 through ¢.-120m (ref. 102)
The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

Figure 2. Map showing trends following 32,000 B.P. conditions for the period from
25,000 to 20,000 B.P.
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Symbols show conditions relative to present:

Waetter O Warmer +
Drier 10 Cooler -
As present ad As present V.

Numerical values compare with present:
Temperature g. -4°(C) Rainfall eg. 0.4P

Contribution numbers eg. 47 or *

Sea Level -150m {ref. 102)
The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

Figure 3.

Map showing conditions relative to present at 18,000 B.P. plus or minus 2,000 B.P. "Spike"
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Map showing Southern Ocean at 18,000 B.P. (from Hays, 1985)
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Symbols show trends following 18ka conditions:

Becoming wetter O Becoming warmer  +
Becoming drier Becoming cooler -
Stable | Stable -,

Numarical values not shown.

Contribution numbers eg. 59 or *

Sea Level Rises from ¢.-130 to ¢.-35m (ref. 102)
The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

Figure 5. Map showing trends following 18,000 B.P. conditions at 15,000 to 10,000 B.P.
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Figure 6. Map showing conditions relative to present at 7,000 B.P. + or — 2,000 B.P. "Spike"
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PROPOSED STRATOTYPE SECTION:
QUATERNARY MARINE STRATOTYPE OF CORE QC, IN HUANGHAI SEA

Lin

1. Introduction

For the correlation of Quaternary stratigraphy
between China shelf and adjacent coastal areas, 5 cores
were drilled in the south Huanghai Sea onshore and off-
shore. Core QC, is onc of the five, located in shelf arca
(122° 16’E, 34° 18'N) at the water depth of 49.05 metres

by

Hemao!

1). The core is 108.83 m long, in which the subchron
Olduvai (about 1.7 Ma) has been reached at bottom of
the core according to paleomagnetic analysis. Various
samples have been collected and analyzed systematically
for lithology, mineralogy, scdimentology, chronology,
palacontology and geochemistry. In the range of
Quaternary studies, it is one of the best cores 5o far in

(m), with average coring rate up to 90.4 per cent (Figure China.
T T T T T T
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The boundaries and names shown on
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Figure 1. Sketch map of location of core QCy

I Institute of Marine Geology, Ministry of Geology and Mincral

Resources, China.



Holocene
HI*
1. Dark grey silty mud
2. Dark grey silt with shells.
3. Dark grey silt intercalated with yellowish grey coarse silt.
4. Dark grey to ycllowish brown silty mud
5. Yellowish brown silt-fine sand intercalated with black silt-fine sand mixed with
organic matter.
6. Greyish yellow silt.
7. Dark grey silt.
8. Dark greyish brown silty clay
9. Dark grey silty clay, intercalated with a little yellow silt and black clay
10.  Greyish yellow silt
11.  Grey and dark grey muddy silt
12.  Dark grey silty mud
13.  Black clay with greyish silt
14. Dark grey silty clay
15. Dark grey clay
16. Dark grey clay and yellowish grey fine silt
17. Dark grey silty clay, intercalated greyish and yellowish grey silt.
18. Greyish black clay with a few sand lenticles
19. Black clay and silty clay with peat laminac
20. Dark grey silty clay and yellowish grey silt with peat and ecrosional surface at the
bottom
21.  Greyish green and black clay
22.  Dark grey silty clay with greyish silt laminae and lenticles.
23.  Greyish black clay intercalated with greyish silt
24. Black clay with shells
25. Dark grey clay and silty clay with peat laminae and greyish silt lenticles.
26. Dark grey silty clay and brownish silt with peat laminae and erosional surface at the
bottom
Late Pleistocene
cr’
27. Dark green silty clay interbedded with greyish green silty clay, with silt increasing
downwards, and several ¢cm silt at the bottom
HII{
28. Grey and greyish black muddy silt with yellowish grey massive silt.
29. Dark grey and greyish black clay, with a little massive silty clay at the middle and
upper parts
30. Dark grey and greyish black silty clay
31. Dark grey and greyish black clay with a few carbonaceous laminae
cl
32. Grey and greyish green silt with a little clay
33. Grey and greyish brown fine sand, with some little silt and a few carbonaceous laminae
34, Greyish green silt mixed with dark grey silty clay and brown massive silt
Hil,
35. Greyish green clay intercalated with brownish grey silt and silty clay
36. Brownish and grey silt intcrcalated with dark grey silty clay at the upper, and
stained with ferrum
37. Greyish black silty clay intercalated with black clay and yellowish grey silt lenticles

2. Lithological units (Figure 2)

" HI — Marine Transgressive Bed I of Huanghai Sca.
" CI - Terrestrial Bed 1.
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38.
39.
40.
41.
42.

43,
44.

CIHI

45.

HIII

45.

Cc1v

48.
49.

HIV

50.
51

52.
53.
54.
55.

56.

57.
58.
59.

60.
61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
2.

73.
74.
75.

Dark grey silty clay intercalated with dark grey clay and yellowish grey silt lenticules
Dark grey silty clay

Dark grey shelly silt

Dark grey clay with sporadic carboniferous laminae

Brownish grey silt, with some little dark grey silty clay and clay, ycllowish brown silty
clay and carboniferous laminac

Dark grey silty clay with much feralite

Greyish black massive clay with dark brown silty clay

Dark grey clay intercalated dark grey and brownish grey clay

Dark grey silty clay with yellowish grey silt lenticles and sporadic carboniferous
laminae

Greyish black clay mixed with dark grey silty clay

Greenish grey silt and silty clay and carbonic laminae
Dark grey silty clay interbedded with yellowish grey silt and fine sand, with
carbonaceous lenticles at the lower part and erosional surface at the bottom

Grey silty clay or clayey silt

Dark grey silt and some little silty clay at the upper with greyish green silty clay at
the top, and dark grey silly clay with dark grey clay and yellowish grey silty clay at
the middle and the lower

Grey find silt with silty clay

Dark brown massive clay

Dark grey silty clay and clay, with erosional surface at the bottom

Dark grey silty clay interbedded with clay, and intercalated with sporadic peat
laminac

Dark grey clay with greyish silt Ienticles, at the bottom with brownish ferruginous silt
and a few pcat laminae

Dark grey clay and silty clay

Dark grey clay intercalated with greyish silt

Dark brown clay with plenty of organic matter and intercalated with ycllowish grey
massive silt

Dark grey clay and greyish brown clay

Dark grey and greyish brown clay with crosional surface at the bottom

Dark grey clay and greyish silt, with brown ferugo-silt and sand at the top

Grey clay intercalated with brown clay and greyish silt, with a pcat lamina and
fragmental shells at the middle

Dark grey and greyish brown clay

Dark grey and greyish brown clay interbedded with greyish and yellowish silt

Dark grey and greyish brown clay

Dark grey clay and some little greyish brown clay intercalated with brown silt

Dark grey and greyish clay, with carbonaceous laminae at the lower

Dark grey clay and a little greyish clay, intercalated greyish and yellowish grey silt
Dark grey clay with brownish silt

Dark grey clay with greyish brown clay in some parts and decrcasing down wards
Dark grey clay with brown and greyish brown massive clay, the upper having nodules
of Fe and Mn, the middle and the lower having fine grains of pyrite mixing in the
massive clay

Dark grey clay intercalated with dark greenish grey massive silty clay

Dark grey and greyish brown clay with pyrite nodule and feralite

Dark grey silty clay intercalated with dark grey clay

135
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0.64
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Middle Pleistocene

HV

76.

7.
78.
79.

80.
81

82.
83.

84.
8s.
86.

87.

Ccv

88.
89.

90.

9L

HVI

92.
93.
9.

9s.
96.
97.
98.

99.
100.
101.
102.

103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.

Yellowish grey silt and silty-fine sand interbedded with greyish brown clay and dark
grey silty clay

Dark grey silty clay with feralite filled with grey silt

Yellowish silt and dark grey silty clay

Dark brownish grey silty clay intercalated with greyish brown silt, with calcareous
nodules at the middle and the lower

Greyish white silt with a little dark grey silty clay in the upper, and greyish white
shelly fine sand in the lower

Dark grey silty clay with organic matter

Dark grey silty clay and silty

Dark grey silty clay intercalated with yellowish grey and greyish silt, partly having
small nodules and grains of FeS, and CaCog partly

Dark grey clay, occasionally intercalated with brownish grey massive clay

Dark grey silt, intercalated with dark brown silty clay having rust spots at thc lower
Greyish black silt with some little dark brown silty clay, having many rust spots in
the silt

Greyish green and dark brown silt, with erosional surface at the bottom

Greyish green silty clay with a few greyish green and greyish white silt lenticles
Greyish green silty clay having many rust spots intercalated with greyish white and
greyish green silt

Greyish green clay intercalated with massive silty clay having rust spots in the upper,
and dark grey silty clay intercalated with grey silt lenticles having Fe-nodules and
feralitc in the lower.

Dark grey silty clay and yellowish grey silt with feralite structure

Brown silt with shells, having bottom erosion

Greyish green, yellow and brown mottled clay with feralite

Greyish green clay interbedded with mottled clay, having Fe-nodules and greyish
black organic laminae

Brown and greyish silt and silty clay and greyish brown clay

Brownish grey silty clay intercalated with dark grey silty clay, having Ca-nodules
Yellowish grey silt interbedded with brownish grey silty clay

Yellowish grey silt intercalated with brownish grey clay and silty clay, having rust
spots and feralite

Brownish grey clay intercalated with greyish silt, having a little feralite structure
Brownish grey silt and brown silty clay with mush feralite

Yellowish grey fine sand intercalated with dark grey silty clay, having many shells
Greyish green silt intercalated with brown silty clay, having rust spots, feralitc and
organic matter

Brownish grey silty clay with big shells

Greyish green silty clay with silt Jaminae and lenticles

Brownish grey silty clay with big shell fragments

Greyish green silty clay with silt, having shell fragments

Bluish grey intercalated with yellowish white silt, having feralite

Dark grey clay with a little greyish white silt, having feralitc and rust spots partly
Dark grey with greyish silt and find sand, and a little greyish black massive clay
Brownish fine sand with a little dark grey clay and more shells

Dark grey and bluish grey silt, with brownish silt downwards

Dark grey clay intercalated with greyish white silt, having feralite structure and shells
Cyclothem of dark grey clay and greyish silty clay, with feralite and organic matter
Greyish black clay with dark grey silt, at the lower having limonite spots

Greyish black silt in the upper, yellowish grey silt intecalated with grey silty clay in
the lower, having bottom erosion

54.36-79.82
54.36-62.05
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0.12
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1.66
2.69
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0.23
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62.05-63.42
0.12
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0.89
0.34

63.42-74.64
0.18
0.18

0.61
0.19
0.36
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0.39
0.35
0.35
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CVI
116.
117.
118.
119.
120.
121.

122.
123.

124.
125.
126.

Bluish grey silty clay having feralite interbedded with dark grey clay,

Cyclothemic interbedding of dark grey and bluish grey clay

Dark grey silt, medium sand and clay having feralite structure

Grey and greyish medium sand intercalated with a few dark grey clay laminae

Dark grey clay with a little silt

Interbedding of greyish and greyish yellow fine sand and silt, having a little dark
grey clay

Greyish yellow medium sand

Interbedding of greyish fine sand and a litte silt, having organic matter at the
bottom

Yellowish grey fine-medium sand intercalated with brownish grey silty clay

Yellowish grey fine sand intercalated with grey to dark grey silty clay

Interbedding of yellowish grey medium and fine sand, and brownish grey silt in the
upper and the middle, and yellowish grey silt interbedded with grey silty clay in the
lower

Early Pleistocene

HVII

127.
128.
129.

130.
131.
132.

133.
134.
135.
136.

137.

138.
139.

140.
141.

142.
143.

145.
146.
147,
148.
149.

150.

151.
152.
153.
154.
155.
156.

157.
158.
159.
160.

Brownish grey clay intercalated with yellowish grey massive silt

Brownish grey clay intercalated with greyish silt, having feralite structurc

Brownish grey clay with yellowish grey silt in the upper, and brownish grey and
yellowish grey silt in the lower

Brownish grey clay with a little greyish silt, having feralite filled with brown silt
Brownish silt

Brownish grey clay, with fine silt and having feralite structurc at the top

Brownish grey clay with lots of feralite structure

Yellowish gray fine sand

Dark grey silt and fine sand with Ca-nodules

Interbedding of dark grey silt and yellowish grey fine sand with shells

Dark grey silt and fine sand

Interbedding of dark grey fine and medium sand and silty clay with shells

Cyclothem interbedding of dark grey silty clay and brownish grey fine sand with shell
fragments

Cyclothem interbedding of dark grey silty clay and brownish grey fine sand
Cyclothem interbedding of yellowish grey silt and greyish black silty clay

Mixed dark grey fine sand and yellowish grey medium sand with shell

Yellowish medium-fine sand with laminae containing dark brown biotite, having a few
organic lenticles

Yellowish and yellowish grey medium sand

Dark grey fine silt

Dark grey fine sand

Yellowish grey medium-fine massive sand

Yellowish grey medium-fine sand with fine sand laminae sporadically

Interbedding of yellowish grey fine sand, brownish grey silty-finc sand and dark grey
silt, with rust spots sporadically

Dark grey fine sand intercalated with dark grey silty clay

Yellowish grey medium sand with black mica lenticles sporadically

Cyclothemic interbedding of brownish grey and dark grey fine sand and silty clay
Yellowish grey medium sand with black mica cross-bedding

Cyclothem interbedding of yellowish grey fine sand and dark grey silty clay

Greyish ycllow medium sand with organic metter and biotite laminae in the upper,
and normal cyclothem beds of dark grey silty clay - grey fine sand - yellowish grey
medium sand in the lower

Dark grey fine sand

Yellowish grey medium-fine sand

Dark grey silt and silty clay

Cyclothem interbedding of greyish fine sand, dark grey silt and silty clay

74.64-79.82
0.16
0.97
0.58
0.30
037

021
0.09

0.19
0.45
0.23

1.63

79.82-108.83
79.82-91.33
0.23

1.01

0.50
0.41

0.09 .

0.52
0.70
0.12
0.35
0.24
0.10
0.27

0.11
0.69
0.37
0.42

0.47
0.35
0.16
0.14
0.41
0.32

0.30
0.08
1.20
0.35
0.05
0.13

0.39
0.10

m
m
m
m
m
m

m

283

m

83 88

8 8 8

m

m

m

m

m

m

8 3

888883 33888838 3

g

m

0.14 m

0.21
0.23

3
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CvIl
161.
162.
163.
164.
165.
166.

167.

168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184,
185.

186.

187.
188.
189.
190.
191.
192.
193.
194.
195.
196.

197.
198.

HVIH
199.
200.
201.

202.
203.

204.
205.

91.33-106.95 m

Brownish grey clay 0.29 m
Dark grey silty clay intercalated with silt lamimae 032 m
Dark brown silty clay with yellowish grey silt laminae 0.46 m
Yellowish grey silt with a little dark brown silty clay 025 m
Brownish grey clay 0.18 m
Dark brown clay with a few greyish and dark grey silt laminae, with erosion at the
bottom 0.47 m
Brownish grey clay with a few greyish silt laminac and verticle feralite structure, having
crosion at the bottom 0.28 m
Dark grey silty clay and clay with feralite structure 023 m
Brownish grey clay, becoming into silty clay and dark grey clay upwards 0.10 m
Yellowish grey silt and silty-fine sand 0.11 m
Ycllowish fine sand interbedded with dark grey silty clay 0.12 m
Cyclothem interbedding of dark grey silt and silty clay 0.13 m
Dark grey and brownish grey silty clay, with a carbonaccous lamina at the top 0.39 m
Dark grey silt and brownish grey silty clay 0.09 m
Dark grey silty clay with a few silt laminae 0.45 m
Cyclothem interbedding of dark grey silt and silty clay with oblique bedding 0.14 m
Yellowish grey fine sand 0.12 m
Dark grey silty clay with a little greyish silt 0.73 m
Dark grey silt and silty-fine sand 0.12 m
Dark grey silty clay with a few silt laminae having carbonaceous lanticles in the 0.67 m
middle 031 m
Dark grey silty clay intercalated with greyish silt laminae, having small cross-bedding 0.17 m
Dark grey finc sand with indistinct cross-bedding 0.70 m
Dark grey silty clay with a few greyish silt laminae, having small feralite 043 m
Dark grey silty clay intercalated with greyish silt and peat laminae
upper, and wave-bedding in the lower 0.43 m
Brownish grey silty clay and greyish and yellowish grey silts with laminac and cross-
bedding 022 m
Brownish grey silty clay with dark grey clay and silt laminae 0.72 m
Yecllowish grey silt intercalated with dark brown beds containing mica 0.30 m
Brownish grey silty clay with a few silt laminac 0.56 m
Yellowish grey and greyish silt intercalated with dark brown silty clay 030 m
Grey silt and fine sand intercalated with silty clay 0.37 m
Grey finc sand, with silty clay partly 032 m
Grey fine sand intercalated with brown silty clay 0.78 m
Grey fine sand, with silty-fine sand partly 2.06 m
Greyish silty-finc sand and brownish grey silty clay with feralite structure 0.36 m
Ycllowish grecy medium-finc sand, having massive structure at the top and oblique-
bedding consisted of biotitc and dark minerals in the middle and the lower 0.71 m
Yellowish grey medium-fine sand 0.61 m
Yellowish grey medium-fine sand interbedded with dark grey silty clay 036 m
107.09-108.8 m
Dark grey medium sand and yellowish grey medium sand 0.15 m
Yellowish grey medium sand with massive structure 041 m
Dark grey medium sand intercalated with yellowish grey medium sand intercalated
with yellowish grey medium sand 0.12 m
Yellowish grey medium sand 0.15 m
Cyclothem interbedding of ycllowish grey medium sand, dark grey medium sand and
silty clay 0.41 m
Greyish medium sand with oblique bedding containing biotite and dark minerals 036 m

Yellowish grey medium sand with massive structure, having a little finc sand at the
top 0.14 m
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3. Biological units

Foraminifcra asscmblages (Figure 3)
Layer 1 and 2 (Sample No. F101-105):
Ammonia Ketienziensis—Astrononion lasmanensis
assemblage S 39.4, N 2740, H(S) 2.75 * (Figure 4)

Dominant species:
Ammonia ketienziensis (Ishizaki)
Astrononion tasmanensis Carler

High-content and common specics:

Elphidium advenum Cushman

Bolivina robusta Brady

Bulimina marginata (d’Orbigny)

Hanzawaia nipponica Asano

Elphidium magellanicum Heron-Allen and Farland

Protelphidium tuberculatum (d’Orbigny)

Gaudrying sp.

Ammonia maruhasii (Kuwano)

Pseudoeponides japonicus Uchio

ete.

Showing shallow-sca environment with water depth
about 50 m and normal salinity.

Laycr 3-12 (F106-116):
Elphidim magellanicum asscmblage
S 13.9, N 2282, H(S) 1.82

Main specics:
Elphidium magellanicum
Ammonia beccarii (Linne’) vars.

Common species:

Cribrononion incertum (Williamson)

Protelphidium tuberculatum

Buccella frigida (Cushman)

Elphidium advenum

Ammonia globosa (Millelt)

cle.

Showing shallow-sea environment with a water
depth of 5-20 m. Its upper and lower parts come closcly
to an inter-subtidal environment because the fossil speci-
mens in the two parts are poorly preserved, the S and
N are comparatively lower, and the content of A. beccarii
vars. higher than in the middle parts.

Laycer 13 (F 117):

Ammonia beccarii vars. assemblage

$2, N 1243

Ammonia beccarii vars. (93.0 per cent)
Protelphidium glabrum (Ho, Hu ct Wang) (6.4 per
cent)

Showing salty marsh environment.

*S — Diversity, i.e. Species Number; S — its Average Value.

N — Abundance, i.c. Specimen Number; N — its Average Value.
11(S) — Information Function; H(S) — its Average Value.

Layer 14-16 (F 118-121):
Elphidium magellanicum assemblage
S 19, N 1883, H(S) 2.11
Dominant specics:
Elphidium magellanicum

High-content species:
Cribrononion incertum
Ammonia globosa
Elphidium advenum
Buccella [rigida
Ammonita beccarii vars.
A, convexidorsa S.Y. Zheng
A.  flevensis (Hofker)
A.  pauciloculata (Phleger and Parker)
Protelphidium tuberculatum
Brizalina striatula (Cushman)
ete.
Showing shallow sca cnvironment with a water

depth of 5-20 m.

Layer 17-20 (F 122-124) and layer 23-26 (F 127-
129): Except sample F 123 containing only one (est
of Jadamina sp., the other samples belong to
Ammonia beccarii vars, asscmblage.

S 3-7, N 143-775, H(S) < 0.57.

Ammonia beccarii vars. (82.7 per cent)
Protelphidium glabrum ctc.

Showing salty marsh environment.

Layer 21-22 (F 125-126):

Ammonia beccarii vars. assemblage

S 20, 21; N 518, 1152: H(S) 2.08, 2.49
Ammonia beccarii vars. (20.6 per cent)
Elphidium magellanicum

Cribrononion incertum

Buccella frigida

Protelphidium tuberculatum etc.
Showing inter-subtidal environment.

Layer 29 (F 132):
Ammonia beccarii vars. Elphidium magellanicum
assemblage
S 17, N 912, H(S) 2.21
Dominant species:
Ammonia beccarii vars.
Quinqueloculina akneriana rotunda

High-content species:
Cribrononion incertum
Buccella frigida
Ammonia globosa
Elphidium advenum
Protelphidium (uberculatum
Brizalina striatula
Elphidium magellanicum
cte.
Showing inter-subtidal environment.
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High-content species:
Elphidium magellanicum
Cribrononion incertum
Buccella frigida
Protelphidium tuberculatum
etc.
Showing inter-subtidal environment.

Layer 54-67 (F 165-181)
Nonionella stella—Elphidium magellanicum assem-
blage
S 8.3, N 218, H(S) 1.38.
Main species ( > 18 per cent respectively)
Elphidium magellanicum
Protelphidium tubercilatum
Nonionella stellata Cushman and Moyer

High-content and common species:

Buccella frigida

Ammonia beccarii vars.

Cribrononion incertum

Quingueloculina sp.

ctc.

Showing shallow-sea environment with water depth
of 5-20 m and low water temperature.

Layer 68-75 (F 182-199):
Nonionella stella--Ammonia ketienziensis assem-
blage
S 129, N 924, H(S) 1.57
Main species (80.4 per cent for all the next 4 specics):
Protelphidium tuberculatum
Nonionella stella
Ammonia ketienziensis
Elphidium magellanicum

High-content and common species:

Buccella frigida

Stainfofthia sp.

Gaudryina sp.

Globocassidulina spp.

Lagena spp.

Fissiurina spp.

eLc.

Showing shallow sca environment with water depth
about 50 m and low watcr temperature.

Layer 76-80 (F 200-203):
Ammonia beccarii vars. Elphidium magellanicum
assemblage
S 17.8, N 3143, H(S) 1.04
Dominant species:
Ammonia beccarii vars. (439 per cent)

High-content and common species:
Cribrononion incertum
Protelphidium (uberculatum
Elphidium magellanicum
E. advenum

Brizalina striatula
etc.
Showing inter-subtidal cnvironment.

Layer 81-87 (F 204-213):
Protelphidium tuberculatum assemblage
S 12.7, N 2007, H(S) 1.34

Dominant species:
Protelphidium tuberculatum

High-content and common species:

Elphidium magellanicum

Cribrononion incertum

Fissurina ssp.

Lagena spp.

Globocassidulina subglobosa

Epistominella naraensis (Kuwano)

Buliminella elegantissima (d’orbigny)

etc.

Showing shallow sca environment with water depth
> 20 m, but the water depth of its upper part become
more shallow to < 20 m.

Layer 112-115 (F 215-227):
Ammonia beccarni vars. Elphidium magellanicum
assemblage
S 7.8, N 536, H(S) < 1.5
Dominant specices:
Ammonia beccarii vars.

High-content and common species:
Elphidium magellanicum
Cribrononion incertum
Protelphidium tuberculatum
P. glabrum
Buccella frigida
cte.

Showing inter-subtidal environment.

Layer 112-115 (F 228-230):
Ammonia beccarii vars. assemblage
S7, 1,3 N9 1,9

Dominant species:
Ammonia beccarii vars.

Other species:
Asterorotalia subtrispinosa (Ishizaki)
Protelphidium glabrum
Elphidium hispidulum (Cushman)
clc.
Showing supratidal-lagoon environment.

Layer 127-133 (F 242-244):
Protelphidium tuberculata—Buccella frigida asscm-
blage
S 7.6, N 603, H(S) 1.20
Dominant species:
Buccella frigida
Protelphidium tuberculatum






Ammonia beccarii vars.

High-content specics:

Elphidium magellanicum

Cribrononion incertum

Ammonia limbatobeccarii (Mclean)

ete.

Showing shallow sea (5-20 m deep) to inter-subtidal
environment.

Layer 134-160 (F 245-256):
Ammonia beccarii vars. assemblage
S 3.5, N 43.

Dominant species:
Ammonia beccarii vars.

Common specics:
Elphidium advenum
Protelphidium glabrum
Asterorotalia subtrispinosa
etc.
Showing supratidal-lagoon environment.

Layer 198-205 (F 281-283):

S 12 N 1-4

Ammonia beccarii vars.
Elphidium advenum

etc.

Showing supratidal environment.

Ostracoda assemblages (Figure 5)

Layer 1 and 2 (Sample No. F 101-105):
Munseyella japonica—Amphileberis gibbera assem-
blage
S 168, N 88, H(S) 2.38

Dominant species:
Amphileberis gibbera Guan
Munseyella japonica (Hanai)

High-content and common species:
Hirsutocythere? hanaii Ishizaki
Cytheropteron miurese Hanai
C. sawanense Hanai
Argilloecia hanaii 1shizaki
Bicornucythere bisanensis {Okubo)
Ambocythere reticulata Jiang et QJ. Wu
Krithe producta Brady
etc.

Showing shallow-sca environment with water depth
about 50 m and normal salinity.

Layer 3-12 (F 106-116):
Neomonoceratina chenae assemblage
Except sample F 107 no Ostracoda was found, the
other samples show S 18.5 and N 439

Main species:
Neomonoceratina chenae Zhao ct Whatley
Sinocytheridea impressa (Brady)

Common species:

Sinocythere sinensis Hou

Cushmanidea subjaponica Hanai

Bicornucythere bisanensis

Echinocythereis bradyformis Ishizaki

ctc.

Showing a shallow-sea environment with a water

depth of 5-20 m. Its upper and lower parts show closely
to an inter-subtidal environment.

Layer 13 (117):

Sinocytheridea impressa assemblage

S 4, N 39

Sinocytheridea impressa (99.2 per cent)
Neomonoceratina chenae etc.

Showing a salty marsh environthent.

Layer 14-16 (F 118-121):
Neomonoceratina chenae assemblage
S 20.5, N 3358, H(S) 2.43.

Main species:

Neomonoceratina chenae
Sinocytheridea impressa

Common species:

Sinocythere sinensis

Cushmanidea triangulata Hou

Ponocythere littoralis Zhao

Leguminocythereis coronaris Ho

etc.

Showing shallow-sea environment with a water

depth of 5-20 m.

Laycr 17-26 (F 122-129):

The upper and lower parts (Layer 17-20 and 23-
26): Except sample F 123 containing no Ostracoda,
the other samples belong to Sinocytheridea impressa
asscmblage (F 122-124, F 127-129):

S 1-3, N 9-561, H(S) < 0.94

Sinocytheridea impressa (90.4 per cent)
Neomonoceratina chenae etc.

F 124 containing few valves of fresh-water species
liyocypris bradyi etc.

Showing salty marsh environment.

The middle part (Layer 21-22, F 125-126) is of the
Sinocytheridea impressa assemblage too. But there
are differences as follows:

S 19, 18; N 185, 104; H(S) 2.23, 2.28
Sinocytheridea impressa (31.5 per cent)
Neomonoceratina chenac

Echinocythereis bradyi clc.

Showing intcr-subtidal environment.

Layer 29 (F 132):

Sinocytheridea impressa—Neomonoceratina chenae
assemblage

S 17, N 136, H(S) 221
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Other species:
Loxoconcha ocellata
Bicornucythere bisanensis
ete.
Showing salty marsh cnvironment.

Laycr 47 (F 158):

S 3, N10

Sinocytheridea impressa
Echinocythereis bradyformis
Bicomucythere bisanensis
Showing supratidal environment.

Layer 50-53 (F 162-164):

Sinocytheridea impressa—Neomonoceratina chenae
assemblage

S 2-4, N 4-6

Sinocytheridea impressa

Neomonoceratina chenae.

cle.

Showing inter-subtidal environment.

Layer 54-67 (F 165-181):
Sarsicytheridea  bradii-Neomonoceratina
asscmblage
S 6.7, N 59.5, H(S) 1.31

Dominant spccics:
Sarsicytheridea bradii (Norman)
Eucytherl sp.

chenae

High-content species:

Sinocytheridea impressa

Bicornucythere bisanensis

Neomonoceratina chenae

Trachyleberis sp.

clce.

Showing shallow sea environment with water depth
of 5-20 m and low water temperature.

Layer 68-75 (F 182-199):
Sarsicytheridea bradii—Amphileberis gibbera asscmo-
lage
S 4.9, N o1, H(S) 1.10
Muain species (> 70 per cent for all the next 4 species):
Sarsicytheridea bradii
Eucytherl sp.
Munseyella japonica
Amphileberis gibbera

Common species:

Bicornucythere bisancensis

Leguminocythereis sp.

Trachyleberis sp.

Cytheromorpha acupunctata (Brady)

cte.

Showing shallow sca cnvironment with water depth
about 50 m and low watcr temperature.

Laycr 76-80 (F 200-203):

Sinocytheridea impressa—Neomonoceratina chenae
assemblage
S 82, N 90, H(S) 1.60
Dominant species
Sinocytheridea impressa (55.5 per cent)

High-content specices:
Neomonoceratina chenal
Cushmanidea subjaponica Hanai

Other species:
Albileberis sinesis Hou
Propontocypris euryhalina Zhao
Tanella opima Chen
Candoniella mirabilis
llyocypris gibba
etc.
Showing inter-subtidal environment

Laycer 81-87 (F 204-213):
Bicornucythere bisanensis assemblage
S 9.4, N 134, H(S) 1.67

Dominant species:
Bicornucythere bisanensis

High-content species:

Cytheromorpha acupunctata

Trachyleberis sp.

Amphileberis gibbera

Nipponocythere obesa (Hu)

Acanthocythereis mutsuensis lshizaki

cte.

Showing shallow-sea environment with water depth
> 20 m, but the water depth of its upper part becomes
more shallow to < 20 m.

Layer 112-115 (F 215-227):
Sinocytheridea impressa--Neomonoceratina chenae
assemblage. No Ostracoda were found in samples
of F 215, F 217, F 222--F 226. For the other six
samples:
S 1-13, N 2-216

Main specics:
Neomonoceratina chenae
Sinocytheridea impressa

Common species:
Albileberis sinensis Hou
Sinocythere sinensis
cte.
F 218 and F 219 containing [ew valves of fresh water
species Hyocypris sp. and limnocythere sp.
Showing inter-subtidal environment.

Layer 127-133 (F 242-F 244):
S 13, N 2-11

Echinocythereis bradyi
Loxoconcha tarda Guan
llyocypris bradyi



ete. Layer 31 (P024):
Showing shallow-sea (5-20 m deep) to inter- Corbicula fluminea
subtidal environment.
Layer 36 (P025)

Layer 134-160 (F 245-F 256): Corbicula fluminea

Except F 245, F 246, F 251 and F 253 containing

no Ostracoda, the other 8 samples having: Layer 38 (P026, 027)

S 1-8, N 1-26 Lutraria sp.

Sinocytheridea impressa Aloidis laevis

Cushmanidea subjaponica Hanai Corbicula fluminea

Loxoconcha ocellata

Ilyocypris bradyi Layer 40 (P028)

etc. Arca subcrenata Lischke

Showing supratidal-lagoon environment. Alocinma sp.

Layer 161-198 (F 257-F 280): Layer 41 (P029)

Only one valve of Ostracoda was found Alocinma sp.
Mollusca Layer 42 (P030, 031)

Alocima sp.
Layer 1 (PO11, 012).

Corbicula fluminea (Muller) Layer 43 (P032, (033)
Cycladicama cumingii Aloidis sp.
Ostrea plicata Gmelin Alocinma sp.

Layer 2 (PO13): Retusa minima Yamakawa

Mactra chinensis Philippi Layer 54 (P034)
Saecella cuspidata Parafossarulus sp.
Thyasira sp.

Venor_idac o Layer 60 (P035):
Neverita ampla (Philippi) Parafossarulus sp.

Layer 3 (P014):
Aloidis laevis
Corbicula fluminea

Layer 73 (P037):
Neverita ampla
Turntella sp.

Layer 12 (P015):

Corbicula fluminea Layer 75 (P038):
Aloidis laevis
Layer 16 (P016): A. sp.
Nassarius variciferus (A. Adams) Arca boucar Joussecaumc
Chlamys farreri (Joncs & Preston)
Layer 18 (P017, 018): Diplodonta usta
Corbicula fluminea Dosinia gibba
Parafossarulus sp. Mactra chinensis philippi

Macoma sp.

Layer 20 (P019): Ostrea plicatula

Corbicula fluminea

Layer 22 (P020) Layer 101 (P040):

Ostrea plicatula Aloidis laevis
Arca sp.

Laycr 23 (P021)

Corbicula fluminea Layer 138 (P041):

Alocinma sp. Lymnaea sp.

Neverita ampla Turritella sp.

Parafossarulus sp. Valvata sp.

Layer 28 (P023) Layer 140 (P042):

Corbicuda fluminea Nassarius sp.
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Exhibition hall of Peking Man
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Figure 1. The location of Zhoukoudian and a sketch map showing the distribution of
Plio-Pleistocene deposits at Peking Man site
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New Cave

Locality 1 of Zhoukoudian

layers
1-3

layer

4

layer

Homo ercctus pekincnsis (Black)

S|layer 6

layer 7

Hayers.
8-9

layers
10-11

layers
12-13

unclean
layers

New Cave Man

Macaca robusta Young

Scaptochiras primitivus Zdansky

Scaptochrus moschatus Milnc-tdwards

Neomys bcehlini Young

Neomys sinensis Zdansky

Crocidura suaveolens Pallas

Erinaceus olgai Young

sp-

® 00

o0 e

Sorex sp.

Rhinolophus pleistocanicus Young

Rhinolophus ferrumequinum Schreber

Miniopteris cf. schrebersi (Kuhl)

Myotis sp.

3-6

la io Thomas

? Pipistrellus sp.

Sciurotamias davidianus Milne-FEdwards

Citellus ¢f. mongolicus (Milne-Edward)

Citellus undulatus Pallas

Tamias wimani Young

Eutamias cf. sibiricus

Petaurista brachyodous (Young)

Marmata bobak (Radde)

sp.

Marmota complicideas (Young)

? Castor sp.

Trogontherium cuvier Fischer v. Waldheim

Cricetinus varians Zdansky

Cricetulus ¢f. griseus Milne-Edwards

Cricetulus cf. obscurus Milne-Edwards

00 0

L M

Cricetulus triton de Winton

Cricetulus barabensis Pallas

Mus sylvaticus 1..

Mus musculus Linnacus

Micromys cf. minutus Pallas

Rattus rattus L.

Rattus noroegicus Berkenhout

Gerbillus roborowskii Bucher

Clethrionomys rofucanus (Sundevall)

Figure 4. Distribution of fossil mammals of Locality 1 and New Cave of Zhoukoudian

(From Wu Rukang et al. 1985, Gu Yumin 1985., Hu Changkang 1985.)



NC. | 1-3 4 5

89 [10-11

12-13

? Fothenomys

Alticola of. stracheyi

Pitymys simplicidens Young

Microtus brandtioides Young

Microtus cpiratticeps Young

Microtus complicidens Pei 3-6
7 Phaiomys sp. .
Meriones meridianus Pallas 3-6
Apodemus sylvaticus [innacus 3.6

Myospalax wongi (Young)

Myospalax epitingi Teilhard et Pei

@ s

Hystrix cf. subcristata Swinhoe

Ochotona koslowi Bucher

Ochotona daurica Pallas ® sp.AB
Lepus of. wongi Young . .
Lepus sp. sp. sp.A,B

Canis lupus L.

Canis lupus variabilis Pei

Canis cyonoides Pei

Nyctereutes sinensis (Schlosser)

Cuon antiquus Matthew ¢t Granger

Vulpes cf. vulpes L.

Vulpes cf. corsac L.

Canidac gen. et sp. indet.

Ursus thibetanus kokeni Matthew et Granger

Ursus arctos 1..

Ursus cf. spelacus Rosenmuller et Heinroth

7 Atluropoda sp.

Meles cf. leucurus Hodgeson

Lutra melina Peci

Gulo sp.

Mustela ct. sibirica Pallas

Mustela nivalis Linnaeus

sp.

Martes sp.

Hyaena brevirostris sinensis Owen

Crocuta ultima (Matsumoto)

Machairodus incxpectatus Teilhard de Chardin

Panthcra youngi (Pei)

Panthcra cf. pardus (L..)

Panthera of. tignis (L..)

Felis sp.

sp.1,2 3

°
>

sp.B

sp.A

Figure 4 (Continued)
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NC.| 1-3] 4 5 6 7 |89 [10-11)12-13] uc
Felis teilhardi Pei . . ‘ .
Felis Iynx Linnaeus ’
Felis cf. microtis Milhe-Edwards .
Cynailulus sp. '
Palacoloxodon cf. namadicus Falconer et Cautley . .
Elcphantidae .
Dicerorhinus choukoutiensis Wang ® o . ' 3K 3K 3K ]
Coelodonta antiquitatis yenshanensis Chow sp. . . .
Eguus sanmeniensis Teilhard et Piveteau cf. . . ‘ ‘ . f_i
Sus lydekkeri Zdansky [ o ® @ 36sp.
Paracamelus gigas Schlosser - .
Camelidae gen. et sp. indet. .
Moschus moschiferus pekinensis Young ® e o o
? Hydropetes sp.
Caprcolus sp. sp.

Cervus elaphus Linnacus

Pseudaxis grayi Zdansky

Megaloceros pachyosteus (Young)

Cervus sp.

Gazella sp.

Spiroccrus peii Young

Spirocerus cf. wongi Teilhard et Piveteau

Ovis ¢f. ammon L.

Ovis sp.

Ovibovinae gen. et sp. indet.

Bubatus tcilthardi Young

Bison sp.

? Naemorhedus sp.

Bowvidae gen. et sp. indet.

Figure 4 (Continued)

3.2 Human fossils

In the 197 fossils of Homo erectus pekinensis that
have been found up to now, there are 6 complete and
nearly complete skulls (numbered II, 11T, V, X, XI and
X1I), and a lot of skull fragments, mandibles, limp bones
and teeth, which distributed in layers 3-11 (Figure 4). In
the New Cave, only one human tooth has been found
and numbered PA 537. After determination, this tooth
is thought to belong to a kind of human being between
Homo erectus pekinensis and Upper Cave Man (Homo
sapiens sapie), that is, New Cave Man, a transient kind
from Peking Man to Upper Cave Man (Gu Yumin, 1978)
(see Figure 4).

Sporopollen

Sporopollen reflects (Kong Zhaohen et al. 1985)
layers 14-17 (prior to 0.70 Ma. B.P.) to be in a warm-
temperate chmate of coniferous broad-leaved mixed for-
est, with a tendence to become slightly drier, Middle
Plcistocene is shown in warm climate, dominated by
deciduous broad-leaved forest and deciduous broad
leaved forest-steppe, but warm-humid in some periods
and cool-dry in others. Unit B, corresponding to the
mammalian fauna, is indicated by sporopollen analysis
to be in a gradually drier climate with the increase of
bushveld. The period of “New Cave” deposition is
represented by temperate forest-steppe, dominated by
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herbaceous vegetation. In this paper, I have redrawn and
recalculated the pollen diagram from Kong Zhaochen et
al. (1985) and redivided the cave into ten pollen zones
(Figure 5).

5. Chronostratigraphy

The bottom boundary of Zhoukoudian Formation
is determined just on palacomagnetic B/M boundary
(0.73 Ma B.P.) with its top of 0.23 Ma B.P. (U- series
dating) by chronology. The lower accumulation of “New
Cave” is about 0.25-0.12 Ma B.P. (thermoluminescence
and U-series dating) and Peking Man’s living period is
about 0 50-0.23 Ma B.P. (Table I).

6. Conclusion

The rich mammalian fossils of Zhoukoudian come
from the Paleoarctic region in the zoogeographical
classification of the global land areas. This fossil fauna
is very typical in the region and has provided a biostra-
tigraphic basis for establishing a stratotype strata. With
the development of chronology, the middle Pleistocene
layers in the Zhoukoudian section have become the
middle Pleistocene stratotype section of China for the
last ten years. The bottom boundary of the middle Pleis-
tocene is that of layer 13 of the Zhoukoudian Formation,
and the top boundary is the delineation between the
travertine layer in the upper part and the yellow sandy
clay bed in the lower part of the “New Cave”
accumulation.

Table 1. Results of dating of Locality 1 and New Cave deposits of Zhoukoudian
Methoel Fissol-track U-series Thermolu- Amior.l-ac.id Palf:omagnctic
date Ma B.P. (Guo S.L. et al. (Zhao S.S. et al. minescence R?cemlzallon (Liu C‘.Ct al.
layers 1980) 1980,1984) (Pei J.X. 1985) (Li RW. et al. 1977. Qian I
1979) et al. 1980)
New Cave 0.084 + 0.008
Deposits: 0.098 + 0.005
Top & upper 0.117 + 0.011
Travertine -~ 0.008
Travertine interbed in 0.195 + 0.025
lower part — 0.020
Ash at bottom 0.257 + 0.036
Layers of 023 + 003
Locality 1: — 0.023
1-2
3 0.256 + 0.06
- 0.04
0.260 + 0.08
- 0.05
4 0.306 + 0.056 0.292 + 0.026
0.312 + 0.028
5
Brunhes
6
7
8-9 0.390
10 0.462 + 0.045 0.417 - 0.592
11 0.460
12-13 0.73
14-17 Matuyama
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Figure 5. Sporopollen diagram from Locality 1 and New Cave of Zhoukoudian.
(Redrawn and recalculated from Kong Zhaochen et al. 1985.)
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Section from the upper Tangkuban Perahu slopes, through Bandung city, to the

Bandung basin

The lacustrine deposits occur over ncarly all of the
basin. Such sediments rarcly occur in topographical high
positions. Lacustrine deposits with a peaty (acics are
indicated with a grass symbol. Such deposits are found
mainly in the central and castern part of the basin. The
transitional lacustrine lan deposits are present along
most of the basin boundary. Locally lacustrine deposits
arc very prominent, but in other places, for instance the
central southern basin margin, hardly any lacustrine fan
deposits occur. In several places a sandy lacies is
indicated, re., places where active [Tuvial systems have
caused the development of a more sandy lacustrine fan
facies. Along the basin boundary the regular pattern can
be deseribed as a transition zonc of lacustrine fan
deposits interfingering with lacustrine deposits on the
“lake” side and interflingering with coarser alluvial fan
deposits towards higher ground (sce also the cross-
scctions).  Noticed is the deviation from this pattern

along the central southern basin margin, where only a
very narrow transition zone 18 presenl.  Attention 1§
drawn to the promincent occurrence of the Bandung
alluvial fan deposits, and to minor extent the Sorcang fan
deposits. As can be mferred from the sediment
distribution pattern on the map the presence of the
Bandung alluvial fan system has influcnced a large part
of the basin through the influx of vast amounts of coarser
clastic material.  Comparable alluvial fan deposits, but
on a much smaller scale occur along the northern basin
margin.

So far we have presented a briel synthesis of the
rccent work carried out for the preparation ol a
Qualcrnary geological map for the Bandung basin
deposits. It can be concluded that for a presentation
of the arcal distribution of shallow subsurface sediments
the map that i1s presently being prepared, gives a lairly
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that might be interpreted as lake deposits (Marino et al., 1976)

It shows the occurrence of low resistivity clay layers

For location see Figure 4.










59

LITHOLOGICAL UNIT

SEDIMENTARY ENVIRONMENTAL
INTERPRETATION

‘YTT_S—'S_f—S_
GREEN SANDY CLAY MEMBIR SR —
(SUBSTRATE 1) T
ORGANIC CLAY AND Y = LACUSTRINL DEPOSITS
GYTTIA MEMBER 7}] 77 N

HUMIC SANDY CIL.AY TO
CLAYEY SAND MEMBER

DISTAL LACUSTRINE FAN
(subaquous deposition)

SANDY SILT, SILT-

INTERMEDIATE-DISTAL

CLAY (STONE) MEMBER

ALLUVIAL FAN

(deposition at/ncar lake water level)

SANDSTONE MEMBER

PROXIMAL ALLUVIAL FAN
(debris flow-sheetfloods)

COARSE GRAVEL MEMBER

PROXIMAL, ALLUVIAL FAN
FLUVIATILE

CHANNEL SAND MEMBER

FLUVIATILE — CHANNEL

CLAY MEMBER - =

= FLUVIATILE - FLOODPLAIN

ASH MEMBER e

- FOLIAN — VOLCANIC ASH LAYER

Figure 8. The various lithological units of the Bandung basin and their sedimentary environments

confirmed by a small number of geo-resistivity soundings
recently carried out in the central part of the basin
(Marino et al. worked in the southwestern part).

A few exposures arc stratigraphically deep cnough
to reveal material underlying the lithological unit
indicated as substrate I; it can be described as a very
humic, silty, sandy clay with a soft and sticky consistency,
and is interprcted as a lake deposit. It proves the
presence of deposits that originated during an carlier
lake phase.

Drilling descriptions from a considerable number
of deep drillings, made for various purposcs, arc
available (especially for an extensive section along a new
major toll road). In order to investigate the subsurface
sediments GRDC’s team made two deep dritlings. The
results of the Cipamokolan drilling, near the central part
of basin, are shown in Figure 11. It can be compared
with the sequence encountered in other deep drillings
further east. (Figure 14).

Besides the rather coarse lithologic description
(due to poor sample quality) of the sedimentary
sequences, analysis carried out for civil engincering pur-
poses to determine sediment physical properties provides
more information about the character of the deposits.
(Figures 12 and 13).

Figurc 12 shows a generalised curve for the
moisture content and the initial void ratio for the upper
28 meters of sediment (for location Figure 4). Both
curves show the same pattern, which for the moisture
content curve means high moisture content  layers
alternating with low moisture content layers (for the void
ralio curve; desiceated, compact layers alternating with
soft, water rich horizons the structure of which contains
a high percentage of pore spaces). Respectively, these
layers have been interpreted as desiceated, air dried and
physically ripened farmer soil horizons, alternating with
soft, watery clayey lake deposits, probably with a high
organic content, In addition, these lake deposits (?)
contain large amounts of diatomaccous silica, whilc
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Figure 9. A preliminary lithostratigraphical framework for shallow subsurface deposits encountered

in the Bandung basin.

well as the position of a number of C-14 datings and two paleosols.

Interpretation in terms of sedimentary environments is indicated, as

09
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depth LITHOLOGY

in m
60 m -top layer of disturbed brownish grey clay
+ msl -clay,dark grey,humic,some plant remains,soft
2 gradual changing to clay,soft and black
A o -clay,silty,grecnish grey,slightly crumby,some
qy parts very friable
6 .vt) -eyttja L
vy -clay,black,very soft,containing very thin silty
3 clay layers (volcanic ash)
-thin layers of tuffaceous clay,reddish
10 -clay soft snd black,containing volcanic ash
= -coarse sand,greyvish white,moderately sorted,
12 L subangular
L ~tuffacecous silt,light grey, very compact
14 {:;' -sand,coarse, greyish white
'2 -gyttja,clayecy, very soft
16 ! -clay, silty, with degree of gyttja, moderate
z )‘ plant remains, dark grey to black
18 | -clay,silty,slight degree of gyttja,plant remains
g I dork grey
20 it -clay, dark grey, very soft, homogeneous
:I -clay,silty, dark greenish grey, leave remains
221.if; -gyttja. light greenish grey
3 -clay, g¢grcenish grey, stiff to very stiff
241 |~ -sand, thin intercalations of clay, fining upw.
1 : from coarse to fine, angular.
26 o 1< -gyttjn, pealy, brown
. -clay, tuffacecous, very compact
28 { -gyttja, pealy, brown
=, % -clay,tuffaceous,greenish grey, very hard
10 1%;? -peaty clay, brownish grey
5 7] -clay,silty,grecnish black,bright green mottles
32 = compact and crumby
004

-clayey sand, top of fining upward sequence
-coarse sand, angular black

-gyttja, very clayey

-sand, clayey, blackish

-medium coarse sand

-clay moderate degree of gyttja
-sand,fine,moderately sorted,subangular/angular
-clay,greenish,thin black sand layers,some gyttja
-greenish grey clay,crumby

-gyttja,very clayey,pieces of lignite

-lignite like material (charcoaled wood)

-sandy clay, black

-sand, coarse and gravelly

-sand, coarse, gravelly, pumiceous
-sand, gravelly, black

sand up to 1400 m
gravel up to 5 - 10 mm 0
intercalations of fine sand,overall poor sorting
gravel greenish black,scoriaceous,abundant glass
524'?- minerals, vague fining upward trend.
= v ald -sand,coarse,gravelly, up to 20 mm O
‘v 5 -gyttja,homogeneous,some plant remains,compact
v é“ grey-green,crumby consistency
26 .L; -clay,tuffuaccous,grey,containing a white ash
SGY|e layer, compacted .
N F -clay,tuffaccous,gravelly,extremely fivm,green
q7r —~idem, bright green, slightly sandy
60 o~ . -clay,tuffacecous, sandy, moderate pebbles,scoria-
62 5L L ccous, grey to black, some andesites
: -idem, increasing igncous pebbles, very hard
64| : ; —thin layer of sandstone, intercalations of green

RN clay, main colour greenish,bright

~idem, cluy decrcasing

“Gandstone, or compacled and, fine,well sorted
—idem, with moderate smount of gravel

—ctay, saondy,greenish-blue, coarsening duw, to

_¢reenish sandstone, minor black eolours

cas above, minor smounl ot clay and silt, very hard.

Figure 11. Record of deep drill hole at Cipamokolan
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Figure 13. Profiles of organic content with depth for boreholes between kilometre 37 and
kilometre 42 (After Younger, 1986)
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Figure 15.

The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

Preliminary Quaternary geological map of Bandung basin, West Java
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PROGRESS IN ESTABLISHING QUATERNARY STRATOTYPES
IN MALAYSIA

T. Suntharalingam!

Abstract

The historical development of Quaternary geologi-
cal studies, especially the stratigraphy of Peninsular
Malaysia, extends from the time of carly placer tin min-
ing activitics to that of the studies by Walker (1955),
Sivam (1969), Newell (1971), Batchelor (1979) and Yeap
(1980). This paper also gives an account of the
systematic Quaternary mapping programme carried out
by the Geological Survey of Malaysia since 1976.

The various techniques employed by the Geological
Survey of Malaysia to map the Quaternary deposits are
described in the ‘Manual of Quaternary Geology Meth-
ods’ (Suntharalingam et al. 1986). This manual gives a
comprchensive account of the various field methods,
laboratory techniques, data storage, interpretation of
data and the compilation of the various types of maps,
cross-sections and bulletins.

The coastal deposits ol Peninsular Malaysia have
been divided into four stratigraphic units on the basis
of Iithology, heavy mineral content, age and palcocnvi-
ronment. They arc the continental Simpang Formation
(mainly {luviatle deposits of Pleistocene  age), the
Kempadang Formation (an older marine formation of
Pleistocene age), the Gula Formation (a Holocene
marinc unit) and the contincntal Beruas Formation
(mainly fluviatile and lacustrine deposits of Holocene
age).

Stratotypes for Peninsular Malaysia and Sarawak
will be prepared and presented during the period of this
project.

1. Preliminary rescarch and planning

Preliminary studies on the literature of an area to
be mapped arc important because good background
knowledge ensures proper and efficient planning of a
project. Initial research and planning to be carried out
includes:

—  Literature survey and data collection.

1 Geological Survey of Malaysia, Ipoh, Malaysia.

~  Topographical map study and aerial photo-
graph interpretation.

Reconnaissance fieldwork.

2. Geophysics

Geophysical surveys are generally undertaken prior
to drilling operations to:

1) Determine the thickness of the unconsoli-
dated sediments.

)  Determine palacochannels and other subsur-
face [eatures.

i) Indicate the different lithological units.

v)  Guide the laying-out of the borcholes and
type of drill to be used.

3. Drilling

Drilling is carried out to determine the distribution,
thickness and nature of unconsolidated deposits.

Shallow holes
A borchole of less than 20 m depth. Equipment

is light, manually operated by 1-3 persons and core
recovery is generally good but of small diameter.

|

Edelman auger

Guts auger

—  Linneman auger

Van der Staay suction corcr
Deep holes

Depth greater than 20 m. Samples disturbed and
used for evaluation of placer mincral deposits.
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Percussion system
—  Hand Banka
—  Semi-Mechanized Banka (Portable)
—  Semi-Mechanized Banka
—  Fully Mechanized unit
Flush drilling
- Conrad-Mini 200

All deep boreholes have to be levelled

4. Laboratory studies
—  Grain size analysis
—  Palynology
—~  Palaeontology
—  Finng test
—  Silica sand classification

—  Geochemical analysis

- Identification of clay minerals by X-ray/DTA.

—  Radiocardon dating (overseas)

—  Geotechnical properties
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Figure 3. Cenozoic correlation chart for Peninsular Malaysia
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2. Annotated bibliography

Wanganui stratotype

Beu,

A.G.; Edwards, A.R. 1984: New  Zcealand
Pleistocene and  Late Pliocene  glacio-custatic
cycles. Palacogeog, Palacolim, Palacoccol, 46: 119-
142. '

- Refines the biostratigraphic subdivision, aided by
lithostratigraphy and fission-track dates on tephra.
Local sedimentation includes approximately 20
cycles of sandstone and siltstone representative of
glacial/interglacial episodes.  Authors recognise
coeval nature of marine tcrrace deposits and
offshore sedimentary wedges (now exposed by
modest long-term uplift).

Beu, A.G.; Edwards, A.R.; Pillans, B.J. 1987: A review

Edwards, A.R. 1987:

Fleming, C.A. 1953:

of New Zealand Pleistocene  stratigraphy  with
emphasis on marine rocks. Proceedings of 1st Int.
Coll on Quaternary stratigraphy of Asia and Pacific
area. Osaka 1986: 250-209.

- Refined biostratigraphic subdivision and corre-
lated NZ stages to oxygen isotope record obtained
from DSDP sitc 284. The value of tephra in both
marine terrace cover deposits and shallow marine
strata recognised as a valuable correlation tool.
Authors present an integrated stratigraphic scheme
for the Plio/Pleistocene of NZ linked with
paleomagnetic and oxygen isotope stage chronolo-
gics.

An intcgrated biostratigraphy,
magnctostratigraphy and oxygen isotope stratigra-
phy for the late Neogene of New Zealand. New
Zealand Geological Survey record 23: 76 pp.

- Presents detailed analysis of most of the important
Neogene sections in New Zcaland, including the
Wanganui stratotype and relates the onshore
stratigraphy to that at DSDP Site 284.

The geology of Wanganui
subdivision. New Zealand Geological Survey
Bulletin 52: 362 pp. The seminal work on New
Zealand Pleistocene stages.

Pillans, B.J. 1983: Upper Quaternary marine terrace

chronology and deformation, South Taranaki, New
Zealand. Geology 11: 292-297.

- Extended the work of Fleming and others on the
sequence of marine terraces, adding dating control
from f{ission track dates on tephra, and amino acid
raccmisation dates on wood and peat in terrace
cover deposits.

Pillans, B.J. 1988: Loess chronology in Wanganui Basin,

New Zcaland. In Loess; its distribution, geology
and soils. D.N. Eden; R.J. Furkert (eds) Balkema
Press. 175-191.

- Described locss and tephra sequences in marine
terraces in the Wanganui arca.  Corrclated the
loess/paleosol pairs with oxygen isotope stages.

Seward, D. 1976: Tephrostratigraphy of the marinc
scdiments in the Wanganui Basin, New Zealand.
NZ J. Geology & Geophysics 19: 9-20.

- Summarised mineralogy and stratigraphy of
tephra in marine sediments and marine terrace
cover deposits across the Wanganui Basin. Fission
track ages on glass shards were reported. Later
work suggests these ages may be too young by about
20 per cent.

Seward, D.; Chrstoffel, D.A.; Liernert, B. 1986:

Magnetic polarity stratigraphy of a Plio-Pleistocenc
marine sequence of North Island, New Zealand.
Earth & Planctary Science Letters 80: 353-360.
- Described the palcomagnetic stratigraphy of an
early Pliocene to early Pleistocence shallow marine
sequence in the Rangitiker valley at the eastern
magin of the Wanganui Basin.

Marine Stratotype~-DSDP Site 284/593

Dudley, W.C; Nelson, C.S. 1989: Quatcrnary surface-

water stable isotope signal from calcarcous nanno-
fossils at DSDP Site 593, southern Tasman Sca.
Marine Micropaleontology 13: 353-373.

- Authors compare oxygen isotope values from cal-
careous nannofossils with the 180 record of plank-
tonic and benthic foraminifera. Mid-late Quater-
nary isotope stages are well expressed.

Hornibrook, N. de B. 1980; Correlation of Pliocene bi-

ostratigraphy, magnctostratigraphy and 180 fluc-
tuations in New Zealand and DSDP 284, News-
letters on Stratigraphy 9: 114-120.

- Content as the title indicates.

Kennett, J.P.; Shackleton, N.J.; Margolis, S.V.; Goodney,

D.E.; Dudley, W.C.; Kroopnick, P.M. 1979: Lale
Cenozoic oxygen and carbon isotope history and
volcanic ash stratigraphy: DSDP Site 284, South
Pacific. Amcrican Journal of Science 179: 52-69.
- Authors present oxygen and carbon isotope
records from benthic and planktonic foraminifera
and calcarcous nannofossils that span the latc
Cenozoic record in DSDP 284, Marked isolopic
shifts are related to polar ice volumes and seca
temperature variation.

Kennett, J.P.; Van der Borch, C.C. et al., 1986: Site 593

Challenger Plateau. In J.P. Kennett, C.C. Van der.

Borch ct al,, (eds.). Initial Reports of the Dceep Sca

Drilling Project, 90. U.S. Gowvt Print Office,
Washington, D.C. pp 551-1651.
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- Provides summary of data from DSDP Site 593
including data control from radiocarbon dates, bi-
ostratigraphy and paleomagnetic reversal stratigra-
phy.

Marine Stratotype—DSDP Site 594

Black, K.P.; Nelson, C.S.; Hendy, C.H. 1988: A spectral

analysis procedure for dating Quaternary deep-sca
corcs and its applications to a high resolution Brun-
hes record [rom the southwest Pacific. Marine
Geology 83: 21-30.

- Authors use model of orbital forcing to tune the
oxygen isotope record from the high resolution (i.c.
rapid sedimentation) core obtained from DSDP
Site 594.

Froggatt, P.C.; Nelson, C.S,; Carter, L.; Griggs, G.; Black,

K.P. 1986: An exceptionally large late Quaternary
eruption from New Zcaland. Nature 319: 578-582.
- Authors infer that prominent tephra found at 36.5
m subbottom in DSDP core 594 is Mt Curl Tephra
and assign a date of 254 + 2 Ka. However age
is assigned from sedimentation rate and picking B/

M boundary at ¢. 100 m subbottom. [t now scems
likely that B/M boundary is ¢. 88 m subbottom and
that tephra falls in oxygen isotope stage 10 and 1s
probably Rangitawa Pumice dated at ¢. 370 £ 30
ka. Mt Cur! Tephra and Rangitawa Pumice have
the same chemistry as determined by microprobe
analysis.

Nelson, C.S.; Hendy, C.H.; Jarrett, G.R.; Cuthbertson,

A.M. 1985: Near-synchroncity of New Zealand
alpine glaciations and northern hemisphere conti-
nental glaciations during the past 750 kyr., Nature
318; 361-363.

- Authors pick B/M boundary in the rhymically
banded corc at ¢. 100 m subbottom (now
considered to be ¢. 88 m) and interpret alteration
of quartz rich, carbonate poor hemipelagic sedi-
ment as glacially derived sediment alternating with
quartz poor, carbonatc rich pclagic ooze.  In-
creased quartz and feldspar iput are considered
to be acolian input as a result of increased erosion
in the South Island of NZ during glacial periods.
This record provides a strong argucment for
synchroneity of marine oxygen isotope stages and
on-land glacial/interglacial cycles.
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STRATIGRAPHY OF THE DOGYUNG AND GOEDONG
FORMATIONS, REPUBLIC OF KOREA

Dong Young Leel

1. Dogyung Formation
Location

At the middle of the east coast of the Peninsula,
the Tertiary Bukpyung basin is located. The substrata
consists of mudstone intercalated with a lignite horizon.
The Quaternary sediments crop out along the gentle
mountain slope of the basin, overlying the Tertiary semi-
consolidated mudstone. The best exposure is found at
the clay excavation pit, in Iwondong at the southern valley
of Bukpyung.

Exposure

The underlying substrata consists of dark yellowish
brown, semi-consolidated organic rich mudstone, named
thc Bukpyung Formation of Pliocenc age. Along the
marginal foothill of the mountain slope, the coarse sands
deposits unconformably overlie the substrata at the level
of + 35 m and extend upward up to about + 53 m
(Dogyung Formation). The lowest part consists of hori-
zontally laminated sand and sandy silt layers. At cach
single layer, the base is yellowish brown iron-cemented
with coarse grained sediments and upward shows a
graded-bedding structure. A gravel sequence is succes-
sively overlain with fine sandy silts. The uppermost
gravel deposits are highly weathered and gradually mixed
with colluvial top soil. The lithofacies of the lower part
is interpreted to be characteristic of channel fill deposits
of low sinusity and the gravel laycrs of the upper part
are channel-lag deposits brought by stream floods.

Age

The Bukpyung basin is one of the large Tertiary
basins whose sediments belong to the upper Neogene on
the basis of foraminifera studies.  The overlying
sediments differ significantly from the Tertiary substrata
in lithology, color, degree of consolidation and weath-
cring, inferring their age is younger than the Tertiary.
It is also possible to postulate a hiatus in time and
deposition from the presence of an iron crust along the
lithological contact. The topographic position of this

I Korea Institute of Energy and Resources, 219-5, Geribond-
dong, Guro-gu, Scoul, Republic of Korea.

Dogyung Formation is the highest among all Quaternary
outcrops found up to now in the Korean Peninsula. The
paleomagnetic directions in all the samples measured
from the Bukpyung Formation are all of reversed
polarities and continue to show the same polarity
throughout the Dogyung Formation ecxcept in the
uppermost part where the polarity changes into normal,
All those results infer the age of the Dogyung Formation
is Lowest Pleistocene, probably belonging to the lower
part of the Matuyama magneto-zone.

2. Goedong Formation
Location

At the Pohang basin located in the south-castern
part of thc Peninsula, the Pleistocene deposits are
scarccly cxposed along valley cuttings or artificially
excavaled sites. The best vertical exposure is found along
the downslope of the small hill near Goedong, located
about 5 km south of Pohang city.

Exposure

The underlying substratum is a dark gray semicon-
solidated mudstone, named the Idong Formation of
Upper Miocene age. The Ncogene unit outcrops on a
gently inclined slope.  The gravelly sand  deposits
unconformably overlic the Ncogene substratum at the
level of +27 m and extend upward up to about
+58 m.

The lowest basal gravels arc composed of several
rock types, which can be easily recognized by the
difference in lithology from the Neogene substratum.
The prolile consists of six gravel members and each of
them shows gravels or gravelly sands at the base, and
fining upward in general up to a silly clay. The
uppermost part of cach sequences is characterized by an
iron enriched yellowish brown and weakly laminated silty
clay layer. All these gravel deposits are interpreted o
have been formed by a process of sheetflood, based on
gravel fabric study.

Age

No fossils have been recorded in this profile. For
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magnetostratigraphy, oricnted palcomagnetic samples The normal polarity of the Goedong Formation 1s
were taken from each gravel member. The results of interpreted as belonging to the Olduvai magneto-
the directional measurements obtained after magnetic subzone. This age is based also on the other stratigra-
cleaning n all the specimens all show normal polarity phic correlations and the base-level fluctuation during

with slightly dispersed magnetization dircction. the Quaternary period.
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GRAVELS, rounded to subrounded, coarse to medium at base and fining upwards

Sandy SILT to Silty CLAY, yellowish red (SYR 5/8), horizontally laminated and brittle
structure

Silty CLAY, light brownish gray (IOYR 6/2) to grayish brown (IOYR 5/2), very massive
when moist but blocky structure when dry

Gravelly SAND, light brownish gray

-GRAVELS, medium to fine, weakly stratified, interbeded lense of yellowish brown

coarse sand

Sandy Clay SILT, ycllowish brown horizontally stratified, very brittle
Sandy Silty CLAY, light gray (IOYR 7/2)
GRAVELS, mostly fine mudstone pellets, gravel size increases upwards

Sandy Clay SILT, light brownish gray (IOYR 6/2), very loose
GRAVELS, light gray at the base and changes into yellowish brown ironified gravelly
sandy silt upwards

Sandy Silty CLAY, light yellowish brown (IOYR 6/4), horizontally stratified alternations
of ironified and non-ironified thin layers

Sandy silty CLAY, yellowish brown gray (IOYR 6/2), blocky structure
Fine Gravelly SAND, yellowish brown, fining upwards

GRAVELS, coarse to medium, with very coarse sand matrix, rounded to sub-rounded,
few mudstone pellets found, interbedded lense of yellowish brown coarse sand

Silty CLAY, yellowish brown, encrusted by iron and horizontally laminated scatters of
fine granules

Silty CLAY, pale brown (IOYR 6/3), blocky structure, very cohesive and dense when
moist

Sandy SILT, with few granules, gray, structureless, yellowish iron mottles
Gravelly SAND, rounded to subrounded medium gravel, iron and Mn stains around
gravel surface

NEOGENE  SUBSTRATUM, IDONG FORMATION
dark gray, very massive semiconsolidated mudstone

(Upper  Miocene),

Figure 4. The complete lithosequence of the Goedong Formation cropping out in the Pohang basin



86

POLARITY

10 Gem u/em>

4

INTENSITY

DECLINATION

INCLINATION

180

S0

180

+90

+a5

-45

-90

- + .
M +
.
- .+
4+
o .
- i + . .
+1+ +° M + + LA
+ .
- + +
LR IRE RS " : i .
k3 ] 3 3
- .
+
+
- .
.
o ¢
- .
+ LY 1 . +
. . -
++ . +04
.t*t'.._z-t-x $++ oot LI
- + .
+ * re
+ °+
- .
.. . .
.
.
-
.
- + .
+ ++ . +2 4+
+ %t + + * + 3 .
— + _*-'#..t¢ + + .;. :
+ + .”
- + + . + .
+ . + ..
- .
: . .
_ +
+
- .
.
.
4++4++ Og ++ + + [<]
+ 4+t 4 Tam e
Yy gaerew I oo T4 oo NN.Ng ped oe
CODVOOOHOHO O OO :: e s — o®
H ®
9— wb G- wb p-—wb ¢—wb 2- wb |— wb

18883t e

LRI

T
Ie]

NOILYWHOS

ON0Q309

AYYNY31VYNOD

Figure S.

The cleaned NRM of the Goedong Formation



e

13a

IR FYUNG

PR

utrIn

”
-

o
-

The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations

34

e

22

12¢




accordant
M sumnit level
100 = —————————————
90
degraded

70

60

mewy ____ Gsmmame &

DOGYUNGRI Formatioa
GOEDONG Formation

WOLSEONS Formacian

c
S
)
c
50 s g
: w
£ 3 5
40 o b3 = c
x P 8
"
3 5 23 v
2 @ ol
30 . b4 E ; -4
* [ &0
valley Y o 3:
cut S “x v
20 p 39 ZE
B <2 b
r %8 &
10 L / 8%
) 0
v, B "9
valley / L
t
o] e (SRR T% § 1=V SIS S
present ses level cut
-10 !
240 la o3 :
) I - |
-20 o Arunion Slduvey Jeramilio
GILBERT CA USSs H A T U Y A M A B ] u Y H E s
I LOWER ) MIDDLE | UPPER
IHOLL\C':NE

PLIOCENT

flat surface _

SURFA 1

[®!
0]

SURFACE 2
(Jeongdong Tr.)

WOLSEZONG Tr.

3réd., Fluv. Tr.

NA=A Tr.
SONGHA Tr.

Figure 8. Generalized curve depicting local base-level changes along the coast of the
Korean peninsula during the Quaternary

88



Table L.

Quaternary Stratigraphy of the Korean Peninsula
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STRATIGRAPHIC CORRELATION OF BURIED CORAL DEPOSITS AT AKURALA AND
MIHIRIPENNA, SOUTHWEST COAST OF SRI LANKA

Jinadasa Katupotha!

Radiocarbon dates from buried coral deposits at
Akurala and Mihiripenna on the southwest coast indicate
that the mid-Holocene sealevel reached landward at least
250 m, and locally as far as 3 or 4 km, inland ol its present
position. The corals thrived in palaeo-cmbayments and
around small headlands between 5,980 £ 70 and 5,350
+ 80 yr BP. It is evident that the mid-Holocene scalevel
was al least 1 m above that of the present level

1. Introduction

During the Last-Glacial Maximum (LGM), ~18 ka
BP ago, the palacoclimatic conditions were significantly
different from that ol the modern pattern over much of
tropical Africa, Australia and India. There was less rain
in summer and stronger winds occurred in the winter
monsoon months (Williams 1982). At this time, the
shoreline lay several kilometres scaward of the present
shore forming crosional and depositional surfaces in
these arcas. The Post-Glacial Transgression (PGT)
appears to have started around 17 ka to 18 ka BP, from
about 80 m in many tropical and Mediterranian coasts,
thereby forming submerged coral recfs, sandstoncs,
emerged and buried coral deposits at different levels.
These are well-known indicators for the study of scalevel
variations (Hopley 1986a, 1986b; Pirazzolli 1988).

The present continental shelf between 100 fathoms
(180 m) and 10 fathoms (ca. 20 m) depth in Sri Lanka
is a drowned extension of the land and is characterized
by former river courses, low-lying ridges, troughs,
terraces and rocknobs. These features indicate that they
have been formed during the LGM. Following the PGT,
these features have been covered with marine features
such as coralline algae, limestone and calcareous
sandstone.  Submerged forests also occur at different
levels.  Furthermore, during the mid-Holocene, low
coastal hills and ridges were submerged, creating
headlands and bay-head beaches.  Radiocarbon dates
from inland buried corals and emerged coral reef patches
at Akurala and Mihiripenna provide evidence for the fact
that the mid-Holocene sealevel was located inland of the
present shoreline. Corals thrived in former embayments
and on small hcadlands created by this high stand of the
sea.

1 Department of Geography, University of Sri Jaycwardencpura,
Nugegoda, Sri Lanka.

2. Study sites

Akurala (6°10’-6°12’N and 80°02-80°03’E) and
Mihiripenna (6°00’N and 80°15°E) on the southwest
coast were selected for the stratigraphic corrclation of
the buried coral deposits (Figure 1). In both sites, well-

g+ ¢ 0+ 0+

N

82N .. * .

: TN e s
CE "“'. - = *
:'J“g;\” Y srr LanKA e TELWATTA W o

.. .
L 5980470 yr B.P.

+ +
- 580280 yr a.g.%\.

o 400
—_—am

v

TRINCOMALEE

The boundaries and names shown on
this map do not imply official acceptance
or endorsement by the United Nations
Figure 1. Sketch map showing the location of study
sites. I = Akurala, 11 = Mihiripenna. Cross-
sections are referred to in Figure 2. Da-1 =
Dimbulduwa-Akurala, DA-2 = Dimbulduwa-Akurala.
WA-1 = Wellameda-Akurala. (1) Inter-tidal reef
patch, (2) emerged reef patch, (3) foreshore, (4)
beach ridge, (5) mangrove swamp, (6) marsh, (7)
water hole, lake and ditch, (8) flood or valley plain,
(9) residual hills and ridges, (10) sample location
(Katupotha 1988C; Katupota
and Fujiwara 1988).
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development old coral deposits extend from the present
shore up to 250 m inland and sometimes up to 3 or 4
kilometres towards the interior. They overlie lateritized
and weathered granulite facies rocks and are overlain by
muddy silt washed down to the coral areas by terrestrial
waters. Due to coral mining, most of the open coral
quarries have become swamps, mangrove swamps, ponds
and ditches at many localities. As well, emerged coral
reef patches occur a few metres above the mean sealevel
in the areas of small headlands.

3. Stratigraphic correlation

The age scquences of 13 buried and 4 emerged
coral samples collected from four coral quarries and

1

" ‘r
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emerged coral reef patches at Akurala and Mihiripenna
are shown in Figures 1, 2 and 3. Radiocarbon (14C) dates
are listed in Table . The upper layers of the coral
quarries in both sites are covered by calcarcous sandy
clay with coral debris. The upright branching Acropora,
plate type Echinopora and massive Porites arc in growth
positions. The coral layers vary from 4 m 1o 5 or 6 m
in thickness and overlie a sand and mud layer which in
turn overlics lateritized and weathered granulite facies
rocks. The sand and mud horizon is suggestive of a
fluvial to brackish swampy depositional cnvironment.

The radiocarbon ages of corals buried to depths
of between 1.4 and 3.9 m below MSL in three coral
quarrics (DA-1, DA-2 and WA-1 in Figure 2) at Akurala

// {WA-1) a Mb {\,_Tc ;""id .

- DA-2
= A. 5830*80yr B.P.
od _ WA=
B. 5820*90yr B.P.
e ESTG .
o _.L':":"l ;Lr_‘— C. 5910_80)’r B.P.
N Ny
ay L b. 6000:90yr B.P
R Loyl
-1 E ‘ ‘ -\.'r“'——_H E. 55901’80)’? B.P.
-’ i |
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3 e 0 ( :
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Figure 2. Cross-section, stratigraphic and radiocarbon (14C) dates of three coral quarries at Akurala.

14C dates are referred to in Table I. DA-1 =

Dimbulduwa-Akurala, DA-2 = Dimbulduwa-Akurala,

WA-1 = Wellameda-Akurala, (a) beach ridge, (b) mangrove swamp, (c) water hole, lake
and ditch,; (d) marsh, (e) residual hills and ridges, (1) top soil, (2) brownish grey soil,
(3) dark grey mud, (4) dark olive grey mud with shells, (5) calcareous sandy clay
with coral fragments, (6) stratified coral (Acropora), (8) massive coral (Porites),

(9) Sample location (Katupotha 1988c¢; Katupotha and Fujiwara 1988).



92

Table I. Ages of buried and emerged corals at
Akurala and Mihiripenna

Age (yr BP)

] Elevation  (Half-life =  Laboratory

No. Locality (m ASL) 5568 + 30 No.
years)
Akurala
Coral quarry 1, DA-1
1 Acropora -14 5830 + 90 HR 111
2 Echinopora -2.0 5,820 + 90 HR 112
3 Porites -29 5910 + 70 HR 113
4  Acropora =30 6,000 + 90 HR 114
Coral quarry 2, DA-2
s Acrop()ra -1.7 5,590 + 80 HR 236
6  Acropora -3.4 5,840 + 80 HR 237
Coral quarry 3, WA-1
7 Thiaridae -03 Recent HR 115a
8  Acropora =21 5,800 + 80 HR 115b
9  Acropora -39 6,110 + 80 HR 109
Emerged coral
10 -Acropora +0.5 5,350 + 80 HR 238
11 Platygyra +0.1 6,170 + 70 HR 239
Akurala-Telwatta
12 Acropora +0.7 5840 + 80 HR 240
13 Montipora +0.6 5980 + 70 HR 241
Mihiripenna
Coral quarry 4
14  Acropora ~0.7 5,600 + 70 HR 246
15 Tridacnidae -12 5,630 + 70 HR 247
16  Porites -14 5970 + 70 HR 248
17 Acropora -20 5910 + 70 HR 249
Source:  Katuptoha, 1988a and 1988b.

vary between 5,580 + 80 and 6,110 + yr BP, and three
corals and one shell sample at Mihiripenna vary between
5,600 £ 70 and 5,910 £ 70 yr BP (depths of sample vary
between -0.7 and -2.0 m below MSL) (Table 1).
Furthermore, emerged coral reef patches at Akurala and
Akurala-Telwatta also developed during the period
between 5,350 £ 80 and 6,170 £ 70 yr BP (height varics
between + 0.1 m and + 0.6 m). The ages, depth and
height sequences of both sites clearly indicate that the
mid-Holocene  high  sealevel existed in both areas
between 5,980 + 70 yr BP and 5,350 + 80 yr BP and
former sealevel was at least 1 m above that of the present
level. During this transgression theformer river courses
of the lowlands were drowned and low hills and ridges
became a headland bay becaches. During the transgres-
sion, the now-buried corals thrived as reef patches in the
embayments, and emerged coral reef patches grew on
the small headlands.
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Figure 3. Map showing the location of coral

quarry No. 4 at Mihiripenna. 14¢ gates are
referred to Table I. (1) Inter-tidal reef patch, (2)
foreshore, (3) beach ridge, (4) marsh, (5) water
hole, lake and ditch, (6) flood or valley plain, (7)
residual hills and ridges, (8) sample location. (A)
top soil, (B) light grey soil, calcareous sandy clay

with coral fragments, (c) stratified coral

(Acropora), (D) massive coral (Porites), (E)

sample location (Katupotha and Fujiwara 1988).

Subscquent changes in salinity and tempcrature as
well as the emergence at low tide resulted in the
destruction of biota of the coral reef (Endcan 1976). It
is surmiscd that the buricd coral deposits at Akurala and
Mihiripenna may be the result of such changes duc (o
a fall of sealevel since 5,350 + 80 yr BP. These results
correlate with the mid-Holocene scalevel which has been
described” by Fairbridge (1961).

As a result of the fall in sealevel, corals have not
been able to thrive in former embayments in both areas
during the Late Holocene. The deposits were buricd by
muddy silt washed down to the bay by terrestrial water.
Therefore the coral colonies were intermittently covered
by vast quantities of coral sand and various type of debris
resulting from scvere monsoon waves. Such influences
have locally caused the coral to be disturbed from the
position of growth.
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4. Conclusions

The age, depth and height sequences of buried
coral deposits and emerged coral reef patches at Akurala
and Mihiripenna indicate that the corals have thrived in
palaco embayments and the small headlands between
5,980 + 70 and 5,350 + 80 yr BP when the mid-Holocene
scalevel was al least 1 m above that of the present level.
As a result of a coastal progradation since 5,350 + 80
yr BP the ¢cmbayments became somewhalt dry and coral
was deposited in sin. It is suggested that these corals
were covered occasionally by terrestrial materials and
intermittently by marine materials.
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STRATOTYPES OF THE HOLOCENE BANGKOK CLAY AND PLEISTOCENE
NAM MAE CHANG FORMATIONS

Phisit Dheeradilok!, Niran Chaimance! and Narametr Thirarangsikul!

1. Introduction

Systematic Quaternary geological mapping has
been conducted by the Department of Mineral Re-
sources since 1981, Several significant areas of
Quaternary deposits were mapped and detailed studies
on lithology, geomorphology, paleontology and radiomet-
ric age dating were undertaken by a number of
Qualernary geologists. The data available at this stage
indicate that two stratotypes of Quaternary deposits can
be proposed in Thailand, one in the north and the other
in the Central Plain. The first is the Bangkok Clay
Formation of Holocene age and the second is the Nam
Mac Chang Formation of Pleistocene age.  The
stratigraphic columns are plotted following ESCAP’s
legend for the Atas of Stratigraphy and detailed
descriptions arc also presented.

Bangkok Clay Formation
Kind & Rank:

Chronostratigraphy

|

Holocene stage

Lithostratigraphy ~ — Bangkok Clay Formation
Biostratigraphy — Placuna sp. zone
— Callianassa sp. zone
—  Rhizophoraceae zonc
Background

The name Bangkok Clay was first proposed by Chai
Muktaphan as cited by Phiancharcocen, C., ct al., (1976).
Phiancharcoen and Chuamthaisong (1976) described
Bangkok’s aquifers and recognized the topmost forma-
tion as of marinc origin with a thickness of 20-30 metres.
Nutalaya & Rau (1981) reported Qualternary deposits in
the lower Central Plain as Bangkok Clay of (two main
deposits; i.c. a basal-stifl clay and an upper soft clay.
Dheeradilok ct al. (1984) gave a lithological description
of the Bangkok Clay which was observed in this local-

1 Geological Survey Division, Department of Mineral Resourccs,
Bangkok, Thaitand.

ity. A study of the genesis and a paleoecology of these
deposits was also carried out, based on the interpretation
of the Ilithostratigraphic and biostratigraphic data.
Carbonaceous materials were also dated by the C!*
dating method. Sangsuwan et al. (1987) and Jarup-
ongsakal (1987) made a palynological study of this lo-
cality.

Locality

The type scction is exposed in a large sand pit
excavated in a rice field of the floodplain of the Chao
Phraya river in the southernmost part of the Chao Phraya
Central Plain, northeast of Bangkok and about 35 kilo-
meters from the Gulf of Thailand. It lies at 100° 37E
longitude and the 13° 50'N latitude. The site is located
in Ban Lat Pla Khao, Amphoe Bang Khen, Bangkok and
has an access by a side-street off Phaholyothin road lead-
ing Lo the Senanivate Housing Project (around the 4th
kilometer stone). The type section is situated in the south
side of an abandoned open pit behind the third project
area of the Senanivate Housing complex. The ground
clevation of the site is about 2 m above mean sea level.

Geologic identification

The sequence consists of three main units which
overlay an erosional surface developed on Pleistocene
deposits. The total thickness of this sequence in the type
section is 15.5 m. The lowest unit consists of sandy clay
with 5 per cent mottling and is developed from 11 to
15.5 m. No shell fragments nor plant remains were
observed.  But palynological study show an abundance
ol Gramineae and spore reflecting the open-forest
cnvironment, The upper boundary shows a clear con-
tact and is marked by bioturbation consisting of
Crustacean burrows filled with iron concrctions. These
burrow casts are very similar to Callianassa sp. burrows
which reflect a change in the depositional environment
from a paralic marine cnvironment to the marine
environment of the upper unit. The lower boundary of
this unit is an erosional surface cut into Pleistocene de-
posits. These Pleistocene deposits can be distinguished
by mean of various characters, mainly humic soil horizons
with abundant mottling and a stiffness of the sediments.
Both characters indicated a long period of being dried
out and exposed to the air during Late Pleistocene time.
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Figure 1. Location map of the Bangkok Clay Formation

The middle unit consists of silty clay with abundant
plant remains and peat, cxtending from 7-11 meters.
Scattered bivalve shells were observed in life position.
Dense laminations of fine sand occur in the lower part
of the unit which reflects the lower part of the intertidal
zone.  Palynologically, mangrove environments are
characterized by an abundance of pollen of Rhizopho-
raceae sp, Sonneratia sp, and Avicinnia sp.. Peat layers
in this unit were dated at about 6,300 yrs. BP.

The uppermost unit of the sequence is also silty
clay from a depth of 1 to 5 metres. The unit -shows
distinct features as a mollusc layer in the lower part and
a massive layer in the upper part with the remains of
molluscs in living position.  Placuna placenta which is
widely distributed in South-East Asian seas and the
eastern Indian ocean, was selected as ecologically signifi-
cant as an indicator of a shallow sea environment. The

molluscs were dated by C'# dating methods which gave
an age of about 5,200 yrs. BP. In the upper part of the
unit, a sand lense with shell fragments was observed and
possibly indicates a decreasing of marine influence.

The Senanivate sequence has developed a humic
clay as Lop soil which shows clear pedologic horizons.

Regional aspect and genesis

The genesis, development, and evolution of the
Holocene scquence along the coastal area, especially the
lower Central Plain of Thailand are well recognized. The
Holocene sequence is obviously different from Pleisto-
cence deposits as comparing its marine origin to the fluvial
origin of the latter. The marine Holocene deposits of
the Senanivate site can be correlated with the Wat Hoi
profile (Chonglakmani et al, 1983}, locatcd 40 km north-
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Bangkok Clay Formation
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Figure 3. lIsopach map of the Bangkok Clay showing the Holocene Bangkok Embayment
(Nutalaya and Rau, 1981)

west of Senanivate and the Wat King Kaew profile
(Chaimanee et al, forthcoming) situated about 20 km
south of Senanivate. The difference between each site
is only the thickness of each unit which is thicker towards
the present day coast of the Gulf of Thailand.

Nam Mae Chang Formation
Kind & Rank

Lithostratigraphy:  basalt and gravel

Chronostratigraphy: Pleistocene
Historical background

DMR, 1981 started to establish the stratigraphic
sequences of the deposits in the Lampang basin based
on morphological and lithological criteria.  Recent
alluvial deposits were developed upon Pleistocene basalt
and valley-fill deposits. Barr and Macdonald (1978)
dated the basalt in this area as ranging of 0.69-0.95 my.

Locality

The Formation is situated in the southern part of
the Lampang basin, Northern Thailand, approximatly 900

km from Bangkok. The scction is located in a roadcut
at the 24.5 kilometer mark of the Lampang-Den Chai
highway. The elevation of the section is about +260
mcetres.

Geological identification

The Formation consists of three main units of
Pleistocene deposits which overly Tertiary rock. The
lowest unit is composed of thick bedded gravel. The
roundness and the variety of parent material such as tuff,
rhyolite, andesite, sandstone, and quartzite reflect the
fluviatile origin. The structure and fabric of these
sediments show an approximately eastern sediment
transport direction.

The middle unit consists of olivine nepheline basalt
which shows sharp contact with the lower unit. In
contrast, the upper boundary of this unit is not clear due
to weathering process. The thickness of this unit is about
4 metres. Its radiometric age determination was 0.95 my.
at the basc of the unit.

The uppermost unit consist of laterite which forms
a hardpan n the lower part and a lateritic soil in the
upper part. The formation of this laterite is duc to the
weathering of the basalt unit under hot and dry climatic
conditions.
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Regional aspect and genesis

The fluviatile coarse sediment which overlies the
Tertiary formed during the Pleistocene as a terrace. This
was followed by deep erosion and contemporancously by
a basaltic flow over this gravel bed. By pedogenesis and
weathering processes, the upper part of the basalt de-
generated and a laterite was formed.

This terrace system can be found all over a single
intermontanc basin. In this case, the Lampang basin was
developed by a main river, the Wang river, which drains
from north to south. The systcm is nol nccessarily
formed by the same process in other basins duc to
various conditions, mainly parent material, tectonic
movement and drainage pattern.
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THE THU DUC LOESS FORMATION, A TYPICAL EOLIAN DEPOSIT
OF TROPICAL REGIONS

Hoang Ngoc Ky!

The type section of the Thu Duc Loess Formation
consists of reddish-yellow sandy silt clay containing sharp
fragments ol charcoal and unconformably overlying
various lithologies on gently undulating topography at
varying clevations in Viet Nam. It is a coarse locss,
deposited in sub-aerial environments of a tropical humid
climatic region by monsoonal whirlwinds or dust storms
in the hot dry seasons during the last glacial maximum,

The Thu Duc Loess is Late Pleistocene to
Holocene in age and may therefore be correlated with
the red yellow loess in the Khorat Plateau of northeastern
Thailand, the Loam of upland Malaysia, and sandy silt
locss in the Punjab of India. It is proposed that locess
15 not restricted to the high Jatitudinal regions only, but
is distributed widely around the globe. Locss formation
15 related Lo global atmospheric circulation and loess may
be classified into three types as follows:

1. The coarse-gramed locss of tropical (low
latitudinal) rcgions.
2. The medium-grained locss of middle latitu-

dinal regions.
3. The fine-grained loess of high latitudinal
regions.

1. Introduction

Loess consists of reddish brownish yellow clay silt
of colian origin. It is distributed over large wide areas
of the world including the middle and high latitudes of
China’s north and northeast, Europe and North America.
This paper will introduce a number of red-yellow loess
sections in Viet Nam and correlate these with other
sections distributed in several lower latitude countries.

The reddish yellow loess in Viet Nam  was
discovered in 1983 and the locss has now appeared for
the first time in the legend of the Viet Nam Quaternary
Map at a scale of 1:200,000. The coarse red-yellow locess
is found oot only in Viet Nam but has been described
from India’s Punjab by D.N. Wadia and northcast Thai-
land’s  Khorat platcau by Montree Boonsencr;  the

I Quaternary Division, General Department of Mines and
Geology, 200 Ly Chinh Thang District 111, I1o Chi Minh City, Vict Nam,

surficial loam layer identified in Malaysia’s upland by
Morgan de Dapper may also be a correlative of this loess.

As well as introducing and describing the loess, this
paper will give a new point of view for the formation
and global classification of the loess.

2. The Thu Duc Loess Formation
(Viet Nam)

Stratotype

The type section is a 3 metre thick red-yellow sandy
silt-clay in the Thu Due District of Ho Chi Minh city
on southern Viet Nam’s upland. The loess in the type
section is of uniform lithology, with no interbeds, and
consists of 20-30 per cent sand, 30-40 per cent silt and
30-40 per cent clay; locally it contains sharp fragments
of charcoal with radiocarbon ages of 8570 + 40 BP.

The Thu Duc Loess Formation at the type section
overlies unconformably the hard laterite surface of the
Chunh Luu Formation (Pliocene). Elsewhere the loess
overlies a wide range of different rocks in the low and
high hills of south Vict Nam’s northcastern upland, at
clevations from 10 to 70 m above scalevel (ASL). Black
tektites at the boundary between the locss and the
underlying hard laterite have K-Ar ages of between 600
and 700 ka BP.

Distribution of the loess in Viet Nam

For some time, the greyish, red yellow sandy silt
clay surficial layer that occurs in many places in Viet
Nam has been interpreted to be of alluvial, proluvial or
cluvial origin. This interpretation is a misunderstanding
and is similar to that of considering the sandy silt clay
mantle on south Viet Nam’s northeastern upland as being
of ancient alluvial/proluvial origins. In fact, this reddish
yellow sandy silt clay has grain size characteristics,
general physical character and, especially, landscape dis-
tribution similar to the Thu Duc Loess Formation,
strongly indicating that these mantles may be considered
to be loess. Typical scctions of the loess throughout Viet
Nam were compiled. (Atlas Sheet Viet Nam 1).

In the Son Tay (B), Nam Dan (C), Da Nang (D),
Dong Nai (K) and Tam Nong (L) scctions the locss blan-



Depth (m)
0 ~

20

25

P U

33

PR IO U

<0.

45

TN W

1
[«]
L










104

Hoang Ngoc Ky (ed.). 1985. Geological and mineral
reports of Tay-Ninh and Song Be provinces.
Archives of Tay Ninh and Song Be Economic Zoning
Planning Committee.

Hoang Ngoc Key, Nguen Ngoc Men and Le van Cu. 1987.
Quaternary geology in northern Viet Nam. [n:
Wezel, F.W. and Rau, J.L. (eds.). Progress in
Quaternary Geology of East and Southeast Asia.
Proceedings of the CCOP Symposium on “Devel-
opments in Quaternary Geological Rescarch in E
and SE Asia During the Last Decade.” CCOP
Technical Publication 18, 271-281.

Hoang Ngoc Ky. 1989a. The Quaternary geology of the
Mekong lower plain and islands in southern Viet
Nam. /n: Thiramongkol, N. (c¢d.). Proceedings of
the Workshop on Correlation of Quaternary Succes-
sions in South, East and Southeast Asia. Dcparl-
ment of Geology, Chulalongkhorn University, 215-
241.

Hoang Ngoc Ky. 1989b. The stratotypes of Thu Duc
yellow loess in Viet Nam, Paper delivered at the
first meeting of IGCP Project 296; Ipoh, Malaysia,
11-13 September, 1989.

Hoang Ngoc Ky and Dang Duc Nga. 1989. The
stratotypes of Quaternary in Red river’s lower plain
of North Viet Nam. Paper dclivered at the first
meeting of IGCP Project 296; Ipoh, Malaysia, 11-
13 September, 1989.

Idodonov, A.E. 1970. Stratigraphy of the upper Pliocene-
Quaternary deposit of Tajikistan (Soviet central

Asia). Acta geologica Academiae Scientiarum Hun-
garia 22, 63-79.

Nutalaya, P., Vella, P., Bunopas, S. and Kacwyana, W.
1987.  Quaternary Processes in Thailand. In:
Thiramongkol, N. (ed.).  Proceedings of the
Workshop on Economic Geology, Tectonics, Sedi-
mentary Processes and Environment of the Quater-
nary in SE Asia. Department of Geology, Chula-
longkorn University, 23-33.

Petrov, U.V. 1968. Osnova usevaic o drovnic korax viv-
etrivania Izdatlistva. Nedra Moskva 1986, 235-237.

Udomchoke, V. 1989. Quaternary stratigraphy of the
Khorat Plateau, northeastern Thailand. In: Thira-
mongkol, N. (ed.). Proceedings of the Workshop on
Correlation of Quaternary Successions in South, Eust
and Southeast Asia. Department of Geology, Chu-
lalongkhorn University, 69-94.

Wadia, D.N. 1918. Geology of India, New Declhi, 384-
385.

Xisorukova,S.S. and Kovalena E.E. 1988. Lithologia i
genesis pokrovi otlorenia Viet Nama accosirovon-
nic tektita. Aktialinue vaproxi meteoritiki v Xibiri,
231-238.

Yung Zigeng and Li Shaoquan. 1987. Progress in
Quaternary geology in China during the last
decade. In: Wezel, FW. and Rau, J.L. (eds.).
Progress in Quaternary Geology of East and South-
east Asia. Proceedings of the CCOP Symposium
on “Developments in Quaternary Geological
Rescarch in E and SE Asia During the Last
Decade.” CCOP Technical Publication 18, 23-31.



1U{HS
UNES[KD

IGCP 296

THE QUATERNARY STRATOTYPES IN THE RED RIVER’S LOWER PLAIN
OF VIET NAM

Hoang Ngoc Ky! Nguyen Dich Dy? Nguyen Ngoc Men? Dang Duc Nga3

1. Introduction

The Quaternary geological map on 1:200.000 scale
of the Red river’s plain was cstablished on the basis of
stratigraphic  subdivision, scdiment age and origin
(environment).

The Quaternary period is approximated 1.8-2
million years in length and occurred during the last phase
of the geological history.

The stratigraphical units and their corresponding
time are divided as follows: Early Pleistocene from 1.8-
0.7 million years (m.y.) (prior to tcktite fall); Middle
Pleistocene from 0.7 to 0.3 m.y.; Late Pleistocene [rom
0.3 to 0.01 m.y. and Holocene from 0.01 to present.

According (o us the Quatcrnary stratigraphy could
be put into the following divisions:

- The Formation: That is local stratigraphic
unit or mapping unit which can be correlated
using certain petrographic characteristics.

- The Horizon: That 1s the regional or corre-
lational stratigraphic unit which is used to link
Quaternary sediment’s divisions in a wide
arca. Correlated units may have similar or
different origins and petrologic compositions
but are of the same age.

2. The stratotypes of Red river’s lower plain

The Red river’s lower plain of thick Quaternary
scdiments has been studied by mapping on 1:200.000
scale and divided into {ive stratotypes as follows:

The Thaithuy Formation (F,). The stratotype of
Thaithuy Formation is one scction of a borchole in the
Thaithuy district of Thaithuy province. This unit cxtends

i Quaternary Division, General Department of Mines and
Geology, 200 Ly Chinh Thang Str., District 111, Ho Chi Minh City, Vict
Nam.

2 National Center for Scientific Rescarch Institute of Barth Sci-
ences. Flanoi Viet Nam.

3 Department of Geology. Hanot University.

from a depth of 100 metres to 250 metres and consists
of coarsc gravels and sands in the lower part and sandy
silt with interbedded silty clays of marine origin in the
upper parl, This formation unconlormably covers the
Vinhbao Formation of Pliocene age and is overlain by
the Hanoi Formation. Thaithuy Formation’s age is carly
Pleistocene (Q) thc same as the Hoanghoa and
Nghixuan Formations distributed along the Ma and Ca
rivers and the same as alluvial and marine deposits on
the fourth terrace.

The Hanoi Formation (A). The stratotype of the

-Hanoi Formation is one section of a borchole ncar

Hanoi. This one lies in depth about 40 meters with a
thickness of about 40-50 metres. The Hanoi Formation
consists of rounded pcbble-gravels and having interbed-
ded silty and sandy clays of alluvial origin. lts age is
Middle-Early Late Pleistocene (QH_ml) as well as of the
Nuido culture of the Paleolite. The Hanoi Formation’s
origin is of the regressional phase.

The Vinhphuc Formation (B). The typical section
of Vinhphuc Formation is in the borchole on Vinhphuc
province’s upper plain with elevation of from 5 meters
to 10 meters above the present sea level.  Vinhphuc
Formation consists of reddish yellow silty clays or brown
clayey silts and contains abundant foraminifera of the
shallow marine cnvironment. This formation’s age is
Late Pleistocene (sz). This is the same age as the
Sonvi and Hoabinh cultures of the Late Palcolite and
earlier than the Phungnguyen culturc of thc Bronze
period.

The Vinhphue Formation can be correlated to stlty-
sand deposits of the sccond marine terrace, with clayey
silt on dclta and coastal plains along the central part of
Viet Nam and to the Mochoa Formation’s yellowish siity
clay on the Mckong upper plain.

The Vinhphuc Formation’s origin was of the
transgressional phasc in the latest interglacial period.

The Haihung Formation (C). The section of the
borchole on Haihung province’s middle plain 3 meters
above the present sea level is the stratotype of the
Haihung Formation. There are two parts: the lower part
consists of grey sandy clay with interbedded silt layers
and contains abundant foraminifera and the upper part
the sudden marine transgressional phase of greenish soft
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clay with plants of inland, shoreline and swamp
environments. The absolute ages of fragments of plants
arc 7195 + 85 and 4150 + 50 years ago. The origin
of the Hathung Formation was the marine transgressional
phase dating from about 10,000 years ago to 3000 years
BP.

Haihung Formation can be correlated to the
Thieuhoa and Canloc Formation’s clayey silts and sandy
silts taying on the first marine terrace of the central part
of Viet Nam and with the soft clay in the Lower Central
Plain of Bangkok, Thailand.

The Thaibinh Formation (D). The typical scction
of the Thaibinh Formation is from a borchole in Thaibinh
province’s lower plain. It includes sediments of the gre-
yish darkish marine sands, distributed along the coastline,
the eolian yellowish white sandy dunes stretching along
scashores and coastal swamps creating peat and black
sandy clay layers. Most of these units are of mixed
marinc-alluvial origin established during the last marine
regression from 3000 to 1500 years ago.

3. Conclusion

The five stratotypes of the above mentioned
formation’s in the Red river’s lower plain were studied.
They arc the units that can be linked stratigraphically
with other localities in Viet Nam and also can be
correlated with other territorics in the Asia/Pacific region
(Atlas Sheets Viet Nam 1 and 2).
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AN INTRODUCTICN TO THE QUATERNARY SEDIMENTS OF VIET NAM

Nguycn Duc Tam! and
Huynh Minh Chinh?

In the whole area of the Socialist Republic of Viet
Nam there are two regions of distribution of Quaternary
deposits: coastal and mountain regions.

In the coastal region Quatcrnary deposits are
composed of four great horizons. Upwards these are:

(1)  The first, the lowest horizon, has a narrow
distribution at the bottom of the coastal plains
and is fully covered, mainly constituted by
polymictic pebble, gravel, sand of a continen-
tal facies, with the thickness of 20-30 m. Its
age may be of Upper Pliocene-Lower Pleis-
tocene (N,-Qy).

(1) The sccond horizon is composed of 4-5 clay
layers with thickness of 10-35 m cach, largely
distributed at the bottom of the coastal plaims,
weakly weathered into red-white colour, with
a marine facics. In some places ol Central
Viet Nam there are exposures of peculiar de-
posits called “red sand.””  The age ol the
lower part 1s Middle Pleistocene (QI1).

(i) The third horizon is the most prevalent
coarse-grained horizon, frequently met in the
whole of the coastal plains and 1s the main
hydrogeological object. It is composed of
polymictic pebble, gravel, sand and has a
fluvial facies. In the Mckong River delta this
horizon has a morc complicated lithology with
intercalations of sand and clay. This horizon
is gencerally covered and only crops out in
some places al the margins of the coastal
plains where it has been identified in [luvial
terrace blocks. Its thickness is from 10 to 100
m. The upper part of this horizon is dated
as Middle Pleistocene - lower part of Upper
Pleistocene (QII-QIII).

(1iv) The fourth, the uppermost horizon of the
stratigraphic column of the coastal plains, 1s
composcd  of many suites of (luvial and
marine scdiuments ntercalated  with - thick-
nesses 1s of from 10 to 80 m.

U lnstitute of Geology and Mincral Resources, Hanot.

2 National Committee for CCOP. Hanoi.

The f{luvial suites consist of small pebbles, gravel,
sand and clay. Marine deposits are of clay, sand and
peat. The first three to four marine suites are called
“Bimson Layers” (Nguyen Duc Tam, 1974). They are
the products of three to four transgression movements
(“Bimson transgressions,” Nguyen Duc Tam, 1974). The
marinc suile of the latest transgression of the Late
Pleistocene (“Vinh Phue transgression”, Nguyen Duc
Tam, 1970) had been called “Vinh Phue layer” (Nguyen
Duc Tam, 1970). The Middle Holocene suite had been
called the “Dong Da layer” (Nguyen Duc Tam, 1970)
or “Hal Hung Suite” (Hoang Ngoc Ky, 1978).

Along the actual sea coast there is a peculiar type
of sediment attributed to marine-wind mixed dunc sands.

Beach sand and duncs contain placer deposits in
many places.  Sometimes these deposits are of high
guality and consist of large bodics of titanifcrous sand.
Other types of mineral resources of the coastal plaing
are peat, and glass sand.

In the mountain region there are two types of
Quaternary deposits: alluvium along the river valleys and
deposits of the weathered crust.

Along the river valleys, the main sediments are
strecam channel deposits, 1.e. the Ist, the 2nd and the 3rd
terraces. The stream bed, as a rule, consists of polym-
ictic pebbles, boulders, gravels, and sand clay with a
thickness of 1-7 m. The Tst and the 2nd terraces consist
ol rather large fragments of pebble, gravel, sand and clay,
with a thickness of from 1-2 m to 10-15 m. The 3rd
terrace consists of small fragments with a thickness
ranging from 2 to 8 m, having as constitucnts pebbles,
gravels, sands and clay. The [ragments of the 4th, the
Sth terrace cte. can also be distinguished in some places,
but they are quite small and thin.

In some places, especially in ncotectonic and karst
depressions, the Quaternary deposits have a thickness of
80-110 m.

Alluvium of the river valleys  contain many
important placer deposits, such as tin, gold cte.  For
instance, Naca is a big tin deposit of Quatcrnary age
which fills a large deep basin of ncotectonic origin and
also some deep valleys in karst, with a thickness of
1100 m.
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Recently, placer gold has been found everywhere
along the large and small river vallcys. In somc places
the bodies are hundreds of kilometres long.  The
exploitation of placer gold has become a profession of
the local people.

The weathering crusts of Viet Nam consist of three
types:

(i)  Weathering crust on the igneous and effusive
rocks. In some places has a thickness of
about 30-35 m, and includes some types of
mincral resources such as clay and construc-
tion materials.

(i) The weathering crust on limestone leads to
the Tormation of phosphorite, the important
mincral for phosphoric fertilizer.

(1) The weathering crust on Neogene-Quaternary
basalt consists of so called “red land.” “Red

land” mainly has a thickness of 10-4 m and
is distributed over thousands ol square kilom-
ctres. The weathered sediments are suitable
for plants such as rubber, coffee, cocoa, black
pepper cle. The weathering crust developed
on the Pliocenc - Lower Pleistocene (N,-O))
basalt bears a peculiar mineral deposit. It 1s
bauxite, which has been found lately in many
places and, nowadays, 1s being investigated.

In briel, the Quaternary scdiments of Vict
Nam consist of different types, distributed in
different regions with different characteristic
stratigraphic columns. Some sediments are
of economic importance.

The summary above is only a brief outline of the
Quaternary sediments of Viet Nam. The study of them
15 being continued and in the future an annual report
will be submitted to the meetings of the IGCP Project
296.
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COASTAL EVOLUTION: CHANGES OF ENVIRONMENT IN COASTAL REGIONS OF
VIET NAM AND PROBLEMS OF MANAGEMENT AND EXPLORATION

(The first preliminary recapitulation of 20 years of study)

Nguyen Duc Tam!,

Before 1963 Quaternary geology was not given
enough attention. During this time there were only short
articles of somc authors or summarics on gencral
geological maps. From 1966 to 1967 for the first time
this author had an opportunity to take part in the
geological investigation of the northern margin of the
Red River plain for hydrogeological purposes and to
study the marine sediments and transgression —
regression movements during Quaternary time (Vinh
Phuc layer, Vinh Phuc transgression, Dong Da layer,
Dong Da transgression ctc.). Beginning in 1970 with the
mapping of the Ha Noi sheet (F-48-XXI1V) and the Ninh
Binh shcet (F-48-XXXIV) at a scale of 1:200,000 it was
the start of the study of Quaternary geology in Viet Nam.
The author of this paper had an opportunity to take part
in this work from the first days. The results of mapping
showed the scquence of marine suites and transgressions
in the coastal plain region.

1. Neogence-Quaternary sediments of coastal plains

Along the sca coast of Viet Nam, there’s a row of
coaslal plains, which formed at the mouths of the rivers
and occupy 1/3 of the whole acrcrage of the country.
Some of them are rather large, such as Bac Bo plain (at
the mouth of Hong River) and Nam Bo (at the mouth
of the Mckong River).

Most coastal plains of Viet Nam have been
deposited in the Cenozoic tectonic depressions and their
downfaulted periferal blocks which are wholly filled by
Neogene and Quaternary sediments.

Ncogene sediments

The Ncogene formations arc distributed largely at
the bottom of the plains and are mainly covered by
Quaternary deposits.  They are of two types of
accumulation.

1. The first type is the sedimentary formation

duc to a filling up of tectonic depressions of

1 Institute of Geology and Mineral Resources, Hanoi.

great size (Ha Not rift and Cuu Long
depression). These sediments  consist of
intercalated continental and marine deposits,
with a thickness of some thousands of metres.
These basins are the object of oil exploration
activity.

2. The second type is the sedimentary formation
filling up small depressions and valleys (Na
Duong type) and consisting of continental
deposits from 100 to 300 m thick.

Quaternary sediments

Quaternary scdiments of the coastal plains of Viet
Nam are composed of four great horizons.

Horizon 1

The first, the lowest horizon, was the first
discovered by the author in Sam Son region (Thanh Hoa
plain, Thanh Hoa province) and was called the “Sam Son
horizon” in 1975. It has a narrow distribution at the
bottom of the plains and overlies an eroded surface cut
into the bedrock and is fully covered. It 1s mainly con-
stituted by polymictic pebble, gravel, sand of a
continental sediment facies. Its age may be of Late
Pliocene - Early Pleistocene (N,-Q,).

Horizon 2

The second horizon was first discovered by the
author in Yen Mo (southern margin of Bac Bo plain in
1974 when compiling the report of the geology of Ninh
Binh sheet (Ha Nam Ninh province) and called the “Yen
Mo horizon” (and Yen Mo transgression”). It is
composed of 3 to 4 clay layers with a thickness of from
5-10 to 35-40 m each and largely distributed at the
bottom of plains. Its composition includes clay, clayish
aleuvrite, weakly weathered into white-red colour with
a marine lithofacies. In the central part of Viet Nam
in some places there are exposures of peculiar deposits
called “red sand”. Red coastal sand occupies a small
arca distributed from near scalevel to an altitude of 100
m or higher. It is dated as lower Middle Pleistocene
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- Upper part is the deposit of the actual fresh
water swamp, because after the regression the
littoral condition turned into the fresh water
swamp, which has existed up to now.

In the direction towards the centre of the plains
the middle and lower parts of the peat formation are
overlain by marine deposits (clay and sand). In the
central parts of the plains in some places there are peat
localities but they are not common and are poor in plant
remains. Maybe these parts of the plains [ormed during
the first stage of the transgression (lacustrinization) when
the peat (swamp) formation mostly had been destroyed
by the sea.

Sand

Along the actual sea coast and somewherce inside
the plains there are many focalities of sands of good
quality, formed in special geographic and palacogeogra-
phic conditions. Sands could be used for making glass
and for other purposes.

Clay

In the coastal plains marine clays are widely
distributed and have been being used for brick, tile and
ccramic production.

Coastal placer deposits

Along the actual coastline and inside the plains
there are many placer deposit localities.

In the plains placer deposits are the Pleistocene
beaches, overlain by recent marine deposits. Along the
actual seacoast the placer deposits follow the special
“bow-shaped law”: the seacoast consists ol many bow-
shaped parts of different sizes, both large and small. The
bow placer deposit are formed and distributed at the
northern and southern parts of the plain but mainly in
the southern part. This special law is related to the
direction of the sea current. Sediment is transported
from the North to the South.

Results of the study of Quaternary deposits and
coastal evolution led to the discovery of a peculiar law
for a special mcthod of archacological research — the
“method of strandline.”

The discovery of the history of the plains enables
us to derive the following archaeological law as a method
of rescarch.

1-  On the high alluvial and marine terraces in
marginal arcas of plains may be relics of many
historical stages.

2- On the surfaces of the small fragments of
Pleistocene marine plains surrounding the
low plains (Northwestern parts of Bac Bo and
Nam Bo plains, western parts of Trung Bo
plains) we find only the relics of historical
stages from 25,000 to 20,000 years up to now.

3-  On the surfaces of the large Middle Holocene
marine and deltaic plains occupying 8/10 to
9/10 of the plains with the absolute height
from 5 m downwards we find only relics of
historical stages {from 4,500 to 5,000 years up
Lo now.

4-  In general the archacological associations
dated later and later in the dircction from
mountain foot to the sca.

5- On monadnocks of the plains and islands
{often connected with continent) there may
be relics of different historical stages.

6-  The group of Neolithic and Early-Bronze
archacological vestiges in the limestone caves
in Ha Long and Bai Tu Long Bays previously
formed on shore, now drop into the sca arca,
which has newly flooded. It is not true that
the ancient people inhabited the marine arca
as we thought.

7-  The ‘method of strandline’ may be employed
to determine the ages of different archaeo-
logical relics.

Exp. 1: Da But site (Thanh Hoa province) is
correlated with the shoreline of the climax of middle
Holocene transgression and would have the absolute age
of 6,000 years.

Exp. 22 The group of Kjokhmoding Quynhvan
{(Nghe Tinh province) 1s corrclated with the shoreline
during the regression alter middle Holocene transgres-
sion and would have the age of about 4,500 to 5,000 years.
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ESCAP ATLAS OF STRATIGRAPHY
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CAO BANG (1) THU DUC (7)
1. ELEVATION OF HIGH PLATEAU 500-700 m 1. ELEVATION OF LOW HILL 10-40 m HA NI
2. K-Ar ABSOLUTE AGE OF TEKTITE 790.000+150.000 YEARS Bp 2. CUABSOLUTE AGE OF CHARCOAL 1080+40 YEARS Bp
3. CLABSOLUTE AGE OF CHARCOAL 8570+40 YEARS Bp
SON TAY (2) 8770+600 YEARS Bp
1. ELEVATION OF LOW HILL 20-30 m 4. K-Ar ABSOLUTE AGE OF TEKTITE 670.000 YEARS Bp
2. CIABSOLUTE AGE OF CHARCOAL 1435+35 YEARS Bp
3. K-An ABSOLUTE OF TEKTITE 760.000+150.000 YEARS Bp DONG NAI (8)
1. ELEVATION OF HIGH HILL 50-70 m
NAM DAN (3) 2. CLABSOLUTE AGE OF WOODY FRAGMENTS 4500 Bp
1. ELEVATION OF LOW HILL 30-40 m
2. CUIABSOLUTE AGE OF CHARCOAL 1215+110 YEARS Bp TAM NONG (9)
3. K-Ar ABSOLUTE AGE OF TEKTITE 860.000+150.000 YEARS Bp 1. ELEVATION OF PLAIN 5-10 m
DA NANG (4) PHU QUOC ISLAND (10) DA NANG
1. ELEVATION OF MARINE EROSIONAL TERRACE 20-30 m 1. ELEVATION OF EROSIONAL TERRACE 10-40 m
VERTICAL SCLAE 2. K-Ar ABSOLUTE AGE OF TEKTITE 680.000+150.000 YEARS Bp
DAK NONG (5)
1. ELEVATION OF PLATEAU 300-1000 m
2. K-Ar ABSOLUTE AGE OF TEKTITE 700.000 YEARS Bp
DA LAT (6) thie map o natlmpty omclal acceptancs
1. ELEVATlON OF PLATEAU 1000_1200 m or endorsement by the United Nations
2. CLABSOLUTE AGE OF CHARCOAL 3855+45 YEARS
3. CLABSOLUTE AGE OF CHARCOAL 10210+100 YEARS Bp
4. K-An ABSOLUTE AGE OF TEKTITE 700.000+120.000 YEARS Bp
HO CHI MINH

COMPILED BY Dr. HOANG NGOC KY: GENERAL DEPARTMENT OF MINE GEOLOGY OF VIET NAM
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