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ABSTRACT

One of the key factors of archeological research is to determine the age of a archaeological
site and the excavated features and artifacts. Among various methods to identify ages, the one that
deternines age based on radio carbon content (14C) in archeological samples tends to be used
more widely and completely in terms of equipment and interpretation. Thien Long Uyen was
excavated in a large scale and used modern methods and techniques. Results show that it is an
important historical site, but complicated as the number of organic relics were well presereved.
This is suitable for taking a collection of samples to determine accurate age. In this paper, we
presents our findings after analysis of age from 15 samples. These samples were sent to the
National University of Australia for analysis with strict principles, i.e., collecting, storing, sending
and treating samples so that we could obtain reliable results of the existence time of the site. In
order to make comparisions and confirm the potentials and accuracy of this method, the paper also
mentions four samples of short-life plants in Cuc Bo, a little younger place than Thien Long Uyen.

Keywords: Bayes Model, Cuc Bo, old wood effect, radio-carbon age, Thien Long Uyen

XAC DPINH NIEN DAI CARBON PHONG XA CUA DI TiCH
THIEN LONG UYEN VA CUC BO
TOM TAT

Mot trong nhitng van dé then chét trong nghién ctru khao ¢b hoc 1a x4c dinh nién dai cua di
tich hay di vat phat hién dwoc. Hién c6 nhiéu phuong phap xac dinh nién dai khac nhau trong do
phuong phap xac dinh nién dai qua tinh toan ham lugng céc bon phong xa trong mau khao cb
ngay cang duoc sir dung rong rdi va ngay cang dugc hoan thién vé thiét bi cling nhu cach dién
giai. Cudc khai quat Thién Long Uyén 1a cudc khai quat co quy mé 16n, phuong phép va ki thuat
khai quat hién dai. Két qua khai quat cho thiy, day 1a di tich quan trong, c6 tinh chét phtc tap véi
mdt luong di vat bang chit liéu hiru co dugc bao ton kha tdt, thich hop cho viée ldy mot tap hop
mau xac dinh nién dai tuyét dbi. . Trong bai viét nay, chung t6i gidi thiéu két qua phén tich nién dai
cuia tap hop 15 mau. Cac mau go guri phan tich nién dai ¢ Dai hoc Qudc gia Uc theo mét quy trinh
tuan tha nhitng nguyén tic tir khau ldy mau, bao quan, giri va xir 1y cho nhitng két qua dang tin
cdy vé thoi gian ton tai cua dia diém Dé ¢6 co s6 so sanh va khéng dinh tiém nang va tinh chinh
xdc cua phuong phap nay, bai viét ciing dé cap dén bén mau cua nhitng lodi ciy c6 vong sinh
truong ngén tir Cac BS, mot dia diém co thoi gian mudn hon mot chit so v6i Thién Long Uyén.

Tir khéa: Ciic Bo, hiéu vmg g6 gid, mé hinh Bayes, nién dai cdc bon phong xa, Thién Long Uyén
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1. INTRODUCTION

In this chapter we address the radiocarbon
dating of the Thien Long Uyen and Cuc Bo
archaeological sites. Nineteen archaeological
samples, 14 fragments of wooden post, and a
piece of wood from a layer from Thien Long
Uyen, and two pieces of bamboo, a
carbonized rice grain and fragment of wood
charcoal from Cuc Bo were sent to the
radiocarbon laboratory in the Research
School Earth Sciences, Australian National
University. The spe-cimens were sub-
sampled, pre-treated and then dated using an
NEC Accelerator Mass Spectrometer (AMS)
following standard radiocarbon dating
protocols. The chrono-metric  dating
demonstrates that the majority of samples
from Thien Long Uyen, and all the specimens
from Cuc Bo date to the Dong Son period.

2. METHODOLOGY

Twenty samples were dated (including
one duplicate), 14 samples of wooden post
and a fragment of wood from a layer from
Thien Long Uyen, and two charred pieces of
bamboo, one charred rice grain and one
sample of wood charcoal (unidentified
species) from Cuc Bo. Based on photogra-
phic evidence, the wood samples appear to
have been taken from the outer few
centimetres of posts. The dirty surface of all
the samples was gently removed using a
scalpel, and the wood was shaved into thin
strips. Both wood and charcoal were crushed
into samples with less than 2 mm particle
sizes. All samples were treated with a series
of acid (1 M HCI, 70°C, 30 minutes), base
(IM NaOH/ 70°C / 1 hour, replaced until
colourless) and acid washes (1 M HCI/ 70°C
/30  minutes). Holocellulose was then
extracted from uncharred wooden samples by
treatment with chlorite bleach (1:1 mixture of
1 M HClI and 1M NaClO,/ 70°C /1 hour). All
treatments were followed with at least 3
rinses in ultrapure water, until the solution
remained colourless.

The cleaned samples were freeze-dried
and combusted in an evacuated sealed quartz
tube in the presence of CuO wire and Ag foil
(Wood et al. submitted). The resulting CO,
was collected and purified cryogenically and
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converted to graphite over an Fe catalyst prior
to measurement in a Single Stage NEC
Accelerator Mass Spectrometer (AMS) at the
Australian National University (Fallon et al.
2010). Dates are calculated according to
Stuiver and Polach (1977) using an AMS
derived 613C.

As Vietnam falls within the Intertropical
Convergence Zone where mixing of hemis-
pheres occurs, dates have been calibrated in
OxCal v.4.4 (Ramsey 2009) against a 50:50
mixture of the IntCal20 (Reimer et al. 2020)
and SHCal20 (Hogg et al. 2020) calibration
curves.

The unburnt wood and bamboo samples
contained more than 35%C, whilst the
charred rice contained more than 50 %C, as
expected for cellulose and charcoal respec-
tively — all within expected norms for these
types of organic dating materials

2.1. Potential problems
wood and charcoal

with dating

Whilst radiocarbon dating of wooden
artefacts and wood charcoal is a relatively
straight forward process, the dates may have
‘inbuilt age’ and overestimate the age of the
archaeological activity for two reasons.

1. As wood grows, the cellulose reflects
the "C:'?C ratio of the atmosphere. This
cellulose is not remodeled or altered later in
the tree’s life, and the radiocarbon clock
starts. Thus, cellulose at the center of a tree
is older than cellulose at the bark edge (or
more specifically, the waney edge). So, the
closer to the centre the tree trunk the older
the wood is in terms of radiocarbon years. It
is only possible to establish when a tree was
felled if the outer ring is dated. Any other
date will be older, leading to what is known
as the ‘old wood effect’ (Schiffer 1986).
Figure 1 presents a cross section of wood
illustrating the growth rings and the
difference between any potential dating
sample (indicated by the black and white
circle) taken from a post (within the dotted
line) cut from a much larger piece of timber.
The number of rings between final growth
when the tree was cut down and the dating
sample represents the inbuilt age (n-years) of
the post (Illustration authors).

ap chi khoa hoc
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2. Wood, and in particular large timbers be reused. This may add 10s to 100s of years of
used for construction, may be seasoned and ‘inbuilt age’ to potential building material
stored for several years prior to use, or they may between felling and construction (Figure 2).

Figure 1. A cross section of wood illustrating the growth rings and the difference
between any potential dating sample

We radiocarbon date We want to know
v l
Sampled ring grows Felled Tree Structure built Structure built

" 1—»-»1—>1

Tree Growth Seasoning Storage Use Reuse

Y

Inbuilt age

v

Time

Figure 2. Illustration of the potential inbuilt age between a dated sample
and the actual (final) use of a timber post (Illustration authors)
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Several strategies can be applied to reduce
and understand the inbuilt age in a sample of
wood or charcoal submitted for radiocarbon
dating. To reduce the old wood effect,
samples of short-lived material such as seeds,
which represent a single season of growth, or
bamboo, which grows rapidly, can be dated.
When dating large posts, a felling date can be
established if the waney edge is present and
the outer growth is dated. The inbuilt age
resulting from storage and reuse of large
timbers is more difficult to establish.
However, it is possible that this inbuilt age is
reduced within tropical areas due to abundant
supply of large trees and extensive termite
activity (e.g. Kim et al., 2019). It is always
better to sample and date several posts, as this
will always increase the confidence in the
chronological age of an archacological site,
especially if there is consistency in the
calibrated ages.

2.2. Bayesian Modelling

A Bayesian model was built in OxCal
v.4.4 (Ramsey 2009a) to refine the chrono-
logy and assess the potential time-difference
between TLU and Cuc Bo (Figures 3 & 4).
TLU and Cuc Bo were modelled separately.
Each model consisted of a single Phase of
activity, with a start and end Boundary
arranged within a Sequence. Within the
Phase, radiocarbon dates are assumed to be
uniformly distributed, and the Boundaries
provide age estimates for the start and end of
each site. The two obviously outlying
Neolithic-aged samples (S-ANU68615 and
68618) were excluded from the model, but
are represented in the image for complete-
ness. All dates were assigned a 5% prior
probability of being an outlier within the
General t-type Outlier Model (Ramsey,
2009b), which assumes that dates are most
likely to be accurate but that some may be
either too old or too young. This is appro-
priate as inbuilt age is assumed minimal for
the majority of samples.

3. RESULTS

3.1. Thien Long Uyen

One post, TLU.2020.H5.C11 returned a
date of 3887+27 BP or 2461-2211 cal. BC (S-
ANUG68615). The post still retained the bark
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on the outer surface, and that the dating
sample was taken from close to the final
growth ring, and there is no evidence of
working the wood in the vicinity of the
sample. It is unlikely that there is any
considerable inbuilt age with this sample.
Another large post (TLU.2020.H7.C2)
produced a date of 3228425 BP or 1516-1425
cal. BC (S-ANU68618). The bark is not
evident, but the sample was taken from close
to the outer surface and there is no evidence
of deterioration or working that would
suggest the post is missing many outer rings
that would result in an inbuilt age to the date.
These two posts are more than 1000 years
older than the rest of the samples, and reuse
is unlikely. These posts were probably
erected during the Neolithic period.

Photographic records suggest
TLU.2020.H6.C10 was one of several
posts/stakes from within a short alignment.
The small diameter of 7 cm and the presence
of bark suggests that this sample is unlikely
to be affected by a substantial old wood
effect. It dates to 2468+27 BP or 753-411 cal.
BC (S-ANU68616). This date places it
slightly earlier than the majority of other
specimens from Thien Long Uyen. Whilst it
could be a statistical artefact (noting that at
95% probability it overlaps with some of the
other samples), it is possible that this piece of
wood was reused in the structure,
alternatively this feature is slightly older than
the majority of the posts at Thien Long Uyen.

With the exception of the aforementioned
very old posts (TLU.2020.H5.C11 and
TLU.2020.H7.C2) and the small stake/post
alignment that includes TLU.2020.H6.C10
there is good correspondence between the
dated posts from Thien Long Uyen. Some
posts might have an inbuilt age. For example,
TLU.2020.H9.C2 was sampled in an area
where the base of the post has been reduced
to form a tapering end so that the post can be
driven into the ground more easily, and this
has probably resulted in an inbuilt age of
unknown duration (Date: 2320 +25 or 406-
235 cal. BC, S-ANU68621). The reduction in
post width related to shaving into a point at
the base is reflected in the change in diameter
at ground surface of 32.5 cm to just 20.5 cm

ap chi khoa hoc
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at the tapering end (worked base). Post
TLU.2020.H9.C1 (Date: 2269+27 BP or 392-
208 cal. BC, S-ANU68621) also appears to
have a worked surface with residual evidence
of cut/shaving marks around the sampling
area, but this is much less extensive than that
observed in TLU.2020.H9.C2. But, any
potential ‘old wood’ effect has not impacted
on the overall results, with all dated wooden
artifacts falling between the outer limits of
516-205 cal. BC, and all within the Dong Son
period (Table 1; Figure 3).

3.2. Cuc Bo

Cuc Bo has four radiocarbon dates on a
carbonized rice grain, two pieces of bamboo,
and a fragment of wood/charcoal. The rice
grain and fragments of bamboo are plants/

plant parts with a short life span and, as long
as they were identified in the correct archaeo-
logical contexts, provide accurate dates for
the deposits from which they were recovered.
The three samples produced consistent
results of between 356-100 cal. BC (Table 1,
Figure 3). Although, the fragment of wood
charcoal (CB.2020.H1.L3.3) could poten-
tially possess some inbuilt age, it produced a
very similar date to the rice and bamboo of
2175425 BP or 354-105 cal. BC (S-
ANUG68612). Although the dates Cuc Bo
substantially overlap with those from Thien
Long Uyen, they fall within the chronolo-
gically younger age range. This perhaps
suggests activity at Cuc Bo was slightly later
in the Dong Son period than the erection of
the posts at Thien Long Uyen.

Table 1: Uncalibrated, calibrated and modelled radiocarbon dates using the General
t-type model (5% prior probability) radiocarbon dates (95% probability range) from
Thien Long Uyen and Cuc Bo (calibrated using Intcal20 Oxcal ver4.4)

Uncalibrated |Calibrated cMal(i)l()l:allltie((li
Site/Sample No. Material Lab Code Date]s3 g;ncal. Ag; C(c)al. age (cal. C
BC)
from‘ to from‘ to
95% prob.|95% prob.
range range
Cuc Bo
Boundary End Cuc Bo 345 | 17 | 98.2
CB.2020.H1.L3.1 Wood charcoal S-ANU68610| 2176+27 | 356|100 | 351 | 135 | 99.2
CB.2020.H1.L3.2 Bamboo S-ANU68611| 2175425 | 355|105 (351 | 136 | 99.2
CB.2020.H1.1L3.3 Bamboo S-ANU68612| 2175425 | 354|105 351 | 136 | 99.2
CB.2020.H1.L3.4 Carbonised rice S-ANU68613| 2182+27 356 | 110 | 352 | 138 | 99.2
Boundary Cuc Bo Start 426 | 154 | 98.5
Thien Long Uyen
Boundary End TLU 394 | 352 | 96.8
Trench HS
TLU.2020.H5.C2 Wood S-ANU68604| 2361+£30 | 511|365 (412|377 | 99.1
TLU.2020.H5.C4 Wood, bark present [S-ANU68605| 2303+25 | 402 | 232 | 401 | 366 | 99.4
TLU.2020.H5.C3 Wood S-ANU68606| 2325+25 | 408 | 239 | 404 | 371 | 99.7
TLU.2020.H5.C11 Wood, bark present [S-ANU68615| 3887+27 |2461|2210|2461(2211| 99.8
TLU.2020.H5.C1 Wood, bark present [S-ANU68823| 2247+22 | 380 | 205 | 399 | 365 | 99.1
Trench H6
TLU.2020.H6.C10 Wood S-ANUG68616| 2468+27 | 753 | 411 | 427|373 | 96.1
TLU.2020.H6.C12 Wood S-ANU68607| 2347429 478|260 [ 410 | 375 | 99.3
TLU.2020.H6.L2 Wood S-ANU68824| 2272421 | 391 | 211 N/A N/A
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Trench H7
TLU.2020.H7.C1 Wood S-ANU68617| 2385+25 516 | 388 | 417 | 382 | 98
TLU.2020.H7.C2 Wood S-ANU68618| 3228+25 |[1515]|1425|1516|1425| 99.8
TLU.2020.H7.C3 Wood S-ANU68619| 2314+£26 | 408 | 236 | 404 | 370 | 99.7
Trench H8
TLU.2020.H8.C1 Wood S-ANU68609| 2303+26 | 403 | 230 | 401 | 366 | 99.4
Trench H9
TLU.2020.H9.C1 Wood - worked S-ANU68620| 2269+27 | 392 | 208 | 397 | 362 | 98.7
TLU.2020.H9.C2 Wood - worked  |S-ANU68621| 2320425 | 406 | 236 | 403 | 370 | 99.6
Sample ST G3
(T])L;'lzig;tst)T.G&z Wood S-ANU68625 222289%)12266’ 3961 2111 395 | 364 | 98.9
Boundary Start TLU 343 | 386 | 954
PO prR—— AT aomoncr et out ot o 4 i
Thien Uyen Long : '
Trench H5 1 '
S-ANUGB604 ;:_—__L i
S-ANUBBE0S : A :
S-ANU6BB06 ____ a : A :
S-ANUB8615 f\———‘.‘_.‘:_;\, : .
S-ANU68823 oo™ : Aam |
Trench H6 b. 1 :
S-ANUGB616 :
S-ANUGBE07 rur S
S-ANUGBE24 | A
Trench H7 ; |
S-ANU68617 l__a —-i;L E
S-ANUGB618 \’_: :%_ :) : :
S-ANU68619 1A —
Trench H8 I ;
S-ANUGB609 : A : )
Trench H9 i E )
S-ANUG8620 : f:—:
S-ANUBB621 LA
Sample ST G3 : :
TLU.2019.ST.G3.2 | Ao
Cuc Bo ! '
S-ANUBB610 : —:—-_L-i—
S-ANUGB611 : :::—:f
S-ANUGB612 : t—i':*
S-ANUGB613 ! ‘:-i."-
= R w00 200 w00 00 500 ———Isciab
Modelled date (cal. BC) e S Fao
Figure 3. Calibrated radiocarbon dates from Thien Long Uyen and Cuc Bo
archaeological sites; a. Neolithic posts, b. pre-Dong Son post feature
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3.3. Bayesian Analysis and the potential
ages of Thien Long Uyen and Cuc Bo

Each model is extremely consistent, with
only one date (S-ANU68616,
TLU.2020.H6.C10) identified as an outlier at
more than 5% probability. This date has been
automatically down weighted in the model,
and has little impact on the modelled
estimates for the start and end of TLU. Taken
as a single group, the posts date between 434-
386 cal. BC and 394-352 cal BC at 95%
probability. Calibrated radiocarbon dates
from Cu Bo have a double peak due to a
wobble in the calibration curve, reducing
precision. Within the model, Cuc Bo dates to
between 426-154 and 345-17 cal BC, and
may be up to 225 years younger than Thien
Long Uyen (calculating the Difference

OxCal v4 4.4 Bronk Ramsey (2021 1:5

between the end of Thien Long Uyen and
start of Cuc Bo). However, further dating of
Cuc Bo is required to increase the precision
of the model, and to confirm whether Cuc Bo
is indeed later than Thien Long Uyen.

Figure 4 presents the posts from Thien
Long Uyen and the bamboo, rice and wood
samples from Cuc Bo modelled using the
General t-type Outlier Model (Ramsey
2009b) with an assigned 5% prior probability
of being an outlier. For the purposes of the
model, with the exception of S-ANU68615
(TLU.2020.H5.C11) and S-ANU68618
(TLU.2020.H7.C2) that are very clearly of
Neolithic age (labelled a. in the diagram) all
the posts from Thien Long Uyen are
considered to be from a single phase.

Atmospheric data from Remer et al (2020)

Sequence :
Boundary Start TLU A |
Phase TI.U :

S-ANUG68604 i |
S-ANU68605 B :
$-ANUsss06 [ | _ S [ S—
S-ANU68615 \’:J_.e_.sf:, :
S-ANUGS616 TTT T a T |
S-ANUG8607 | & :
S-ANUG8G17 I S
S-ANUG8618 —a— e :
S-ANUGS619 e | S
S-ANUG68609 S . :
S-ANUG68620 N
S-ANU68621 e e e 3
S-ANUG68623 WP
S-ANUG68623 R e :
Boundary End TLU % 1

(SE([I.IEI'ICE ;
Boundary Start Cric Bo —a b :
Phase Cuc Bo |

S-ANUGSG10 ﬁ“é%
S-ANUG68611 ety |
S-ANU68612 :__ﬁ_:_
S-ANUG8613 S5+
Boundary End Cuc Bo o ‘=:_‘
= a0 w000 o0 000 S0 oo 0 IBOTAD

Dong Son period

Modelled date (cal BC/AD)

Figure 4. The posts from Thien Long Uyen and the bamboo, rice and wood samples from
Cuc Bo modelled using the General t-type Outlier Model (Ramsey 2009b) with an
assigned 5% prior probability of being an outlier
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4. CONCLUSION

Nineteen archaeological samples, 15 from
Thien Long Uyen and four from Cuc Bo were
dated as part of the broader research project
at the two sites. Two posts at Thien Long
Uyen were probably erected during the
Neolithic period, one more than 4000 years
ago, the other around 3500 years ago. By far,
the majority of wooden posts from Thien
Long Uyen were constructed somewhere
between a start date of 434-386 cal. BC and
an end date of 394-352 cal. BC. The rice,
bamboo and charcoal samples from Cuc Bo
are all very consistent, and suggest
occupation between 426-154 cal. BC and
345-17 cal. BC. It is possible that the posts at
Thien Long Uyen are up to 225 years older
than the occupation at Cuc Bo. Both
archaeological sites are firmly dated to the
Dong Son period.
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THONG TIN TAC GIA
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