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Fig. 2 Mapping results by p-X-ray fluorescence for waterlogged

archaeological wood from “Nanhai No. 1” shipwreck

P KRB BBk B e A A5 R R Y, B
TG FAE A AR il AR i AN [ S0 6 20 A 7 B0 A BT AN ] B AR
B BRI AT £ W ARTERE SN E R T, AR L
SRR S BRI R E Bk A TN, HAER C M D
W BRTE R A o0 AR AR A R 8 ) B R AR BE AR R
OL. HCIRBE S . XS ARM NI A A, LB, ¥4
Qe IR A& TRIA K,

BT SU RS S 2% R TR B dl 22 S Ok . i AR AT ST IA
o TR AR 81 2 D A LB AN T LR BT OR 2K, T
B R AL 2 A7 O 5 T T TR 35 B 4 A A YR TR KA B AE A
Ko FEED A KN B, W LUK IUBR i A A A A AT AL
TR TR/ A . 7EMeM C o, KRB 7 5800
RRMM AR 4 (AR I R, 65 B w4 X
HAEE, HEEREXE. M0 & RRE. —8I . &
B A WIAE i A HLTOCY T R RAE TR, SRR BB R AR
B U HST SRR Fet BN A LR I BR AL WA 6. H
Fefh CRYREOLRIT . BT SR NS0 . T — 5 M AR 1
I 2R I AFAE 2 P IRATE 5 3 LA B AR TR 9 R LR 5 S 7= 4

AT HE— A S5 TR AT AR, X R AN TR
DR AT 1 = GG o A . BE IR A B R R A G W E L
EA e T N QNS I DI =P o i L D i X sz SN iy = W
W 3Ca) FF % o T 8 4 DX RS 0 o 5 4 4k B A S R 0™, A
& 3(h) fir 7R . P2 S IR IE T B A Zkoc R m 45 %, i
— L ULHIRE R R, AERRKWRHAS A EEWMAER
A, XA BESRARL A WTEE AR PR R A k. I
Sb, BT HBUR S 8 T8 A A AL 1Y ] 7 SOTs Csulfide
oxidation intermediates, SOTs), B DA$8 75 ¥ ¥E T FL 30 55 0 i
MEER A I AR 5 R R L . HA AR F B HE R B L, S
R, 255 A AW A 4y BT, BT LA BE 5 T AR K R A
B PR EALL, DU — 25 Bk R T AR SR AL BYy .

8001 @)

153
7004 218

600

a.u

5004

400+

300

0 100 200 300 400 500 600 700 800
cm’!

5504

(®)

500

450 24

400+

a.u

3504

3004

2504

200

0 500 1000 1500

cm™!
B3 MOSHMSREFRESWER
Fig. 3 Results of Raman analysis in relevant parts

of waterlogged wood
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Mapping Analysis by p-X-Ray Fluorescence for Waterlogged
Archaeological Wood From “Nanhai No. 1” Shipwreck
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Abstract “Nanhai No. 1” is a wooden merchant ship from the Southern Song Dynasty of China. It sank about 20 nautical miles
south of Dongping Port in Yangjiang City, Guangdong Province. It was discovered in 1987. After several underwater
archaeological investigations, it was strictly followed in 2007. Under the archaeological regulations, it was successfully salvaged
out of the water. So far, the oldest, largest and most intact ancient sunken ship has been discovered in China. During longtime
in seabed and damaged by seawater, the waterlogged archaeological wood have undergone serious physical, chemical and
biodegradation effect by salt in the seawater and various microorganisms. It is give rise to wood components are degraded and
eroded, and the supporting force between wood fibers is reduced, resulting in reduced strength and decayed structure. The
accumulation of sulfur and iron considered to be associated with bacterial degradation of the wood. Iron sulfides can be oxidized
to form sulfuric acid, which damages the wood cellulose and results in the degradation of organic materials. Thus, the content,
distribution, and occurrence of iron and sulfur elements have important academic value for the research and protection of organic
materials under sea. Due to sample preparation and method limitations, traditional methods make it difficult to perform in-situ
and non-destructive analysis of iron/sulfur in waterlogged wood. Also, analysis speed and cost are also hard to overcome. p-X-
ray fluorescence, especially micro-focusing technology based on commercial X-ray tubes, provides a more convenient, fast,
reliable, non-destructive and low-cost solution to this problem. Based on the opinion, selected the samples of the “Nanhai No. 1”
shipwreck hull, applied the latest multi-capillary p-X-ray fluorescence spectroscopy technology, combined with Raman
spectroscopy analysis, and conducted a surface scan analysis of the iron and sulfur content and distribution in the waterlogged
archaeological wood. The results indicate that the distribution of iron and sulfur elements in the sample is heterogeneous, and
there are multiple occurrence forms. The characteristics and rules of element distribution provide clues to reveal the sources,
enrichment and coupling relationships of sulfur and iron in waterlogged wood. Studies have shown that y~-XRF technology can
effectively analyze the iron and sulfur abundance in different parts of irregular and uneven waterlogged wood and reveal the

distribution of elements and their correlation on a two-dimensional scale.
Keywords “Nanhai No. 1” shipwreck; p-XRF; Mappin; Waterlogged archaeological wood
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