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Intoduction

According to obsidian hydration theory as water enters the obsidian surface it forms a
hydration region with a sigmoid shape. The most accurate method for measuring the diffused
water is by measuring with Secondary Ion Mass Spectrometry (SIMS) the concentration of water

as a function of depth. In figure 1 the theoretical shape of such a formation is shown.

Figure 1. Upper: Theoretical sigmoid shape of hydrated region in an obsidian surface,
Lower: two measured by SIMS profiles from Japan, Greece & Slovakian obsidian tools

This sigmoid curve is modeled with a third order polynomial and from the solution of a partial

differential equation the age can be calculated. The final age equation is as follow:
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Figure 2. The final age equation of SIMS-SS dating method

The most crucial parameter of the SIMS-SS dating method is the formation of a saturation
layer in the very beginning of the obsidian surface from which starts the diffusion to the main
obsidian matrix.

In this equation the Cs is the concentration and Xs is the depth of the saturation layer, Ci is
the concentration of the intrinsic water and Dseff is the effective hydration rate. dC/dx for x=0

and k are parameters derived from the solution of the differential equation.

Analysis

We received to analyze 5 samples of obsidian from the Paleolithic site of Hopeyong-dong. The
Reference numbers of the samples are: B11-233, T18-25, T19-216, T19-221 and U26-5.

Sample T18-25

Sample T18-25 is not an obsidian and therefore could not be analyzed for hydration with SIMS
or dated with SIMS-SS obsidian hydration method.

Sample: B11-233
Figure 3 shows the sigmoid curve by SIMS for sample B11-233, for Hydrogen (H+) which

represent the diffusion of water into obsidian.

This sample (B11-233) has a hydration layer of sigmoid shape andthus this profile can be
dated. From the distribution of F versus depth we are informed that the analyzed surface has no
micro—crystal inclusions. The SIMS profile passed successfully all the suitability criteria and the

ages was calculated according to equation in Figure 2 above.
Dating results:
Xs = 0,00013499 cm + 2,44e-6 cm
Cs = 0.000770499 grmol/cc £ 6.1271e-6 grmol/cc
Ci = 0.000153855 grmol/cc + 1.2851e-5 grmol/cc
ek = 150
Ds.eft = 3.9197e-13 an? /year

Age = 21120 £ 1820 years Before Present
Archaeological expected Age: 16000 - 24000
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160E+21 - SIMS Profile Sample: B11-233

1,40E+21 -+
1,20E+21
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M
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0,00E+00 T T T T T T 1
0 1 2 3 4 5 6 7

depth (microns)

Figure 3. SIMS profile of sample B11-233.

Sample T19-216
Figure 4 shows the sigmoid curve by SIMS for sample T19-216, for Hydrogen (H+) which

represent the diffusion of water into obsidian

SIMS profile Sample: T19-216
7,00E+21-

6,00E +21+
5,00E+21-
4,00E+21+
3,00E+21+

2,00E+21+

Concentration (atoms/cm3)

1,00E+21+

0,00E+00 w w \ \ \ ‘
0 2 4 6 8 10 12

Depth (microns)

Figure 4. SIMS Profile of sample T19-216



This sampl has not the expected sigmoid shape for H+ variation as a function of depth. This
makes the date calculation impossible.

From the depth profile of carbon (figure 4) we know that a layer of micro-crystal inclusions of
carbon (Dolomite) and a patina of organic compounds lead to a very slow and disturbed

hydration. This explains the lack of sigmoid shape of the hydration rim.

Sample T19-221
Figure 5 shows the sigmoid curve by SIMS for sample T19-221, for Hydrogen (H+) which

represent the diffusion of water into obsidian

This sample, same as sample T19-216, has not the expected sigmoid shape for H+ variation as
a function of depth. This makes the date calculation impossible.

From the depth profiles of carbon and Fluorine (figure 6) we are informed that a patina of
organic compounds and a layer of micro-crystal inclusions reach to Fluorine (Biotite or
Phlogopite) lead to disturbed hydration. This explains the lack of sigmoid shape of the hydration

rim and as a result the inability of dating.

SIMS profile of Hydrogen Sample: T19-221

2,00E+21 -
1,80E+21 |
1,60E+21
1,40E+21
1,20E+21 -
1,00E+21 -
8,00E +20 -
6,00E+20 -
4,00E+20 -
2,00E+20 -

0,00E+00 \ \ ‘ ‘ ‘ ‘ ‘
0 1 2 3 4 5 6 7

Depth (microns)

Concentration (atoms/cm3)

Figure 5. SIMS Profile of sample T19-221
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SIMS profile of Carbon Sample: T19-221 SIMS profile of Fluorine Sample: T19-221

7,00E+22 | & 2,00E+20 |
‘€ 6,00E+22 | £ 1,80E+20 |
S > 1,60E+20 |
2 5,00E+22 | £ 1,40E+20
£ 4,00E+22 | & 1,20E+20 |
s S 1,00E+20 | F
& 3/00E+22 1 = 8,00E+19 |
S 2,00E+22 | £ 6,00E+19 |
c (O]
o S 4,00E+19 |
g LOOEr22 —C S 2,00E+19 |
O 0,00E+00 : : ‘ : : ‘ . 0,00E+00 : : ‘ ‘ ‘ ‘ ‘
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
Depth (microns)
Figure 6. SIMS profile of carbon and Fluorine of sample T19-221
Sample U26-5

Figure 7 shows the sigmoid curve by SIMS for sample U26-5, for Hydrogen (H+) which
represent the diffusion of water into obsidian

This sample, same as samples T19-216 and T19-221, has not the expected sigmoid shape for
H+ variation as a function of depth. This makes the date calculation impossible.

From the depth profiles of carbon and Fluorine (figure 8) we are informed that a patina of
organic compounds and a layer of micro-crystal inclusions reach to Fluorine (Biotite or
Phlogopite) lead to disturbed hydration. This explains the lack of sigmoid shape of the hydration
rim and as a result the inability of dating.

5,00E+21 - SIMS profile of Hydrogen Sample: U26-5

4,50E+21
4,00E+21 1
3,50E+21 4
3,00E+21 1
2,50E+21
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1,00E+21 1
5,00E+20

0,00E+OO T T T T T 1
0 1 2 3 4 5 6

Depth (microns)

Figure 7. SIMS Profile of sample U26-b
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SIMS profile of Carbon Sample: U26-5 SIMS profile of Fluorine Sample: U26-5
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Figure 8. SIMS profile of carbon and Fluorine of sample U26-5

Report of obsidian analysis by X-Ray Fluorescence (XRF)

According to the theory of Obsidian Hydration Dating the diffusion of water into obsidian
depends upon a variety of factors, such as,the chemical and mineralogical composition.

In order to determine the chemical composition we, in addition to SIMS-SS method, analyzed
the five (5) obsidian artifacts (U24-113, T24-82, B11-259, B11-128 and T18-30) with X-Ray
Fluorescence spectroscopy.

Unfortunately these samples were too big to fit the size of the sample holder of the SIMS
instrument and therefore we asked for a new set of obsidians.

From the theory of obsidian provenance we know that the bi-plot of Strontium (Sr) Vs
Rubidium (Rb) can give satisfactory results about groupings and obsidian provenance.

In figure 11 the bi—plot of Srontium Vs Rubidium is presented and it is clear that samples T24-
82, B11-259, B11-128 and T18-30 come from the same source which is different from the source
of sample U24-113.
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Figure 9. bi-plot of Strontium concentration Vs Rubidium concentration

Summarizing, obsidian in the Hopyeong-Dong paleolithic site is from two different obsidian
sources. We are not able to determine the sources because of the lack of XRF data from obsidian

sources in Korea.
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EV-1) 283 78 189 AtiEH XtZ (non calibrated)

U - sEANE A
w5 LabAlEHS NESF o e = o 24410 py A7 1
1 KJY-HP-2 sand A9 R19-2 15,00041,100 yrs.B.C.| OSL | 213 A724
2 GX-29424 sediment 149 Q21 16,190+50 yrs. B.P. | AMS | Geochron
3 SNU02-324 charcoal 174 R19-1 16,900£500 yrs B.P. | AMS SNU
4 GX-29423 sediment 1749 B12-1 16,600+720 yrs. B.P. | C14 | Geochron
5 SNU02-326 charcoal 149 019 17.400+400 yrs.B.P. | AMS SNU
6 SNU02-325 charcoal A9 P19 17,500£200 yrs.B.P. | AMS SNU
7 | OWd090305 charcoal A4 T18 17,710£100 yrs. BP. | AMS | KIGAM
8 | OWd090306 charcoal 114 T19 17,840+110 yrs BP. | AMS | KIGAM
9 | OWd090313 charcoal 174 U24 17,930£90 y1s.BP. | AMS | KIGAM
10 | OWd090302 charcoal 174 T23 17,930£100 yrs.B.P. | AMS KIGAM
11 | OWd090303 charcoal 144 T24 3da | 18,110+£110 yrs B.P. | AMS KIGAM
12| OWd090315 charcoal 114 V16 19,860£100 yrs.B.P. | AMS KIGAM
13 | OWd090316 charcoal A4 V18 3AF 20,660+110 yrs B.P. | AMS | KIGAM
14 | OWd090309 charcoal 14 Ul16 20,850+130 yrs. BP. | AMS | KIGAM
15 | SNU02-329 charcoal 174 D12 21,1004+200 yrs.B.P. | AMS SNU
16 SNU02-327 charcoal 144 B12-2 22,200+£600 yrs.B.P. | AMS SNU
17 | OWd090307 charcoal 1749 ul4 23,020+220 yrs B.P. | AMS |  KIGAM
18 | OWd090311 charcoal 1149 U20 23410130 yrs B.P. | AMS | KIGAM
19 | OWd090310 charcoal A4 U19 23,540+540 yrs B.P. | AMS KIGAM
20 | SNU03-841 charcoal 144 P39-1 23,900+400 yrs. BP. | AMS SNU
21 | SNU03-839 charcoal 174 038-1 24,1004200 yrs.B.P. | AMS SNU
22 | SNU03-840 charcoal 174 038-2 27,500+300 yrs B.P. | AMS SNU
23 | SNU03-842 charcoal 149 P39-2 27,600+300 yrs B.P. | AMS SNU
24 SNU03-843 charcoal A9 H3 o 29,200£900 yrs B.P. | AMS SNU
25 | SNUO03-844 charcoal 279 E12N12 30,000+1,500 yrs.B.P.| AMS SNU
26 SNU03-726 sediment 144 F13-1 31,000£500 yrs.B.P. | AMS SNU
27 SNU02-578 sediment 174 J36-3 31,100%1,000 yrs.B.P.| AMS SNU
28 GX-29425 charcoal 144 D23-2 31,500+300 yrs.B.P. | AMS | Geochron
29 SNU02-330 charcoal 149 D23-1 - 32,100£1,500 yrs.B.P.| AMS SNU
30 SNU02-323 charcoal 144 D23-3 33,200£1,900 yrs.B.P.| AMS SNU
31 SNU04-867 charcoal %49 F13-2 33,400£800 yrs.B.P | AMS SNU
32 | SNU02-575 sediment 144 J36-1 33,900+1,000 yrs.B.P.| AMS SNU
33 | SNU02-580 sediment 174 J36-2 34,5004800 yrs.B.P. | AMS SNU
34 | SNU02-577 sediment 1#19 J364 625 46,400£2,000 yrs.B.P.| AMS SNU

B SHTE=7 719 AMSHTA! Geochron : Geochron Laboratories, USA, KIGAM : SIZXRIRFRHTE XIHEAMSZAMIE]

X SNU A2t 7I=
x T SRIBEA 2
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