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ABSTRACT

Cheju volcanic island is situated at about 90km south of southern
most tip of the Korean peninsula and the largest island consists of one
major island in Korea. Its shape is an ellipse with size of 80 X 40ki.
That is, the total area is 1,824k, the length from West to East is 23.
9km. In the length from North to South, the main island is 15.4km or the
island is 16.6km. The shoreline cone of the island is 75.6km. Manjang-gul
cave is located in Kimnyoung-ri, Kujwa-up, the Northeast of Cheju
province; situated on latitude 33°31°26”"N. and longitude 126°46’ 18”E.

It can be suggested that these facts on the third floor lava bridge are
related to the quantitative analysis by X-ray fluorescent analysis
method. The chemical compositions (Unit: wt.%) by XRF fundamental
parameter analysis are as follows: SiO.=52.60, TiO.=1.74, Al.0;=14.30,
Fe:05=12.40, MnO=0.15, MgO=6.89, Ca0=8.84, K.0= 2.54, Na.O=
0.36, P:05=0.18. The third floor of lava bridge sample in Manjang-gul
cave are triclinic and hexagonal system for the crystal structure by
X-ray observation and basaltic andesite in intermediate for chemical
classification. The K-Ar age of upper layer (3F) of lava bridge sample

in Manjang-gul cave was determined to be 0.19Ma.
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1 INTRODUCTION

Cheju volcanic island is situated at about 90km south of southern most
tip of the Korean peninsula and is the largest island, one of major
islands in Korea. Manjang-gul cave is located in Kimnyoung-ri, Kujwa-
up, the Northeast of Cheju province; at latitude 33°31" 26" N. and
longitude 126°46" 18"E. (Fig.D).

Cheju island is a volcanic island which is composed of lava of basalt,
andesite and trachyte as land tax face rock quality that has 360 or more
parasitic volcanoes, whose main peak is Mt. Hanla mountain (1950m).
In addition, 62 lava caverns have been discovered there.

Manjang-gul cave has been investigated several times by Korea,Japan
joint Cheju island cavern survey. (Hong, 1981 ; Ogawa, 1981). Many
layered structures (2~ 5 layers) and the complicated aspects are seen
characteristically in the inside of this cavern. With regard to the similar
cavern Heldes cavern (Spain), Dynamited cavern (extension: 2,388m;
USA) and Laviathan cave (extension: 12,400m; Kenya) are known.

Cheju volcanic island consists of alkali basalt (Sawa others 1996) and
attention should be paid to its geology and rocks. The characteristic of
the volcano geology was clarified by the studies of Lee, S.-M.(1966);
Won, J.-K.(1975); and Lee, M.-W.(1982). The analyese of studies of
compositions (Sawa and others, 1989, 1990, 1992, 1993, and 1996) and of
mineral structures (Sawa, 1991; Sawa and others, 1997 and 1998) were

reported. Furthermore, the K-Ar age determination (Won, J.-K and
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Fig.l1 Index and location maps of Manjang-gul Cave.

others, 1986 and Okada and others, 1991) made the age of formation of
Manjang-gul cave clear. The lava bridge in Manjang-gul cave exists
about 1,000m from the 2nd entrance, which is becoming the entrance for
sightseeing (Fig.1).

The lava bridge was formed in the way that the stream of lava fell
to the lower layer from the upper layer (3F) and the weak upper part

of the cavern was collapsed. In the lava bridge of Manjang-gul cave, as
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Tablel The dimension of the lava bridge in Manjang-gul cave (cm)

Layer Name Length | Thickness ( Width |Height from base_
Upper Layer (3F) 580+20 40+10 410+35 65 .
" Middle Layer (2F) | 700420 | 33+10 | 54515 938
" Lower Layer (IF) | 70020 | 23+05 | 360+30 32

lava was streaming, the lower layer (1F) of the lava was rapidly
solidified, the solidified layer turned into lava floor, and then a bridge
style was formed. The length, thickness and width of the middle layer
(2F) of the lava bridge are 700 % 20cm, 33 %+ 10cm and 545 =+ 15cm
respectively (Tablel ). On the other hand, the length, thickness and
width of the upper layer (3F) of the lava bridge are 580+ 20cm, 40+
10cm and 410+£35cm respectively (Fig.2 and Tablel ). The authors report
bulk rock chmistry, mineral compositions, and K-Ar age for the lava

bridge samples in Manjang-gul cave.

2 MEASURING METHOD
2.1 XRF and XRD analysis

Sample preparation was carried out mainly following Goto and
Tatsumi (1994). Rock specimens were crashed by a hammer into coarse
samplse, The coarse samples were washed in pure H:O using a super-
sonic wave washer, which process was repeated two or three times. The
washed coarse samples were ground by a vibration mill with a tungsten
carbide vessel into powdered samples. In this grinding process n-hexane
was used to aid grinding. The resulting samples were dried at 105°C
overnight.

The powdered samples were fused into glass beads in the condition as

follows, flux: Li:B.O;, sample : flux=1:10 (0.4g : 4.0g), fusion tempera-
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Fig.2 Structure of lava bridge in Manjang-gul cave

ture: 1200°C, fusion time: 2 minutes holding and 5 minutes swirling,
cooling time: 1 minute leaving and 3 minutes cooling by air flow. The
glass bead method can eliminate grain-size effect and mineralogical

effect which disturb accurate quantification by XRF. Analysis of bulk

rock chemistry was carried out with X-ray fluorescence spectrometer
(RIGAKU RIXZ2100) by glass bead method using fundamental parameter
(FT) method to quantify. Analysis of mineral compositions was
porformed with X-ray diffraction spectrometer (RINT-2500+ curved

graphite monochromator).
2.2 K-Ar age determination

In K-Age determination by Hiruzen Institute for Geology &

Chronology, the rock samples were crushed and sieved to take 60-80
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mesh size fraction for the argon analysis. About 50-100 mg of powder
specimens were used, for the fixed quantity of 1 time of potassium (K).
The analysis of age determination is lowest to 1 specimen attachment,
to confirm the reappearance nature et al., of the unhomogeneous and
fixed quantity of the specimen we went over twice. A portion of each
was ground separate in an agate mortar, and the resulting powder was
analyzed for potassium. Potassium analysis was carried out by flame
photometry using a 2000 ppm cesium(Cs) buffer. Powder samples were
decomposed for analysis by flame photometry with HF and HNOs
treatment in a teflon beaker. Multiple runs of two chemical standards
(JG-1 and JB-1) indicated that the accuracy and reproducibility of this
method were within 2%. An average value of duplicate runs was used in
the calculation. Argon was analyzed using an isotopic dilution method
with an ®Ar spike. The specimen and the standards were measured in

the same condition. The error with the medium value is within 1%.

3. CHEMICAL COMPOSITIONS and STUDY

The results of XRF analysis of bulk rock chemistry for the lava bridge
and twin lava column samples are tabulated shown in Table2, together
with the composition range of volcanic eruptives in Cheju island.

In comparison with the composition range for Cheju volcanic island,
the contents of TiO: and Fe:0;"* are high. The lava bridge in Manjang-
gul cave is composed of basaltic andesite, while the range of composi-
tions of the volcanic eruptive in Cheju island is wide, With regard to
alkalinity, the contents of SiO. vs. (Na:O+K.O) are plotted in Fig.3.
The boundaries in Fig.3 are after Kuno (1966). The basaltic andesite of
the lava bridge is non-alkaline, while the basalt of the twin lava column

shows high alkalinity.
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Table2 Representative XRF analysis results for the lava in Manjang-gul,
together with the composition range of volcanic eruptives in Cheju island (wt.%)

Composition Twin Lar)& 2F Lava 3F Lava Lava Cheju N
Column Bridge Bridge Average Province

Si0. 50.99 53.10 52.60 52.85 41.2 ~66.31
TiO. 2.15 1.79 1.74 1.77 0.00~ 3.57
Al:0, 15.17 14.30 14.30 14.30 13.84~25.20
Fe:0," 12.56 12.40 12.40 12.40 0.67~14.24
MnO 0.16 0.15 0.15 0.15 0.00~ 1.53
MgO 6.15 6.23 6.89 6.56 0.00~10.61
CaO 8.06 8.85 8.84 8.85 1.07~12.76
Na.O 3.27 2.64 2.54 2.59 1.41~ 8.09
K.O 1.04 0.38 0.36 0.37 0.36~ 5.63
P:0s 0.30 0.16 0.18 0.17 0.00~ 1.71

1) Fe:0; : total iron as Fe:0, 2) Sawa and others (1996)

3) Sawa
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Fig.3 Contents of SiO: and (Na:0+ K 0) for the lava bridge in Manjang-gul
Cave. The Letter A denotes for alkali rock-series; AH, high alumina
series; cross and asterisk, 2F and 3F of the lava bridge respectively;
open triangles, twin lava column.

We requested the regression equation and decision coefficient of

polynomial expression (y=cx®—bx+a) in Fig.4. In other words, it is as
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Fig.4 Relation between SiO; and (Na:0+K.:0) of lava bridge in
Manjang-gul cave. This relation is displaying the regression
coefficient and decision coefficient of polynomial expression.
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follows:

Na:0O (wt%) =0.008(SiO2) * —0.747(Si0 ) +22.1---(R*=0.184) ---(1)
K:0(wt%) =0.007(SiO:) * —0.565(Si0 ) +13.1---(R * =0.590) ---(2)
Na.O+K:0(wt%)=0.015(Si02) * —0.249(Si0 ) +35.3---(R*=0.421) ---(3)

It was admitted that the decision coefficient of the polynomial
expression is larger than the equation of the straight line. Therefore, In
the relation figure between of SiO; and (Na.O+K.0). It was admitted
that one of the polynomial expression is superior to the equation of the

straight line. On the other hand, from the relation figure between SiO,
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Fig.5 Chemical classification and nomenclature of volcanic rocks
ustng the total alkali versus silica (TAS) diagram (after Le
Bas et al. 1986. Fig.2). Plot of SiO; vs. (Na:0+K.:0) on
Manjang-gul cave.
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Fig.6 Plot of SiO: vs. K:0 on Manjang-gul cave, together with
composition range of volcanic eruptive in Cheju island

and (Na.O+K.0), lava bridge was confirmed that it is smallest (Na.
O+K:0) in Cheju volcano island.

Fig.5 is the diagram of chemical classification and nomenclature of
volcanic rocks using the total alkali versus silica (TAS) diagram after Le
Bas et al. 1986, in which SiO: vs. (Na:O+K.0) of Manjang-gul cave is
plotted. The lava bridge in Manjang-gul cave consists of basalt, it
andesite.

Fig.6 is displaying the relation between SiO. and K.O of lava bridge
in Manjang-gul cave and division of basalts (with SiO, >48%), basaltic
andesites, andesites, dacites and rhyolites in low-K and high-K types.
Twin lava column in Manjang-gul cave is basalt and medium-k. Lava

bridge in Manjang-gul cave is basaltic andesites and low-K types.
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4 CONTAINMENT MINERAL and DISCUSSION
4.1 X-ray analysis

The range of reliability factor in each mineral is albite (678), quartz
(507) and also augite (453) in Tabled. Besides, it was confirmed that
the shifting and peak intensity ratio of peak differ even these, although
we entered the substance that has existence possibility. The substance
that entered to these qualitative analysis result the change of the

structure associated with solution of the element are conceivable besides.

4.2 K-Ar age determination

The results of K-Ar age determination for the lava bridge and lava
column samples are tabulated in Table3. Eruption period by K-Ar age
determination of upper layer (3F) samples was determined to be 0.19Ma.
The K-Ar age of twin lava column samples was determined to be 0.03-
0.42Ma.

The upper layer (3F) of lava bridge was formed between both eruption
period of the twin lava column. Therefore, in the same cavern, the
non-alkaline ejecta of the lava bridge was erupted between the alkaline
activity of the twin lava column.

With regard to the volcanic activity in Cheju volcanic island, Lee,
M.-W. (1982) reported that the eruption age of San Bong San trachyte
and of Back Lock Dam trachyte was 0.74Ma and 0.025Ma, respectively.
Therefore, after the eruption of San Bang San trachyte, one of the twin
lava column was formed at 0.32-0.42Ma, and then the lava bridge was

formed at 0.19Ma, which was followed by the formation of another

column at 0.03-0.05Ma, and Back Lock Dam trachyte was erupted last.
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Table3 Qualitative analysis of Ist search-match on the middle

layer (2F) lava bridge in Manjang- gul cave

NQICard No|  Chemical Formula Mineral Name S&zﬂggg Aﬁfﬁ;’g:?‘ R;!Lackt»iolirly
1| 41-1483 | Ca(Mg, Fe+3, Al) (Si| Augite, aluminian 50 M *
2 | 46-1045 | SiO: Quartz, Syn 28 15 *
3 | 09-0456 | (Na, Ca)(Si, AD. O, | Albite,calcian,disordere 19 18 *
4 110-0393 | Na(Sis Al 04 Albite, disordere 42 35 *
5 | 36-0398 | MgFe,0 Magnesioferrite, disordere 15 10 *
6 09-0478 | (Na, K)(SisAD O, | Anorthoclase, disordered | 30 17 499
7 |31-0795 | (Mg, Fe): SiO. Forsterite, ferroan 40 20 417
8 | 41-1481 | (Ca, Na)(Si, A« O: | Anorthitesodian,disorde 66 45 732
9 | 18-1202 | (Ca, Na)(Si, A« O, | Anorthitesodian,interme 52 46 697
10 | 19-0629 | FeFe:0, Magnetite, syn 15 10 659
11| 09-0465 | (Ca, Na)(AlL S s Si | Anorthitesodian,ordered | 19 17| 630
12 | 20-0528 | (Ca, Na)(Al, Si)s Si | Anorthitesodian,ordered 92 56 578
13| 41-1480 | (Na, Ca) Al(Si, Al s Albite, calcian, ordered 71 45 565
14| 17-0548 | FeSiO, Clinoferrosilite, syn 12 8 559
15 29-0721 | FeSiO s Ferrosilite, syn 28 16 548
16]24-0203 | Ca(Mg, Fe)Si:0¢ | Augite | 36 | u | 531
17 [ 39-0386 | Na;CaAlSiiOx Lisetite 26 15 520
18| 41-1486 | CaAl.Si 0, Anorthite, ordered 82 44 520
19 | 33-0664 | Fe:0s Hematite, syn 24 14 506
20| 12-0197 | (K, Na)AISiO. Trikalsilite, syn 21 12 499
21330285 | Cas(Fe, T)s [ (Si, T | Schorlomite 18 12 197
22| 37-0415 | (Mg, Fe): SiO, Wadsleyite 12 6 490
23| 31-1081 | (K, Na)AISiO. Panunzite 29 20 486
24| 19-1250 | Na:TiSiO ¢ Paranatisite, syn 28 15 485
25 | 13-0421 | (Fe, Mg, Ca)SiO: Pigeonite 33 17 481
26| 24-0201 | Ca(Fe, M@)Si:0¢ | Augite o | 12 | 40
27)47-1763 | Na:CaNg:(PO.)s Chladniite 23 16 465
28 | 33-0670 | Fe.P Barringerite, syn 26 12 460
291 21-1096 | NaAluOy Diaoyudaoite, syn 40 21 454
30| 16-0406 | CaSiO; Hatrurite, syn 30 17 454
31|47-1877 | Ca,TiFeSisO Morimotoite 13 7 ur
32| 34-0098 | CaFeSiO, Kirschsteinite, syn 81 37 430
33 [ 39-1425 | Si0: Cristobalite, syn 40 14 428
34 | 34-0185 | NaFe(SiOs) » Aegirine, syn 36 13 425
35| 39-0409 | Na:Fe: Al(PO) s Ferrowyllieite 58 30 424
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Tabled Qualitative analysis of Ist search-match on the upper

layer (3F) lava bridge in Manjang- gul cave

No|Card No.| Chemical Formula Mineral Name S&i‘::ﬁ:f Aﬁfﬂi’g::"‘ R%!’:}:gi}y
1 |10-0393 | Na(Si,AD 0. Albite, disordered 42 32 678
2 | 46-1045 | Si0, Quartz, syn 28 15 507
3| 24-0203 | Ca(Mg, Fe) Si 0, Augite 36 18 453
4 | 25-1157 | Mg:TiO, Qandilite, syn 17 7 300
5 | 31-0615 | Fe:AlSi:Ou Sekaninaite, syn 43 17 258
6 | 09-0465 | (Ca, Na)(AL Si): Si | Anorthitesodian,ordered | 19 | 16 | 08
7 [18-1202 | (Ca, Na)(Si, Al)« Os | Anorthite sodian,interme 52 39 619
8 | 41-1486 | CaAl.Si; 0, Anorthite, ordered 82 44 573
9 | 41-1481 | (Ca, Na)(Si, Al) (O, Anorthite,sodian,disorde 66 44 5M
10 [ 41-1480 | (Na, Ca)AI(Si, Al), Albite,calcian,ordered g 38 552
11/20-0528 | (Ca, Na)(AL Si):Si | Anorthitesodianordered | 92 | 46 | 547
12| 27-0250 | Fe:(PO.) ;s Graftonite, syn 71 36 535
13| 09-0456 | (Na, Ca)(Si, AD .0, Albite,calcian,disordered 19 9 532
14 | 31-0795 | (Mg, Fe); SiO, Forsterite, ferroan 40 20 524
15| 13-0421 | (Fe, Mg, Ca) SiO, Pigeonite 33 20 508
16|34-0098 | CaFesiO. Kirschsteinite, syn 81 38 464
17| 39-0341 | Fe, (PO ). Sarcopside, syn 39 17 460
18| 42-1329 | Fe,Si Gupeiite 9 6 458
19 35-0592 | Ca :MgSi. 0+« Akermanite, syn 80 35 453
20 [ 33-0670 | Fe:P Barringerite, syn 26 14 429
21| 31-1081 | (K, Na)AISiO. | Pannzite 29 18 425
22| 16-0406 | CasSi0 Hatrurite, syn 30 12 421
23 15-0445 | Fe— Mg — Al—Si0O Unnamed mineral [ NR ] 36 18 419
24 [ 40-0483 | K:TiSie O Davanite 50 27 406
25| 14-0260 | SiO Tridynite-20H, syn 58 24 405
26| 19-1184 | NaAISi,05 Albite, ordered 147 68 402
27{39-0382 | Na:Si«04 Ertixiite 10 6 395
28 | 35-0610 | MgSi0O, Clinoenstatite, syn 100 48 380
29| 10-0423 | AIPO, Berlinite, syn 35 15 379
30 | 39-1425 | SiO, Cristobalite, syn 10 16 374
31 [ 471877 | Ca 1 TiFeSis O Morimotoite 13 6 m
32| 09-0466 | NaAlSi;04 Albite, ordered 45 24 369
33| 46-1337 | NaFe. +2 Fe; +3 S0y Wilkinsonite 67 33 369
34| 41-1483 | Ca(Mg, Fe +3, AD(Si | Augite, aluminian 50 28 368
35| 31-0616 | Fe: Al(SisOy Sekaninaite 38 19 366

_‘19_
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Table5 The results of K-Ar age determination for the lava bridge
and column in Manjang-gul cave

Sample Potassium Rad."Ar

K-Ar age Non Rad. Ar

Ref.
Name (wt.%) (0%ccSTP/g) (Ma) (%) e
0.09+0.21  0.03+0.07 99.3
Twin lava Sawa and others
= = +
column(ay O-B1E0:02 0.130.13  0.040.04 98.5 00
0.15+0.14  0.05+0.05 98.4
SF lava 900002 0914003 0.19+0.14 97.7 This Paper
bridge
Twin lava 0.9140.03 1.12+1.48  0.32+0.43 98.9 Sawa and others
column(B) 1.49+1.50 0.42+0.42 98.5 (1990)

5 SUMMARY and CONCLUSION

We understood the following as a result of lava bridge in Manjang-gul

cave.

1) The lava bridge in Manjang-gul cave consists of basalt andesite.

2) About the containment rate of SiO., CaO, K.O, the upper layer

(3F) lava ridge is less than the middle layer (2F) lava bridge, and

are more than twin lava column.

3) About the containment rate of TiO., Al:Ojs, Fe:0s;, MnO, the

middle layer (2F) lava bridge and the upper layer (3F) lava bridge

are same almost, being less than twin lava column.

4) Lava bridge in Manjang-gul cave is non-alkaline.

5) As for the lava bridge minerals in Manjang-gul cave, albite, quartz

and also augite are many.

6) The age of the formation of the upper layer (3F) lava bridge in

Manjang-gul cave is 1.9Ma determined by K-Ar method.

As for the lava bridge mineral in Manjang-gul cave, Albite, Quartz and

also Augite are many. There are the cave (Sawa et al., 1996) of a
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volcano in Cheju volcanic island (Sawa et al, 1990), Mt. Peakdu-san
(Sawa et al., 1996F), Mt. Fuji mainly in Northeast Asia. As for these
lava caverns high alkali basalt is distributing it. That even lava bridge
in Manjang-gul cave was found is conceivable that there is an important

meaning in these lava bridges.

-3 #
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Appendix Analysis value of the lava in Cheju volecano island (wt.%)

gﬁf Si0, TiO: Al:0y Fe;Os MnO MgO Ca0 Na;0 K.0 P:0, é ﬁ'
101| 61.36 037 1812 208 0.12| 0.06 321 6.08 495 0.23| 96.58
102{ 60.65 044 1820 4.00 000| 086 6.8l 4.54 3.08 098 99.56
103| 59.51 1.13  18.52 2.84 0.22 078 419 502 3.16 0.14| 95.51
104| 58.75 1.00 2365 4.51 0.19| 0.00 4.02 242 473 0.07| 99.34
105| 5487 133 1791 468 0.00/ 121 738 458 320 1.02| 96.18
106 54.72 133 23.50 220 016 117 450  3.19 2.99 0.15| 93.91
107| 54.28 1.23 17.82 2,66 018 1.57 6.49  3.91 3.40 0.29| 91.83
108| 51.10 0.53 1880 533 001 1.54 6.43 7.41 4.94 0.01| 96.10
109| 49.61 2,12 15620 6.81 0.24 5.04 6.37 4.42 2.85 0.00| 92.66
110| 47.70 107 2250 495 001| 209 609 634 398 0.02| 94.75
111| 46.86 269 1637  6.01 123 425 681 5.28 241 1.71| 93.62
112| 44.61 0.56 18,55 13.36  0.35 7.06  9.21 2.89 053  0.08] 97.20
113| 4460 095 2520 332 0,01 2.52 8.24 4.58 1.20  0.01| 90.63
114| 4430 1.85  20.50 767  0.02| 400 835 5.39 1.67 0.02| 93.77
115 43.41 258 15.62  3.99 138 6.78 10.77 4.28 1.30 1.29| 91.30
116 41.20 1.28 2470 977  0.01 2.74 9.24 5.25 1.87 0.01| 96.07
117| 56.34 094 1743 352 025 0.84 3.80 513 332 1.24| 9281
118| 56.19 2,14 16.12 2.44 0.30( 3.70 763 439 230 0.55| 95.76
119| 4980 098 19.00 5.88  0.01 1.31 5.76 6.74 3.23 0.01) 92.72
120| 49.56 031 21.17 852 0.23| 279 6.09 4.42 2.27 0.17| 95.53
121| 47.26 0.53 18.07 13.04 0.10f 431 8.22 4.3 1.33 0.20| 97.19
122 45.74 031 21.06 1382 0.19 441 8.14 3.81 1.25 0.09| 98.82
123| 45.50 1.51 2280 802 0.01 1.64 7.39  5.93 2.29 0.20| 95.29
124 4540 1.59 2280 8.1 0.02 216 813 512 2.17 0.09| 96.29
125 44.60 1.39  24.00 7.68  0.02 2.64 5.81 5.12 1.87 0.02| 93.15
126 44.54 297 2353 0.67 1.53| 4.35 7.46 141 1.49 0.02| 87.97
127| 44.50 1.28  21.50 5.31 0.01 3.17  8.69 5.05 2.05 0.59| 92.15
128 43.60 1.23  22.00 7.1 0.01 3.1 8.92 5.53 175 0.01| 94.47
129| 66.31 0.00 18.55 229  0.09/ 000 203 3.35 5.14  0.00| 97.76
130| 6462 027 1790 1.8 008 0.16 231 519 525 002 97.66
131| 64.61 043 17.53 1.46 0.19 0.00 4.22 5.33 4.95 0.00| 98.72
132| 57.42 032 1744 9.32 0.12 1.33 4.71 5.32 3.02 0.08| 99.08
133 5498 093 2113 349 0.21 1.15 3.27 5.94 340 097 9547
134 5460 0.83 16.80 552  0.00 1.70 3.84 8.09 494 0.00| 96.32
135 51.04 0.71 16.82 11.32 0.1 8.65 7.58 3.31 1.05 0.11| 100.70
136| 50.20 2.25 15.08 642  0.20 5.08  6.40 4.33 2.97 0.00| 92.93
137| 4938  0.73 17.09 10.01 0.13 4.88 7.65 3.88 1.01 0.05| 94.81
138| 4833 231 16.13 460 0.2 413 1067 3.74 1.07 1.46| 92.56
139| 48.00 1.32 16.08 8.22 0.01 4.06 7.22  6.07 3.01 0.01| 94.00
140 47.60 172 1477 2.78 0.61 464 1276  3.76 1.03 1.40| 91.07
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141| 47.40 1.85 16.50  7.77 0.01 549  8.01 539 253  0.03| 94.98
142 47.00 175 20,50  4.34 0.01 3.20 8.92 6.34 1.93  0.03| 94.02
143 46.90 1.33 20,10 7.24 0.01 3.12 7.22 6.20 277  0.04] 94.93
144 45.90 1.55  17.50  8.87 0.01 495  8.13 5.93 241 0.05| 95.30
145 45.50 1.62 17.20  8.16 0.01 4.92 8.75 5.66 2.41 0.04| 94.27
146| 44.60 1.80 17.60 7.7 0.01 7.21 9.03  4.72 L7 0.01| 94.44
147 44.50 1.62 2080 8.11 0.01 7.58 463 472 193 0.01] 93.91
148| 4336 032 1614 14.24 0.35 7.87 9.28 2.89 1.21 0.08 95.74
149| 42.80 1.59  17.40 5.91 0.01 8.68 8.80  4.04 145  0.01] 90.69
150 51.50  0.00 15.45 1.82 0.00 4.93 9.19 4.09 352  0.00[ 90.50
201 48.22 236 14.42 2.44 0.16| 8.93 8.12 3.74 2,03 0.54| 90.96
202| 4849 239  15.14 1.62 017 9.00 8.19 3.25 1.93  0.55| 90.73
203| 45.11 2,67 1384 339 017 1061 1017 2.10 1.31 0.53| 89.90
204| 49.13 238 14.58 198 015 843 889 3.31 1.38 048] 90.71
205 4841 227 1449 1.84 017 9.61 9.44 3.10 143 047| 91.23
206 49.10 2.15 14.15 1.79 0.15| 9.78  9.51 2.40 1.23  0.38] 90.64
207 4717 218 1458 337 017 10.25 8.25 2.96 123 0.39| 90.55
208| 4879 214 15.21 1.71 0.15 898 848 312 083 0.35| 89.76
209| 47.32 245 1422 354 015 9.09 877  3.16 149 0.49| 90.68
210 47.02 2,79  17.06 110 0.16) 859  B8.67  3.03 1.23  0.27| 89.92
211 51.07 248 1470 251 015 614 7.78 3.36 1.41 0.57( 90.17
212 50.70 1.93  16.06 1.36 0.14 7.11 8.28 323 088 0.29| 89.98
213 48.00 3.08 1756  3.256  0.16| 5.55 8.11 3.72 1.31 033 91.07
214 49.45 2,70 16.93 4.77 0.17 4.90 767  3.60 148 0.67| 92.34
215 49.77 2,56  16.77 272  0.15 5.44 7.29 410 2.03 066 91.49
216| 49.60 259 15.21 2.71 0.15 7.06  8.00 341 1.86  0.68 91.27
217 4819 297 17.04 533 016 490 848 3.76 1.31 0.67| 92.81
218| 4836 263 14.52 243 0.15| 840 880 2.90 1.09  0.57| 89.85
219| 49.82 244 1714 3.92 0.15 5.07 7.30  3.94 1.74 0.49| 92.01
220 49.28 277 17.57 1.81 0.14 5.14 8.57 3.66 113 0.54| 90.61
221| 48.74 2.29 19.21 2,00 0.2 3.81 8.85 4.08 143 0.88| 9141
222| 4841 336  17.15 269 018 445 700  3.74 1.44 0.95| 89.36
223 50.01 226 17.16 3.15  0.16 5.62 7.90  3.91 1.88  0.66| 92.71
224| 4853 277 14.89 1.41 0.22 7.89 841 3.37 L17T 048] 89.14
225| 5217 1.96 16.05 140 015 596 6.74 4.26 2,18  0.62| 91.49
226 47.59 260 1737 384 0.15 6.61 8.53 3.56 098 043 91.66
227| 49.61 241 1546 233 017 690 805 342 1.07  047| 89.89
228| 4999 237 16.27 .72 015 5.91 7.42 3.92 173 0.54| 90.02
2291 49.75 270 1633 358 017 492  8.07 3.79 1.72 0.71] 91.74

230| 4945 253 1614 160 0.16 5.83 8.01 3.89 1.93 0.72| 90.26
231| 49.85 248 1472 L75 0.14 6.99 8.00 3.57 1.52 0.53| 89.55
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232 5041 228 1468 260 0.17| 583 827 394 173 055 9046
233 50.26 269 1791 2.8 0.12| 364 787 413 184 066 91.98
234 50.74 240 1589 138  0.15| 455 839 402 172 055 89.79
235 48.88 256 17.23 218 0.8 562 743 369 142  0.60| 89.79
236| 4851 255 1881 175 0.13| 528 826 3.8 130 055 90.99
237| 4998 236 1683 181  0.16] 579 735 378 182  0.66| 90.54
238 51.03 220 1722 219 016 442 673 417 212  0.63| 90.87
239 51.20 239 1835 458 0.5 3.27 692 448 1.74  0.82| 93.90
240 48.88 234 1801 9.4  0.13| 340 826 3.8 154  0.64] 96.20
241| 4936 240 1684 174 0.6 523 827 392 180 051| 90.23
242 51,75 236 1565 259  0.16) 4.94 831 367 152 041 91.36
243| 47.94 267 1578 324  0.14| 7.70 864 349 1.26  0.40| 91.26
244| 49.09 351 1586 439  0.19| 4.09 763 392 1.58  0.64| 90.90
245 49.17 350 1639 274  0.16| 4.67 801 390 152  0.48| 90.54
246 4837 357 1647 231  017| 453 769 382 138 0.50| 88.81
247| 46.85 3.09 1850 1.69 0.5 542 796 396 144 047 89.53
248| 4810 318 1733 325 0.5 521 7.88 376 1.39  0.56| 90.81
249 50.93 240 18.00 236 0.5 321 641 461 211  0.58| 90.76
250 54.57 1.67 1851 230 0.5 225 552 505 262 0.83] 9347
251| 5450 166 1781 636 0.14| 1.82 505 495 292 093] 96.14
252| 50.86 2,50 1496 286 0.16| 4.05 9.08 415 1.26  0.44| 90.32
253| 52.03 211 1696 3.80 0.14| 375 560 434 225 092 91.90
254| 54.66 1.56 17.79 238 0.6/ 202 555 503 288 0.83| 92.86
255| 51.24 1.88 1838 3.66 0.7 2.89 604 482 264 1.00| 92.72
256 55.31 148 1815 1.89  0.14| 227 448 497 295 0.97| 92.61
257 57.99 097 1856 4.80 024 046 324 595 418  0.52| 96.91
258| 62.38 0.50 17.73 1.89 025 019 269 6.39 426 0.25| 96.53
259 5951 094 1782 419 013 086 255 541 391  0.48| 95.80
260| 60.19 0.68 17.68 253 0.3 091 238 576 4.65  0.26] 95.17
261| 62.84 046 17.8¢ 190 0.14| 028 178 598 503  0.22| 96.47
262| 61.98 064 1751 567 012 062 157 551 447  0.47| 98.56
263| 6554 028 1673 250 012 013 107 6.04 563 0.03| 98.07

WHREEL | 4740 258 1460 1260 0.6 857 913 293 148 060 100.05

OBk | 4750 258 1440 1260 016 863 912 295 154  0.51| 99.99

#t2F| 5310  1.79 1430 1240 0.15| 6.23 885 264 0.38  0.16] 100.00

BL3F| 5260 174 1430 1240 0.5 6.89 884 254 036  0.18] 100.00

StAE| 5099 215 1517 1256 0.6 6.15  8.06  3.27 104 030 99.85

MAX| 6631 357 2520 1424 1.53| 1061 12.76 8.09 563  1.71| 100.70
AVG| 5060 1.82 1751 4.68 017 4.53 7.6 430 220 0.43| 93.40
MIN| 41.20 000 13.84 067 0.00| 000 107 141 036 000 87.97

STDEV| 521 088 248 337 022] 270 215 115 120 036 3.15




