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Mineral Chemistry of Biogenic Apatite (Conodont) from the
Dumugol and Hwajeol Formations and its Application
to Stratigraphic Interpretation
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Abstract : Chemical compositions of biogenic apatites (conodont) from the Hwajeol and Dumugol
Formations in the Baegunsan Syncline Zone in Korea and the Planilimbata and Limbata Formations
in Sweden were determined by an electron microprobe analysis. The application of their statistical
data of mineral chemistries to stratigraphic interpretation was also considered. Conodonts from
both Korea and Sweden are fluorapaptite containing 2.5-3.5 wt.% in F contents and are identical
to chemistry of inorganic apatite. Compositional variation on samples can be observed not only
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in the different species but also in different stratigraphic horizons and localities. The notable differe-
nce is observed in CI and Na contents between conodonts from Korea and Sweden. Conodonts
from Korea contains relatively higher Cl and lower Na content than those of conodonts from
Sweden. Statistical analysis (discriminant) of the chemical compositions of conodonts shows that
the discrimination between conodonts from the Dumugol and Hwajeol Formations due principally
to Cl content. The discrimination between species occurred in the Hwajeol Formation by Na is
also apparent. The stratigraphic interpretation using the compositional change is hard to be general-
lized, although the compositional changes in a few conodont species are systematically varied.
However, increase of F and Na, and decrease of Ca with increase of geologic time from Ordovician
to Cambrian are observed. Mineral chemistries and color indices of conodonts from Korea do
not change significantly with heat treatment at 500C for 8 hours per day for 30 days, whereas
those from Sweden change significantly. It indicates that chemical compositions of conodonts from
Korea could not be preserved their initial composition.

Key Words : Biogenic Apatite, Conodont, Mineral Chemistry, Statistical Analysis, Stratigraphic

Interpretation.
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Fig. 1. Geologic map of the study area showing conodont sampling sites (after Lee, 1987; Seo, 1990). Capital E,
F and L represent sampling sites and their detailed sampling horizons were shown in Fig. 2a and b.
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Fig. 2. Correlation of each section A) the upper Hwa-
jeol member (E, Hwajeol section; F, Core sec-
tion; G, Guraeri section; J, Dongjeom-ri section;
H1, Procondontus posterocostatus; H2, Edoconodo-
ntus notchpeakensis; H3, Cambrooistotus minu-
tus; H4, Cordylodus proavus) and B) the Dumu-
gol Formation (L2, Maggol section; L4, Hwajeol
section; L6, Tuckgo! section; L10, Meorigol core
section; D1, Chosonodina herfurthi and Rossodus
manitouensis; D2, Scolopodus quadraplicatus; D
3, Paracordyrodus gractlis; D4, Triangulodus du-
mugolensis; Al, A2, A3 and A4, Drepanodus ar-
cuatus) based on conodont Zones (Z.=Zone).
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zons (S1, Oepicodus smithensis; S2, Oistodus; S
3, Oustodus forceps; S4, Tetraprioniodus sp.).
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Table 1. Electron microprobe analyses

Hgare) 43 3
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and structural formulae for conodonts from South Korea and Sweden

Sample Name* H1(2) H2(6) H3(9 H4(@®) D1(30) D2(6) D3(16) D4(4) S1(6) S2(3 S3@) S4(2
Ca0 5557 5693 5592 56.00 5526 5489 5553 5565 5202 5368 5473 5113
Na,0 0.05 0.03 0.14 0.05 0.28 0.26 0.13 0.15 0.51 0.65 0.56 0.62
P:0Os 4261 4251 4236 4324 4203 4197 4211 4216 4053 4170 4225 4034
F 2.89 3.33 3.20 2.72 315 341 323 3.27 350 345 3.63 3.36
Cl 007 0.08 0.22 0.14 0.44 0.39 0.24 0.29 0.05 0.05 0.05 0.03

101.18 102.87 101.85 102.16 101.15 10092 10123 10151 9661 9953 10121 9548
-OxF, Cl 123 1.42 1.40 118 1.42 1.52 141 144 148 1.46 1.54 142
Total 99.95 10145 10045 10098 99.72 9939 9982 100.07 9512 98.07 99.67 94.06

Number of ions on the basis of O(26)

Ca 10.027 10.146 10.053 10.001 10010 9.954 10.043 10.040 9818 9845 9875 9.749
Na 0018 0.009 0.047 0016 009 008 0041 0050 0173 0216 0184 0214

10.045 10.155 10.100 10.017 10.100 10.040 10.084 10.090 9991 10.061 10.059 9.963
P 6075 5986 6.017 6.101 6016 6014 6.016 6.009 6.045 6.043 6.024 6.077
F 1537 1750 1699 1434 1683 1826 1724 1741 1949 1866 1931 1.891
Cl 0019 0.021 0.063 0040 0125 0111 0068 0.082 0.015 0014 0015 0.009

* Number of analyses spots in parentheses.
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Table 2. Electron microprobe analyses and structural
formulae for Drepanodus arcuatus from the
Dumugol Formation

Sample Name* A1(2) A2(3) A3(4) A4(3)
Ca0 55.51 55.92 54.77 55.63
Na,0 0.09 0.16 0.28 0.11
P.Os 42.00 42.32 41.28 4197
F 3.05 3.06 3.36 3.36
Cl 0.16 0.25 0.34 0.18

10081 101.71 100.02 101.25
-0=F.Cl 1.32 1.34 149 145
Total 9949 10037 9853  99.79
Number of ions on the basis O (26)
Ca 10.080 10.070 10.043 10.062
Na 0.029 0053 0093 0.037
10.109 10.123 10.136 10.099
P 6.026 6.022 5.981 5.999
F 1.635 1.625 1.817 1.792
Cl 0.046 0071 0099 0.052
1681 1696 1916 1844
* Number of analyses spots in parentheses.
MeEENG AYEs) FRHOE FE AoE B
a3},
ol BAAA (X VE AR} o] 252 Nagt

Ciste] #AE 29 4aol =A|8lch 50 shd3
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Table 3. Electron microprobe analyses and structural
formulae for normal and heat-treated cono-
donts from South Korea and Sweden

K1(8) HKI1#)** S1(6) HS1(7)**

Sample Name*

Ca0 54.87 5482 5202 50.96
Na,0 0.13 013 051 0.44
P,0s 42.03 4193 4053 40.37
F 2.59 3.06 350 3.22
Cl 0.21 021 005 0.04

99.83 100.16 96.61 95.04
-O=F/(l 1.14 134 148 1.37
Total 98.69 98.82 95.12 93.67

Number of ions on the basis O(26)

Ca 10.046 10.006 9.818 9.750
Na 0.045 0.043 0173 0.154

10.091 10.049 9.991 9.904
P 6.080 6.047 6.045 6.103
F 1.401 1.650 1.949 1.819
Cl 0.060 0.061 0.015 0.013

1461 1.710 1964 1.832

K1; Paltodus sp. and S1; Oepikodus smithensis.
* Number of analyses spots in parentheses.
** These represent heat-treated samples.
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Hwajeol Formation; cross, Dumugol Formation;
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mations.
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Fig. 5. Plots of discriminant scores on the diagram of
discriminant function I and II A) for the Hwa-
jeol and Dumugol Formation from South Korea
and the Planilimbata and Limbata Formations
from Sweden (solid rectangle, Hwajeo Forma-
tion; open circle, Dumugol Formation; open
triangle, Planilimbata and Limbata Formations),
B) for the Hwajeol Formation (open rectangle,
H1; open circle, H2; solid rectangle, H3; open
triangle, H4 and C), for normal and hcat-treated
samples from South Korea and Sweden (open
rectangle, K1; open circle, HK1; solid rectangle,
S1; open triangle ; HS1).

o

Eg 7 26 i EUSE 24N A

www.dbpia.co.kr



444

R

A O,
T T

oy

&7

Table 4. Analyses of varience(ANOVA) for the chemical composition of conodonts from South Korea and

Sweden )
Element 1 2 3 4 5 6
Degree of Freedom
Between Groups 2 3 3 3 3 3
Within Groups 91 21 51 10 6 19
Total 93 24 54 13 9 22
F RatioF Prob.F RatioF Prob.F RatioF Prob.F RatioF Prob.F RatioF Prob.F RatioF Prob.
(3.15) 3.07) (2.76) 3.71) 4.76) (3.13)
Ca 28.0949 0.0000 3.2018 0.0442 1.2468 0.3025 0.8724 0.4873 0.7077 0.5817 13.7159 0.0001
Na 92.3979 0.0000 5.0347 0.0088 8.0083 0.0002 1.7315 0.2235 3.2860 0.1001 62.4797 0.0000
P 34234 0.0369 4.7928 0.0107 0.5202 0.6703 0.6591 0.5956 1.1580 0.4000 3.8438 0.0263
F 12.0751 0.0000 2.2692 0.1101 0.5186 0.6714 0.6099 0.6237 0.9004 0.4939 10.8632 0.0002
Cl 33.7125 0.0000 4.6798 0.0118 4.6731 0.0058 1.2085 0.3564 1.6679 0.2716 6.7403 0.0028

1; Conodonts of the Hwajeol Fm,,

Dumugol Fm., and Sweden, 2; conodonts of the Hwajeol Fm., 3; conodonts

of the Dumugol Fm., 4; Sweden conodonts, 5; Drepanodus arcuatus, and 6; Heat-treated samples.

(2% 5b), WS [o) A HI, Has} H2, H3: Clst
Ao Al o8 FE¥, H13 H49 C15’1L
PAE] s Aol H2 3 H39 wE4s
oo} ze|a HEFs H‘ﬂ]*ﬁ:— Nad &9 T&%’ﬁ
o]l whel H29} H3+ F-#3v H1s} H4o 8-
olgirt. el g sAZo SHdE FE vuA
FE A FREC(EEE D 72.00%).

= SN RE AR Aukbxo g
225= Drepanodus arcuatusS A B2 3ol 34
W (C. herfurthi-R. manitouensis Zoneol| x| H-¥
Triangulodus dumugolensis Zonedll siw3le= AR
Al~A4, 3% 2 3x) S AN A3 iR
A=l P27} Nagh PRoln], Bwlx 3 60.00%
24 of3EbA] ok gpERgel] os dg 9
A52 wAsE AR (EE A A2 Drepanodus
arcuatus)® FXE7} At ¥tk ohegl EA4e]
£o07 FIHY AolE LAY = YA

A Adatgo] g kA A AolE
ooty 7] #ste] FW AEF F5IF59 Paltodus
sp.8} 2sldl X 8F Oepikodus smith ensisZ A3
slo] 500C 2 A=l A3 Fo| A HHS EA
shgict. spHEA e Ad ZEsH *’Jf“’“"f“’ﬂ A
H3kp Il 2 Adigte] & Nagt ClAd#o] #
ek Mol Als PAte] 7HE 437t i"ﬂ vhet
oo, AT (8261%) 7 wlad FIsA el
woh #EArE w8 AWE B (23 50)
F Tol A =) A8 Nast ClEE9] i<
Fola, ~dwl AEe sEAFE AL el

A== N1 N0
T T 2%

Nas Cl%-S ®rhe A9 dwsh 2 QA9
e @EES 614 PRES ﬂméfroﬂ EE
Qe AlaE A4 AF FT GEA)E Bolk
g, FHAEE 2 Aelrb Teﬁ A @ Aoz
depdeh ol HA F WARES we F Ams)
WA ) e Ao ezl e Almne)
Aoz Teolx 249 Wsbrh Aed TR,

H A
=

s RN

2 AT
o) fxgae]

%317

% (species)d, ¥ 3 g
vl A g o)z} AR on]7} QR E
53] s £ AR}
vehtz] Axizke) A2 zpo]7} de=AE &
ol 7] e BEAREA (M, ZAWE, 1988; 4
2],1988)2 AAlskgt). B QApdAe 242 7§-r°ﬂ
el FAFFE 0.052 AL AAstgoH,
BE AchEE & lTaer STHE Ao HF
@3 ZEAE Tl ot 97 F 134 F
MARS Loslgeng 7S syt

7} A 2WE AEEE AREE AT Aol ¥
T3tz Hah= o7 2ok Cad HAAS
o] 2 (o] 3} ZAaw AL g ART o] 24))
2 3gae 1006, S22 10010824 244
Alg9] 98380} A el z, Na- 3443 (0.02)7
007) B} 2ddl A8(0.18) A A
A Aletell A ZA =}o]7} gle} Fol
(1.72) 28]3 294 A8 (L
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Table 5. Pairs of significantly different groups for
South Korea and Sweden samples on the ba-
sis of analysis of varience
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Table 6. Pairs of significantly different groups for the
Hwajeol Formation on the basis of analysis
of varience

Element Group S D H Element Group H4 H1 H3 H2
Ca S Ca H4
D * H1
H % H3
Group H D S H2 %
Na H Group H2 H4 H1 H3
D * Na H2
S * H4
Group D H S H1
P D H3 * *
H * Group H2 H3 H1 H4
S P H2
Group H D S H3
F H H1
D * H4 * *
S * * Group H4 H1 H3 H2
Group S H D F H4
Cl S H1
H H3
- D * * H2 *
Group Hi1 H4 H2 H3
93)ol 4 Zko] Aelzk Gk T AR Eoke 29 “ Hl
QARANA 2 glo] Food, shal Hzuct 4 -
o FRERAA S 2 ehle e e o

AGE FAFo] S/l AT A3k (Zigler
and Lindstr m, 1981; A3~ 2], 1991).

U dAdEE FFFE, 28 249 A8 5
3N ez BAEAME A A (E 9), F
9] & 0.0541] FUAIAIQ 3158} 570 9] 9149 F
B7t 25 30, s RE d4ddA] 0.05 o]3tE
AT o] 71ZEe] H4g FRge] 77te) 94
AA FRF xeo)7) AL & 5 ok o= WE
Ao A et Sl Alm e} 299l A 5e}e)
Ay xpole} I AR A vlaA Ao Apo)r} &
F & AloldAE FEo] & HEdH 71918 Aok

At dad FEFFE B (X 5) 53] Nagt
F Aol 2sle] Al 3gbzte) p¥o] wehghs o
4 ek wAE FEgel A AYH 2 FoB
vdg Aold, *= F3gizte] +EES vehiich

FAFA A AEEE ZETE 7L £ (species)ol
dgte] sAdo) ule} FAME-AS AXF AF(R 4),
F& 93 4709] 2= Fol gAA < 30780} 29

o

_—

A W $Ex Folojele 005 olat 47)e]

¢

dae Hag ¥ yRBlE T2 A7 sk
R ERFAL BARAN Pkt Fio] ]

13 7sshls Axels AXg) Cae H27) 10.
1422 74 32, H47b 99902 7B 2 3hs
velgis, Na& H37} 0.042 714 =3, H1(0.018)
7 H4 (0.014) &= vl gke Jehl 2, H2E 0.008
o2 71 & kg vehlz, Cle H3(0.05) 7} 714
T2 & Jehdck 53] o 4] flkel 23 H2,
H33} H4rlolo] F-Hof FaFE & 4 UM (FE
6).

FHIFFNA AESEe IxFES 7 Fof g3y

BAEAE NG ATE B (E4), Ca P Y FL
FUAARTE Ao o]& 71Fong F¥o] Eakalel

2 A 9] (19919 = 287t
Aol dA" AgAEE melch
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Table 7. Pairs of significantly different groups for the
Dumugol Formation on the basis of analysis
of varience

Element Group D3 D4 D2 D1
Na D3
D4
D2
D1 * *

Group D3 D4 D2 D1
Cl D3

D4
D2
D1 *
D2
D1 *

g Na ¢} ClE o] 83 Huhd 72 §5F e
B (£ 7), NaAd el ¢l3le] D1(0.0948), D3 (0.0432)
2 D4 (0.0495)7}, ClA & 2)s)ed D1 (0.1315)3 D3
0.0709)7} 7tz F-B 7lesk Ao viepdon A
H2 Z4E Nagt Cl19 <fo] E1E9oh

28l A58 Fe= BE YadA F95F 0.05
Ale] FA A9l 3718} zfo} FHES o2 vepyt
o, ol WEEAH EHES o 2 AL
AR sz Aot ey, o) A= M 9 (1991)
7} AX Ca Na P @ F 4%e H23 % 2
Atolell A o] & f1A9) FeFAlrt FElslvle Aol
AbEl = A Jehdlad, ole 2 EAMS9)
FEg] 7|87 A Zow, ¥4 FLEE A
o] thEellAM 7¥HAE e =3 wlAlEl] 3
=} dAARE W s 9 ¢ it FREE 3
22 He| AHR71x] AFEE= Drepanodus arcuatus
F EL o)8dle] 2AER BHE A3 w3 Fio)
33 o2 el ol 24l AR HE
A FAY A EEe o dale] 9lg 4 8l

o -

HAolo] e £ T e Fol Ao 2A k0]
B Bl Felsh e wedshe Aoz A
74 4 slek

o o

Wxiz| el Hlolw

24 A ge} U AR 500CE 9 A %
o8] Ao} AR3o]Z vlwstich Agwl Al g9
7hd e A3 M9 W3l Epstein 9] (1977)

E N N~}
T

cFET

7} A A)1jF A|4=2 1 (Munsell color: 2.5Y 7/4~8/4) &
HE 5Rchs 947k & X4 (Munsell color: 7.5
YR 25/0~25YR 25/0)2 w3tk el A&
He ZIxEESY 4257} 599 (M3, 1990; °]
B, 1988, A3 2} ©]38}9,1991)019, o]zjt 4
A4 300C o] Adol A d¥AdE A A3t} (Epstein
9] 1977). )7 Y FxFEQ] YAFEu B
T TS AEShe AEA FFEEEe 34
Fo] Hojm 300T o]atel oA WAALS
oln] WLS-& AXErt o]2d 2 e A
I 3 (A AlEEHE HEFJES o
WA 2z} (0]d - 9} o]AF, 1993) Y|,
FETY A AEFU HUEFTY FHZA
He A ®3sg YE 4" ox =3
E &A4289 HFE dlod AEAdzbge] of

wokg-& A AR} (A3, 1990).

Ul A 85 522 Paltodus sp. 9} 298 A
B.% Oepikodus smithensisS 27+ g 2j2|ste] =iz
5o Ftz4E vwslgdch (X 3). T T F
E AuE 928 A9 Casl ClAES (HYEF o
2+42) 77] 1004 2 00605, dAH Fo g
10.00, 0.062.24 ®W3le] Fo] A Yo 9l&
Ax2 2 Wit AR ged dbsted, 29wl
Al59] A= 2Ae] A= F9 Caglo] 9817 9.75
2A dAFE Cad #FA2E Jeplz Qo (F 3FR).
ol &2 FAAHY = S ¥ 29wl A5 H¢
771 8 J 7 Aol BAE AT AlgEe]
ksl A)7|71o e ohd FA -] 9lovt sl
el 3tz WA elditia B 5
glet. 28] Na 3 F& Adldl o] A3 A 8dllA
0.15, 1.81& vehfiz, dAe] 37 9L AlgA=
0.17, 1945 veblel, 9] dAe] 32 4 A&
(Na; 004, F; 140) ¥} Fo] 49 =& 3& et
W), o= A9 S, 24l A8 7be] FE-okAls)
e ANE Helrh ol HAF wHAzeg w2
ez o=Al S AR Ay, 9] AT 4
422] o)Fo] A o R Aqql AJg R} o} A}
719 Sl AAs 2o HAAFES ¥R e oz
gedAl 2l AlEE 5000 2 DA 949 o]
ol & AL 289l A87F m3lel X9 kA E}
I AlgE} AgAdeg Jeg oujshes Aoeg
Az} e 2dd A5 AS X F
F7} zbaghl whste] SiAge ozt Fotbse A4
vy AE Holudl 1 olfe dMEMe ¢ F

A

ok Lo N oo e
o & my ez @ o
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Fig. 6. Abundances of elements in conodont species
from the Hwajeol and Dumugol Formation in
Korea and the Planilimbata and Limbata For-
mation in Sweden.

gird. =3 ClAELS X E7 2del Alsddg
& vk, NaAd i e o] {5 72& daldd 94
Ay g & al% Aoz Azbgc) ol2fdl AL
2ol A A2 EHE TR EES] AS- WAlzhE ¢
sto] o] 59 M|y} WIEHYES Wl ohyul o)
59 3stxA =3 A9 st A o 24 S
2t 9l AE AARh AR olE9 Fat
z2Ado] WA ztgA] ojEA HEENEAE HF-AA
Moz Adistr]e ook
E 9|

FxFE vl B Fr)7|49
QM o FE2 FAE 9k zEd XAl
34 Azl o)ahd A9 T EE ST vFhe
T FXFE AR Aoy} gl ¥t ohg}
(A3 90,1991), #5333 Ajo|x .2
AFAEL oln] S 29 xuH|~7]9 %%’—z%ﬂ
BEZo A AHEEE INEE HATY BE-5E 9
ZAa ol Aol st AsE whEd vl gl

(M3 9], 1991), oelle 2 AltfE AHe]o}

W OEREFRAN AEEE

IxEE FATY 3etxA 447

A2 dgsel AR FrIRA 4EHE %
479 FEASA 2olF ok
o] SrellH AFe wheh zo] Fujel A (Y

Belolr] A FEFE (XY ),
289 sz (et R) A AEEs 34
T Abolel A waE= dubEQl shakzAle) ol
ARAN7} BARSE Cad 43T, Fob Na:
%7t el #sAc} (Fig). FAES F7k= A3
2] (1991)9] AA e qx 8]zl v} 9o, Rho-
des (1954) & 2314 Q) F-zhol| 2sle] XA} A
ZHAFE FARo] Z7l3cty sl
T AlE A9 X587 AEAe] 2jo]E de
7]1: 7 2 89le T FILEE FHHTS AE
FETol w2 WA VdEE Ao
047%”4 U ZxEES] HR|F7L HE SolAY
ol¥rt o7t E& YL M slew (MFHe o
olaled, 1991; o)<, 1988), Il FEEEE 500
TR AT A3} ot vFF ARt kR
A9 Wshe 300T o)Aty 2x Held dAgHE
WA zha o] odgkg uigr-S x|A)Fhrh o]E 3 (1992)
2 Q7 gy 5% 1°:‘°ﬂ E3hs HTE
| JE2UA A g2 AT 2t o5 WHLE
= 400~600C & 3l a glch B XEAMF T
& 2 spgdA el niE A" B gl o)t
WA aa0] ed3kg whghe sleAle gk H|E
odgrol olr} srjele MR|grF 524 vlwA o
3 W Ad2bgo) AlR A H F7bel wef AR
Qg vFE HeAe ﬂﬂﬂlﬁ&v}. 2= s et =

1o

o 12 o ~U r[o
1 rlo Ao

e
~)
rlo
i
_l

L‘nﬁkl

S A2 HeaRe] Aol 7 Aetel 517 842)
Aolo} M The RmEEe] HAEAS Aol HE

7101598 7F5AS wiAet 4 gl

299 FMFE A 2359 HAE| 1 mm/
10008 (Lindstrom, 1964)2 X Eglow, e
FEEA)22 A48 oF 10-25 mm/1000%d (43,
1990; A4 o} ojaled, 1991) e R use]
HAgo] ¥ Feg HuwHch e 29dd
22| Ar|e] HAHEe O HASEs T3] ¢
) EHel A3 (Lindstrom, 1964)°]|22 F7T-F3
HA&Er A4 Erbne & F gk AAR F
T2z B gHgo] o} M3t S P43}
ke ¥ (Kim 9] 1992)7} vk zx)ejdql @
AME 2wl 2 xnay] AFe) HA A A=
W91 60° W] 9l eel £]2]3}e). 2w (Scotese and
Mckerrow,1980), 28] Fx=E 34172 North At-
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lantic conodont provinceol 3= ZHOoZE I %,
Yz el A3ty e s oA 9} (Bergstrom,
1973, 1977, 1990; Barnes and Fahraeus, 1975). ¥+,
) WAkl e 3AHE FRFF P hEAM3
o] A5 A A A FHAEG o (£2]F 9
Z2+3], 1965; Paik, 1986; Lee and Choi, 1987; 2t
43t 9], 1993), FF-FEL A9z AFAY A
o2 wyEgdch (HF4, 1990). Bergstrom (1977,
1990)l] 97 FrEE3AS 5T dn|std ¥
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fo o o
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03':-.
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g Ty 799 BAqls]A (Deer ¢ 19657
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AFAR FA A el AN EA] R A,
TAE, AT R AN 24 A7
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o=
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