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Mineralogical and sedimentological characteristics of the U Formation underlying the volcanic strata
in Jeju Island, Korea. Journal of the Geological Society of Korea. v. 52, no. 4, p. 389-403

ABSTRACT: This study presents mineralogical and sedimentological characteristics of the U Formation, one of
the sedimentary rock units underlying the volcanic strata in the Jeju Island. Sediment core samples from 4 boreholes
were analyzed in terms of sediment texture and mineral composition by Microtrac, SEM (scanning electron
microscope) and XRD (X-ray diffractometer). For the comparative study, additional samples from the overlying
Seogwipo Formation (borehole and outcrop section) were also analyzed in same methods. Samples from the U
Formation are sedimentologically classified as muds or sandy muds (>70% of mud) which are characterized by
poor sorting and absence of primary sedimentary structures, whereas borehole samples of the Seogwipo Formation
are coarser muddy sands or gravelly muddy sands (>80% of gravels and sands) with significant amounts of volcanic
rock fragments and fossil shells. The overall sedimentological characteristics of the U Formation suggest the
deposition in an offshore continental shelf environment most probably below fair-weather wave base, which is quite
similar to present offshore setting around the Jeju Island. According to SEM and XRD analyses, the borehole samples
of the U Formation is characterized by absence of volcanogenic materials and very low content (~5%) of smectite,
in contrast to those of the Seogwipo Formation showing much abundance of volcanic glasses and smectite (~ 15%).
These mineralogical characteristics very well correspond to the stratigraphic relationship between pre-volcanic
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U Formation and early-stage volcanic strata of the Seogwipo Formation. The samples from outcrop of the Seogwipo
Formation are, however, unexpectedly much similar in mineralogical composition to those of the U Formation
rather than borehole samples of the Seogwipo Formation. We suggest that presence (or absence) of volcanic
materials and smectite content must be used very carefully when distinguishing the U and Seogwipo formations

each other.

Key words: Jeju Island, U Formation, Seogwipo Formation, grain-size texture, clay mineral, quantitative X-ray

diffraction analysis
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Table 1. Information on sampling sites including 4 wells and an outcrop. For site locations, see Figure 1.

Well-top altitude

Well-bottom depth ~ Sampling depth

Well and outcrop (m)” (m) (m) Sample No.  Formation
Hannam well 275 285 283 H-1 U
130 M-1 Seogwipo
Mureung well 46 195 150 M-2 Seogwipo
170 M-3 U
Yongsu well 37 185 185 Y-1 U
Jongdal well 100 252 247 J-1 U
S-1 Seogwipo
Seogwipo Fm. 10 S-2 Seogwipo
outcrop
S-3 Seogwipo

*:Above sea level
Below ground surface
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Table 2. Sediment texture and color.

Formation Sz}g:fle G(r;:/)el S(f,l/I:)d 1}%}:;1 l\z[g;n Sczrqt)i)n & Sed. type* Sediment Color
H-l 00 32 968 5.55 (ééig) Mud Darﬁfﬁiﬁ?g&%{fen‘

. M3 00 249 751 555 (Vefy'(ﬁ)or) Sandymud ~ D¥K {fgg‘l‘{fg;’rown
YL 00 283 717 550 (Vefylpz)or) Sandymud 2l Y(ngvgg?;)’mwn
100 318 682 515 (Verzy'lp‘t)or) Sandy mud Mediur(nNi*;rk gray
M2 00 794 206 306 ' Muddysana  ghtolive gray
(poor) (5Y5/2)

Seogwipo  S-1 00 40 960 672 (;'0601) Mud Light(‘s’gv;g;mwn
S-2 00 199 801 585 (Verzy'(;ior) Sandy mud “ﬁfgfvftag%’;jf)h
S3 00 646 354 3.96 (Verzy'zpior) Muddy sand Light(‘s’gv;g;mwn
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Fig. 4. SEM photography of samples from the U Formation. A, B and C are from H-1, D and E are from M-3, F is
from J-1. PI: plagioclase, K-f: K-feldspar, Qz: quartz, Amp: amphibole, Bt: biotite, Cal: calcite, Chl: chlorite, Ilt: illite.
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Fig. 5. X-ray diffraction pattern of samples from the U Formation. Qz: quartz, Pl: plagioclase, K-f: K-feldspar, Amp:
amphibole, Bt: biotite, Sme: smectite, Chl: chlorite, KIn: kaolinite, Ilt: illite, Cal: calcite, Gp: gypsum.
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Fig. 6. X-ray diffraction pattern of ethylene-glycolated samples from the U Formation. Sme: smectite, Chl: chlorite,

Kln: kaolinite, Ilt: illite, Gp: gypsum.
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Table 3. Mineral composition (wt%) of bulk sediment samples from U and Seogwipo formations.
U Formation Seogwipo Formation|  Seogwipo Formation Recent |
(well samples) (well samples) (outcrop samples) South Sea
H-l M-3 Y-1 J1 {Mean| M-l M-2 Mean| S-1 S-2 S-3 [Mean| Mean
Quartz 298 322 285 3951325| 19 3821201 [324 299 292305 37.4
Plagioclase | 153 127 13.1 166 | 144 | 211 1371174 | 169 139 164|157 | 117
K-feldspar | 15.8 182 212 13.6 |17.2 | 88 114 | 114 | 120 126 141|129 55
Amphibole | 33 1.8 07 18 [ 19| - 50 25|23 27 0920 3.1
Biotite 36 47 67 29 | 45|39 40140 |15 36 54|35 ;
Smectite | 03 9.1 85 19|50 127 175151 06 12 05 | 08 -
Chlorite 113 79 51 80 ! 81 [17.5 36 1106|103 129 150 ! 127 4.7
Kaolinite | 114 6.6 106 9.0 | 94 | 33 29 | 3.1 | 119 144 126|130 | 1.8
Tllite 09 10 18 1513 [33 102266 19 14 {33]| 192
Calcite 82 58 1.8 3.1 147 (184 13199 |55 71 46! 57 14.1
Analcime - - - - % - 9.1 - % 4.6 - - - % - -
Gypsum - - 22 18110 - 14107 - - - - -
Dolomite - - - 04101 - - - - - -

"Moon et al. (2009)
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2 e E% EgolA] EF B o= skt

421 UZF ANFF A&

U3-9] SEM-EDS #&41}, B A|RofA 2+
WR] o}z o] A G} A YAbEo] WEEM, 1AL
o|F > um W&JQ] etolE, my A, FiRES
o] 93 k. Eat 714o) ehhe U4 5
SH AR E2 WS Ho| & s, B0l B
gt Ho|th(1d 4). ggaoj(H-1)2} F5-30|(M-3)
oAM= AR o WA A S0l v BEE(2™E
b, d), £2T0|(M3)o = Solsh| sk} et
Ho|=g 3 A (framboidal pyrite)o] 5 H2H
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Foia glon, £ A B BEE KA oA
SR = 13.6-21.2% (B 17.2%)0]c}. 1 Theo
AP 12.7~16.6% (B 144%), THE 6.6~11.4%
(B 94%), =LA 51~11.3% (B 81%), AHEl|E
03~9.1% (B 5.0%), "4 1.8~82% (B 4.7%), 5
S 09~67% (Bt 45%), 234 07~33% (1.9%),
Azlo|E 0.9~1.8% (B 1.3%), A1 0~2.2% (B
1.0%), 894 0~0.4% (B 0.1%)2] 202 724%
THE 3). A9, AFHA], KA, 244, S22 5 3kt
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Fig. 7. SEM photography of samples from the Seogwipo Formation. A and B are from M-1, C and D are from M-2,
E and F are from S-1. PI: plagioclase, K-f: K-feldspar, Qz: quartz, Bt: biotite, Sme: smectite, Anl: analcime.
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9.1%, 183 K-8 8.8%, S92 3.9%, 1HE}
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Fig. 8. X-ray diffraction pattern of samples from the Seogwipo Formation. Qz: quartz, P1: plagioclase, K-f: K-feld-

spar, Amp: amphibole, Sme: smectite, Chl: chlorite, KIn: kaolinite, Ilt: illite, Cal: calcite, Anl: analcime.

21000-] Sme
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Fig. 9. X-ray diffraction pattern of ethylene-glycolated samples from the Seogwipo Formation. Sme: smectite, Chl:

chlorite, Kln: kaolinite, Ilt: illite.
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AROIE = um W €] 9] deto|E, my A, AisHgE
S| AL ATHLH 7e, 7). T 7] Aof e
YA L SR AYES 84S Hol7| & gt
EolstA theFet 344 o] whE So) v 23E ] 3l
on, AAEF AFF AlmoA k= g EF9E
SHihrElE A8 TEER] G=tHE 7e, 71).

XRD £4AIH1Y 8,9), AFES =5 A|=o]
L 4 9o] 29.2~32.4% (B 305%) 2 714 Wo| =
Hol glow, 5 WA We FEL AN 02N §F
H]= 13.9~16.9% (B 15.7%)o]ch. L Theo 2 o
HE 11.9~144% (B 13.0%), K-34] 12.0~141%
(B 12.9%), =UA] 10.3~15.0%(F2 12.7%), 1
A 4.6~71%(BT 5.7%), LW 1.5~54% (BT
35%), Yeto|E 1.4~6.6% (B 3.3%)o|H, HFE
S AFE A=k tieA o2 AdElo| BV} 71
22 05~12% (0.8%)2] Fu]S RQITHE 3). &t
B, 4, AR, KA, 244, 3em F3e] %
FHL 64.6%0]H HEFES] RIS 93%2
Upehd.

5. E 9|
51 US3} MPES ZEXM Hjw

U AT 7|AE o|FaL Q= WerE-A3
7129] 3p7teld 9 SHAeH 7Rk Aol f1X]gt
0|33} W 2] wkars}o] sfj g Bl &Sl il HEE 3
AEEA], 70~250 m FAZE AFE A X F<
Z)3te] Exal= Aoz d#A 9IthKoh, 1997).
AAZSNA = g7 USoA= v =4
ojuf AR A Y HaER] ok =T, ol AlF
= 3HEo] 247 o2 Ydojupr] Ao UFo] ¥
AEGES XS 2% AR HWolsoX| 1L
UTHKoh, 1997). 3HH, A E£F-2 US2} AlF3H4k
AE T8k SR A5 Abolell |18kl Q=
o], Aol HAH Y E A S b

Ofol
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ET
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AR A SEIM HH 3o il b
Elt= EAS Holth(Sohn and Park, 2004; Yoon
and Chough, 2006). mekx AFAEZZ 7Y
PR UEhts 2o SAD=A AFEE F
3% HHE O AR e &2 ZheE Qi

o] A-toll A =3 SEMI} XRD FEx4 &4
A= o3t 7|& Y AFATE vl w2 & yrgst
= Aer Btk &, AAZZ AFF AR M-1
I M-29 A= Z2-HAF WA Al"EA 2719] ofzty
= B3P Y dFdE kg dAE dukert
Fot A A A= EA 5] UEhu= A
o] HFHEHIH 7). IR YA AEH
Al A S3E o] HAHAY 28 = E4S S
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EFT e o] X qlrks A AT A
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g 37 Ak A EAER] Gt 4).

71 B0 Faket WA, AEFE Fo
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H22-8 (diagenetic alteration)& A3 A== of
#A F3FE F st &2 A sch(Chamley,
1989). ATES A2T ARM-13F M2)o A 2] 2
wEfo|E e HA] B2 Fol B 15.1%0]9,
HEFEZ(2uEo|E, B4, TE, YsolE)
Hol i B 49% 24 )41} gl 774 HER
E2 YEPdth(& 3). ¢, U A|&(H-1, M-3, Y-1,
J)oIAE A7) BE o] o] Bt 5.0%, W=
FET Hollde B 21%EA, AAZSF A5FF
A&}t v we o FriF oz 22 ofo] AMEo|E
7} 2Z3tE]o] QITHE 3). Thet 7| & AollAl«=, US
ofl 4 2ulefol =7} A ehhA] g Ao2 B
3k oLK(Koh, 1997), o]= XRD #ule] 4%} 3
EZE 2400 digt AFE AL Zpolof 7]Q1gh
Ao gotEr

52 MHES =F AZ0IMe 3H17|13 SEO| £1Y

AAES el $3IHA Y42 THE AE
kST 2t W] 7Rsd SHRITE Y
Sk S EIH 3 o] BASH] A1 3), |2
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AFo] A= FAx27] Hit-sol oet 74 A
9 ek WGIths AL ofn] & eidl Aplel)
(Yoon and Chough, 2006; Sohn and Yoon, 2010).
SR, 2S5 ST VIZEE AHFHE A
EE5(51,23)00M= sHhES AXSte $A7
BESHA YA = gt & AAZS =5 A
EEY XRD &4 A} 2HEto] E gHE2 371 A&
B 08%(HY 12%)2A AAEE AZE A=
(Bt 15.1%)= B2, US AZ(H 5.0%)Ett=
Ui 2.2 gkl S R QITHE 3). E5k SEM H4o
A= S8 Bhe Aol WsA sherhad
e, 7). ol AFES FS) VIZL B4 A
FERAT] FAE S Ao Hln

AAEZS SE9 Vi oA H= 7HHA
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AHgHs o] QIS AHH o2 Aol 3
209 1110] Yehtzs), A71ES 15 A 27} A
A® Z210h o 16 m 519)) SIXATHIY 3). 4
3 zn|gt f23H 240 o3t & FEe
HAdiztol= o 779hd 0 & A A E]o] §lrk(Yoon et
al.,, 2004). WA AAEZZ e S Vie diE
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