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Petrological and Mineralogical Characteristics of
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ABSTRACT : Mineralogical and petrological characteristics were investigated on matrix of dense gray,
vesiculate gray, brown and black pumice in Ulleung Island by using XRD, FT-IR, XRF, SEM and
thermal analysis. According to the analysis, most of pumice matrix are amorphous and include very
small amount of sanidine and anorthoclase. Since the adsorption moistures, which commonly observed
as O-H peak in FT-IR spectrum, are not identified in thermal analysis, it seems reasonable to conclude
that content of the adsorption moisture has very low level. Although pumice has a large specific
surface area, with long time elapsed after eruption, pumice matrix shows very low degree of hydration
alteration due to the low level of water content. In SEM images, most surfaces of pumice show
morphological characteristics such as various shapes of vesicle with wrinkled and thin walls resulted
from ductile coalescence. Dense gray pumice formed in the initial stage includes small vesicles less
than 15 pm in size with subangular to angular shapes, free of ovoid vesicle. These characteristics are
interpreted to have related to the hydrous environment derived from phreato-plinian eruption. Submicron
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particles observed as amorphous alumina silicate assemblages in vesicle surface are considered as
particles sticked to the matrix surface through rapidly cooling process during ascent of alkali phonolitic
magma. It indicates that these particles coexisted partly with crystallized alkali feldspar.

Key words : Ulleung Island, pumice, matrix, alkali feldspar, vesicle, phreato-plinian eruption
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Fig. 1. Geological map of Ulleung Island (modified from Min ef al., 1988) and sample sites.
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Fig, 2. Outcrops of Nari Formation, Cheonbu and Sadong. (a) Brown and black pumice in Nari Formation of
Nari caldera (Sample 1 and 2). (b) Vesiculate gray pumice in Cheonbu (Sample 18). (c) Vesiculate gray
pumice in Sadong (Sample 16). (d) Dense gray pumice in Nari caldera (Sample 26).
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Fig. 3. X-ray diffraction patterns of pumice matrix. A: Anorthoclase, S: Sanidine.

Table 1. Mineral compositions of pumice matrix calculated using XRD data with Rietveld method

Sample no. Sample position Color type Sanidine (%) Anorthoclase (%)
1 N 37° 30" 159" E 130° 51" 43.7” Black pumice 55.5 445
2 N 37° 30 159" E 130° 51’ 43.7" Brown pumice 72.8 272
27 N 37° 30’ 18.5" E 130° 51" 57.3" Brown pumice 56.6 434
18 N 37° 31" 49.1” E 130° 52" 35.1" Gray pumice 84.8 15.2
16 N 37° 28" 59.9” E 130° 52" 42.1" Gray pumice 43.7 563
25 N 37° 30" 169" E 130° 51’ 46.0" Gray pumice 78.8 21.2
26 N 37° 30" 185" E 130° 51" 55.7" Dense gray pumice 54.6 454
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Fig. 4. FT-IR peak patterns of pumice matrix.
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Table 2. FT-IR absorption band position (cm™) of pumice matrix

Vibration band emele o : 2 27 8 16 25 26
O-H stretching vibration 347594 3475.73 3446.37 3461.04 345145 3476.02 3446.22
o\;gr:;;]g)mg vibration (FLO deformation 017 01 1647.96 164093 1639.93 164792 164795 -
Si-O-Si(Al) asymmetric stretching vibration 1027.88 1024.05 1023.88 1027.59 1031.79 101933 1019.35
Si-0-Si(Aly symmetric bending vibration 712,39 720.53 71977 72003 71959  720.62  734.53
O-Si-O bending vibration 459.18 459.03 46290 45899 45543 45544 436.00
Average transmittance (Average absorbance) 545 5929 >0 31234926 4871 38'2,,5

(042)  (029) (0.26) (030) (031) (0.30) (0.23)

*¥ absorbance = - log (%transmittance/100)
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Table 3. Weight loss and temperature ranges on TG curves from pumice matrix

Sample DSC-TG curve DTA-TG curve

no. Mass loss (wt%) Temperature (C) Mass loss (wt%) Temperature (C)

1 2.2 232~432 2.1 232~492

2 2.1 237~440 1.9 261~520

27 1.5 200480 1.6 274~518

18 2.8 196~442 2.6 150~490

16 8.4 120~371 8.3 110~380

25 1.9 208 ~421 1.8 221~500

26 1.2 200~455 14 145~430
Table 4. Major elements of pumice matrix (unit in wt%)
Sample no. Si0; ALO; Fe0; TiO; MnO CaO MgO KO NaO P05 LOI Total

1 58.82 1897 3.89 0.58 0.14 1.80 0.46 6.85 6.57 0.15 1.80  100.04

2 59.56 1949 356 0.44 0.15 137 0.25 6.57 6.91 0.08 1.64 100.02

27 59.58 1892 354 0.48 0.14 1.56 0.31 6.98 6.40 0.12 1.84 99.87

18 58.87 1994 357 0.40 0.19 1.35 0.20 6.16 6.61 0.07 2.62 99.97

16 57.67 2038 3.71 0.23 0.22 1.06 0.11 5.08 5.51 0.06 5.88 99.83

25 59.59 19.01 3.47 0.44 0.15 143 0.25 6.74 6.70 0.08 2.11 99.96

26 58.78 20.31 3.33 0.15 0.24 0.98 0.02 5.45 941 0.02 1.13 99.83
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Fig. 5. Thermal analysis results. (a) DSC-TG curves. (b} DTA-TG curves.
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Fig. 6. Total alkalis vs. silica plotted for the pumice in the study area (after Le Maitre, 2002).

< HA 9] DSC
2 DTA 24L& 279 v4ad d4 B3 wel
T AAMe Zadty EAE §9 2 249 d37}
IHA fet) o A A&7}
H g2 9] 1
A EEE §E 7S VA FES T8EA ¢
e AE AARIL Yt TG FA4 &
2 110~500C HYAA 1.2~8.4 wit%, BF °F
2.8%9) ©lud SFLLE BT FHLAE &
O 7)Fo] FAFH R & XUk 3] R (A
g 26)0] 7P 23, vinE s|Fgo] & ARy
(M E 16)°] 7F E9kon, 44 o oo
AR FHEAE HYT FFLEAE F 370~
500C HoA g5 s ARy Az}
25 g3ge oudtt 573CAA A ¢
g FEIIAE Y H,0 F259 2o 93
¢ 9 29 ad: B4 2 I44E) (Grim, 1968;
Karakaya, 2006; Ersoy et al., 2010)7} #25%]
FouE Ny, BN g F5FEL EA3A g
Ao g AZAHY,

Jm
oX
L
ol
ol
A
2
St
=2
g
1%
i, Iz
o
bt
=
=2

[

7129 g

P

1o

x

tol

HHe AAR 74 71 Fda 24 A,
SiOxE 57.67~59.59 wi%, ALOsE 18.92~20.38
Wi%, Fe:05E 3.33~3.89 wi%, TiOE 0.15~
0.58 wt%, MnOE 0.14~0.24 wt%, CaO¥ 0.98

~1.80 wi%, MgOE 0.02~046 wit%, K,OF
5.08~6.98 Wt%, NayO+= 5.51~9.41 wt%, P,0s=
0.02~0.15 wi%=2 F FFHAE BRIATKRE 4).
SAbEA ) wel z7lo BES AL 3R
oA RN AMEAN g ALMBM £07 F
A4 gl W3lE AMEY, ALOY MnOE 5
Vixs ik TiO,, Ca0, K,O ‘;‘l P,Os= ﬁ‘i‘l’ﬁgi ras
Adte S Heloh

SEE B4g 7149 APy} el me &R
S BT S8 sl3Eh, NayO+Ko0 vs.
Si0, AWE(TAS diagram)d] <&td dzdari
of Alge EEgolE U MG BAoR
EFEHIE 6). ¥48 A 72L& zHdd
Boo] $AE Aolgte s 2, Tl
Ed FAo] SASHA JERgth F419) LOI (loss
on ignition)= XY TN E 26)9lA4 1.13
wt%, BN R 18, 16 L 25)04 2.62, 5.88
2 211 wi%, AT E 27, 2)AA4 1.84%
1.64 wt%, A FA AL 1.80 wi%d FEFEA
& RO LOIE AUAeR & 7Fe 7HAe
SARMAM 1, AUZ FJHRNAA @A 1}

EP T
A0 (SEM)H &4

WS AAT B4 71de XA HRRAF
FI-IR 84004 233 28 AU ohe2E

— 160 —



Fig. 7. SEM image showing textural characteristics of pumice. (a) Black pumice showing smooth small
vesicles that have inflated into a large vesicle (Sample 1). (b) Vesiculate gray pumice with wrinkled and thin
walls (Sample 16). (c) Vesiculate gray pumice including spherical cluster formed small vesicles (Sample 25).
(d) Dense gray pumice with subangular to angular vesicle, hexagonal vesicle shown by arrow (Sample 26).
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Fig. 8. SEM image (upper) and EDS spectrum (lower). (a) Black pumice (Sample 1) showing smooth wall
and vesicle growth. (b) Brown pumice (Sample 2) with scattering submicron particle on surface. (¢) Gray
pumice (Sample 18) attaching dense submicron particles on interior vesicle. (d) Gray pumice (Sample 16).
(e) Gray pumice (Sample 25) showing various oval vesicles. (f) Dense gray pumice (Sample 26). Arrows
and a rectangle box indicate positions of point and area analysis, respectively.
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