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Mineral Chemistry and Thermo-chemical Characterization of Wellsite,
a Barrian Zeolite, from the Tertiary Formation in Gampo Area
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2E YrolEs WA Folee] 44, BYAE-stobRE AelH Holy 9 Bas
LCat=2(K +Na™) ®ae] A% 488 wAh o rolEe] 5 27 Feje (Ca Ba) ¥
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ABSTRACT : Mineral description and mineralogical characterization were made for the
wellsite, a barrian zeolite, which found as diagenetic alterations in the Miocene pyroclastic
rocks in Gampo area. The wellsite occurs together with clinoptilolite, smectite and apatite
as euhedral crystallites (0.2~0.4mm) forming interpenetration twinning in the vesicles of
altered pumice fragments. Compared to other reported wellsites, the wellsite is rather silic-
ic (Si/(Al+Fe): 3.12-3.16) and Ca-rich. Unit cell dimensions and chemical formular deter-
mined from XRD, EMPA and TGA data are as follows:

3:9883 A, b: 14204 A, C:8677 A, B: 1247640, (Bao '.TKn m)(Ca\ sbNanm)Al.; ‘JSilZ \O.;z * 139HZO

The cation composition of the Gampo wellsite, which shows an exchange reaction in the
form of Ba* +Ca? =2(K-+Na"), is deviated far from the compositional range of a phillipsite
_harmotome series. Due to higher abundance of divalent cations (Ca, Ba) and Si in the

— 105 —



IR

714

wellsite, compared to those of the phillipsite and harmotome reported in other areas, the
zeolite seems to be characteristic of higher water content (18.7wt%) and higher thermal
stability. XRD, chemical and thermo-chemical results of the wellsite reflects that wellsite
is rather a Ba- and Ca-rich end member of a phillipsite-harmotome-wellsite series than an
intermediate phase of phillipsite-harmotome series or a barrian variety of phillipste.

Moo

AzlolE (wellsite)= AFo2HH AHF3]
3 Ao Aoz HAH ALPo]EY UF
&332 x5t (Pratt and Foote, 1897), A4
o7 1 4Eo] R1¥ ASE AAA 4~
o E3g Yz z A FEojth. dxto]
AAeH oz WHA|E (phillipsite) 9} stol 2
% (harmotome) Ateld] Fole F¥ & Ba
S &pste YYPAtolEY WFoZ dEA I
(Cerny et al, 1977; Gottardl and Galli, 1985). 2
#fip datolES] AR7E dd FFaT LA
E Folr g ol 24 EF uf$ daFst
T W7 A7) Wi, ol g7t 1&H A¥
AR ZAGEAH FA7L ofFdE AHHA X
S Q' AXolth ojgr g & AFofA drtol
EE LYAIES ot R AAEH A
o}}\-] 1]743}.& 03-5‘:__}0 —5}, 03} JJ-
3

mvlélor—-
[r > 2 b

l
¢

go2 %A YAEE RDAT, o] AL
Eo) ZEIAH A4S

=49 A2 Edz 23
oA} o) eAolEe] AR ojolg o4
S B

Be a4 X-481 B4, A
AR BRe AR

wd YatolE9 m2Ae] BZAA HIlE mio}
8t7] s, AlRtE w4 (TG-DTA) =89 9
Astedl A" 200C 3 300CAA 1243 744

P!

el datolE AR tifME X-A181d £4
stlch X-dsid 24 AHAAM 20 BB A%

FF 2424 H9E AEstHh

Aol o) et 4L T dHA ARE
o BAL At of 24 34e kv
7hs A 10nAd #HE R BN
WDS HE Waoz o)FeiRth

X

N
n

i
R
a2
2
w
)
of¥
ofn
=

= o

o
ul 2
~ 2
g, o

&
oY e

)

,,
o

a
g2 o
e

—
o £

(e 0]

S
olo
b

2
rol,

3 (
#4424 (pyrocla
Ao
[¢]

2o
o

(o]

o,

.
o

re q

rir o
44 5

=
= rh

et

o,
oo B

=
8
3
|
ol
e
Rl
S e
m
el
o 4 o
mﬂ.u r_E
e o oq
L AN
r
2 l\o 52
ok oo
& g
hs3

L
Wo(m

o2} (Fig. 1). 0&17]oﬂ 7‘_@: Zasdz
(clinoptilolite) 9} ¢13] 4 o] ulyl7 3
U #4548 Yo *‘-37‘01] gx}o

41 2e%9

o M H
=3
=
I

doleg FueA §T A ~dsolEzD
250 gt FPE ok FHAT S8 7]
At zdgolEd oaA $EHez Nud

28 o2t}

[0}
i

ANARcZ HAMA B1uE doEES 7
T A 719 gA o, 2 #Hartelo]

E9 ¥R oM dE"nt (Shkabara, 1940,
Cerny, 1960; Galli, 1972; Luechetti, 1976). gt o]
£ A BEZ A T3] #upzo]E (chabazite) o}

- 106 —



Fig. 1. A polarizing micrograph showing the oc-
currence of wellsite (w) filling vesicles within altered
pumice fragment: smectite (s).
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Fig. 2. Scanning electron micrographs showing
morphology and twinning of wellsite. A. Prismatic
habit and interpenetration twinning of wellsite. B. An
enlarged view of Fig 2A.
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Table 1. Correlation of X-ray powder data for
the Gampo wellsite with those of other barian zeolites.

Mt. Calvarina' Wikieup®  Gampo

3433473 2.16
325325 207
226,22-6 206
10-7 200
353504501 19

hkI* .
dA) Vo d(A) o d(A) Via
101,101 8.15 19 813 71 810 20
020 713 10 713 100 741 66
012 641 19 636 68 635 13
121,121 5.36 24 533 11 535 20
022 505 23 502 47 502 2
200 496 19 496 12 494 27
103103 430 16 428 39 429 12
11311-3,131 41 65 410 %3
220 407 26 408 66 406 22
032 3.96 5 394 11
212 3925 390 19
123123 368 3 367 12
014 347 5 345 20
14 -1 326 38 325 34
301 322 31 322 38 321 33
042 319 100 3.17 83 318 100
311,311 314 58 313 Gl 313 4
2372 30 7 308 19
321,321 203 23 292 31 293 22
10510-5 275 30 274 26 274 B
115 11-5 270 27 272 4
151,224 269 47 2068 48 268 35
3133173 267 20 267 61 267 31
12512-5 257 7 256 10
323,323 254 6
044 255 9 253 23
400 248 3
341,34-1 239 5
252,25 -2 2.34 7 233 7
41 -2 231 4
244 225 7
054 225 4 224 8
5
5
5
3
7

*: pseudo-orthorhombic setting, '+ wellsite data from the Mt.
Calvarina occurrence (Galli, 1972), * Sodic harmotome data
from the Wikieup occurrence (Sheppard and Gude, 1971)
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(negative elongation)2 zt+=th o]9} L &g 3
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1972; Sheppard and Gude, 1971)%}&= WAz o
ATk (Table 1). LrpolE2Ae A4 AEH
2 5 U F9 IPHdEEE 8104, 7104,
4104, 3254, 321 A, 3.18A, 268 A ¥ 267 A
& & 7 AUt HAaEH (least-square refine-
ment method)ell A HFELE ANE o] 4z
olES TAAX THEY Az FFAL a=
9.883 A, b=14.204 A, c=8677 A, B=124.764° o]
o 4ol ¥ X84 2F AREAN ¢
HA e Monte Calvarina #¥e} LUzole
(Gall, 1972)¢F vluaiA, ¥ dAolE= A
A A dAA tha atolE Bolx 270 A 3
dAE RS gH FEh e 3Ed
257 etk o)t 20 3F EFE &
o EHH FHH FHHA e
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Table 2. Representative electron microprobe anal-
yses of wellsites from the Gampo and other areas.

Gampo Calvarina® Wikieup*
wW-1 W-2 W-3 W-4

SiO: 5978 57.10 5993 57.06 4930 4997
AlOs 1610 1527 1632 1526 1897 15.15
FeOs 009 007 000 011 Ol 3.15
S1O 016 000 022 021 010 0.10
BaO 741 618 688 753 436 8.75
MgO 000 000 000 000 004 152
Ca0 482 583 548 506 670 064
NaO 015 009 006 007 031 333
KO 146 156 136 120 250 224
Total 8997 86.10 9025 8650 8239 84.85
T 32 oxygens — -
Si 1212 1205 1206 1209 1102 1131
Al 385 380 387 381 500 404
Fe 002 001 000 002 002 0.54
Sr 002 000 002 003 001 001
Ba 059 051 054 062 038 078
Mg 000 000 000 000 001 051
Ca 105 131 118 119 160 0.16
Na 006 004 002 003 013 146
K 038 042 035 032 071 065
Si(Al+Fe) 313 315 312 316 220 280
E(%) 293 <707 052 -49 300 890

* data from Gottardi and Galli (1985)

" determined as toral iron

E®%): 100 {(Al+Fe}-(Na +K)-2(Ca+Mg+Sr+Ba)}/{(Na+
K)+2(Ca+Mg+Sr+Ba)}
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o ¥4 As5Ed v - ZESY AAE
o BXE dzio]E9) AFEL Gottardi and
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28 71EQ HalEA exg (F, E(%)<10%)
ol ofAste] 2.
detzoz WYAolEQ ol EL HuA
THAS 23 2449 W8E RBol= o
HA A, TE A Gl ARo]EE o]
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a1 A & 273 =4 (Si/(Al+Fe): 3.12-316)
€ Hols o] §Heltt (Table 2). ®& 7%
LA EE HHE A odA F 75%9 S
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Uebdth ¢ FYPAlo|E-sloln & 14K AQ
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BT M8 (Ba, K) 2 N8 (Ca,Na) #39) 23
of ofol& gl (extra-framework site)7} Zxi3}
= 7oz ¢34 g (Rinaldi et al, 1974;
Mortier, 1982). 7+¥ UztolE] mFA ofo]e
ZAF gdole B Age HHotayl 9atd,
(Na+K)-Ba-Ca ¥ (Ca+Na)-Ba-K 4zt =F4
of 2 F4XE AT g2 AgdA 2H
Tt TYAOIE, dAolE ¢ FolrEel zEg
el Al A 2ot (Fig. 3).
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Na+K

Fig. 3. Ternary diagrams showing difference in
cation composition among wellsite, phillipsite, and
harmotome: Gampo wellsite (solid circle) and other
reported data (open symbol) from Deer et al. (1963)
and Gottardi and Galli (1985),
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Fig. 4. Differential thermal analysis pattern of
the Gampo wellsite: Heating condition is 10C/min in
static air.
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o) 2yH Bel B (187wi%)e VAU 2
4B SHAEY ¥E g Fed, ggn 2

of T dAolEY THE FAE =Y
o} (Bao Ko ) (Ca, N ) Aly oS1z 05+ 13.9H,0.
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10~11mole BT ¢ HOE /3= Aoz oy
A slou 2E Ynolzt olun o w2 E
$HEE Btk o]= o] Wrto|Es} 27} GFoje
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o024 Ba o]9d) Cag To] T3y €7 ¢
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Fig. 5. X-ray diffraction patterns of the wellsite
at elevated temperatures.
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g 2alo]E (heulandite-clinoptilolite)o] A =2
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