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Geology of the Kualkulun in the Middie Kalimantan, Indonesia:
[1. Mineralogy and Geochemistry

In-Joon Kim*, Gyoo Ho Lee, Deung-Lyong Cho, Seung-Ryeol Lee and Sa-Ro LLee

Korea Institute of Geoscience and Mineral Resorces, Daejeon 305-350, Korea

The geology of the Kualakulun area in Middle Kalimantan, Indonesia comprises Permian to Carboniferous :Pinoh
Metamorphic Rocks and Cretaceous Sepauk Plutonics of the Sunda Shield, late Eocene Tanjung Formation, Oligocene
Malasan Volcanics, Oligocene to early Miocene Sintang Intrusives and Quaternary alluvium. Sepauk Plutonic rocks are
classified as the calc-alkaline series and the S-type granite. Sintang Intrusive rocks are basic-intermediate and interme-
diate rocks, and consists of basalt, basaltic andesite, basaltic trachyandesite and trachyandesite. The Malasan Volcanics
are characterized by intermediate dacitic pyroclastics and minor lavas and belong to the subalkaline (calc-alkaline and
tholeiitic) series. The whole-rock K-Ar ages of the fine-grained biotite granites and medium-grained granitoids were
determined to be 100.5-106.5 Ma and 91.9-102.6 Ma, respectively. The whole-rock K-Ar age of the diorite is 89.1 Ma.
K-Ar ages of the Malasan Volcanics and Shintang intrusives show 31.5-36.8 Ma and 24.6-34.5 Ma, respectlvely, and
correspond to the Tertiary time.

Key words : Indonesia, calc-alkaline series, K-Ar ages
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Fig. 1. Compositions of plagioclase from schist, granitoids
and volcanics (Or: orthoclase, Ab: albite, An: anorthite).
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Fig. 2. Compositions of amphibole, following the discrimination scheme of Leake (1978).
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o
Mz APEH Y AY Ang ol SBERe W2 4
T W3 Bl shige] A9 ArdE el
AREShE AP (Angyge)©] ZHEE G olX AEst
T AP (Ange)oll VIS dthH oz Caol ol

We 2% % Aok EF FY P el AR
4 el An gl 7189 AY Bk A et
wih.

3.1.2. 7HdH

ZMAE 2t B aPEYE Esks LR
TFRAHEH, thF-Eo] CazdAdl slg3rHTable 2,
Fig. 2). Cazd4le] ER/E Ca, Na ¥ K& A3k
R ool 2B 8 1302 B4l AET
(Robinson ef al, 1982). ©o]#%t WAHELS APHORE
Caz}d4 Woll EAllshe Fedtel %2 718 2 vehl
oz deiA AUtk Leake (1978)8] 2494 B
Fol) ok, zZHdd el AEshe M) Ae ol
HRo| magnesio- WAl ferro-hornblendel &l%3H
skl Yol Akesls ZMdAe] A NEEZE
gk o}l $Y AR WelME thefst JEHsE B
thFig. 2). 2L}, th¥¥o| edenitic- WA pargasitic-
hornblende @ tschermakitic-hornblende %ol %A
ot 9% zhd4de]l 739 magnesio-hornblendel] A
tremolited] 3E3R= G0 AHH LR BAHEH ol
= gAY #Y o)Fd) dojd AT
(greenschist facies)el] SNF3he AHAIZE-S WSS

& % 9k,

rr

o

o Mg

H
<]

KAMG AL (ALSI,O,) (OH), SID=K,{Fe.ALHALSLOHOH),

20

18 o
2 486 |
ey
4 14 |
S 12} o
8 3
N 10 [ (MgAL=AL-Ph (Fe,Al)=AL-ANN
o
Q ost %
S ost
< 04 | @

o2 |

00 . . . L

00 02 0.4 06 08 10

PhI=K.{MgALNALSLO JHOH),

Fe/(Fe + Mg)  Anm=K{MaANALSLOLOH),

Fig. 3. Compositions of biotite from schist and granitoids
(Phl: phlogopite, Ann: annite, Sid: siderite).

oftE - 25 - o5 - oWz

SEHY o] ABHE Foume] A3 Wenst 3
7 G2E ek @ FEolrk. SekAet ol
B Fomel RS FHYRY YL WA A%
HEgel AP PN B FoF PR
o, Edelel =] A9 2bgNe) ulsl JHeE e
Fom A&V, LEHT LAY ol 4B

b
e
2
=

(Fe**, M@)+SiV = AIV + AlDo] o] Yot A
312 Hol E3 Fe/(Fe+Mg) HlE oF 0602
} o) FemE Ro ok 02 A% ¥4 U

[¢
i3
i)
[}

fo b frode fo e
E
i

70]-‘:' A=
e & 4 UtHTable 3, Fig. 3). &7 ¥ &
9 Ti %2 0.26-0.36(per 22 oxygens)o|H, o]

59| Fe/(Fe+Mg) H|¢t 9| gfsiol & m 4445

©. 2 sillimanite-muscovite zone <2 sillimanite-

Pg
NaAI,AIMSi,0,,(OH),

W

[+3
Mus Cel
KAI"AIMSi,0,,(OH), K(Fe,Mg)AI"Si,0,,(OH),

Fig. 4. Compositions of muscovite from schist (Mus:
muscovite, Cel: celadonite, Pg: paragonite).

Ca,8i,0,(Wo)
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" Diposice ™ Hedenbergite
]
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-

Pigeonite
o . .
DOy 4 Ferrosilite

Mg.Si,04En} Fe,SL,0,(Fs)

Fig. 5. Compositigns of pyroxene from granitoids and
volcanics (Wo: wollastonite, En: enstatite, Fs: ferrosilite).



Amdpplel F5- Aeiet FANHE A

muscovite-K-feldspar zone(F 600-650°C)ol &l'd-&=
WAAZR-S WSS 4 4 e (Guitotti ef dl,
1977), ol& EEFES FEA R Ash= 449
A3 & gt SR Yo AEshe Hen

Fol oF 015 FE=™, celadonite
Fake of 0.1 FEolThFig. 4).

3.1.4. 34

e giyo] FrorA shaket Ulo x18 WiA
ql—z}zsi,q u};ﬂq—gg A %—5 1/}’ ?__l_t'L @iol—zﬂl ‘}.7(}:3:}
Ak WollA ZHd Aol 2la Zli@% Lrergi &
T gh @5 sk el 4
o] diopsidecl] 7F7--& augite LH ] enstatite®L}
Fi-2 2= pigeonite’t Ve FhFig. 5). Uwk
o= Ca$l49 Fe/(Fe+Mg) v|7HFe, Mg)3l4 &

ol A4 I FE A3t 467

ol 2Feste #4e] Ae A5 Ca-FAold difE
o} diopsidecl) HFsh= 4R Btk e, o4

Mo aug1te o:]oﬂoﬂ 1:}\]5]7] ]-C} g], o]-xlol— LH
o] ML gk v H“"ﬂ H3)] w2 Fe/(Fe+Mg)
HIE HOlthTable 4). T shite] oA 43
&S gk Ca- 2(Fe, Mg)-34e vy 3&
32 thoeiites A|Go e Aesr =4+ 2
Y|t}

1.5 =AM

T |

@

O —
oF oF 0.05 A= @A vebdth(Table 4). sPdEY AV ERER 97t Bk sPIES Wl 4=
Table 5. Representative analyses of epidote and chlorite.
Rock type Granitoid
Mineral Epidote Chlorite
Sample no. 57-1 31-1 57-1 11-1
Analysis no. 58 60 160 163 35 36 316 320 321
Si0, 37.56 37.50 37.33 37.61 26.58 28.21 31.57 29.11 32.82
TiO, 0.03 0.13 0.00 0.11 5.09 11.69 0.93 0.18 2.04
AlgOs 21.10 21.94 23.52 25.04 17.88 13.94 16.06 17.09 15.82
Fe,04* 15.43 13.76 1151 9.24
FeO* 19.77 15.17 21.29 22.98 18.58
MgO 0.04 0.02 0.02 0.02 14.93 9.91 16.65 18.28 14.61
MnO 0.12 0.46 0.57 0.49 0.54 0.36 0.30 0.31 0.23
CaO 23.77 23.69 23.47 24.11 1.52 10.40 0.16 0.11 0.09
Na,O 0.03 0.00 0.00 0.02 0.0! 0.00 0.02 0.01 0.09
K,0 0.00 0.00 0.00 0.02 0.02 0.06 2.51 0.15 5.21
Cr)05 0.00 0.00 0.00 0.01 0.02 0.00 0.02 0.00 0.00
Total 98.09 97.49 96.43 96.66 86.35 89.75 89.50 88.21 89.49
Oxygens 12.5 12.5 12.5 12.5 14 14 14 14 14
Si 3.018 3.017 3.012 3.005 2.790 2.369 3.211 3.004 3.337
Ti 0.002 0.008 0.000 0.006 0402 0.894 0.071 0.014 0.156
Al 2.000 2.083 2.239 2.360 2.215 1.673 1.928 2.081 1.898
Fe'* 0.933 0.833 0.699 0.556
Fe** 1.735 1.291 1.811 1.983 1.579
Mg 0.005 0.002 0.003 0.003 2.335 1.502 2.524 2.811 2213
Mn 0.008 0.031 0.039 0.033 0.048 0.031 0.025 0.027 0.020
Ca 2.046 2.043 2.029 2.064 0.17t 1.134 0.017 0.012 0.010
Na 0.004 0.000 0.000 0.002 0.002 0.001 0.005 0.002 0.018
K 0.000 0.000 0.000 0.002 0.002 0.008 0.326 0.020 0.675
Cr 0.000 0.000 0.000 0.000 0.002 0.000 0.001 0.000 0.000
Fe.(Fe+Mg) 0.426 0.462 0.418 0.414 0416

*Total Fe as Fe,0; and FeO, respectlvely, for epidote and chlorite.
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sl tiRRel S@Ae 229 B 4 Qo]
Apg A5E RolM, pistacite 430 F 03-1001 3
Gtk Q¥ HANe A HAN LYY DAL
A e, olge] B Rt gL Wl 27
g w FUAOE fo, BHET} S BN A4

O O
i1

pel AAlgch 4R 949 A9 M2 octahedra
siteol]l AFR3t ko] Fed*7} X]8ksh= piemontite®] &
HZ &3] = $cTable 5).

(Fe+Mg) Hl= °F 0.40-0.46°19, Si Tz oF 28
3.4(per 14 oxygens)e| W E 7FXIcH(Table 5). ©l#]
3 o] Bizh= Hey(1954)9) Total Fe us St &8

3.2. detol X735t

321 AASF

A% wish 2ol 2GS Web) ATk
T BERE GRS AN 3YL S99EY
A3
A=

Ksgt), AEd F2287¢(Ksgr) 2 ASua 74
P Ksd)o = AR FHE sPiadEds Ag
SEEA S0, FHFS oF 58-66 wt.%o 69-
N wt.%e] BARA 2z} F4 UlA M3 A<
o] ¥ 99E& 7, A5 AL 4853
wt.%2 F4Y WA G718l sigeirh(Table 6). <

Irvine and Baragar(1971)%]

XE]

Aol YR

Na,0+K,;0:Si0, WEoA vz F492 Z=-
dHd ZeololE AL T (Fig. 6a),

3L

an

Table 6. Major oxides (wt.%) and trace elements (ppm) compositions of igneous rocks from the study area.

Ksgt Ksgr
H2IR H-24 HTGR B6R KIR H2R-3 J5R K13
Sio, 66.07 61.77 57.61 57.54 57.62 71.03 70.09 68.91
TiO, 048 0.61 071 0.58 0.65 0.27 0.30 0.38
AlLO; 16.84 17.06 18.10 16.49 16.85 15.67 16.57 16.66
Fe,04 4.66 6.51 793 8.07 8.30 2.28 248 3.21
MnO 0.12 0.19 0.18 0.16 0.20 0.07 0.08 0.12
MgO 1.96 2.63 3.54 4.15 345 0.76 0.80 0.99
CaO 455 5.89 5.46 177 6.43 2.26 2.78 3.70
Na,O 3.27 2.68 2.63 2.14 244 3.05 3.58 334
K,O 1.59 1.79 1.30 0.75 296 2.85 2.89 224
P,0; 0.14 0.14 0.17 0.08 0.16 0.07 0.09 0.12
Lor 035 0.69 2.29 0.87 0.74 0.69 0.35 0.40
Total 100.03 99.96 99.92 98.60 99.80 99.00 100.01 100.07
Cr 37 46 35 56 28 25 31 30
Co 10 15 16 22 15 5 5 7
Ni 15 17 14 22 9 9 10 10
Cu 15 38 30 9 31 88 23 30
Zn 72 66 87 80 63 89 54 77
Rb 58 96 49 28 89 151 143 92
Sr 658 230 477 338 425 523 511 669
Y 6 28 24 21 27 4 5 4
Zr 4 8 9 9 11 23 23 25
Cs 3 6 2 2 7 11 10 5
Ba 483 252 401 185 573 752 723 726
Hf 0 1 1 | i 1 1 1
Pb 14 14 14 14 25 33 29 25
Th 5 2 8 3 7 7 5 6
U 1 8 3 1 2 2 4 1

*LOI : Loss on ignition



Table 6. Continued.
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Ksdi Tsi Tmyv
HTR H22-2 182 H14R H37 H45R H49R H35
SiO, 52.91 47.61 50:12 51.84 54.11 57.95 54.61 64.24
TiO, 0.88 0.51 0.87 0.84 0.84 0.72 0.80 0.38
Al O, 18.50 1074 15.90 19.68 17.93 18.02 19.53 15.83
Fe,04 9.76 8.85 13.46 9.58 9.07 7.62 7.70 4.65
MnO 0.26 0.19 0.19 0.20 0.23 0.23 0.19 0.13
MgO 5.05 17.13 6.27 9.15 8.51 349 542 421
Ca0 8.44 11.8 10.81 438 492 2.34 3.02 1.57
Na,O 1.75 0.8 129 0.72 1.12 1.53 2.35 2.23
K,0O 1.04 0.61 0.30 2.69 271 448 3.39 1.91
P,05 0.18 0.11 0.06 0.13 0.17 0.21 0.22 0.10
Lor 1.20 1.58 1.17 0.76 0.37 3.36 277 473
Total 99.97 99.93 100.44 99.97 99.98 99.95 100.00 99.98
Cr 78 848 56 42 67 18 18 32
Co 24 49 45 24 22 14 1 7
Ni 27 22 15 13 22 9 7 14
Cu 53 49 73 5 69 12 43 28
Zn 96 63 77 93 82 96 85 75
Rb 45 22 13 21 34 37 44 76
Sr 267 161 266 342 369 404 359 641
Y 19 12 14 21 25 24 28 18
Zr 6 23 15 81 117 148 143 63
Cs 4 1 2 1 1 4 1 7
Ba 230 I1 88 252 164 469 507 814
Hf 1 1 1 3 4 5 4 2
Pb 23 12 6 12 7 10 8 16
Th 2 2 | 3 5 4 4 5
U 1 1 0 1 1 1 1 1

*LOlL: Loss on ignition

Miyashiro(1974)¢]  Si0, : FeQ/(FeO+MgQ) T To]
A B3GR A S9Th(Fig. 6b). HdEF] &
Z+a) A Salkaline  index : mol(Na,0+K,0)/ALO =
Z5F 1 ol3tEA HgZe] AERE EREY, 48Ye
71d9H0.15-0.22), THA 332 H0.26-043), AH
A 5 $R57i9N048-054) o8 Aok YFuE
Z 3R] 4 (aluminum  saturation index:mol Al,Oy/
(Ca0+Na,0+K,0)) 94 7+ £A =2 AXed], A=
okl ZHdete] 0.75-1.00, S8E siakradel 0.90-
119, Agd Ze=gdgo] 1.16-1.319 HHE 242
HRIFig. 6¢c). & AAdgAM dntdoz s
Halrlgel nte YAl gel GFulERsR Ty &
712 2 kg3l o]yl Sio, Zle) WE gEnEA
o] FERe MiAE] 98 AELH HEE AL}
Y sPlerdde A YFr]EA (metaluminous)}
Sr]E4d (peraluminous)el] AAUL, NP F-253

¢

R

type 3P4 99 (Chappell and White, 1974)0 <3}
H(Fig. 6d). SiO, T WE Ya9) AFS AWEI)
A3l skA tlololadE st HThFig. 7). 44Ye
ARbAQ] 99} o] FAE Ao AEM T,
AlLOs, Fe,0;, MnQ, MgO, CaO% Si0, &o] Wo}
el uhe} o]59) Fo] HojAle S Ve, A
EQta) Zderel oz sl Aol glold vk B
FAE] e Hlrh Na,0= Si0,2F %53 A9
FAAAE Hoh, K,O0w thh EFdRes Z7st
o} P05 T Wl Si09h ojush AaaAs 27
a17) ol mEYAe] g HolFFEEULY G
Co, Ni& Si0, #kel Z71gol w} ghake] Hojxle
ZgS yehdth. v Rb, St Cs, Ba, Pb, Ue| &ak
< AR SO, wt B9 dtEAlelt) Cy, Zn, Y,
Zr, Hf, The] g3 S0, #tel wHatel TasiAy ¢



470 ARIE -

10
a
8 |
Alkaline
Q )
Q‘ 6 | 9_,"3 0°
+
(@) o °
o A
[ 4 P | a
pd T o
x D
20 Calc-Alkaline
S & Tholeiitic
0 P
40 50 60 70 80
SiO,
1.5
o c :
Q 12| peratkalin
z -
= 09 ;
Q f Metalumino | Peraluminou
x g .
+ 06
Q $°
P 3 a leI & A
Z 03 =i} LIPS
- \[ X x5 ©
00 . . T

00 04 08 12 18 20
A|203/(CHO+NHQO+KQO)

0 Ksgt o Ksgr x Ksdi o Tsi & Tmv

olFE - 5% - o5 -

oAlZ
80
b
7 | 8
o
A K
o D.‘:
Q 60 | Calc-Alkaline
» . [nta]
60 f
50 | ° A
X
I “" Tholeiitic
40 e .
00 02 04 06 08 1.0

FeO/(FeO+Mg0)

Al203/(Ca0+Na 20+K 20)

SiO,

Fig. 6. (a) Na,0+K,0 vs. SiO, (after Irvine and Baragar, 1971), (b) SiO, vs. FeO/(FeO+MgO) (after Miyashiro, 1974), (c)
alkaline index {mol (Na,0+K,0)/A1,05] vs aluminum saturation index [mol Al,0,/(CaO+Na,0+K,0)], and (d) aluminum
saturation index vs. SiO, plots for the igneous rocks from the project area. Division of the I-type and S-type granite is after

Chappell and White (1974).

i
2t

Holl w2 3] Aol Rl HAAGA A
M S EFUAY HAHA g FHA I
Fo] 68-119 ppm, AlHA Fmap7tdo
ppmlE M2 FHEHA, dEU Y-S 36-96
ppmOZA & 718 WRItK(Table 7). (La/Lu)ey %
£ YA sP7kekAgle] 1.6-43.42) Heloj} olAkE o
2 5& H2IR ANEE ALsPa 1.6-4.2¢] W9ol,
AEd ZS2EIPIUS 326619, HE5FUH M2
3.1-5.5 Alololt(Table 7). Wb AlEA E2r3s)17)
o] Aoz g REAASEE JFo] e

He

i
UO

P

& A3}, foalo|E groZ 1A% JERYA
W3l Jele A¥ed Avkdog LREES] R3H

HREE®] ZA3€ UwrAQl gt e R3olrt. 4
F FE e AR AT dAvzes Ay
ZE_}

szkerzer AE2oku) 7_}/‘\;%}9}

[ol= RE= 10 = Y =vEoua

©2 LREE7} H3l5lo) 9lom HREES #A$+&
YA sk, AEY 29, AEd s
e o2 ReITHFig. 8a). Euol
oI EWE*)S YA 7igE U] 0.58-0.80, A

d2 Fersizide] 059-0.7501 M2 FHHE B
% 772’—1—, j=f =

A2tz 7Pk o5 H|E =& (.71-
759] WE Ho(Table 7) APA o] A sh<t4-
| 1% 99l by BSE e,

w

o

{o
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AR 9] A37] AAYF(Tsi) A 89 3K
3, Tmv) NBd digh 98, n)adde
A4 BMX = Table 6 2 73 7t #
SiO, o] oF 52-58 wt.%] V714 WX F4
32, e 64 wt%e Aol slZEH(Table
Le Maitre ‘et al 1989)%] SiO,:Na,0+K,0 34t
FHToA AYATFE ATY, dFSERE |
xR, ZHMRE ol Ao, s
HMo]Eo) &) Fstti(Fig. 9). Irvine and Baragar
(1971)2] Nay0+K,0:S8i0, ¥ha o)A Aot 3t
A% giFEE H|Lgga] J9]l EejololE Alge T
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Flg. 7. Harker diagrams of major oxides (wt.%) and trace elements (ppm) for the igneous rocks from the project area.

Symbols are the same as those in Fig. 6.
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Fig. 8. Chondrite normalized rare earth elements patterns for (a) the plutonic rocks and (b) the intrusives and Volcanié rock from

the project area.
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7), %929 7% TiO, ALO, Fe,0; MgO, CaO=  u, 3RIHs= 91 ppmolth(Table 7). LaLu)oy 3
S0, ¥Fol Aol whe} o159 FFol Aok 7 BULFIF 30689 WeolT, AIFE AriHom
&g 2t # MnO, Na,0, K,0, P20594 s & 7824 ARS8 Gl AUSE vER
Si0p0) wstell ths) EFE ol vPALE Codt T TEEOIE o BAY SERUL W w
In9] 7% Si0, 7] 7Kl wet ol %‘%01 o] & H9H o= LREE°] %3157 HREEo| Z¥H¥ ¢
Al ZA%E YRS, Rb, S, Ba, The] Tke thA REAQl shddat 22 Fdeltt (Fig. 8b). Eudl #- ol
2 Si0p @t e daAlelnt. vrA] vkl 4 EwEu®S BAYF7E 070089012 SIS
T S0, o] Hslel FAs) $AE JEFYL 0.792A4 (Table 7) AP EEEAsA L) o5 o
o AAARL AR AALRTE 70-122 ppe] ESAO) Fol N2 H=A) WSS ekt
Table 7. Rare earth elements (ppm) compositions of the igneous rocks from the study area.
Ksgt Ksgr
H2IR H-24 HTGR B6R KIR H2R-3 JSR K13
La 209 6.9 16.3 10.6 16.8 220 15.7 29.8
Ce 41.0 18.2 37.6 24.0 41.2 38.1 313 60.2
Pr 4.9 29 5.6 34 59 4.7 37 72
Nd 18.0 14.2 23.7 14.6 24.8 17.1 134 253
Sm 35 44 6.3 5.1 6.2 3.0 2.7 6.3
Eu 0.8 1.2 14 0.9 1.4 0.6 0.6 1.0
Gd 2.8 52 5.8 43 59 2.6 2.1 32
Tb 0.2 0.8 0.8 0.6 0.9 02 02 0.2
Dy .14 5.1 47 43 5.6 1.0 1.0 1.1
Ho 0.5 1.3 1.2 12 1.4 0.4 04 04
Er 0.9 35 32 29 37 0.7 0.8 0.6
Tm 0.2 0.6 0.5 0.5 0.6 0.1 0.1 0.1
Yb 0.7 34 3.0 2.6 35 0.7 0.7 0.6
Lu 0.1 0.5 04 03 0.6 0.1 0.1 0.1
Total REE 95.8 68.1 110.5 754 118.7 91.3 72.8 136.0
(La/Lu)cn 434 1.6 4.2 32 3.1 45.6 326 61.9
Euw/Eu* 0.80 0.75 0.72 0.58 0.71 0.67 0.75 0.59
Ksdi Tsi Tmv
HTR H22-2 182 HI14R H37 H45R H49R H35
La 17.8 6.3 5.5 10.0 14.0 26.9 19.8 184
Ce 355 12.7 9.2 21.6 31.3 52.8 41.2 331
Pr 44 1.7 1.3 3.0 44 7.1 5.7 44
Nd 17.3 7.8 6.1 13.3 19.0 26.9 242 16.8
Sm 44 2.6 2.5 3.8 54 5.8 6.1 3.7
Eu 1.1 0.7 0.6 12 12 1.7 1.8 1.0
Gd 44 29 29 45 53 59 6.4 38
Tb 0.6 0.3 04 0.6 0.8 0.9 1.0 0.5
Dy 4.0 23 2.8 4.2 52 52 6.0 32
Ho 1.1 0.7 0.8 1.2 1.3 1.3 1.5 0.9
Er 2.7 1.7 2.0 29 32 3.1 3.8 2.1
Tm 04 03 0.3 0.5 0.6 0.5 0.6 04
Yb 2.5 1.5 1.8 2.8 3.2 28 34 2.1
Lu 0.3 0.1 0.2 0.3 04 0.4 0.5 0.2
Total REE 96.5 41.6 36.3 69.9 954 141.5 1219 90.7
(La/Lu)cy 5.5 4.5 3.1 3.0 34 6.8 45 7.8
EwEu* 0.75 0.75 0.71 0.85 0.70 0.89 0.88 0.79




Flg. 9. Na,0+K,0 vs. SiO, plot for chemical classification
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Joble 8. Representative K/Ar ages of the igneous rocks from the study area.
Sample Type K _ls(’Ar 4‘)Ar_ éadiogenic Age Air
(wt.%) (107 ccSTP/g) (10™°ccSTP/g) Ma) (%)
KIR Ksgt 2479 78.346 1016.082+0.181 102.6+3.0 18.56
K24 Ksgt 1.506 48.209 581.01310.112 96.71+2.8 19.69
165-1 Ksgt 0.163 15.835 59.65810.076 91.9+2.7 43.96
HTR Ksdi 0.889 64.867 315.046£0.146 89.1+2.6 37.83
K13 Ksgr 1.935 32276 776.21340.095 100.5£2.9 10.94
J5R Ksgr 2470 36.171 1029.568+0.138 104.31£3.0 941
H2R-3 Ksgr 2.579 39.076 1098.38710.136 106.5+3.1 9.51
TRD2-37 Tmv 2.844 22.173 410.00310.064 36.811.1 13.78
TRD3-27 Tmv 1.180 44.991 145.60240.094 31.510.9 47.73
TRD1-33 Tmv 2.143 33.999 263.969+0.103 31.540.9 2757
H45R Tsi 1.297 44.352 124.908+0.121 24.6+0.7 51.20
H49R Tsi 1.989 30.604 227.65310.096 29.210.9 28.43
HI14R Tsi 0.614 28.015 82.033+0.109 34.1%1.0 50.23
H37 Tsi 0.946 25.229 128.054+0.094 34.5+1.0 36.80
165 Tsi 1.285 15.531 146.01110.065 29.0+0.9 23.92
166 Tsi 1.010 20.711 120.878+0.057 30.610.9 33.61
Standard sample analysis

BerndM-2 Mus 9.68 137.567 625.457£0.337 18.468+0.368 39.39
GA1550-2 Bt 7.626 73.206 3057.170£0.252 100.42510.205 - 6.61
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and nomenclature of the intrusives and volcanic rock from
the project area (after Le Maitre, 1989). Symbols are the
same as those in Fig. 6.
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