——ee— =Y oY LYY \ Yy e

( /17 2006/5/18 )
Cays Mgy Feg (Foss)  (Fossi) Ansgg  Ans;
75 Mg /(Mg + Fe™?)*100 (diopside) Cay7 Mgy, Feg
Fose Fos; Ans; 84
(Augite) Cays Mgso Feyg  Cayz Mgy, Feys
Mg?/(Mg**+ Fe'?)*100
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(0.706-0.703) Sr*’/Sr*

%15 %30

Petrochemistry and Petrogenesis of Bulfat Mafic Intrusion, Qala
Dizeh, Iraqi Kurdistan

Ahmed M. Agrawi Mohammed M. Sofy
Department of Earth Sciences
College of Science
Salahaddin University

ABSTRACT

Bulfat mafic intrusion was studied at Noba and Benas peaks at southeastern Hero at
Qaladizeh area is located at the Zagros thrust fault.

The studied rocks consist of troctolite, olivine gabbro, gabbro, amphibole pyroxene
gabbro. In Noba peak the olivine gabbro is dominant rock while in Benas peak amphibole
pyroxene gabbro is a dominant.

Textural study reflected that Noba peak rocks had suffered tectonic deformation
more than Benas peak rocks.

The chemical composition of minerals changes from bottom to top as plagioclase
from Angj to Ans;, olivine from Foy9 to Fo;5 clinopyroxene from Woys Engg Fsg to Woy,
Eny, Fso of diopside type and amphibole Mg"*/(Mg*? + Fe*)*100 from 84 to 75. Benas
peak plagioclase are Ans;, olivine changes from Fosg to Fos;, clinopyroxene from Wog;
Eny, Fss to Wous Enyg Fsy6 of (augite) type, amphibole Mg™?/(Mg™ + Fe ?)*100 changes
from 72 to 65. These changes reflected the control of crystal fractionation in creation of
different rocks. In addition the Benas rocks represent more progressive stage of crystal
fractionation.

Benas rocks are rich in iron, titanium and vanadium and poor in chromium and
nickel because of the governing of crystallization of olivine, Cr-spinel and clinopyroxene
at earlier stages.

Low ratios of strontium isotopes in Bulfat rocks indicate that it had been formed
from magmas derived from upper mantle. Geochemical indication of elements and
isotopes revel the variation in the degree of partial melting for source rocks. As Benas
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rocks formed from depleted source with a partial melting of more than 30% while Noba
rocks formed from sources with partial melting of about 15%.

Depending on the magmatic affinity, the studied rocks are classified to low-K calc-
alkaline type associated with magma of Island arcs.

(Bulfat layered igneous intrusive)

(Penjwin-Walash Subzone)

- ) (Geosyncline)
.(Aswad, 1999) (
25 (Noba and Benas peaks)
1760
(Benas Peak) 1806 (Noba Peak)
45°19" 45°17" (Long.) 36°08" 36°05' (Lat.)

Aswad, 1999)
(Buda et al., 1978, Ghazal, 1980, Buday and Jassim, 1987,

(Penjwin-Walash Subzone)
(Bolten, 1958) .(Geosyncline)

(sheared limestone)

(Andalusite schist)

(O1d and new gabbro)
(Buda et al., 1978)
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Harzburgite Dunite
(Serpentinization) Lherzolite
(dykes)
( ) (Hama Salah, 2004)

Buday and ) 2.5
.(Jassim, 1987

.(Streisckein, 1976) (1 )

Olivine gabbro :

(curvature boundary) ()
(straight boundary) (equilibrium texture)
( ) (Poikilitic texture) (Hunter, 1987)
%69.94
%13.65
(ophitic texture) (0.33-6.5 mm)

.(cleavage)
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Minerals o s Rock
Plagioclase | Cpx Opx Hbd Olv Mpaq apa ec. SUM oc

Sample in. Min type
N-1 76.1 13.6 10.03 0 0 0 0 0 100 Ovg
N-3 70 3.8 22.7 10.9 1.1 0 0 0.5 100 Trct
N-4 7602 4.4 17.6 0.3 10.5 0 0 0 100 Trct
N-6 66 26.1 6.3 00.6 0.9 0.1 0 0 100 Ovg
N-7 77.6 10.9 100.7 0.2 0.5 0 0 0 99.9 Ovg
N-10 72.2 11.7 11.6 3.5 0.8 0.1 0.1 0 100 Ovg
N-11 72.5 24.3 3 0.1 0 0.1 0 0 100 Gab
N-12 78.5 11.03 8.5 1.2 0.4 0.1 0 0 100 Ovg
N-14 69.8 8.5 211 0.3 0 0.3 0 0 100 Ovg
N-16 73.4 21.5 24 1.3 0.9 0.5 0 0 100 Gab
N-18 80.5 12.3 55 1.2 04 0.1 0 0 100 Ovg
N-41 68.2 24 5.3 0.1 1.5 0.8 0 0 100 Ovg
N-43 78.2 110.8 6.2 2 1.3 0.5 0 0 100 Ovg
N-44 60.9 22.6 4.4 10.08 0.8 0 0.5 0 100 Phg
N-45 73.1 13.6 7 4.7 0.9 0.6 0 0 100 Ovg
N-48 41.8 5504 0 1.5 0 1.2 0 0 100 Ag
N-70 64.3 17.1 13.4 2.9 1.6 0.7 0 0 100 Ovg
N-72 67.6 23.6 3.7 3.3 1 1.5 0 0 101 Gab
B-1 62.9 16.3 1.7 6.7 0.8 11.6 0 0 100 Phg
B-2 60.5 14.8 2.2 15.1 0.9 6.1 0 04 100 Phg
B-3 57.6 28.2 3 2.9 1 5.9 0 1.4 100 Gab
BN-5 587 29.9 1.3 4.4 1.5 5.9 0 0 100 Gab
B-6 541 23.3 7.9 11.1 1.5 2.1 0 0 100 Phg
B-9 49.3 23.2 194 4.9 1.1 1.4 0 0.7 100 Ovg
B-21 84.34 15.1 0.2 0 0 02 0.16 100 Gab

Gab: Gabbro, Ag: Amphibole pyroxene gabbro, Ovg Olivine gabbro, Trct: Troctolite, Gab : Gabbro,
Phg: Pyroxene hornblende gabbro, plag: plagioclase, Olv: olivine, hbd: hornblende,
Cpx: clinopyroxene, Opaq Min: opaque minerals, opx: orthopyroxene, Sec. Min.: secondary mineral.

%8.4
( -1
(Donaldson, 1979)
.(iddingzite) (mesh texture)
.(corona texture) (%4.74-0.18)
(apatite) % . (orthopyroxene)

Gabbro rock

(melanogabbro) (leucogabbro)
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(Le Bas, 1965)

.(Sofy, 2003)

(. -. %)

(titanite)

.(abnormal gabbro)

(metasomatism)
% . %
% . -%

()

C )
%

() (Sofi, 2003)

Pyroxene hornblende gabbro rock :

% 62.7
. (Hunter, 1987) (equilibrium texture)
(Oikocryst)
%

%I11.1 % 4.7

2-4.5
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Troctolite :

.- %62.71

% . =% .

.(Ghazal, 1980)
%

(electron microprobe analysis)
SEMQ
(30) (Queen university)

(21) (18) (23)

Philip ) (X.R.F)
(Bergen University) (PW 1404 X ray fluorescence spectrometer
( ) (Norway)
(Bergen university)
Finngan 262 mass ) Nd'"#¥/Nd"**  sr*/sr®

.(spectrometer
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Mineral Chemistry
Plagioclase :

(Labradorite)
.(Ang)
Ang  Ang (2)
Ansgss Ango .47
Olivine :
(Foso) (Fo)  (Foss)
.(Fos32)
Poldervart and Hess, ) ()

(Chrysolite) (1950 in Shelley, 1985

.(Hyalosiderite)
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()

S;ggf(l‘:ylgg' avoN4 [ AV avorNas| AYOY lav oty B-11] Av Olv B-1
Oxide Tret Ove Gab Hpg Ovg Hpg
Sio, 39.15 38.46 37.87 38.58 35.95 35.25
TiO, 0.03 0.05 0 0.04 0 0
AlLLO, 0 0.07 0.07 0 0.49 0.3
Fe;Os 0 0 0 0 0 0
Cr,0; 0 0.04 0 0 0 0.03
FeO 19.14 19.18 2152 2227 34.01 383
MnO 0.35 0.39 0.38 0.41 0.64 0.72
MgO 40.71 40.66 38.83 38.56 28 24.88
Ca0 0.05 0.09 0.08 0.13 0.1 0.13
Na,0 0 0 0.1 0 0 0
Ko0 0.03 0 0 0.02 0 0
SUM 99.46 98.94 98.85 100 99.19 99.61
SampleNo. | xvorwna | AYOV Ay ol nats] AYOM Ay otv B-11{ Av OIv B-1
. Trct N-7 Gab N-19 Ovg Hpg
Oxide Ovg Hpg
si* 1.01 1.00 1.00 1.00 1.01 1.01
Ti* 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00
cr 0.00 0.00 0.00 0.00 0.00 0.00
Fe'2 0.41 0.42 0.47 0.49 0.80 0.91
Mn*2 0.01 0.01 0.01 0.01 0.02 0.02
Mg 1.56 1.57 1.52 1.50 1.17 1.06
Ca* 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.99 3.00 3.01 3.00 3.00 3.00
Fo 78.8 78.7 76.0 75.2 59.0 53.2
Fa 208 208 23.6 24.4 402 45.9
Tp 0.4 0.4 0.4 0.5 0.8 0.9
Pyroxene :
.(augite) (diopside)

Casy74 Mgios Feiszs  Cagnge Mgais3 Feiss

( ) Cayy6 Mg43.69 Fes; Caye03 Mg45.91 Fes o7



(6 Ox)
Bohlen and Essen, 1979

Sampl No.
& Rock Av cpx Av cpx Av cpx Avepx | Avepx | Avepx
type N-4 N-7 N-16 N-19 B-11 B-1 opx
Oxide Trct Ovg Gab Phg Ovg Phg B-10
SiO, 52.79 52.07 51.39 51.37 51.81 51.49 53.12
TiO, 0.64 0.89 0.74 0.72 0.69 0.47 0.21
Al,O3 2.33 3.72 3.17 3.18 2.99 2.67 1.80
Cr,03 0.22 0.36 0.36 0.59 0.03 0.00 0.00
FeO 4.94 447 5.17 5.39 9.31 9.31 19.73
MnO 0.14 0.25 0.10 0.25 0.34 0.34 0.55
MgO 16.22 15.07 14.85 15.21 14.50 13.57 24.15
CaO 22.63 23.04 22.52 22.49 20.87 21.39 1.02
Na,O 0.05 0.52 0.47 0.32 0.45 0.27 0.00
K,O 0.00 0.00 0.03 0.02 0.02 0.04 0.00
SUM 99.96 100.39 98.80 99.54 101.01 99.55 100.58
Sample
Av cpx Av cpx Av cpx Av cpx Avcepx | Avepx opx
Formula N-4 N-7 N-16 N-19 B-11 B-1 B-10
Sit 1.93 1.90 1.91 1.90 1.91 1.93 1.95
Al 0.07 0.10 0.09 0.10 0.09 0.07 0.05
2.00 2.00 2.00 2.00 2.00 2.00 2.00
Al M) 0.04 0.06 0.05 0.04 0.04 0.05 0.02
Fe* 0.00 0.07 0.07 0.07 0.08 0.04 0.02
cr 0.01 0.01 0.01 0.02 0.00 0.00 0.00
Ti* 0.02 0.02 0.02 0.02 0.02 0.01 0.01
Fe 0.15 0.07 0.09 0.10 0.20 0.25 0.59
Mn*? 0.00 0.01 0.00 0.01 0.01 0.01 0.02
Mg*? 0.89 0.82 0.82 0.84 0.80 0.76 1.32
Ca" 0.89 0.90 0.90 0.89 0.82 0.86 0.04
Na** 0.01 0.07 0.07 0.05 0.06 0.04 0.00
K* 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 2.00 2.03 2.03 2.03 2.04 2.02 2.01
Wo 46.03 48.30 47.61 46.80 42.96 44.74
En 45.91 43.97 43.69 44.04 41.53 39.50
Fs 8.07 7.73 8.70 9.16 15.51 15.76

Av: Average chemical composition of sample g3 seill Sl (i jil) Jasa
Gab: Gabbro, Ovg: Olivine gabbro, Trct: Troctolite, Phg: pyroxene hornblende gabbro,
Ag: Abnormal gabbro

Hornblende :

(Mg"*/(Mg*'Fe2")*100)
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84
() (Pargasite)
5
.(Schumacher, 1997)A B, V'Cs "VT; 0,,(OH),
Sample No. Av amph Av hbd Av hbd Av Amp Av hbd Av hbd hbd
& N-4 N-7 N-16 N-19 B-11 B-1 N-49
Oxide Rock type Trct Ovg Gab Phg Ovg Phg Ag
Si02 42.9 41.79 42.11 42.1 41.49 41.57 39.68
TiO2 3.36 3.81 4.01 3.65 3.72 3.6 1.96
Al203 12.98 14 12.45 12.9 12.69 12.69 14.5
Cr203 0.07 0.38 0.15 1.01 0 0.05 0.05
FeO 7.35 7.4 8.65 8.62 12.51 12.75 15.98
MnO 0.26 0.09 0.13 0.1 0.13 0.19 0.14
MgO 15.36 14.7 14.24 13.92 12.85 11.81 9.61
CaO 11.69 11.82 11.48 11.76 11.41 11.4 12.64
Na20 2.51 2.79 2.72 2.5 2.69 2.55 1.87
K20 0.55 0.46 0.4 0.53 0.62 0.81 1.49
Rock type Tret Ovg Gab Phg Ovg Phg Ag
SUM 97.03 97.24 96.34 97.09 98.11 97.42 97.92
Sample
No. Av amph Av hbd Av hbd Av Amp Av hbd Av hbd hbd
Formula N-4 N-7 N-16 N-19 B-11 B-1 N-49
Si 6.19 6.06 6.19 6.16 6.06 6.16 5.99
Al (iv) 1.81 1.94 1.81 1.84 1.94 1.84 2.01
T 8 8 8 8 8 8 8
Al (vi) 0.4 0.45 0.34 0.3§ 0.25 0.38 0.57
Ti 0.36 0.42 0.44 0.4 0.41 0.4 0.22
Cr 0.01 0.04 0.02 0.12 0 0.01 0.01
Fe(iii) 0.25 0.07 0.1 0.05 0.42 0.14 0.06
Fe(ii) 0.64 0.83 0.96 1 1.11 1.44 1.96
Mn 0.03] 0.01 0.02 0.01 0.02 0.02) 0.02
Mg 3.31 3.18 3.12 3.03 2.8 2.61 2.16
C 5 5 5 5 5 5 5
Ca 1.81 1.84 1.81 1.84 1.79 1.81 2.04
Na 0.19 0.16 0.19 0.16 0.21 0.19 -0.04
B 2 2 2 2 2 2 2
Na 0.51 0.62 0.58 0.55 0.55 0.54 0.59
K 0.1 0.09 0.07 0.1 0.12 0.15 0.29
A 0.61 0.71 0.66 0.65 0.66 0.7 0.88
Pargasite Pargasite Pargasite | Pargasite | Magnesiohastingsite| Pargasite | Pargasite
Mg*?/(Mg*? + Fe"**100) 84 79 76 75 72 65 53
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(ppm) 6
.(Weight % Norm)
Sample
INo.
N-3 [ N-6 | N-9b | N-12 | N-14 | N-16 | N-18 | N-41 | N-43 | N-44 | N-45 | N-48 | N-70 [ N-72 | B-1 | B-2 | B-3 | B-6 | B-9
Ox & El
% SiO, 49.1650.98 [ 50.28 [ 51.69 [ 50.59 [ 51.91 [ 51.23 [ 51.73 | 51.96 | 51.11| 51 |49.22|47.76|49.35|48.17|48.94| 50.1 |49.37 |48.87
% TiO, 0.11 | 0.34 | 0.16 | 0.55 | 0.24 | 0.39 | 0.27 | 0.5 | 0.39 | 0.41 | 0.38 | 094 | 028 | 0.29 | 1.98 | 1.79 | 1.14 | 0.59 | 0.75
% Al,O; [20.88]19.95|21.14{20.82(20.74|20.59|20.87 | 19.87 [20.93 | 18.1920.39 | 15.92 [ 19.96 | 20.52| 19.89 | 19.32 [ 19.41 | 16.82 | 16.58
% Fe, Ozt | 5.37 | 5.19 | 476 | 3.61 | 591 | 4.16 | 442 | 443 | 432 | 635 | 5.6 | 586 | 8.08 | 6.21 |10.48| 9.46 | 8.88 [10.73 |11.04
% MnO 0.09 | 0.09 | 0.08 | 0.07 | 0.1 | 0.07 | 0.08 | 0.08 | 0.07 | 0.11 | 0.09 | 0.1 | 0.15] 0.12 | 0.15 | 0.16 | 0.15 | 0.21 | 0.2
% MgO 10.08| 84 | 937 | 6.08 | 931 | 694 | 82 | 7.07 | 652 | 942 | 8.02 | 6.78 | 995 | 7.81 | 5.31 | 596 | 6.1 | 9.02 | 9.08
% CaO 944 111.12110.37|12.67| 9.71 |12.01 |11.12|12.04|11.73 | 11.13|10.22|18.21 | 12.88 | 13.93 | 11.38 [ 11.84 | 11.31 [10.89 | 11.1
% Na,O 325 (352|338 |3.89|349 | 3.78 | 3.52 | 3.66 | 3.89 | 3.18 | 3.76 | 2.1 | 2.06 | 237 | 3.33 | 3.2 | 332 | 2.67 | 2.65
% K0 0.07 | 0.09 | 0.07 | 0.13 | 0.08 | 0.11 | 0.09 | 0.11 | 0.11 | 0.1 | 0.12 | 0.19 | 0.09 | 0.11 | 0.15 | 0.14 | 0.16 | 0.13 | 0.12
%P,05 0.02 | 0.01 | 0.02 | 0.05 | 0.03 | 0.03 | 0.02 | 0.02 | 0.03 | 0.01 | 0.06 | 0.02 | 0.03 | 0.03 | 0.49 | 0.27 | 0.11 | 0.05 | 0.04
% L.O.1 1.13 1 045 | 0.7 | 0.76 | 0.19 | 0.46 | 0.63 | 0.51 | 0.68 | 0.31 | 0.47 | 0.98 | 0.05 | 0.32 | 0.05 | 0.05 | 0.33 | 0.04 | 0.04
SUM 99.6 {100.13{100.32{100.31| 100.4 {100.44{100.44(100.03|100.63|100.31{100.12|100.33| 101.3 |101.05/101.38(101.14{101.01{100.51{100.46
ppm V 25 75 41 110 | 31 87 62 95 82 95 72 138 | 130 | 132 | 363 | 299 | 269 | 224 | 262
ppm Cr 215 | 515 | 442 | 814 | 304 | 670 | 520 | 687 | 626 | 574 | 344 | 669 | 456 | 396 | 217 | 297 | 219 | 291 | 284
ppm Co 30 25 25 16 28 19 22 20 19 30 25 25 35 25 30 31 28 38 41
ppm Ni 214 | 147 | 197 | 107 | 178 | 92 112 | 111 93 111 96 77 118 | 73 28 28 8 90 32
ppm Cu 41 56 50 62 47 60 59 66 57 84 70 78 17 11 48 40 37 28 35
ppm Zn 33 33 29 24 35 27 28 30 30 42 34 32 54 37 51 55 56 74 82
ppm Sr 343 | 340 | 350 | 368 | 368 | 363 | 363 | 347 | 359 | 305 | 355 | 468 | 402 | 423 | 388 | 392 | 503 | 425 | 398
ppmY n.d 6 nd 9 n.d 7 5 8 6 7 7 16 5 7 14 12 11 13 12
ppm Zr 5 18 11 40 15 28 23 28 20 28 24 73 12 12 18 18 13 15 13
Rock type | Trct | Ovg | Ovg | Ovg | Ovg | Ovg | Ovg | Ovg | Ovg | Phg | Ag | Ag | Ovg | Gab | Phg | Phg | Gab | Phg | Ovg
Normative | Wt % | Wt % | Wt % | Wt % | Wt % | Wt % | Wt % | Wt % [ Wt % | Wt % [ Wt % | Wt % | Wt % | Wt % Wt % [Wt% [Wt% [Wt% [Wt%
Mineral Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm | Norm [Norm [Norm [Norm [Norm [Norm
Quartz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plagioclase |71.39(68.94 (71.72|71.51|70.78 | 71.34 | 71.27 | 69.25 | 72.74 | 62.61 | 71.15 | 47.25 | 62.46 | 65.28 | 67.41 | 65.4 | 66.26 | 56.93 | 56.28
Orthoclase | 0.41 | 0.53 | 0.41 | 0.77 | 0.47 | 0.65 | 0.53 | 0.65 | 0.65 | 0.59 | 0.71 | 1.12 | 0.53 | 0.65 | 0.89 | 0.83 | 0.95 | 0.77 | 0.71
Nepheline 0 0 0 0.58 0 0 0 0 0 0 0 2.6 0 0 0 0 0 0 0
Leucite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Diopside 3.75 |13.48| 7.29 | 18.6 | 5.95 | 16.3 |11.35| 17.7 |14.82|16.22| 9.64 |43.81|15.14|19.22|11.94|15.64|14.69 | 16.71 | 18.05
Hypersthene | 6.36 | 3.71 | 4.84 0 6.87 | 1.54 | 5.05 | 3.16 | 2.61 | 8.32 | 4.51 0 2.34 | 3.18 | 2.76 | 3.66 | 6.52 |10.72| 8.14
Wollastonite | 0 0 0 0 0 0 0 0 0 0 0 1.11 0 0 0 0 0 0 0
Olivine 15.6310.46| 13.2 | 4.67 |13.24| 7.16 | 9.02 | 6.01 | 542 [ 9.24 {1092 0 |16.75| 8.88 | 9.91 | 8.23 | 6.96 | 11.42|13.08
Larnite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lImenite 0.21 | 0.65 | 03 | 1.06 | 0.46 | 0.74 | 0.51 | 0.97 | 0.74 | 0.78 | 0.72 | 1.82 | 0.53 | 0.55 | 3.78 | 3.42 | 2.18 | 1.14 | 1.44
Magnetite | 223 | 2.2 | 22 | 2.1 | 219|219 | 219 | 22 |291| 22 | 22 | 22 | 217|217 | 219 (219|219 | 22 | 22
Hematite 0 0 0 0.57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apatite 0.05 | 0.02 | 0.05 | 0.12 | 0.07 | 0.07 | 0.05 | 0.05 | 0.07 | 0.02 | 0.14 | 0.05 | 0.07 | 0.07 | 1.14 | 0.63 | 0.25 | 0.12 | 0.09
Zircon 0 0 0 0.01 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0
Chromite | 0.04 | 0.12 | 0.09 | 0.18 | 0.06 | 0.15 | 0.12 | 0.15 | 0.13 | 0.12 [ 0.07 | 0.15 | 0.1 | 0.09 | 0.04 | 0.06 | 0.04 | 0.06 | 0.06
Total 100.07|100.11| 100.1 |100.17|100.09|100.14{100.09|100.14{100.09| 100.1 {100.06{100.12{100.09{100.09(100.06{100.06/100.04{100.07{100.05

Ox: oxide, El: element, Gab: Gabbro, Ovg: Olivine gabbro, Trct: Troctolite, Phg: Pyroxen hornblende.
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%35.27

%11.24

(0.703430 0.703181)

(0.512990-0.512971)

Sr*7/Sr® ()
.(0.704839  0.704661)

.(0.512740-0.512730)
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Sample Sr*7/Sr* "Nd/ "™Nd  [147Sm/""Nd]  Sr(0) Nd(0)
B-1 0.704839 0.512730 0.158 4.81 1.79
B-3 0.704661 0.512735 0.189 2.29 1.89
B-1 0.704642 0.512740 0.191 2.02 2.00
N-3 0.703181 0.512984 0.132 -18.72 6.75

N-18 0.703326 0.512971 0.134 -16.67 6.49
N-41 0.70343 0.512990 0.183 -15.19 6.87
N-49 0.706245 0.512848 0.186 24.77 4.10

(igneous cumulus)

(rhythmic layering) -
(graded layering) (cross bedding)
(igneous processes)

(inter cumulus) -

(post cumulus)

.(Wager et al., 1960)

%
(Wager et al., 1960)
%
( )
AFM
Winchester and Floyd, ) Zr/Ti-SiO, (Irvine and Brager ,1971)
( ) (Calic-alkaline) (1977

(Sub-alkaline)
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.(Miyashiro, 1978)
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A1203-FeO-MgO
(9 ) (Volcanic arc basalt) (Pearce et al., 1977)
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.(Pearce and Norry, 1979)
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(1999
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(island arc)
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.(Cox, etal.,1979)

( )
(Depleted)
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(Nd)

Initial sro’/Sre®

()

56

(Sm)
O Benas
@ Noba
0.716 -
0.714 -
0.712 A
0.710 -
0.708 + Crystal fractionation /
0.706 - e o
0.704 - e oovY
0.702
0700 I I I 1
0 1 2 3 4
1/Sr x 1000
ppmSr  Sr"/sr’” 13
[(Faure« Y++Y)  ( )
0.513050 -
0.513000 .
% @® Noba
»
0.512950 - O Benas
0.512900 -
%ﬁ 0.512850 -
3
% 0.512800
0.512750 |
o o°
0.512700
0512650 e ——————
0.512600 : : : : : : : ‘
0.130 0140 0150 0.160 0170 0.180 0.190 0.200 0.210
147Sm/144Nd

14



57

(Ans;)
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(Ca30.04 Mgz 3o Fe26.62)
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%30
%15

.(island arc)
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