51 =

A AR AT B B AL T, R E AR E R R, A A LS AU E A R AR
PER S et 2 —, X R AN - B A B A B SO Z Rz ER. (e BN FE S
& NHHFFE 5 s SRR BT 0 25 S 402 ) BBt T

HELETHEREFEMRNEEASE, EiKE S (Granitoids) 2 ALK A A ER—Kaf ., (LK
I A R R 78 A AR 4 S ST R, AR 2 R AT A RS M bt 58 A A A A AR AR A . B R i
i FEBH e A A S, AR T b SRR R P, ERBCE ATz TR s A E . FRE
R AU K EOEK, SENVEE MR A 20 b g IR E RS m 9%, REFZNE
SRR, M4, . 8. B, W, WM. SMSTR, HaUR A S KR A I E R s KA
PIRIERA K. MIERKAE LS AR, o —FRA T LM EMEM 7R,

HAA AR TR Y &R, & RSB B AR R C R FREL A DR 8dE. ks
HAb2E e R FEREAE T R E AR S L)) 2R, RE R P ECENER SR E LS
AR, FrabayF s P AR R SO BB A K &R, TER ARy TR FER FEH R — I HEE
WZE, —HZIENMEENEEER, BARANMGEMEEMER. HMDaly (1933) FREERT
it S AE R A R R TR E U DOk, REA RS EE R B A T AR BOR, gttt
HHEH T AR A ZAF R ROCEN F S, AL TG, LK CERAE I o Irdids, 54
TR EER AR, AREAEBER AL, SRS R OCER AR, AR R A A 70F
feef e R, X EERIEOHRR ZN A, EiRX 2 AR RNIE R, AHr2Es
FHHR LR T SRR, IR A A a2 T R T E A E R, B2, hTE=
RYHHAE TAE, B H AT IR %A GE R TT R & & I (b 20 16 5 bRk 2 B A i,
BRAeA7 P RS AR A R R th e R SR K . SR S A AR, A b S Bk
fb.2% | 5 2 Webb %t i/ (Provisional Geochemical Atlas of Northern Ireland) , H #i [ 4 4M 2t iz Hb
ERAb-F IR e IR, REVR, MRS 24w, 0 e, R iiEE S, A SHEIRE S5
(1 S V41V W A T o 2T B W R e e S (R

TEE AR B P EKRY 750 A RRIERIR . th BRI 5 285 (KA 60801 F i 4 /5 119 768 £ 2H
4 52 0 43 4 AR e R LR, R I EDAR R 7 S7TRIC K hE L K A bR, A BRI R0
LA BFEMREMATE , —2FHGHBAERE A SR TE b E Bk b2 0 R 5 S 4 ) 50
T, RENFEM LR T E VSRR IR IR AR P, o, I, . CHOR, B, 7
HEFIE (FHARK) MfERIE A, 1569 R A A 1291 (R AT AL A, o 292504 AR
RUEMITE R A28 R, RO 7291 (HAL SRR 70 70 28 B 20 A9 S5 0 A A il 8dis s — R IR b R 7
TOCONE” EEERHEITE b E A A RO E R HAR L T P EABL360 x 10°km?
T S00 4 MR AT (ORMERITE R A AIE R IN G a iR 47T ERERY 702 S0 3 B8 7 1 55
G

o



TIER*E
—. HRRESHT

LR FEA

(WAE (ERRK) hEoT, 88 (ERK) KEghmsh “afeald” ik b, #eRKERa
)T A EA T RAEAT B

QAR H AN T, SHeia (A (5 5 Jem (R X (5 1,

G)YRFEAMEMER XA T, REBRUEMPRRIERE A S IE,

2Ry AR

()—M&FHT, —aER—rdar, BEACEEKT A KB ~ 31 G

Qe B s R AR R AL -4k 85 Sk R &9 =40 A EA &, fERAE DY 18 2 A adiva i & .

QA N 2 A b R AR T EES B L al B FE iR A, BESRAE AT REA PUIIS
B Y W Aty B ety O

GO A GFEE 1~ 2kg, X BE M) YA S B B R A7 T

(S)n EAR I FF 2R AY T + 2007 D o7 sl DA PR e 1 R RY IR o % TR 58 e (A R A 2L £
Fehh. AGFETTE 100 ~200g,

3. FESh AL

PETER & BEM R AP E K70 REBE R, PRTER Sk b, B 7P EKRi234
Ay, PSR G E K RAA80%, BRI MEmlR, TG, BRE- HiE-&E1E
IR, EEELR, HrEhE. - AL, S0af s b E7 SR (|1,
REEFERRO608014, LA 76814 G LB ML AT, AR IT, RS AEE, RREEFMHE
TEERS AR, £2, £3, REEHSE LS AR LRSI ERATS04, Fetbdel o 7 Fils 41 48
Jr A,

E MR SRS R (AT E SR AR TE 4

s Kill—2%%| il | BG—HBiE- | ERILE | HilE | 7 |6 AL 2940
SIS e | BilGEILR L Iz | HiEg | &l 1 Ly
K 1259 1883 716 1 343 643 1220 15
HAREEL 138 196 94 1 68 89 172 10
(FE 5 & L5, 2008)
22 ARl A BRI i e R AR AL
== s [ -He B el 7 - EL1 iy el L e S g ) e E P — Ly 'E%:<{:\‘ - 1~ Ly
F=c3 EAER S | IERERS | “KERS | ERNKS AR KE e —Ka
N AT
KA 1556 3348 1041 64 22 11 10
HEME 173 430 145 7 4 5 ]

(5 4 5CR:, 2008)
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K3 BA (AR feRa KA R

A (BARX) | X | B | 4 (BEX) | X8 AEHE| 2 (BAK) | REH | AEHE
il 227 25 i 2 313 48 pg | 290 30
(g 73 7 PN 391 48 N 248 34
NS 784 47 IR 433 51 il 94 53
cHken 512 60 O] 209 19 B P 623 44
K 150 28 L 33 4 ot 572 45
BT 105 21 e 39 19 Fif 53 38
L 261 26 A 87 32 i 57 31
L 88 21 )P 438 38

(98 2 J L%, 2008)
Z. HmAflE
B ARG e 4R TS e T A b A7 I LA & o B LSRR A 4 W R 22 50 Ui e LA
BEE2~3mm, (B2, SR, HIUMELS . & TR A A BT S00g 240 S EdEf T i, 45 T FE
RERBERIRE . PR R B R EALIES00gH A AP i = <Imm, JR2), PFRrE50g H B HGBREEHLIES F 40 15
E<200H E M, HABMEIFECR AR, A0 LA W2,

Brits £ (she)

W T 3 A L
U %2 ~ 3mm

TR A
745 BL500g2H & FE
W AL

i 2 < Imm

R : SISO I A ek
[LERERIRE] | A ) Geulpte s <2001

prs N i Y

B2 #ZEREREFmTTRMIARE
(s 46 %, 2008)

=, FEMK 2 AEEMRXTE

HhE] AR ERAE B e TARE e F T AR i A X -G 2R SO SRR R b ik, i E
FA LA L I R A & T T 704 RSOl i, B T LAICP-MSHIX-G 4 98 il iy
VURp S oA Ay, G 1w ] v SR A AR B R e e R R T 70 R o R skl . & A C &
AT A g s Au, TEIUAETFIRIOEIEE; Ag. B, Sn, RHHEIHA: As, Ge, Hg, Sb, Se, Ji
THHI L CO,, HfEE, SIO,, TIO,, ALO,, Fe,0,, MnO, MgO, CaO, Na,0, K0, PO, i/}
EX-P a0t HO, Sk, FeO, %#iHiyk: Bi, Cd, Co, Cs, Cu, Ga, Hf, Mo, Ni, Sc,
Ta, TI, U, W, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, ZF& Kt
¥s Be, Cr, Li, @ IR LGS F, B ik mit; Ba, Cl, Mn, Nb, P, Pb, Rb, S,
Sr, Th, Ti, V. Zn_ Zr, EFEX- ISR,



i Y 5~ hR R JF(GSR-14, GSS-9, GSR-1, GSD-9, GSD-la, GAu-10, GAu-11, GAu-2,
GAu-8, GA-9)Fll i ALfil O A M U f A T i A2

M. H@momlitREiF

A R RE (24910%) B9 Pras i, iPEM K% IERD (RD=1/n ¥ {|C,  C,|/[(C+
C,)/21} x100%, C,, C.or 5 EA AT EEATE G AE NS ) 5 DA A B B K — bR B (2
10%) [ R 25 A I8 - BT IO HER EERE (RE=1/n S [ (C,— C,) /C.] % 100%, C, 547 HERERF R it 45
Fo COMZAREFERIARIEN) .

X RICE, EOREAEEAE9.30% ~ 100.70%EH N . X X-SF2FOGIREm M ZoR, TR
A TR R R A I, RES(RDAA—e<10%; A7 ik 2ok s & &E>10 u g/ght,
RESRD<10%, HRMGEIH2E<20%; F80.1~10 pg/g, REKRD<15%, FURME IV <30%; &5
<0.1 u g/g, RESRD<25%, FRUINE—ME<50% (£ mAE 5T 5 2 7 PR PO i i SR o i 7 B9 e RAH X i 22
<100%), XFoMriRZe KT FIRBER AT, AR A, TR T, PARIEE A A B s v]
SEPE. B TIARINGE R, RESRDSEMZS A9 T4, A abrfErEsei g5 1L n 4 S
PRUEELA T FLEE A Y1) T3R5 F15R6, AubriifERER) 52 M 45 5L 00 T35 (8 5 PRt A X L3R T

DA RS A [ 5 bR BT 98 1)) I 25 SR R A 56 20 B ) HE R BERE , RE>10%M 702 H A As;
REFES% ~ 10% 2 [l 7t Z 4 Au, TI, U, Sb. LufliSe; RE<5%I/IILEATi. Eu, Hg, Ga, Ba, Co,
Nd, Dy, Li, Sn, Gd, Pr, Ho, Er, Ce, Cr, Rb, Zn, Ge, F, Cs, V., Sm, B, Tb, La, Y, Mn,
Th, Nb, W, Sr, Sc, Hf, Ta, Bi, Mo, P, Ni, Yb, Be, Zr_ S, Tm_ Pb, Cl, Cd, CufllAg,

VAR E AR (35(F) Mol ROk T MR % BERD, RD<10%[)LE& AMn, Ti, Ba, Rb, Sr,
Zr, Zn_  Be, P, Nb, Sm_, Dy, Gd, Li, Th, Tb, Nd, Ga, V_, Cl, Co, Yb, Ho, Eu, Er, Ge, Pr,
Lu, Y, Cs, Tm, Ce, Sc, PbFIHf; RDYE10% ~20%Z Al 0% 4 Cu, Sn, La, Mo, Hg, Ni, Sb,
Bi, F. B, Ta, W_ Tl U, Cr, CdfilAs; RDTF20% ~27% [Al{f)CE A4S, Ag. SefilAu,

g LAk, BITRMNGEFIITER% LA b, 4oy e H B E ) HA B iR B B AERR L, 4P

4 AT S TR AL K

- e o —RIEYR | EEHEE|  AE/% RD /%
WAmA | oWk | kem | e | OR T | ey | (st
Sio, FU-XRF 0.1 % 100 100 0.22 0.51
TiO, FU-XRF 0.1 % 100 100 0.89 1.69
AlLO, FU-XRF 0.1 % 100 100 0.73 0.98
Fe,O, FU-XRF 0.1 % 100 100 2.82 11.46
FeO VOL 0.1 % 100 100 2.45 5.03
MnO FU-XRF 0.1 % 100 100 0.62 2.19
MgO FU-XRF 0.1 % 100 100 1.14 9.66
Ca0 FU-XRF 0.1 % 100 100 -0.55 2.36
Na,0 FU-XRF 0.1 % 100 100 2.59 4.00
K,O FU-XRF 0.1 % 100 100 -0.19 0.59
P,0, FU-XRF 0.1 % 100 100 0.48 2.79
H,0' GR 0.1 % 100 100 1.99 9.81

Co, PO 0.1 % 100 100 22.80 23.83




jm ot

WRATE | WikAs | RHR | B& —;&ggiﬁ fgf? AT et
Ag ES 20 ng/s 100 97 479 2277
As AFS | neglg 100 94 1512 19.43
Au AAN 0.2 ng/g 100 97 -6.48 26.49

B ES 2 nglg 100 100 0.78 14.11
Ba XRF 5 uglg 100 100 -1.23 1.97
Be ICP-OES 0.2 uglg 100 100 2.75 3.86
Bi ICP-MS 0.05 uglg 100 100 1.88 12.87
Cd ICP-MS 30 ng/g 100 97 3.71 18.42
Cl XRF 20 ng/g 100 100 3.62 6.16
Co ICP-MS 1 uglg 100 100 -0.86 6.52
Cr ICP-OES 5 pglg 100 97 0.25 16.84
Cs ICP-MS 1 uglg 100 100 0.45 7.84
Cu ICP-MS I wele 100 97 3.77 10.35
F ISE 100 uglg 100 94 0.36 13.34
Ga ICP-MS 1 ng/g 100 100 -1.34 6.05
Ge AFS 0.1 wele 100 100 0.27 7.28
Hf ICP-MS 0.2 it g 100 100 1.49 9.44
Hg AFS 2 ng/g 100 100 -1.66 12.04
In ICP-MS 0.1 bl 100 97 1.04 12.01
Li [CP-OES 1 nglg 100 100 -0.71 5.52
Mn XRF 15 uglg 100 100 0.98 1.32
Mo ICP-MS 0.2 uglg 100 97 2.06 11.33
Nb XRF 2 uglg 100 100 1.01 4.77
Ni ICP-MS | uglg 100 94 2.13 12.53
P XRF 50 ug/g 100 100 2.11 3.89
Pb XRF 3 unglg 100 100 3.58 9.38
Rb XRF p e 100 100 0.26 2.17
S XRF 50 u /e 100 86 3.25 20.06
Sb AFS 0.1 uglg 100 100 5.30 12.63




- i i e —RIEMR | EEHE| AE/% RD/%

WRTE | WAE | RHB | 2 %:%Zf g0l il A A
Sc [CP-MS | uglg 100 100 1.31 9.37
Se AFS 0.01 uglg 100 94 8.72 23.01
Sn ES 0.7 pglg 100 100 -0.70 10.65
Sr XRF 5 uglg 100 100 1.26 2.39
Ta [CP-MS 0.1 uglg 100 97 1.58 14.22
Th XRF 1 uglg 100 100 0.98 5.55
Ti XRF 50 ugle 100 100 2.75 1.78
Tl ICP-MS 0.1 ue/g 100 94 5.22 14.77
U ICP-MS 0.2 ugle 100 97 5.4 14.89
v XRF 5 u gle 100 100 0.46 6.08
W ICP-MS 0.2 uolg 100 100 114 14.23
7 XRF 3 ogle 100 100 0.26 3.83
Zr XRF 5 uglg 100 100 3.16 3.18
% ICP-MS | n /e 100 100 0.91 7.67
La ICP-MS I i wie 100 100 0.83 10.69
Ce [CP-MS | Lglg 100 100 0.06 8.84
Pr ICP-MS 0.1 uglg 100 100 -0.42 7.36
Nd ICP-MS 0.1 uglg 100 100 -0.80 6.04
Sm [CP-MS 0.1 uglg 100 100 0.69 5.20
Eu ICP-MS 0.1 e 100 100 -1.85 6.74
Gd ICP-MS 0.1 uglg 100 100 -0.55 5.40
Tb ICP-MS 0.1 4 ofg 100 100 0.81 5.79
Dy ICP-MS 0.1 e 100 100 -0.72 5.33
Ho [ICP-MS 0.1 uglg 100 100 -0.28 6.61
Er ICP-MS 0.1 ugle 100 100 2021 6.96
Tm ICP-MS 0.1 uglg 100 100 342 7.96
Yb [CP-MS 0.1 uglg 100 100 2.19 6.57
Lu ICP-MS 0.1 uglg 100 100 5.71 7.53

(f st 1 SC5F, 2008)

Ve n PR TR AANZRR T JOE IR TIRIOE . AFSRRIE T I0OE . BSTR KA,
FU-XRFFRIEHEX -SRI 1ICP-MSRR % B PR, ICP-OBSHER % B R K i XRFFR
FE X BT 50, ISEERRE kS dilk, VOLERARY:; GRESERYE, POELHAIE,

m: Al-
sians



%S

[ 500 0 O B0 45 SR P50 05 A8 4 L

. GSR—14(7) GSS—9(7) GSR—1(8) GSD-9(7) GSD—1a(7)
- cv DAV cV DAV cV DAV &Y DAV cV DAV
Si0, | 6630 | 6635 | 61.70 | 61.82 | 7283 | 73.17 | 6489 | 6485 | 5920 | 59.45
TiO, 0.30 0.30 0.71 0.70 0.29 0.29 0.92 0.93 0.90 0.93
ALO, | 1630 | 1646 | 1330 | 1342 | 1340 | 1345 | 1058 | 10.61 | 1540 | 1558
Fe,O, 1.34 1.45 3.24 3.34 1.00 0.98 3.17 3.14 3.83 4.09
FeO 1.60 1.56 1.40 1.46 1.02 1.07 1.53 1.64 2.40 2.35
MnO 0.06 0.06 0.07 0.07 0.06 0.06 0.08 0.08 0.12 0.12
MgO 1.63 1.69 1.52 1.51 0.42 0.41 2.39 2.46 3.30 3.36
CaO 2.66 2.62 5.00 4.98 1.55 1.54 5.35 5.42 4.00 3.95
Na,0 | 5.30 5.28 1.28 1.33 3.13 3.15 .44 1.51 3.40 3.53
K,O 2.60 2.56 1.98 1.99 5.01 4.90 1.99 2.01 2.80 2.85
P,0, 0.13 0.13 0.11 0.11 0.09 0.10 0.15 0.16 0.35 0.34
H,O 1.00 0.95 4.70 5.57 0.60 0.60 2.98 2.83 2.70 2.72
Co, 0.35 0.39 2.90 2.95 0.15 0.16 4.20 4.06 0.07 0.14
Ag 57.00 | 57.61 | 75.00 | 7033 | 33.00 | 42.12 | 89.00 | 8545 | 6643 | 67.88
As 0.25 0.47 8.40 7.51 2.10 1.99 8.40 7.28 2.70 3.26
B 1500 | 1543 | 52.00 | 51.47 | 2400 | 2250 | 53.00 | 5823 9.70 9.65
Ba 1140 1172 520 527 343 317 430 426 920 912
Be 1.70 1.73 2.10 2.09 1240 | 12.64 1.80 1.72 2.90 3.33
Bi 0.09 0.11 0.27 0.29 0.53 0.49 0.42 0.37 0.49 0.52
Cd 30 33 100 107 53 53 260 258 110 113
Cl 127 100 40 47 127 133 50 62 84 78
Co 7.50 7.84 14.00 | 13.41 3.40 3.07 1440 | 1453 | 2000 | 21.09
Cr 23.00 | 2572 | 75.00 | 74.63 5.00 4.14 | 85.00 | 81.85 | 126.00 | 142.76
Cs 2.60 2.56 8.10 8.02 | 3840 | 4039 | 5.10 4.92 5.50 5.63
Cu 2.60 3.14 | 2600 | 23.5I 3.20 353 | 3210 | 31.76 | 29.00 | 2821
F 660 600 500 492 2350 | 2573 494 479 860 901
Ga 18.00 | 17.85 | 1630 | 1590 | 19.00 | 1885 | 14.00 | 13.48 | 23.60 | 23.83
Ge 0.93 0.93 1.30 1.37 2.00 2.14 1.30 1.24 1.60 1.48




Bk

B GSR—14(7) GSS—9(7) GSR—1(8) GSD—9(7) GSD—1a(7)
TE oy DAV CV | DAV | €V | DAV | CV | DAV CV | DAV
Hf | 330 | 346 | 660 | 633 | 630 | 58 | 970 | 976 | 9.10 | 10.46
Hg | 400 | 346 | 3000 | 3321 | 430 | 3.58 | 83.00 | 91.04 | 31.00 | 32.16
In 002 | 002 | 006 | 006 | 005 | 005 | 006 | 006 | 008 | 0.08
Li | 2400 | 2476 | 39.00 | 3895 | 131.00 | 11947 | 30.00 | 3044 | 32.00 | 32.62
Mn 430 | 430 | 520 | 559 | 463 426 | 620 | 655 | 910 | 917
Mo | 030 | 029 | 045 | 045 | 350 | 341 | 064 | 075 | 1.05 | 1.05
Nb | 400 | 464 | 1440 | 1441 | 40.00 | 3926 | 1770 | 16,79 | 31.00 | 29.89
Ni 1220 | 13.05 | 33.00 | 32.08 | 230 | 249 | 32.30 | 3091 | 56.00 | 56.98
p 570 | 628 | 490 | 480 | 405 | 445 670 | 646 | 1520 | 1446
Pb 8 9 25 25 31 29 23 24 31 31
Rb 57 57 102 101 466 | 469 80 82 126 125
Sb 006 | 008 | 09 | 08 | 021 | 020 | 081 | 074 | 030 | 035
S 50 54 240 | 281 380 | 342 150 183 150 120
Sc 500 | 604 | 1200 | 1080 | 6.10 | 684 | 1110 | 10.03 | 14.00 | 12.84
Se 001 | 001 | 014 | 017 | 001 | 001 | 016 | 016 | 011 | 0.12
Sn 080 | 080 | 340 | 3.14 | 1250 | 1396 | 260 | 263 | 340 | 3.6
St 690 706 165 174 106 109 166 164 | 480 | 467
Ta 033 | 033 | 110 | 097 | 720 | 815 | 130 | 112 | 3.00 | 3.58
Th 190 | 2.4 | 12.80 | 1229 | 5400 | 5349 | 1240 | 11.87 | 27.00 | 27.44
Ti 1780 | 1889 | 4240 | 4212 | 1720 | 1497 | 5500 | 5481 | 5370 | 5133
Tl 020 | 025 | 060 | 057 | 193 | 212 | 049 | 044 | 070 | 075
U 040 | 040 | 210 | 217 | 1880 | 2135 | 260 | 241 | 460 | 536
v 45 44 90 90 24 25 97 100 15 12
W 042 | 047 | 200 | 170 | 840 | 9.06 | 180 | 1.82 | 1.00 | 098
Zn 46 49 61 61 28 26 78 77 90 93
Zr 90 13 234 | 232 167 165 370 | 365 320 | 301

(FE b & L&, 2008)
e SEEEL., WREITERN%, Au, Ag, Cd, Hghng/g, HfEIITE RN ng/g. DAV RILMLE M- FHME,
CV RRRHERL: 365 BB 30 B il ARIPRHERFEL. GSR—14 0461 i RS s GSS-9Riif4: GSR- 1 ATER % s
GSD-9 KK RUTEW . GSD—1a kK R




#K6 AR BN E 5 T A S AR EE(REE) 6 L

GSR—1(7) GSR—2(7) GSR—4(7) GSR—5(6)
TE
CV DAV CVv DAV CV DAV CV DAV
Y 62 65.20 9.3 9.32 21.5 20.18 26 27.30
La 54 56.84 21.8 21.62 21 21.40 62 59.71
Ce 108 110.17 40 40.00 48 47.42 109 108.27
Pr 12.7 13.09 4.9 5.00 5.4 5.18 13.6 13.16
Nd 47 46.85 19 19.13 21 20.33 48 47.84
Sm 9.7 9.85 3.4 3.52 4.7 4.65 8.4 8.28
Eu 0.85 0.87 1.02 1.06 1.02 0.91 1.7 1.61
Gd 9.3 9.17 2.7 2.75 4.5 4.36 6.7 6.73
Tb 1.65 1.77 0.41 0.41 0.79 0.73 1.02 1.06
Dy 10.2 10.43 1.85 1.88 4.1 3.70 5.1 5.27
Ho 2.05 2.17 0.34 0.34 0.75 0.69 0.98 0.99
Er 6.5 6.70 0.85 0.89 2 1.81 2.7 2.74
Tm 1.06 1.27 0.15 0.15 0.32 0.29 0.43 0.46
Yb 7.4 8.46 0.89 0.88 1.9 1.70 2.6 2.76
Lu 1.15 1.37 0.12 0.13 0.3 0.26 0.41 0.43
(48 2 1 L5, 2008)

e SRS ng/g. DAV RSSMESRAIHE, CVRREE; |

FAEF A s GSR-2MZIIF ;s GSR-4Abrr; GSR-SHITLA,

B
=

KT K- RAUBREY TS I A5 R P2 S bR e A b

P RYECT g S A RYARERER GSR -1

GAu—10 (7) GAu—11 (7) GAu 2 (8) GAu-8 (7) GAu—9 (7)
TTE

cV DAV cV DAV CV DAV CcVv DAV cv DAV
Au 5.3 5.29 11.4 11.04 0.8 0.94 0.5 0.35 1.5 1.20

. SERAIng/g. DAVIRSSMESRATIIE, CVIRIPRIER, 155 N Sl mHE AR ERERL.

. FEMGITENITE

(sl 5, 2008)

RMx+£2s (x, s7lR EAEARA A EAARHE 2 ) R B RHE IS 008k S ny o Ao

FHEEAETE,

10

L

o BT P A TOR A R TE R 0 HE L T2 1 229,



7N, HiEKL = ERY 4R

H MDA R Ab 27 A AR, 1R S5 SRR T 1) E 358 2, Bk (b 2 il TRl — EL i AT Y
BARIE B A0 ZE P E e TIF 2 AR BH E TR, HESIBEA —NREN ., A REIHEZ 0
Tk

19774, Tukeyd ) T —FhHr o 5cdit4b 3 7 % Exploratory Data Analysis, EJEDA$; A, EDA K=&
— PP FREAR AR LG T A, E R RBSE, HESIA SRR A ML AR, ANEEALA]
{BRse A5, T DAAR 8 $5cds 48 4 A B oy [ A i A 28k 11 51 S5 A (outliers ), i b SR 5 15 LB AR 3 B A,
B o S R R AR G T YA AT e R R A R R R, X S A5 TR T RE 05 LA R
6% . EDAEAR HiBoxplot/g—Fh R A 2L il 18] 77 . EEDAZ [E 7551 B Boxplot #f 22 () & i 2H 6] B
HEHI( FREDA 55 ) Rl DA itttk b = i [ [r) e pf— AP & . B2V IR dgE, SFS5IERH, EDAST
BRI RT DATE EOUL . EE T, T LS R R T R S A R (b A [R] A AR B AR L LA,

h TR iR R IR S R E R S AT R S E iR bR R, AEEEHEDATT SR
Boxplot[# 5 43 2 FH &5 A 00 A R v B A6 B e S M BR b 27 [ 1 8 v . B AR 5 5 20 LR o il 2
FRERWESI, HrRETEMEBE SR Tm6H : F/ME— P, P s — Fa A, FraS—9o
B, g By s, B R B0, B A EmKE, A iR, L R TRak.
W, R4,

28
A

Ql

—_| Wi

—— Min

—> JTHR
B3 tEA& =BoxplotBEMEM LN ~EE
Max—fe Kl Wu—E 30, Qu— B4 fism— A% QL FPU4rab, WI— R34 Min—&/IME
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RELESTEKBSHEX

(D EAE A R R 4 i oCZE Li, Rb, CsHyarf, ZEEACHAR, mileierar, foemt
@ ICESTHIBaly s 5 Z M RO BACES & . R EIK, A LR W R AR . PRI
o,

(2) 7 H [ &4 3 BT AR R — A VL LAl 0 A6 e 2R L d EE I g Bk e e AE . 04 PAE S,
WK, #iNa, CafIAUAFHIE, BHE T RKEHMEICE, FlEENMREICEA: Li, Rb, Cs, Be, V,
Nb, Ta%s K& FEALEMAEAITLER, W, Sn, Bi, MoSEmmi cE, MLfrieEmtoos, 4
R ICEFRISKEPb, Cd, Ni%EAFMRAICE., AYEu G5 IR 5 U ERfL A L

WUt &5 433555 1T — A7 T LU AT A6 B e S Bk (b2 et A VF 2 3, R i & 42K, Rb,
Cs, Be, W, Sn, FRIFi toc#E, 7REACHSr, Baf i,

(4 HER &5 FE & 2 A IR sk A 22 R e, R R LR 2 548w 4L LA A
), ®Na, SrfiBe, [fijLi, Rb, Cs. W. Sn, Mo, Taf & =Rk, As, Cd, V. Sciii#t
s

)R fek A3, VWEMRSEAL Fe, Mgfl#Si, K, MEcEEEYILECo, V, TifllEH
Sr, BayfFfiE, LifIRbIRKL & 4,

(6) & SHHEE LA e < K m Si, fiFefiiMg, AR ZEGE TR A RHE, B R 2L o
Z47Be. Sn, Bi, Mo, Nb, REE (#%|;:2HREE) . Pb, Zn. Cd. Ga, Ti, V. Ni. ColF. P, Zr.
Ag, LASHIBHIA & %,

(7)EGRGE L R TE B A U ER L E R AR AN e, AHXT#3Si, 1AL Fe, Mg, Cafkwm, & EAHUE T
LA LifISe,

@)Kz N REKERF P ILEEZ, HXSAMNICEALI, Rb, Cs, Ta, LREE, FAHI
Pb,

(9FE—LEh) 3 BT » LR A 2 A S LS R AE, W, B, Sb, Au, CriE Z W ny iy
X, TMARFECP AR AR K s BRESE A YL s 1) v s o v (E DT AR JE B M IG(E X s Sb, AufefE
[Eal SRAR o NN T T e S e e 7 R [ S 2 A B N O] =



Introduction

Rock is the basic unit of the crust and lithosphere, and is an important object of the Earth scientific research.
The chemical composition of rock can be as one of the basic properties and basis for classification. For basic
geological and mineral exploration they are of great significance and widespread attention. Abundance and
distribution of geochemical elements is the basic data that must be grasped for human research and transformation
for nature and the environment.

Average contents of rocks are an important content of abundance research. Granitoids is one type of rocks
that dominantly consist of granites. Granitic rocks are the substantive matter of continental crust growth and
differentiation. Its chemical composition can be approximated to reflect the evolution of the chemical composition
of the crust. Granitic rocks are the main component of the upper crust of the Earth and are the product of long-
term evolution and adjustment. Granitic rocks are widely distributed in the continental lithosphere. Granitoids
quite develop and widely distribute in China. The exposed area of granitoids in China is about 860,000 km” and
represents about 9% land area of China. In China, ore geneses of many of endogenous metal deposits, such as
gold, uranium, tungsten, tin, copper, rare earth, niobium and tantalum deposit, are often associated with granitoids
magmatism and late hydrothermal effects. The granitoids rocks itself, is also a useful development value of
building materials.

The average content of the basic elements of rock types are the essential data to calculate the crustal
abundance of elements using the global crustal model. The contents of each element in the granitoids are related
to the type of the granitoids rock, the tectonic environment, the genesis and the formation age. The abundances
of chemical elements in granitoids as one of important part of the study of element abundance of Earth's crust
have been focused on all the time at home and abroad. Much information and data about chemical composition of
granitoids have been published in the world. Since Daly (1933) first published the average chemical compositions
of major elements for the world's granitoids, much further information and data about chemical compositions
in granitoids have been successively published around the world using different methods of calculation by
many authors. After entering this century, based on the actual analytical data Shi Changyi et al. proposed the
abundances of about 70 chemical elements and compositions for China's granitoids, various rock types of granites
and granitoids of different tectonic units and different geological ages. The abundance data has been widely
used. However, these data are shown in the form of data tables and are the average levels of elements content
of granitoids. They provide important basic data for carrying out geochemical study of granitoids. Geochemical
maps can clearly reveal the regional distribution patterns and spatial variation of element contents. Provisional
Geochemical Atlas of Northern Ireland published by Webb et al. in 1973 is the world's first geochemical atlas.
Currently, the geochemical atlases published at home and abroad involve multiple aspects of resources, energy,
environment, etc. They play an important role in mineral exploration, basic geological survey and research,
investigation and evaluation of the ecological environment, agriculture geology and land quality assessment, etc.
Furthermore, due to the lack of systematic regional work, so far there has been no publicly published granitoids
geochemical map which that can reflect the spatial regional changes of element contents of granitoids.

About 6080 samples were collected mainly from about 750 large to middle representative granitoids bodies
in Chinese mainland. These samples distribute over about 23 provinces in China. They spread in the seven
geotectonic units of China. The 6080 samples were combined into 768 composited samples for being analyzed in
the laboratories.

All the samples were processed and prepared by the contamination-free preparing scheme. About 70 elements
of Si0,, TiO,, Al,O. Fe,0,, FeO, MnO, MgO, Ca0, Na,0, K,0, P,0., H,0", CO., Ag, As, Au, B, Ba, Be, Bi. Cd,
Cl, Co, Cr, Cs, Cu, F, Ga, Ge, Hf, Hg. In, Li. Mn, Mo, Nb, Ni, P, Pb, Rb, S, Sb, Sc. Se, Sn, Sr, Ta, Th, Ti, Tl, U, V,
W, Zn, Zr, Y, La, Ce, Pr, Nd, Sm, Eu, Gd. Tb, Dy, Ho, Er, Tm, Yb and Lu were analyzed with multiple advanced



reliable analytical methods relying mainly on inductively coupled plasma masses (ICP-MS), instrumental neutron
activation analysis (INAA) and X-ray fluorescence spectrometry (XRF). National preliminary geochemical
certified reference materials and duplicates were used to monitor rigidly the analysis quality in order to ensure the
accuracy and reliability of analytical data.

Based on the actual analytical data of 768 composited granitoids samples, using EDA technique the authors
have constructed China granitoids geochemical maps of 57 elements of SiO,, ALLO;, Fe,0;, FeO, MgO, CaO,
Na,O, K,O, TFe,0,, Ag, As, Au, B, Ba, Be, Bi, Cd, Cl, Co, Cr, Cs, Cu, F, Ga, Ge, Hf, Hg, Li, Mn, Mo, Nb, Ni, P,
Pb, Rb, Sb, Sc, Se, Sn, Sr, Ta, Ti, T, V, W, Zn, Zr, Y, La, Ce, Nd, Sm, Eu, Gd, Tb, Yb and Lu.



Working Method

1 Collection and distribution of samples

The samples of China's granitoids involved in this atlas sampled from about 500 representative granitoids
bodies in eastern China and about 250 representative granitoids bodies in western China. Under normal
circumstances, one composited sample is taken from one rock mass, and the giant rock mass can be divided into 2
or 3 composited sample. Three subsamples composite into one composited sample. The subsamples are taken with
more than three sampling locations in the different parts of the rock mass for good outcrops.

These samples distribute over about 23 provinces in China. The covered area is about 80% of mainland area
of this country. They spread in the seven geotectonic units of China. These units are Tianshan-Xing'an orogenic
series, Sino-Korean metaplatform, Kunlun-Qilian-Qinling orogenic series, Yunnan-Tibet orogenic series, Yangtz
metaplatform, South China-Youjiang orogenic zone and Himalayan orogenic zone(Tables 1 to 3). All the samples
should have widely representative on the tract distributions and rock types. The sampling localities are shown in

Figure 1.
Table 1 Sample numbers of granitoids in each geotectonic unit
Unit 1 2 3 4 6 7 8 9
Ns 1259 1883 716 | 343 643 1220 15
Ne 138 196 94 | 68 &9 172 10

(after Shi et al., 2008)
Note: Nc—mumber of analysed composited samples; Ns—number of collected samples.
Unit: 1—Tianshan—Xing'an orogenic series; 2 —Sino—Korean metaplatform; 3—Kunlun-Qilian—Qinling
orogenic series; 4-—South Tianshan orogenic zone; 6—Yunnan Tibet orogenic series; 7—Yangtz metaplatform; 8-
South China—Youjiang orogenic zone; 9-—Himalayvan orogenic zone.

Table 2 Sample numbers of different rock types of granitoids

) Alkalifeldspar ) . o Quartz Quartz )
Lithology . Syenogranite | Adamellite | Granodiorite . . . | Monzonite
granite monzonite | monzodiorite
Ns 1556 3348 1041 64 22 11 10
Nc 173 430 145 7 - 5 1

(after Shi et al., 2008)
Note: Ne—number of analysed composited samples; Ns—number of collected samples.

Table 3 Sample numbers of granitoids in different provinces/autonomous regions

Province Ns Nc Province Ns Nc Province Ns Nc
Hebei 227 25 Fujian | 313 48 Sichuan 290 30
Shanxi 73 7 Jiangxi 391 48 Yunnan 248 34
Inner Mongolia 784 47 Shandong 433 51 Tibet 94 53
Liaoning Siz 60 Henan 209 19 Shaanxi 623 44
Jilin 150 28 Hubei 33 4 Gansu 572 45
Heilongjiang 105 21 Hunan 39 19 Qinghai 53 38
Zhejiang 261 26 Guangdong 87 32 Xinjiang 57 31
Anhui 88 2] Guangxi 438 38

(after Shi et al., 2008)

Note: Nc—number of analysed composited samples; Ns—mnumber of collected samples.
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2 Sample preparation

All the samples were processed and prepared by the contamination-free preparing techniques. The samples
were preliminarily crushed by jaw-type corundum porcelain crusher, and then crushed into middle size by
corundum porcelain mill. Finally, they were pulverized to -200 mesh by agate ball mill to analyze (Figure 2).

Fresh rock

W sample)
\//

Coarse Crushing to 2~3 mm
crushing by jaw-type corundum
Return porcelain crusher

v

[ To take the same amount of each

. A4 % .
cate sa e ~ - subs: 20 J
D}Jpllt ate sample Compositing subsamplf: Lgl\1blncd into
of subsample a composite sample of 500 g

Middle Crushing to -1 mm by

crushing corundum porcelain mill
Y
Blending
v
Duplicate sample of s Taking 150 g to pulverize to
; Pulverizing 5 ] )
composited sample -200 mesh by agate ball mill

W Laboratory analysis

Figure 2 The contamination—free preparing flow chart of granitoids samples
(after Shi et al., 2008)

3 Multi-element analysis and quality monitoring

3.1 Analytical methods and analysis elements

About 70 elements for granitoids samples, such as SiO,, TiO,, AL,O,, Fe,0,, FeO, MnO, MgO, CaO, Na,O,
K,O, P.O,, H,O", CO,, Ag, As, Au, B, Ba, Be, Bi, Cd, Cl, Co, Cr, Cs, Cu, F, Ga, Ge, Hf, Hg, In, Li, Mn, Mo, Nb,
Ni, P, Pb, Rb, S, Sb, Sc, Se, Sn, Sr, Ta, Th, Ti, Tl, U, V, W, Zn, Zr, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb and Lu were analyzed. Multiple advanced reliable analytical methods relying mainly on inductively
coupled plasma masses (ICP-MS). instrumental neutron activation analysis (INAA) and X-ray fluorescence
spectrometry (XRF) were selected to analyze the samples.

Each analytical method and the pertaining element for the samples are as follows: non-fire atomic absorption
spectrometry (AAN): Au; emission spectrometry (ES): Ag, B, Sn; atomic fluorescence spectrometry (AFS): As,
Ge. Hg, Sb. Se: potentiometry (PO): CO,: fused disc X-ray fluorescence spectrometry (FU-XRF): SiO,, TiO,,
ALO;, Fe,0;, MnO. MgO, CaO, Na,O, K,O, P,O.; gravimetry (GR): H,O"; volumetry (VOL): FeO; inductively
coupled plasma masses (ICP-MS): Bi, Cd, Co, Cs, Cu, Ga, Hf, Mo, Ni, Sc, Ta, Tl, U, W, Y, La, Ce, Pr, Nd, Sm.
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu; inductively coupled plasma optical emission spectrometry (ICP-OES): Be,
Cr, Li; ion selective electrode (ISE):F: pressed disc X-ray fluorescence spectrometry (XRF): Ba, Cl, Mn, Nb, P,
Pb. Rb, S, Sr, Th, Ti, V. Zn, Zr (Table 4).

3.2 Analysis quality control

National preliminary geochemical certified reference materials (CRMs) such as GSR-1, GSR-2, GSR-4,
GSR-5, GSR-14, GSS-9, GSD-9, GSD-la, GAu-10, GAu-11, Au-2, GAu-8, GAu-9 and confidential duplicates
were used to rigidly monitor the analysis quality in order to ensure the accuracy and reliability of analytical
data.
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