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Abstract Apatite is a common and important accessory mineral in rocks. Apatite comprises rich various trace elements, which are
formed in different apatite-generation environments. Constructing apatite-associated trace element discrimination diagrams is a classic
and efficient technique for the investigation of apatite provenance. The typical examples include the diagrams of Sr-Y, Sr-Mn, Y-( Eu/
Eu® ) and (Ce/Yb) y-REE. However, the current discrimination diagrams cannot precisely distinguish apatite types due to the massive
increase of apatite trace elements that are detected by the developing microscale analyses, which therefore cannot precisely predict the
apatite-formation environment. Fortunately, the significant increase of apatite trace element data advances our understanding in apatite
provenance by using the big data analysis technique. In this study, we applied the big data study for the collected 1925 published
apatite trace element data, analyzing six apatite-associated rock types, which are alkali-rich igneous rocks, ultramafic rocks, mafic
igneous rocks, felsic granitoids, low- and medium-grade metamorphic rocks and high-grade metamorphic rocks. The yield 7140 apatite-
associated discrimination diagrams were further detailed evaluated by introducing the Silhouette coefficient. By the process, we
proposed an Eu/Y-Ce discrimination diagram to distinguish apatite.

Key words Apatite; Trace elements; Provenance; Big data analysis; Eu/Y-Ce discrimination diagram
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REBBHT, AXMET Ew/'Y-Ce R BFIMNHEAM AR TR LHNBM LBET ZABOMRER, T

EAEARPIF R R LA,
KA
FEESES P578.922; P595

WAL T2 0 A T KOs LBV A 5t ( Chew
and Donelick, 2012; Henrichs et al. , 2018 ; @& R 1L FI ™3,
2019) JEATT R ER AP FA M, (2,0,) X, , P M =Ca,
Sr.Pb . Na REE Ba Mn %5;Z =P As Si.V.Cr.S.B N, Ge %,
X =F OH Cl,Br I 5, ffe T &K il % LA R R P
NHEIAT fiks  TEAN R PR T AR T RAFEAF7E W
2R (REHFE, 2004; Deng and Wang, 2016; Andersson et
al. , 2019; O’ Sullivan et al. , 2020; Qiu et al. , 2020) , Hit
IR A Tl T R AR AL 8 B ) Bk IR R AL B A ) T
B e RO A i i R v B BT, (Chew et al.
2011; Hughes and Rakovan, 2015; Webster and Piccoli, 2015;
Deng et al. , 2020b, 2021; Yu et al. , 2021; # #8455,
2021), Belousova et al. (2002) G Z5IF42 T Sr-Y [ Sr-Mn,
Y-(Eu/Eu” ) Fl(Ce/Yb) (-REE H 3 Fl figt (1), I T IX 4
R RS s BRI S | RS kiR
VRN S P B B 0 B LA A T R A B A 2R
R SRATAE (2018 ) #HE—2E 4R T (Gd/Yb) y-8Eu, (La/Sm) -
(La/Yb) y M(La/Yb) y-REE I, FI 30 5l iR A | WA
Wi Mg B B A BRI S A SRR R
POBOR AR G AT IR DB | 1 N AR s Th i B IR
VRS iU

IR R B R0 o s IS R BRI 2 T iz
FHF 50 B e X 5 R A0 125 2 B AT MERR #0501, Belousova et
al. (2002) W EIEAUER R A3 A T RGBS IR A R ALIEAT T IX
FE IF B O BB IR A It 0 R e AN e 5 0
L X SRAERA ), IR R AU 59% (£ 1), inrp-fRgZ
JB AR i R T Pl A 580 A -5 SR X £ 31 S
SRR, 10525 3 2 b BBl I A0 B0 ™ o 5 Bk T
U TR B A B HCHE 43 A1 AN A5 3% P A T 1 ) 1)
I ZE R, M BRI E S8 E (F 1), Xk
2 ) P © 2208 TE 5 R 2 T T 2 8K
A REA ST 0 TR R

HB BRI 2 —Fh i R B R 27 B | e HAT 25 ) sk
L ERBL 2 GU B s, B — T H A R 2R 2
et 2 R AR TR S KRB iy — et B, W) g B AR B Y
b 2s SCHR A OCEK (SR, 2018) o JT4Ek, T IX D4
AR H 25 A MR AL 2 B R B R R AL G W O 1 B B
TCIEAT SR I S8 B4 BT #5407 0 0 0B, o 80 9 = 5 R R %
PEHA B A | S LIRS A B 23 Hr J7 1% 0 30 M Joig =
WFFEh et T AT e JE A T & Hh R AR Y i b 15 T LA
W R T A A 530 ) R 32 T A5 B A 38 (A R e
2018) ,

55’;‘2})7\;6 ,'flﬁ%f[ﬁ%— H Hr R ) R H k%ﬁ?ﬁ:ﬁ\*ﬁ' ;Euw/Y-Ce F R B ﬁ%”

®1 CBERRMBKRAOSERBAZ EBERHE
Table 1

apatite provenance

The accuracy of published diagram to classify different

R PR KSR W
ﬁl;‘ 155 ) > L, T L i) y q:ﬁj
51 5] R it FAA KA KA ORE
HERA (% )
Sr-Y 40 30 95 30 49
Y-(Eu/Eu*) 75 40 89 - 68
Sr-Mn 80 35 90 30 59
(Ce/Yb) y-REE 75 15 95 50 59

T < B 223 ) A 5 L ) B A A O R SR I IR e 1 3 R S
& J Belousova et al. (2002). Y-(Eu/Eu* ) Pl fi# A %t & mi ks
FEANPA TR AU R - FR

ARSI T A BRE R 00 1925 A4S BRI B K A R G
SR AR O Sullivan et al. (2020) 14325 20K i A 4L
P53 e kO (ALK) BEEZR TS 1 (UM) VBEZR T K
A (IM) KAEFAER A (S) PR PE A (LM) | = AR
B (HM) A E AR B R AT (AUT) BRI 7 mii AP AY 3
fith 1, G5 289k, BIF S8 AS [R]85 A i et o6 28 %o 40 T 0 3 £
DURR , SRS TTAG B A 0 180 ) PR o ) S Ao 7, BT T
TR A A 0 PR A

1 BER AR oC 2 Lol sk Al

11 ke

ABFFRWER T IE =145k, B 4R RN 20 &MLk,
R T AR IR R KA R TR B AR (R 2) . B AR
Tl TORTRIRE SR 610 A BB AT RE AL, 45 1925 4
T R C R BTG, 3T 34628 Ao FE A, HA R A
AR ek T 2R EOE A 9« T P R I R A 263
(Zirner et al. , 2015; Mao et al. , 2016) , MEE 2R T2 A 3
MG 121 4~ (O’ Reilly and Griffin, 2000; Ihlen et al. ,
2014 ; Mao et al. , 2016; Chakhmouradian et al. , 2017) , 548k
TR A G B PR 843 AN (Sha and Chappell, 1999
Belousova et al. , 2002; Hsieh et al. , 2008; Tollari et al. ,
2008; Chu et al. , 2009; Tang et al. , 2012; Ihlen et al. ,
2014; Mao et al. , 2016) , K35t 46 bd A I 1 KAl 90 4>
(Dill, 1994; Sha and Chappell, 1999; Hsieh et al. , 2008;
Chu et al., 2009 ), H-fik 2 42 5t e I3 K i 272 4
(Nishizawa et al. , 2005; El Korh et al. , 2009; Mao et al. ,
2016; Henrichs et al. , 2018) , 78 B A IR 5 500 172 4~
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Fig. 1 Scatterplots of published apatite trace element data of different rock types ( base map after Belousova et al. , 2002)
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Fig.2 Location of apatite dataset used in this study
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Fig.3  Violin plot of apatite trace element data
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Fig.4 Top 12 biplots of apatite in deifferent rock types from the dataset
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K5 WEKAT Eu/Y-Ce J) 590 B f# (0 4% 25 BE A 1K
Fig.5 Kernel density estimation of apatite Eu/Y vs. Ce

discrimination diagram

K6 BERAYIRIER Eu/Y-Ce 5 IE
Fig. 6 Euw/Y vs. Ce discrimination diagram for apatite

provenance classification
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