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Fig.1 Chondrite-normalised REE distribution patterns of apatites from different rock types
(a) ~(c) Bk EEHICHR[19]:(d) , (e) Billick HBHCHK[ 6] 5 (1) Kdfik HZH3CHR[ 35,36 ; (¢) Budliok 1B 3CHR[ 32~34] 5 (h) it
k0S5 3CHR[37,38] 5 (1) Bk A S 3CHk[ 39 5 (§) ik B 225 308k [ 407 5 (k) Bdiisk F1 275 3CHk [ 411 5 (1) Bliick F 2% 30k 42,43 ]

The data in (a) ~(c¢) comes from reference[ 19]; The data in (d),(e) comes from reference[ 6] ; The data in (f) comes from references| 35,361 ;

The data in (g) comes from references[ 32~34]; The data in (h) comes from references[ 37,38 ] ; The data in (i) comes from reference[ 397 ;

The data in (j) comes from reference[ 40 ] ; The data in (k) comes from reference[ 41]; The data in (1) comes from references[ 42,43 ]
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Fig.2 CART for the recognition of apatites from different rock types
B TS g AR S B e A S, AR S A A U AR A B ok A28 SCHR( 25,41 ] BRISA Bk F 25 3CHR[ 40,49
AR A S % 30K 19,50 ] 5 8T R %R B 2% 30k 33,37
The dotted lines mean the modified or added, the data in added part: The data in eclogite comes from references[ 25,41] ; The data in carbonatite

comes from references[ 40,49]; The data in granite comes from references[ 19,50] ; The data in iron deposit comes from references[ 33,37 ]
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Fig.3 Fields of apatite composition from different rock types, proposed as discriminant plots
(a) (Gd/Yb) -8Eu EIfi%; (b) (La/Sm) y-(La/Yb) y Elff%; (¢) (La/Yb) - X REE [EIfif ; B2 A Bt ok A 275 SCHR([ 40,49 ] MM 7 |
FELRE B A S SR 6] ; IR KA BUK A 2% k[ 35,36 ) ; A6 KA BUEK H S22 S0k 19,50~ 52 5 465 14 b A 3ok A
S SCHR[ 39 ] 5 A KB REE R B 275 SCHR [ 37,38 ] 5 PORIRLIAAR YR PRECIE K B 2% SR [ 32~ 34 MM A 800
K H S SR 41]  MINE B K B 2% S0k 53] Bibea Bk A 2% 3Cik[ 42,43 ]

(a) Plot of (Gd/Yb) y-8Eu, (b) Plot of (La/Sm) y-(La/Yb)y, (c) Plot of (La/Yh) y-X REE. The data in carbonatite comes from references
[40,49]; The data in lherzolite and dolerite comes from reference[ 6] ; The data in syenite comes from references[ 35,36 ; The data in carbonatite
comes from references[ 19,50~527; The data in granitic pegmatite comes from reference 39] ; The data in magmatic iron deposit comes from
references| 37,38 ] ; The data in hydrothermal iron deposit comes from references[ 32~34]; The data in eclogite comes from reference[ 417 ;

The data in amphibolite comes from reference[ 53] ; The data in phosphorite comes from references| 42,43 ]



F ik

AT < T B IR A X LR DR S ) 7

1147

H HTE A R85 5 1) 70 2 bR Ak 2= RRAE 0 51
ORISR IR (R H T8 |, Morton 25154 Xt Bg B 23 b7y )
] R0y O R JIneT (4 4 R 43 A HR A LA-ICP-MS
DN TR S Wl i A PP ) T 2 it , R AR i AR
EIRE BB A B ISP R A 25 B T 42% ~
63% WEGE G RN T 19% ~20% ; d EA T TAUZ i sy
ISR AARD AL A DTN 10% ~32% , HESk
i 1% ~19% B0 b7 19% ~20% , 4~ 4 — ¥
B A 7 26% ; Malusa 25 0 58 7 75 ) ok 0 37
FRE JE B KA R TR i, ALY External Mk
FHEL , SRV B JR B 307 111 35 Lepontine 25 4 (5% 4
KA1 HREE &1 Ce 1 U FEEHALAIK,

52 BRAZEESE

2V AR AR X R — B Py OR A T 22 Bl T B
TEAF ARO[ A AR AQ 22 AR %, DT B A5 U DX TR
X7 52 0 H AT IR A 220k 8 A I FBEh
SHE R RUL AT AR KA 2 e AT
FH A 4 7 e 25, TR IX 25 Fh— R TH4 E1 {5 B R
DURRIX BTERE—Fa T3 L5 B B0 e 8% (5] 4a)
Carrapa %' YEX} Andean Puna H 9 25 JE 46 5 1H: 10
B s | W 0 1A =g A . A
G3 MDA AR AAEA 2% (U-Pb (8 AR R 2958
SEAEIE AT M A R, A T4
5.2.1 R GAKE KR F

B IR A AR IR AR 58 vh N ez

Yz —" BeRgIC S A A TERR T R R R B LI
AT B A [F) 0 36 R 4R R G kb 58, 2 {1 B
e R p R s . H TR KA AR AR
[ F-BE (U/Th) -He 28 4F FIZAS R0 22 4F

AHe {4 72 3 AL B J2 O M08 AR AR 2 rh e AR
A 70 °C A2 A7 TR AT s e b S5 AR FH VA A ik
P B B £ 2.0 L A2 AHe @ AFRIBEE A |
SRS AR B R AR AR SRy BRI i — 2P 1R 29 1T %07
TR A I SN HGE TR (U-Th) /He
[R5 38 38 AR RO, ke o ) R 1 AT SE k4%
SRR AHe EAERHT T M), AFT B Ef AT 3
120 CAiAr, T T E e B 3~5 km AL
HOTAE LK BRI o

UTARR, A B R B I B PR 0 T
YIRS M 2, N Stock ZE F T AHe A5 R 2
l%lﬁ(f’robability Density Function, PDFs) it 55 E
48 JE W PN 42 35 11 K Inyo Creek #1 Lone Pine
Creek 7K RUTFRPI AT ARIEHI 5, Inyo Creek 7K R L
W) AHe 1 PDFs TR (31 Ma) 5 I 5E W i
(33 Ma) FHBL, 2 B I IX 42 fobt 3 38— SRR A i K
AP Z S HERL, Lone Pine Creek 7K R UL
AHe #J PDFs FUIM WA (62 Ma) 5 I 52 W i (41
Ma) FHZEH0K , R TR 2 I TRk e, B =
SRR BB W TR 2 th T s VA D TTO AR HE AR T
VK FHRH R T 2o A i P o s A S AR IR

1000

LR

)

0

H = FFA-ATERSY 300 I

600
£

o8 400 f

200 ¢

i #AU-Pb

WK AT Lu-Hf
WK A1U-Pb

= EFAr-Ar

i)

< BEACALU-POARRY

B U-POAEDS

' (b)

0 200 400 600 800 1000 1200 1400 1600 1 800
A /Ma
B4 BikASEEEREE

Fig.4 Illustration of Multi-dating of detrital apatite
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(a) The track of thermal history during lifting and exhumation; (b) The density diagrams of multi-dating; The data comes from references[ 55,56 ]
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Sedimentary Provenance Analysis Using Detrital Apatite: A Review"

Zhang Shuo, Jian Xing” , Zhang Wei

(State Key Laboratory of Marine Environmental Science, College of Ocean and Earth
Sciences , Xiamen University, Fujian Xiamen 361102, China)

Abstract: In situ analysis of detrital apatite is a significant approach to sedimentary provenance analysis,
which is an important aspect in sedimentary geology study. Several trace elements such as Sr, Y and Rare Earth El-
ements (REEs) concentrate in apatites, and the distribution of these elements depends on the content of SiO, and
the distribution coefficient of the melt, thus the trace element abundances is obviously different in different rocks.
These features can be used to indicate parent-rocks of detrital apatites in sedimentary rocks. The approaches and
proxies of detrital apatite to sedimentary provenance analysis can be summarized as follows. (Delemental geochemis-
try, such as Sr, Y, REEs, the approaches including chondrite-normalised REE distribution patterns of apatites,
Classification and Regression Tree ( CART) and discriminant plots of REE parameters; @isotopic geochemistry,
including Sr-Nd and Lu-Hf isotopes; (3 Multi-dating, including low-temperature thermochronology such as ( U-
Th)/He (AHe) and Fission Track ( AFT) dating, and high-temperature thermochronology such as U-Pb dating.
Based on an integrated analysis using these methods, we can get various and comprehensive geological information
such as the rock type, formation conditions and evolution of source rocks, the history of uplift and exhumation of
source areas and even the subsidence history of sedimentary basins. Although the low-temperature thermochronology
of detrital apatite is widely used in sedimentary provenance analysis, the elemental and isotopic geochemistry, as
well as the U-Pb dating, remains to be developed. These approaches are supposed to have wide application pros-
pects in several research areas such as tectonics, sedimentary geology basin analysis and even paleoclimatology.

Key words: Apatite; Provenance; Elemental geochemistry; Isotopic geochemistry; Multi-dating.
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