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Abstract

Tremolite jade resources in Liaoning Province have excellent texture, and the development histo-
ry can be traced back to the middle and late Neolithic ages. It is the main jade material of Hong-
shan culture. Predecessors have done a lot of research on tremolite jade in Liaoning Province,
mainly focusing on mineralogical characteristics, the genesis of the deposit and origin traceability.
Tremolite jade in Liaoning Province is mainly composed of tremolite and actinolite, with many
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secondary minerals. Tremolite jade has a variety of structures, mainly with felt fiber interwoven
structures. The main chemical components are SiO;, Cao and MgO. FeO mainly replaces MgO in the
form of isomorphism. Predecessors mainly used the geochemical methods of whole rock major
and trace element analysis, stable isotope disappearance and radioisotope dating to analyze the
genesis of tremolite jade, and determined that its deposit type was metamorphic hydrothermal
carbonate deposit. Based on the research status of tremolite jade in Liaoning Province, combined
with the previous research results, this paper analyzes the shortcomings of the research, in order
to make contributions to the research and development of tremolite jade in Liaoning Province.
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TEAEFENEARIE, WRIPAMAEARERZHNERL —, AEFFE0NEXL. MiLTHa
PP g N AR T, DI R IF R T S, AR B 45 SO R g s B AT oy L
LT A 5T s O P g sk B P A ) A A A i AT Y], BIE SR 20 A B OB L.

HET AL T BB N A S Rl B Ra, Wik e s s, il g, frks. 5
R AR TTREA T B Herpiites BB A R S 1 B oK. H Al E A Ah2 B 08 N A BT T KERTTE,
TEGFRT T WLRIE 7 RRA LR BB IEOR . PR A E 2 AN, R AT
P22 AE S PR VAT RS PR DY AN T, B EE AT NI USRI T A IE N A B
FOPAEAERIARL, R RR I FTT [A3EAT R 2
2. WNEHHHE

LTEENA SR AT e B RN, BRERIRT . R WA R IS5t fli 8%
BLZE INAT R B & A BTSN A BT 1 0 2R AT TG ROWEE 2 SR F A L 5 P 1 1R
AMERE T BLBICIE T X A AT AT SE BRI AR T BARSS & 1007 2O & N s
AR oy SRR IE S T T REAT 07 -

2.1. FHER

LT EENAEREZT R KRB, ASF AR ER YRR A 50 2250, 5K ASE P H
WO N AT B AL REEAT 7 VRSB T I RBLASE 0T B I 7 i 40 98 I8 I R KT T, i E
FeE B YIRS D N AT (S B AT ), IR W) 1 EONBRIR S B LB AT, A s
BEMRSCH. A SRBRET. BERRET. WBERET. A SRSR[2) [3] [4]. ERIEMARLE SR H S I )15
N RBATHE T, W R B AN E N, RE IR B BERA . SR, Bk
B weh. AR W, B, PEAEE[5] [6]. XIVESE AR B T B A EL B3 TN A 0] B AT
WEFE M, B H BB W BN AT, A AR, B AR AR A, A
& A RAE N A [7]. ARYEIGEXS B AEAT (32 I AT o R T AT AT T, e L B AL O E N
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A IE A N AT, o Bl A A K A B B, RS YIONE R . B BRIRER . ea
fi[8]-

22. WERSY

L TFRENAEEELSRS Si0,. MgO Ml CaO, FeO ¥ % LLE T [F % 1R B MgO, A
H BN A RAE FeO. MR IGH MM Lou R & &A ZH, X5 MBI AR FRASA K. W 7
F L T I A 40 B A B IN A B K FeO BEAEE N4 B S IR g, METRSERENZ Be. V.
Cr. Co%; Rt cRAEEIR[2] [3] [4]. 77 HFRKIBHIENA T FeO HERMK, Mg™/(Mg™ + Fe*) i1l
9 0.964~0.971, B4 )@t &K & BARMK[S] [6]. 77 M3 i AT A ELfr 90 B & 32 BAL 2% i 5> Si0,. MgO. CaO
s [N A7 AR A3 A AR B A, IRERL 22 B4 N Fe, 03, HLBE Fe & & FRAE S 6 IR R ka4,
RPH GG Fe A X[7]. FEAMEANLEN A EME T, T E@MNA0AE, A% E RS
FINA R Bk Eme].

2.3. &fataitk

77 B LT i A R A RO TN A T A O R AIR A R 2 M ZF4RIRAR A . SRS B A )
ANEERLAR A5 . DEIRAR Raihy . BHRETUEC QG0 . AP AEHUIRGE ) FEMPIRGS M . moIRE5 M L Tt
IREEH . GFRERG . DA R Z P AUIRARE[2] [3] [4]e 7 H R B IE A A1 = A N BHARAL
ULEHE S ST AR it 5 A DA S S A R e s SR 5 R [5] [6] 0 7 B T3l vl A AR B P38 TR A 00 s 54
B, BWNAEE ST RN EEHS], MoEENAKRE R, BB RO BRRE 4R A
gi, ACIRGEHI[7]. HATIE N AT RIS R A O AN R AR SR 2 M) i PR AR il Al # S as Rk, IE N
W M= S IUGE N A B2 RARRATH IR, R RO, A e s I, ot
B IUGEN A S EIA G — WS N AT, EEEM AR, KRN, EEERELHGEN, St
R%. H=HENAONTYEIR, HARHEN A, R ERc e, REHEHE /N 0.1 mm, (HEHE
B8],

3. WRAE

L T DN AR B AR N B R 1 Sk B LL TR R S U, 3T A P
S N R SR BRIy AT T R R AT, B4R R e R B ORI B 4R = Ay T

3.1 R

77 U LA T VA N 3 S R TN A B SR AR PRIC R IR — B 290 Hh DX o 4 AR A 4k
HHRAF T R S & Si BRI AR, A IR IE A T I KRB A MG R I sl, A5 A &4
AL, FRRAH T KRB T Mg A1 Ca, JERGEINA T i #A0y: Foob iy, il
AU, BT A Z BRI RO B =8 R 25 IR XA AR, JRUa R AR A AR,
A a AP A = KBS . fEBRFE AR S A A RIERT, TBRE Si BRUKIEHL ARtk
WERBAENKRILS, RAEZAER, &N A 9] [10].

3.2. BE BRI

B 52 R P B R 2 B R A R BORBR 0%, BUAR RS AR AL A i BFELER 2 Hr )
FBO A RKIAE N A AT, RS, HFEAMRAENE RE R, £ 350 CH i wl . Al
DL AL TR K X4, HBERE N, MEAENA LR oD HEARLE, 670 HEAK
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TEREARAL, BB HIE R T A A e AR R IS R BoR, M RWENAEREEERE T4
A, R8Ok F KB R B i MU 4% . SORHE N A RIS ER sk, #h
SRR AT R L2, 45 RR WY A I OBk B A2 B, TR [11] [12]. R BESE ANA A
()37 2% 0 BT AR = 78 3R 70 Hr ) 3 BOW 38 B TN A7 R REAT AT 9T, il ik AL AR, 4 SRR & e iiid
N B RREFURIE T RER TR GAER E, MATRE— 0 R B, 5240 VA5 N A7 R RE FORIE R .
Wit T R R, EMETRARNN, B LR L TR S BRI R, H4E
VR)3% DN A B M 1 O R A B AR ST 00 He R S s 70 3R 0 PO A AR AL, 30 9 I 338 TR A 6 A B ot
N5 R [10]0 ZRERERAL R M ARG e R A 45 R, IR G iy HsUE 53R W1 IE 7 il s 5 W iE I
A B PR BRI R T AR J R A o

3.3. B R

JRA EAR R 58 AT BT SR EL R AR K B S, L T N SRR R (4 R AR B
FE R Ar-Ar 7. Pb-Pb ZEiF 287K, 56 1) U-Pb EEAMEAT Pb-Pb 4. R EIZE AFIH Ar-Ar
P Uy 1 X 3 N A R AT AR, R FE R B AR, I 48 A — SR AR RS,
R FH 2 4 B0 P A B AT 1 = NI R B SR AR P4 8 o 17.7 424, BT FouifR[13]. (Hi T3]
SRR J v UURGEIN A B DSR IR A T2 B A R, mIAES SEAr 8N 5%, Rz ik
BN BH 4 8 T B A BRAR I AR L B IR R 0% o E R RS AN R Pb-Pb SR 2835048, 13
Uil 2325 DA A R R B R AR RS TE 1,62 £ 0.027 Ga, L TIE B2 b IX (K385 [N A K R R AR 8 K4 17 AZAERT G
fR[13]. 547 U-Pb & 2 B IN A BIE AR EL B H I e 4R 7 vk, (Hl T8 A A 2 okIE, Hew
(Ko gk A AN REIR P AR B N A KRS, M B A EER T HEMEZERNE, hnsam
JER RS, B F S A MR TG 3R A BRI 1 AR BT N AE S 45 51, AR A 2B N A R
WY, H— B 5FENARRA, FIEEE KA ENA LR LR 208 A 45 A8 — gt T
SEAFE, FIH IR T g 2 T S E INA B S A U-Pb SRR AT A Pb-Pb 4EEY, 45 RN, BiA
(1 U-Ph I FI4ERS Jy 1851 + 7 Ma, #5477 2"Pb/?®Pb 4E14 )y 1848 + 17 Ma, 1iFBAIL Uil 5% s % I
EH T H et R[6]. 854 U-Pb E4EFAEA Pb-Pb EAEMILE SAUT, VWIS N A E i W R4
WA AT AT A RO 4, IR N B NG T T AR 1 1) R T —Fh B i 5 i

4, A BEERISKIR

TS B R AR T AT A . R, AL LS R R A7 T 5Bl U L 1 4 v B R (1 b i
FEH, P E YR VA BT R R R R A B A L A A M R AR T R A, KA T km, YA ORGSR
561G 1] () VTR (EARVRIT) AL, AR B T SR AR 7 — 1 AT PR o] i R 8 2 7 b ot A K ]
ForAE, K5 km [9]. Ui DR IR B K B ph AT v B RN, oK HE
AT VA4S PPt RO AR . AR G A5 A T il 1t DX 7= H (V] 5 R R 58 R 0 2 BT P B oy
PRy, 45658 NPT R 1 V1B & RS2 R K R A RAGPE TR, & N R T4
AW TCRITH 5B EE R [14] o BATARYE Ui DX I A AR AR S B &R, ARl
P& T YR T 40 R VATE Sk L TR IE N A R R AT PR9], (H b % N R BV BE 1 A2 T b i A SR A R e Y
MG RKZESR, I FE R 861 R AR B 1A% T b i A S AR AT I o A, &5 SR il
JE F R S8 e T A M A 5 D: G IESRIZ L N E, TKHER 74158 D: G IR AE 0.40~0.10 28], H. G
W= 55 /N T 20, FBHTBE K b A SRR G S AR RRRRL A - A N A AR B FEA 2 TilhE Z S A
0 D: G UEsR L KT 0.50, G W s KT 30, REJILIEA T MINAEM - SR AL, BLHH A
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TR BT AN F] S B BN R e A B b, DR BE AT R AN T R R AR [15]. BEJE B A SN
R ARE R T A BT, EEFENI R T B A SHRIMP U-Pb @ 4257 vk, X7~
E U5V B R B A2 A HBR AL R E SR U TR AL, RIS R LSBT X, JEA
Wik S Eu IS, TR R RO AR KR B TE K, 53 R B X8R KA E], I EL
TS R R RS R 220.8 £ 76 Ma,  FRoRTH S K IR Sl A X =& 8 0E RIS L, miEE
MR SRR TE 1.7 Ga ids, Soeili i R ah A R[16]. & MR ARs 22 5t — 2D AE B 1 [ 5 £ A0
LR A ERANE, U B R IHA R RIR T E Ko B K5 E TR 6 A R 5 b5 52 N A
FIEAR LK. 2B BRI M A — 25 158 B A X AT BEA7AE HoAt R R B AOIE IN A B8R [15].

W X B | 2 DR RO F, B Bl IR T AL, O BRI R B . H RTEE
o] B T ORI 7T 3 A o T U AR YA R S b, TGRS B T T AR D, A ST AR S H
MTAR B IR PR RIE T, T T 3 717 VT 85 1 At 7 TR F 900 v A NEAT, A SR AT ke g 3T 5
TR RAAR HOBRA R L IR 5 1) 0 J A 5, SRR NS X VT B R A 578 2% 1

5. FEHuE

T B AL I Bls BT W3 N A SO 20 LSO AR A R R, PRI
7R BT ST TR R OEL A A AT AT B RORIR A E B EE L, B I T EEN A L
F 7= M R I D 2RI W R O R RFEAE TN A P AT SR 0 2 06 TR AL

5.1. WHFIHE

R 3 DN AT T B TR RSk AT AN RGN JA Bl A 7 R 0 B AN AL, AN TR] P LT3 TR R 8 0 L BT A = 2
A LEVRANA, BRI AT DL AN ) I S R i 22 55 SRt AT 7 e e AR R NS A o 4R BT 20 B
THERIENAERG WS, FIRRERED Y. G5 HI0 90 058 N A B AT = R [17] . ZRARGREE
AFIRS w (FeO)5 w (FeO + MgO)FIHHe (U | 1) A2 75 BAT S L RFAIE AT 0 (4 75 92 X 203 TN A 7 3t
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Figure 1. Project diagram of w (FeO) and w (FeO + MgO) components [18]
[& 1. w (FeO)5 w (FeO + MgO)RE £ #5 22 [E[18]
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Al AP[18]. BAFESE AR &N A T w (ALOs) A1 w (CaO + Na,O + K,O)MIBUE #HTHE, K I
N R w (ALOs) 5w, {H w (CaO + Na,O + K,0) 4 1 58 A5 b3 BBl (40 1] 2), AT DL HoAih 2= b 3% A
A BB XA [19]0 XAy XFrEAT MK SR A IR, 55 2 R s, @ s B A B
AT RO AT AR . EAFE A EE T, TR R TR BRI 5, R o R AR DL
PNFT 2R 5 1 A R P MR P AR, R AR B — e s E

'

w (ALO,)/%

w (CaO + Na,0 + K,0)/%

Figure 2. Project diagram of w (Al,03) and w (CaO + Na,O + K,0) components [19]
2. w (Al,03)5 w (CaO + Na,0 + K,0) Bk 9% 52 E[19]

5.2. BT ERE

ANTR] 77 437 N AT T T B D ER AR 25 S A RO T3 S AN, 1T s s 2R 4 BRORN A = 70 3R o e A =)
5 0] DL NE I A I A B IR A 220 S A AL 2 2, BRI A 3 TN R RO s R AL N 4y
B A m] AT = o IR S it — e H By

RO I N R HE T OC R AFAEREAT T — RAUBEAL, Gl I 6 A [F] 7= 1 % TN A £ 0 BRI AT
XFECIEFE, RIANIR = i3 N A B LG RRHIEAFAE S — B 25, W LMEAHUERE( & 3). Hrih
HEWNAEZENR L OCRFERIN: Mt ok S8R E s T b, & EHtorRHE, K2
ERMTEE. BEuREAEARKZHEN R, THE Ce H%[20] [21] [22].

Je SR T A NAE AT B R (OB 7 s R B, TS R RS LG RRHIE R RO T RAFIEAAE E R
B R RIR EOCREFER: B B0 RAHE, WiEER Eu IERE, B LS EE BT 2 E[16].
DR bt ] — 7= M AN [ 7=0R FR3 TN R 2 B8 - DG R AR P REAFAE 22 5, BRI AMEFI FH S L n RAFIE AT
77 b IR S I A E M R R A A PR ), 45 B PT REAAAE — 8 1R 22 1) 1) L

5.3. AERIRBIBIFE

FEMFAE PR R, A SR AN SZ IR AR R F 52, ) 2 AN 2 B R P 5 728 A PR S S IEAH SR,
FEAN RN ST AR 57 S 7 rh e S 00 R AR L P R AT W 2 R AL, 8 il FE AR T AR AR P R WU TR R
AT DA AT e e A B AR TR B, T A P A b o (A AR o R B AT F 5 A - 1 [23]-[28] - H TEE
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XEINAT E AT SR LRI T T I EOR T B 2O 206 BOR, 1 st iR 8 il v (1 D IEM G g
X W A AR B SRR AN 5 A TR Bl B A RS AR R A A AR A R 2 i R P 22 31 T DA
BN L R SRR E A e RS0 A AR 2 0 TR AR U 5 2 MR R A A s gk
70, BEPRAOREE G WEEEERT 30, MR EL PR AREE G g/ T 20, UWHHAE KT
ARG R R A o T S ORE SR B4R D G UERYSRAZLEAE 0.40~0.10 Z[A], MURRKLYA~
mANEHERMER G . ZEPRAR0MA D:G IR K T B i aRadk, fFaMNEM~
ZRP VA R, RT DA TR HORIESE I — € IS B IEHE [15] o 5KAFSE N Iz 206 I B 7 H 5%
BV BRI N A S R SR L AR AT IR A B, ASRIRPSRAE ity D WA G U (5 L AT ARAAAEAN T, R IIA
[FI RS AORE dh AL T AN A B 2 7, 6 RS it — € Fa7n & X [29] [30].
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Figure 3. Chondrite-normalized REE patterns of nephrite jades from some mines in China [21]
3. FERS IR ERNH L T R AR EL SRR E[21]

DOI: 10.12677/ag.2022.128100 1045 HOBRBL 2RI


https://doi.org/10.12677/ag.2022.128100

PR i
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6. RE

1) 7 B BT B R CAAIE SRR B T 40 K878 Sk L TOE N A R R AR, PR i A b X AT R
TE M AR KBS N AT RSN, ARSRATRE— I oo Uit b X I A R JRAE T R B BIR A, DUE R
U 233 N A BB

2) ILTAEMEEIRZE, (AR ™ B (7 B SRR b, ZEPETYERE L, R
SR W BE— 25 IR AR X7 L ) B S RORITE A, TP A A2 B, S8 R S5 T7 Y
W

3) H I AT AR FHIZE N A B b A SR T A — @ AR LBEAT — 8 AP I, R A L ) 2 R AR
AR 1 TCF RS AL AT 7 IR R T VR I AFAE A — 58 U, AR SRS P R R e A A 7 30
BONAIRT B 0 L, AR TR — 0 IR 3% I A R VR (AR 7T, T 2R LA-ICP-MS 45 o4l
BT Bl L R R AT 7 R

7. &g

LT EENA R AR EEONE N A SRR, RETIREZEE, AR X EZD YA A
M, EEEHKSHN Si0;n CaO. MgO H & A FeO. L LFE, EEUBHRFLERLHLEMNE. BN
AR R R N AR BB BR IR S TR, SRR N A A SRR SO R R AT B, SRR
BN KR RED T 2 WRIBT B I R A b X 2 TR P R R AL 2 R S BRI AP AR 22 7,
BIFAERETRAR, Ui X FTREAFAE MR B R AR IR . M )22 R AE . A8 J0 3K A 22 73 7T LUK
W EAR S, W E N A R A SR R SO R AEEAT 20 B R UG M s R S R
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