2021 4 11 A OBk 2 R Nov. 2021
% 42 5 55 6 H: 761-770 Acta Geoscientica Sinica Vol.42 No.6: 761-770

www.cagsbulletin.com

HEEN A
MRENAEFEHMESIEREREFENRE

FHREVD, GERY, EHa b ay Y, BAn Y, A
1) BRI A S ERfL 2 B 5 S0 =, B K b s ie il i o0y, bt 100037,
2)H [ K24 (JEET), JERT 100083;
W IERHEFHABRA R, G B sl A R R E S8, Jbat 100160

O OE: PIEEREE R B R IR Y SO R B R, R R B R TRIEA A, IR A K
TSN RIARAETE =, AT T g (5 B B O, AR Ak S AR Z 5 1 5 —Fh 4 WA 25 B 5 iR 8 06
o BRI TR A NI FRBEIEREA f, 8500 T P0IBT 55 /R S5t . b B BRI B oA T
WAt IR IR KISk L AL R HE L AT R e LA X, RS AT, BRBERLBE A J A i
FURR W 2B, b AR B 32 VL B B P R #0 A — St BH— B — L TR T 2 | 6 T — e TR 2
AR HR I W 4 SE TR R W 24 s il SNBSS0 . MRS T £ 2w . AT B RSk S A BEIR BE 2 A TR
A G WA, BRBERELBE S (1 4 WA SOV AT SR A TR IR AIESY, 0 LA R BE KL IRE 5 7 2400 DR 2y K
A AT BN, BRI BE S AR SV I BRI G B FRBREEIN A . BEMINE A . BRERARA . BRR
AT BEERTAE . L S1. S2 1B BEAR AR X E RSB A vh A WA TR U FE R R . b AR
BEETG S H 2 W, Hoh ek 2 i — 1 i (147—100 Ma) it 0 T v [ 45 4 WA SR HE B 25 FIAH 56 1) 4
H - A A R I T B

KHEIR: PRBEIRBESS NI, ARG M, B BEIERE S 1Y BRI

FE 525 P588; P624 YHEAAREARS: A doi: 10.3975/cagsh.2021.111001

Lamproites: The Main Carrier of High-quality Diamond and
the Marker of the Activity of Mantle Source Fluids

LI Rui-zhe"?, ZENG Pu-sheng””, WANG Shi-an™?, LIU Si-wen",
WEN Li-gang®, ZHAO Jiu-jiang"
1) Key Laboratory of Eco-geochemistry, Ministry of Natural Resources, National Research Center for Geoanalysis, Beijing 100037,

2) China University of Geosciences (Beijing), Beijing 100083;
3) BGRIMM Technology Group, State Key Laboratory of Process Automation in Mining and Metallurgy, Beijing 100160

Abstract: Being a special volcanogenic or ultrabasic rock, lamproite is an important deep source rock and
a symbolic product of the deep-seated magmatic activity. It can be used as a window to understand the mantle and
as another kind of diamond host rock after kimberlite, which has been extensively studied. Globally, lamproites
host some of the best diamonds, such as Argyle in western Australia. Lamproites in China are mainly distributed
in Hunan, Guizhou, Yinniugou, Shanxi, Dajingtou, Shandong, Dahongshan, Hubei, and Keliyang in the western
Kunlun Mountains. Comprehensive analysis has shown that lamproite is mainly distributed near the deep, large
faults. Lamproites in China are contained in the Duyun-Guiyang-Tongren—Huaihua deep fault on the western
margin of Jiangnan anteclise, the Changde—Anren deep fault, and the Tanlu fault zone. Primary diamonds are
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found in the lamproites in Maping, Zhenyuan, Guizhou, Yunyingwo, Ningxiang, Hunan, Dajingtou, Pingyi, and
Shandong. The potential of lamproites in diamond mineralization needs to be further studied, especially the
lamproite belts in Hunan-Guizhou and Tan-Lu Fault. The indicator minerals of lamproite are titanium-rich
aluminum-poor phlogopite, potassic richterite, magnesite olivine, pyrope, chrome-spinel, chromite, etc.
The chromite groups S; and S, which are aluminum-poor and magnesium-rich is indicative of the formation of
diamond in lamproite. The activity of lamproite in China is multi-stage, among which the stage of Late Jurassic to
Early Cretaceous (147-100 Ma) belongs to the important metallogenic period of diamond-bearing lamproite and

related Au-rare earth element minerals in China.

Key words: lamproite; diamond; iconic minerals; Guizhou—Hunan lamproite belt; deep exploration
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Table 1 Nomenclature of lamproites
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&, BRI BE S R A OF IS AR R TR A KR
iff 58 K W], 100 t MIEEIEE S BT A S EA N
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typical lamprophyre

E:]kﬁﬂmk
Archean crust

7C 17 AR AL A% vl B 300

Proterozoic composite craton mill‘m%

1—75 1% Ellendale; 2—74 38 Argyle; 3—% E /R B Leucite Hill; 4— 5t M 483 ; 5— IR 7° & 6— Wb Kt ih; 7— 1L Pa 4k 4
8— LR K-k 9—rim 5o B fH; 10—3& [E Smoky Butte; 11—7#% 5 =% Sisimiut; 12—P4 P2 Mercia Almeria; 13—} 45l B Bobi;
14—#% Hh WV Kapamba; 15— lE Swartruggens; 16— 3F Penil; 17— 3% Coromandel; 18— ¥ Kerguelen-Gaussberg; 19— % #if Murun,,

1-Ellendale, western Australia; 2—Argyle, western Australia; 3—Leucite Hill, Wyoming, USA; 4-Zhenyuan, Guizhou; 5-Ningxiang,
Hunan; 6-Dahongshan, Hubei; 7-Yinniugou, Shanxi; 8-Dajingtou, Shandong; 9-Keliyang, Xinjiang; 10-Smoky Butte, USA; 11-Sisimiut,
Greenland; 12—Mercia Almeria, Spain; 13-Bobi, Ivory Coast; 14-Kapamba, Zambia; 15-Swartruggens, South Africa; 16—-Penil, South
Africa; 17-Coromandel, South America; 18-Kerguelen-Gaussberg, Antarctica; 19-Murun, Russia.
1 SRR BIES 47 B (38 Bergman, 1987; Mitchell and Bergman, 1991; Shirey, 2013 &%)
Fig. 1 Typical global distribution of lamproite (modified after Bergman, 1987; Mitchell and Bergman, 1991; Shirey, 2013)
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14—5EN S HT; 15— 5t

MiESE; 16— 5t

FaIR A, 5—IL AR SR, 6— 1L A1 B Kk,
TV M 1 8— LB AT; 9—BR VG 1R 10—k Kk il 11— R BN (BP0, 12— R DE K (P 07); 13— 7° & ;

ARV, 17— VERIOK; 18— VU IULR; 19— pg i AR 1 20— sw HL B 21— P9 3 20 A 5,

22— TR TS, RIOUER : O— AR KCEE ; @—JH IR IER; @R ERABEE; O—HIMKIILES
Lamproite and diamond production: 1-Huanren, Liaoning; 2-Tieling, Liaoning; 3—-Wafangdian, Liaoning; 4-Yinniugou, Shanxi; 5-Mengyin,
Shandong; 6-Dajingtou, Shandong; 7-Tashan, Jiangsu; 8-Langan, Anhui; 9-Danfeng, Shanxi; 10-Dahongshan, Hubei; 11-Ligonggang,

Hunan; 12-Yuan River, Hunan; 13-Ningxiang, Hunan; 14-Maping, Guizhou; 15-Shibing, Guizhou;

16-Rongjiang, Guizhou; 17-Rongshui, Guangxi; 18-Sibao, Guangxi; 19—-East Bank of Erhai, Yunnan; 20-Keliyang, Xinjiang;
21-Luobusha, Tibet; 22-Donggiao, Tibet; Large igneous provinces: M-Tarim; @-Emeishan; G®-Comei; @-Panjal.
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¥g,1991; FHINX, 1995; Z|HHR, 1996; LR g, 2001; HEBIFHEE, 2007; BRNHEE, 2009;
WMAEE, 2011; RFKZE, 2011; RIBHE, 2013; Fi%ES, 2019; BRI, 2019 181%)
Fig. 2 Distribution of lamproite in China
(modified after WANG, 1991; WANG, 1995; TONG, 1996; CHAI, 2001; ZHANG and YANG, 2007;

(BEH

CHEN et al., 2009; YANG et al., 2011; SONG et al., 2011; SONG, 2013; CAl et al., 2019; HUANG et al., 2019)
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Table 2 Time and space distribution of lamproite in China
X A3 7 i AR T 278 3k
BREE N A A 500 ~ 409 Ma
St T E 77 kel i BT BEIE RS 296 ~ 261 Ma 2 PR ¥4, 1996
RIS B AR B 192 ~ 147 Ma
R y P (E& 3ewapry¥a) .
T 2 Y& El % o R B (101.6%5.1) Ma = FRERIG A, 2011
AL AR R 4 . .
KIS 3 AR B R BT 122 M 2 W4, 2019
INARFRIEK e P SR XU I A B B KR B aZa & T T U5,
& = BB B K AP
A G BB KB B
TNy G o) BB PR N A 4 = BB R B 1.6~1.8Ga & ZEAHE AR, 1991
PREE N B B K R B
SR EE KRR
& dbg ke ~
. Ay f‘:ﬁ G RO 1160 T AL B 493-326 Ma, R, 1979;
e ARk W — Rk & %% A B AR 5 L, 1993
Wi Sl " mam PR 2610~2450 Ma XM
PR Hh & &k G = BEIE WA P RIS BE
e v B A B 5 W Rl 5 R 1B VAR 0 3B M A PR AL B 300 Ma A 47 w AR BE, 2000
R Aty B BRRLIE N R B RS
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Fig. 3 Geological profile of lamproite outburst in
Zhenyuan, Guizhou (modified after RAO et al., 2019)
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Ptsbnw—RIE TR, Za— TR HLE, Zb— BRH AL,
Dot—H IR AEGEBE i AL, Doq— PR E AR T4 4L
Dax— FRA S GH L4, Ei— T =&, Q_%E%\o
Ptsbnw—Banxi Group Wugiangxi Fm.; Za-Lower Sinian;
Zb-Upper Sinian, D,t-Middle Devonian Tiaomajian Fm.;
D,g-Middle Devonian Qizigiao Fm.; D3x—Upper Devonian
Xikuangshan Fm.; E;—Lower Paleogene; Q—-Quaternary.
4 TZAERHBRBEGEFFZMDIE, 1993)
Fig. 4 Geological sketch of Yunyingwo, Ningxiang
(modified from LI and MA, 1993)
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222 HfiX
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(F EUESE, 2019) . WIAEAHE L G2 45, 1993) . 1L

R (ZEA A, 1991) K5 i ve L PH (28 42 B 45,
2000; L& XUAfF, 2001) 45 i JR A7 S EE R BT HH 7R
3 Wit
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JEHEJIRTF 5 Gp, JERURE KT 1100°C(Bergman,
1987; Haggerty, 1986; XIW5E5E, 1993). 45 Gt FLit
PREEIEEES Y FRUMGGR TR FEERHME, M TAE
SNAMBSIEEEE, TE&NARS2HE FeO,
MgO. Cao. CO, &, M{E#, Gd, Cr. Ni, Co,
LREE. Ta.Rb.Ba F & 5, Ba/Sr. La/Yb .t 5, K/IRb
FEAE IR S (3R 3)(A B4, 1991; SERU, 2001).
312 HELEHERENAZT Y

PREEREEE BRI ) E R S bk
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BR4 2 BRI OREE [N A0 2 PR BRI B S AR S e ) o

Sty HEERSPH S AR E S
BEMERSE s, RFIENES s EHK
(TiO,: 2%~10%), #5148 (AlLOs: 5%~10%), 75A &%k
(TiO2: 5%~10%) i) i DR J o3 O e 4k 4 == B i 3R
(PR i 45, 1996).
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(Na,K)NaCa(Mg,Fe)sSigO22(0OH),, A SLfF1E KTt K(it
b i 5%, 1996) .

BAMEA: MEBEERAPNARTAZAANT
AR, LIRS A B 4% - %%%ST@’E%H%%%SWE
BERMA N, R sl R IR e 254 DL T R
RIME Gt s 1 46, 1996) o

X545 (1993) 2 i, FEIR 1B 4L /K (Ellendale)
XAUEIE T 3 G10 HEEMM A, E FaNa0
1 B 55 7K (Argyle) B IX H1 R & B G10 B4R A,

HL5e M B PR R A 0 T A 1 o BT 25 R AT
Ca BYEHE, aJ9EIA25h GO 4, Af L G10 4 Hy4E4R
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Table 3 Comparison of main element characteristics of typical lamproite in China and the rest of the world

IR ENA RERAE SN K

% I A [UipL SONEE BT S WARKIEL Ik ErE e E
Sio, 47+7 53+6 42.60 37.34 44.39 45.34 47.06 41.76
TiO, 2.9+1 3.1+2 3.43 3.15 2.25 0.74 1.18 0.80
Al,0; 4.8+1 10+2 3.96 6.49 8.34 16.82 10.72 13.57
FeO* 8+2 6+2 8.11 7.95 9.34 11.23 8.45
MnO 0.12+0.04 0.1+0.05 0.14 0.18 0.16 0.20 0.17 0.30
MgO 23+6 10+4 25.00 11.78 16.71 1.68 16.71 8.59
CaO 8+8 6+3 5.05 12.10 5.24 7.57 8.80 11.11
Na,O 0.4+0.3 1.6+1 0.52 0.16 0.31 7.70 1.35 1.27
K,O 3.5%1 7.5%3 4.45 1.43 1.41 0.15 6.66 4.82
P,0s 1.3+0.7 1.3+0.7 1.27 1.23 0.81 0.49 1.64 0.16
CO; 4+4 1.7+2 0.18 11.10 2.57 1.01 5.50
H,0" 3.3%2 3+2 4.65 3.54 6.34 121 2.94

M 8245 7248 84.10 71.20 76.10 44.00 71.60 67.49

e N T T AR PR AR Ho0 | CO, JG # 100% 31545 51, M=Mg/(Mg+TFe); Attt B35 & RIA 5 A& & RlE
AOA R B A B0 o A 22 B 4F (1991), T IEE K A Jaqus et al.(1984) , s B K A 440 % (2021), T 2 A H ARE: MG 4% (20009),
IR OR A T E0E55(2019), KA IR B 5Ki%E B 45 (1998), 3 B FHE R A 48 XUHfF(2001)

AISEPERAR, TTREANE F T H R B A R A WA
IR, RMEH GO 41K -BEAN I A i P BEML BT A A7 7E
T AR, (AEARSCREA RN

BT SRR (LO91) MR 4 4% 22 i A1 i 4
H TiO,. Al,O5. Cr,03 Fl MgO #EAT IR, Kk
I fb a4yl S1-S12 + 2, Hivh S1 4 kR E
BEAR KT PR R AT ) MgO 5 Cr,05 & EAR 1,
ALOs & B 7E 5% A7, 1 Tio, & &/ T 0.2%, J&
4 WA o R R 6 R b A AL F B AR A, X T
SWATE B A =T B . I A& geit, 5
MBI T & . PHIRA I BRRBE S A RIF 25
SRIA R EAFESSH X —HNmRna, T4
NI P I IR 55— AL I B AR il A i — R [ IE
MRK R, S2 HM S HRIE E Bk 5 S1 4+
BAET TiO Wy & it A8k, 3R T & NI e i A iy
B dh A AR B 5 4 NIA 3 AR U RRE, 5 S1
A HA R 2 NA TR B X

SWIA: FEAMPBEIEEE T B B R A 4 W
A RAG VY BT 55 R FRAS AR, RO B B K B
A=A NI R 2 DL R R, 7ERT 35
IRFIBASARR R Il A 2 02 T 2K,
KN 01~0.2 safn, i KAlik 16 3@ fi
(Mitchell and Bergman, 1991), [ R{UAH SEE, T %
RISk = A E R A S NLA ™1, LT 2
T AL TR R PR SR, ORI . B/
(B 55, 1996).

S WA BRI ERIEAS B ARE: FRBEIE B
Ting s B E 02—, oA EERE BTSSP T

EORZ AR,

() 4 W47 — P2 3 A LT A il R A 3 1 O
) A AR, T e XF 3k e B A A BF 5 T DA 3RA 4
I T PR 058 i A B b SR AR 215 8 .

A WA H ) 6 B AR — A7 A PR R 2R —— s
FEEB BRI (SR BRI A . B A R B
Wi £ 55) RIS VA o (R (L BE AR A - . i
AUFTIE A 55) o MHEL FEARE, BEEEREA b4
Il — P & A 3 2 R M T AL A, B &
K. Al Fil Fe(Mitchell and Bergman, 1991)., i S64E
TAER B, 2o X1 0 BE i M IR IR A T IR g
TR PR RS A b T PR S, IR R T ol RB A7 76 T
A B BT A W — P G 1 G, IS5 R 40
A5 A R AR A < (Shirey, 2013).
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T T 55 S5 A A B R BRE 2 7 AT I YO L 9 L A
K, B KR BE AR B A B R AR R
400~500 Ma (K445, 1983; % & 3C Al M,
1989; M3JEFISE, 1998; 4 4E, 2002), Sk
B RS — W a0 R HRA i AR i —
PR 55, 1996) Horb ™ A 4 WA 0 T b
R LI 15/ 2 S04 K-Ar 4514 402 Ma Fi
467 Ma(th K 4255, 1983) . B A H SEXEBE 2T i A
Jy 192~147 Ma( 5 K445, 1983).

PRERMG 45 (2011) W45 7° & BREEIE BE 2 P S
A1) U-Pb 4E#% M (101.645.1) Ma, J& & THe 1L 3],
IO AR AR R

T K Sk A 1 T B B 0 98 A R A )
FE o B S5 (2005) 545 78 L 5 AR R A
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B VE R, TR W R 6 ey,
BREeT . BILLET . iRET EL2MRES)R
W IR R AR I 7E 120 Ma 2245, X S6H K 1 e
B KIS BB BE A (1 T 7R B ) 5 45 ) E A7 AE
—EBER R (2019)AF SR A5, 1L RSB
DX, AR SN FA 2D T SR K, T b
SEATKIAER N 122 Ma 47, I EFYIE R,
A T 552 B 3 HL (A ) O AR IR e Kol 122 Ma, K
FE S B E BE A 7E 25 W) 1 5 I B4 (A ) 2 A O
HEBEIEEE S 5 &R A W ATERE R R, T 1E
RIS AR BRES 1 AF 08 P R85 I A0 AR
WAAHGE, Y598 122 Ma A4y, A Bate 1L 0 1 32 20 1Y)
RE//E

ThAR e 55 (1980l i Rk L ER K vp A AR 1Y) K-Ar
PRI N 326 Ma, X1 WA 2545 (1993) 15 % A1k i 4
 K-Ar 4E1% ) 326 Ma 1 327 Ma, LA K—#H Rb-Sr
P IR R 7 R AR IS R 352 Ma.

Zi b, R A NI B B A 1
BT 147~100 Ma (97HE 1L 4, 02 4 NI A G
1) 4 -F 55 4 @ AT 7 1 L 0 i
33 XFHEMSENAESENANKT IIRITiE

H it A E 2 Rla £ B2 AAE T 2 ARE L
PPEEIEBE A, o B 56 JR b X BB KRB
TR R A4 W43 (Mitchell and Bergman, 1991),
Pt AR AR B ELA W R 1 4 NI Vs 7 o T B
HTAERRIT, 16 E BB BEAR B ol 2 R I
W24 WA R AT IR

b R R B A AR A NI A R
BEA AR T 5 M S B Gt B o 25, 1996), H A & L
)RR B RS BE A AR T T Hb 5, HAE W Mg
TLK S M T R R R T e WA, R Sk
KA, L5 S B B A T N B L M
AT SR A F IR, BT LUE B A B
WATAT 38K B & WA B ¥ 7 o i T3 F A4 )
I b Rt Ll DX B R B TR R F WA,
L ] 300 b XA A 4 NI 10 7 8 (D2 5, 1993),
A 1t 7 b S Rt 1l s X Rz AR X AH 75 i — 25 A
mHXE,

TE R W 2L W, 5 Sk b DX B0 B A B
FEAN, LT R b I AN P b DX G A A
IR BRI 4 WA (1 2 P55, 2021; 5H %5,
2021), R GAE B 75 W 24t JE s A5 A ke B B AR B
AR AR S NLA T T .

B, v KR B A 1 IF T R B A, X
PREEKLBE A BT 1 WA R F 4 J5 v B R R ok
A VA S HIWE AL R A TAE AT R E L.

4 Gk
AR IR BB B R BESE, AT A

T

()PP BRI B 200 A TR KW 2L, o
PEELRBEA 52 VLR B B PY 4 i # 5) — 5t FH—4——
IR | Bl — 20 RN LA R 0 )7 TRy 4y 4
WRWr A =, Hp BN D, M T2 =
P AT BRI R SRR B A e A A A
.

QM BEER A MR EET YA KA &
Bl BIBREEIN AT . BRI . BEERAEAG L BRRAR A .
Bk, Hih S1.S2 4R AN B BE A X AR AR
BEA R B U R R B L

(3) 1 [ BREE AR B TG B HL 2 i, Horh ik %
TH—FL P 41 (147~100 Ma)it 1)@ T b [ & 4 Wil
PR SR BE SRR OC Y 4 -6 1 S5 & S 7 1 H 2 AR
WEH
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