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Research progress of diamond in ultrahigh-pressure metamorphic belts
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Abstract: Diamonds are very rare in nature and are hence exiremely precious mineral resources. The diamond of
metamorphic origin, discovered in several ultrahigh pressures metamorphic zones in the world, has improved our
understanding of ultrahigh pressure metamorphism and plate tectonic movement. Moreover, it has promoted the re-
search on geodynamics of ultrahigh pressure metamorphic belt and attracted extensive attentions. However, further
discussion is needed on the formation mechanism of metamorphic diamond. Based on recent research results, the
authors described the tectonic background for the formation of metamorphic diamond, studied the geological envi-
ronment and temperature-pressure conditions and discussed the origin of the diamond in the ultrahigh-pressure met-
amorphic zone. When the peak pressure of metamorphism reaches the stable region of diamond and has a higher
temperature ( pressure >3 GPa, temperature 600°C ~1 000°C) , the conditions are beneficial to the formation of
diamond. Higher CO, content and lower oxygen fugacity in C-O-H fluids are also essential for diamond formation in
ultrahigh pressure metamorphic belts. In addition, the cooling effect at the early exhumation is favorable for its

preservation.
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Table 1 Statistical table of the diamond-bearing and several coesite-bearing ultrahigh pressure metamorphic belts in the world
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IR VG 3505 1 bR b X SWIAT A >800
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op [ P s A AL % SR R >1 000
G EZEZ A SR AT A T 600 ~900
TR TR 0 A > 8 4 SWIAT A 900 ~1 000
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KR Ly
LEBT H 2 =i il A7 630
o [ 7 B R 1 IEEES 490 ~ 520

Sobolev & Shatsky, 1990; Ogasawara et

W\ 537 ~330 al. , 20005 Hermannet al. , 2001
>4 337 Massonne, 1999; Massonne et al. , 2007
>2.6 507 Yang et al. , 2003
Dobrzhinetskaya et al. , 1995;
>3.2 425 - 408 Scambelluri et al. , 2008
PSS, 19915 Liou et al. » 1998; Zhang
2.7~5.0 240 ~220 et al., 2006; Liu et al., 2008; Liu et al. ,
2008; Wei et al. , 2013
>4.5 450 ~420 Song et al. , 2005
3.1~3.9 119 Mposkos & Kostopoulos, 2001
4~6 340 Barron, 2005; Barron et al. , 2008
=3.5 95 ~92 Jandk et al. , 2015
Lapen et al. , 2003; Groppo et al. , 2009;
=3.2 35 Angiboust & Agard, 2010; Frezzotti
et al. , 2011
4.07 50 ~13 Usui et al. , 2003, 2006
3.1~3.3 320 5K 37 K&, 2002; Du et al. , 2014

1.2 # RS

L A e P T ol [ S S A A S W= 5
TR R 38 U7 3 5K #b DX <6 WA 7 K b 1 <6 W0 A
FURLR 22 AN J2 B T 25, T 2 R D3R & i AR 8 2
CVR 2100 <6 I A KL 2R A5 1 — A BRI e WA
Zii) (Ogasawara et al., 2000; Dobrzhinetskaya et
al., 20130 o PR # (F) BIORE 5 W A7 7% 2 AN R ) L
A 2 %4 Dobrzhinetskaya et al. , 1995) . HAdHh[X
(10 < WA 25 K 22 B D I, 32 28 20 DY i 4\ T

PR A R DL RS T R R B A8, 1991,
2003) .

2 AR TR eI R AL

2.1 TREMHE

e P AR Sy R < A T TR B TR E R A
LA Hp, B Ze i 1 R R AR b A T AR o A K B
A, JLRUA 4K 2 BON B ve X ICE DL IR 5



LLy

186 o

oW

/]

22

2z &

*OE %39 &

(Xu et al., 2001; 285, 2015), A W T4 %
ST YA A T ( Frezzotti et al. » 2011) .

FERRE AR (1) 3 B v, s 8 K i TRk 2 1) i
FER— 853 2 A N I IR S Mg i, i ) A B
WK, s L 3 GPa I, = A1 4 KBS R AR
S TE AT (CaCOy) FHZE BT (MgCO, ) ( F
4%, 2015) . Zhu & Ogasawara (2002) &4 =41 K
HUE rhORR I BRI A T R I < s BRI A7 5 LV 45
K, N L2 P IR R 25 AF 22 /D 5 8 GPa1 000°C EA
Fo Luth (2001 )38 it it iy He SEBHED 9 2= A 78 Hs
715.0 ~5.5 GPa il &£ KT 600°C I &4 140 K 43 it
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CaMg( CO,),( FI=A1, Dol) =CaCO,( A7, Arg) +
MgCO, (ZEHEN™, Mgs) (1)
Ao il BB I R D05 % s 1 46 R < T8
BCCAZZ BT R R Eh T W 4 & (Yang et al.
2003, gk fil, ZEEENT R AR A il IO, 2 ROV D e T
A7 BB G WA AR LRI, B P A 4 M4, B
MgCO, GGEHA, Mgs) = CCEHIT, Dia) +MgO +0, (2)
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HEAT 7 VRGN SE 56 A0 BE 8 4 3, 19 AL 5e D) 35 K b
X = RIEEARBAEH p- T L T A=A
[R50 i B v 24, I HARF MR FE IR 21 7 250 km DA .
Frezzotti 25(2011, 2014 ) ZEHF 57 2 K A P4 Ff /% By
LCU X i AR PURLUAE I WA A, Bk IR 38 ™ 40 £ 45 it It
P T E S Ca’t Mgt JFe’ T WMn®* JHCO; .CO2™ 1)
TR, FE AR A IR AR O R 3K g A L S
oK, WY I I e ) P (B R R CIR A A D 5 T A
AT B 5 I N ( Fe? ™ —Fe ™ ) JE 4 Wi, i e
F.(3) 7R
2 CaFe(CO,), (kA1) + CaCO, +3 Si0, CHHE) =
Ca,Fe,Si, 0, CEEERIA) +5 CCERIF) +9/2 0, (3)
2.2 BEF C-O-H FIkHLE

Sobolev & Shatsky ( 1990) 5 5¢ 1+ 18 T #t 3¢ V) 1
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S NARIE T RE S U1 R X 5 4 A 0 A R )
WA T R B H,0 R R ik R 26 £ 22 44 ( Corte et
al. , 1998, 2000) , P4 W] T 7188 & A28 5 AE H i)
FAF AT Hy0 WAKRIIAT AL, [ I W4 75 1 A0 & s
WA EMENARERL P A RAEN S5, N
TG A PR 2 6 4 WA T B9 5 1, Sokol 55
(2001) ZER-EF 5.7 GPa.1 200 ~ 1 420°C HI4A R,

M2 28I 3 28K 73T T RS20, 45 AL,
7t CO,-H,0-C A& Z 1, % TAHH R WA 1y, ik i
S I, 4 NI TR B R R R A K BT 7 S5 I () B
T, FLB A K4 NI AR B K A [F) 52 56 3k 5 00
4 F, M R4 4 H,C,0, « 2 H,0-Grp ( 1
5 -Dia, ¥14AY) Jy H,0-Grp-Dia 1451 T &K 47
H R A AR T 3% . 1fi /e CH,-H,-C 4K &
o, SN RRE A R BZ A AR . IRIBE, A C-0-
H At W] B A2 2 1) <0 WA 45 ot 2E K e ol 22 1) A
%, 1M CH, A H, Sk S H RN,

Sokol & Palyanov(2004) 741 T 17 A E85E # )
MR & NIUA ERARCCO,-C H,0-CO,-C H,0-C\
CH,-H,0-C.CH,-H,-C) Ffx & £h- 714 K,CO,-H,0-
C0,-C+ Na,C0,-H,0-C0,-C. CaMg( €O, ),-H,0-CO,-
CIMR R v &5 B I ol 52 30 s, ol 5.7 ~7.7
GPa.1 150 ~2 000°C 5 4> NIl 45 db AF K d A A 11 U
FE 25 AT, I FLBOA R L () BEAIC, WA Bk AR K =&
N TR SE A o ool < DA 8 ot i 1T 5 A A A I A — ik
T &R A8 & W] 42 LR R 81 K, CO; ((Na,CO, ) -
H,0-C0O,-C > CO0,-C =~ H,0-C0,-C =~ H,0-C =
CaMg( CO,),-H,0-C0,-C>CH,-H,0-C>CH,-H,-C.
Bt B I AN TR N, 8K B 22 1) S22 4 22 IR A
RS WIAT 1R T 1 55 T A4/ s A4 1 43 1) B A A
IAH E P ( Palyanov et al. , 2007; Sokol & Palyanov,
2008; Palyanov & Sokol, 2009; Fagan & Luth, 2011;
Bureau et al. , 2012) .
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gx b i, AR 5 PR 1) 4 NI R BT B R R AR AR T
P B T — e 3 o 38 ) 38 i [ o 22 45 2 A% i i,
AT RETE LA/ AR IR s R od I &5 1 D 1, H AT
ORI 22 IR 5T 25 SRR W] 5 ke .

2.3 REEHWHENARKNZM

ASCHE S, HATAER AR T 30 2 4% i A8
e, A o AR S A SR, 2 B0 AR B 4 W
o NI TG 2 2 07 1 RS W, i 4
Horh 2z — o N[ R sy F AR oty 45 47 AN [5] 0 A48 oA
FH VG S e 25 AT AEL G AT TR TS il o 200 22 3 38 4 W)
AR E S . ASCGETE T 4y iy e AR T I B 4
WA R 5 38k 1) A% VR Y U 033 I 4% 1 & p-T L3k
CIEITD, Forb, By g — 5 00 < NI A — A 58 1) 3 A
£k JE 3T THERMOCALC 3.33 (Powell et al. , 1998)
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] B i R D WA, frmaua@ WL R R 4
7.0} S I 1 ey s A 0y U B 9L 5 0 o s 1K - 0 L i
6.5} DAL, A% A FH kA b 4 WA 1R T8 1B 75 H A 7 AR
60} S0 TR A ) R ) 45 A A0 5 ik R A A2 42 i 4 WA T ik
55t ()T LR 25, W BE AT AR, — 7 11 A8 A A AR M

Sso AR 4 s Rl A I 7, DT U TR e AR B R 1)

S s TR, 5 T AE AR, 6 P e LA e 78
aol (Hermann 2003; Castelli et al. , 2007). itk 4b,
ol 8 TERUATE (NG UL R L B Ap/ AT 2 T 18 4 R 1
K 5 A AR A 2~ 150 95 BT /R 5 LCU ( Fremsotti et

e S al., 2014) .,
23 2.4 Xeo 3 & RIER A B F
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Fig. 1 The high temperature-pressure condition and p-T
trajectory of partial metamorphism of ultrahigh pressure
metamorphic belts

PUR R X ) p-T FZE Sk H Du 25:(2014) , KHIHLX (¥ p-T HL7E

K H Wei Z5(2013), HEHIX 1) p-T BEK B Zhang 2£(2007), R}

SIS RHBIX ) p-T 75k . Ogasawara 55£(2000 ) 5 75 Fif /< 2L 17
Hh DX U U1 R K Frezzotti 5 (2011 ), BB i D e SR >k A
Scambelluri 57(2008 ), J& 7K - 111 fik i X e 13 /i 2K 1| Massonne

(1999, 2007) , G&10 Sk X U JH13 >k H Song 45(2005)
2014, p-T path
2013, p-T path from Sulu after Zhang et

p-T path from southwestern Tianshan after Du et al. ,
from Dabie after Wei et al. ,
al. , 2007, p-T path from Kokchetav Massif after Ogasawara et al. ,
2000; peak p-T condition for western Alps metasedimentary rocks after

Frezzotti et al. , 2011, peak p-T condition for western Norway gneiss

after Scambelluri er al. , 2008, peak p-T condition for Erzgebirge

diamondiferous quartzofeldspathic rocks after Massonne 1999, 2007,
peak p-T condition for north Qaidam garnet peridotite after Song
et al. , 2005

KB te-dsS5. txt (Holland & Powell, 1998 )t 5.
PR B a7 R D)8 R X ) AR
JAE PG 3 s D0 55 e A1, S Aty DX e S0 s g A 22
ANZ, AHL 2 U ST B2 A AN [R] 8 vy Hs A2 J5 s v AH 22 1R
Ko AHECEEFEART I, Bifi 7 00 1 T B <o M A A A i 22
B f PR R 4 A B0 P T R B AT LCU S Y B R LA
B NI A ey A o dl B R X LEE
JE AR J5 Ay Vg S 3R s 2% A1 5000 T g, 3 A 4 NI TR
e 74 T U L P 5 3k K T4 T 600°C, IR A T
2.6 ~6.0 GPa Z[A], MAX F Al A1 58 =y s A2 oy (1)

FERG 1% v 397 TR R} o D) B O M X, A7 AE 2 P ol
TE PR, — RO S SN 11 =4 KB,
Ty PR AN G WA B TR B, TN A )
FEAMN G R HAANHIE . A% X Bl 5 T ) LR S A RRAE
(TRIFFT W], 3 W e S R I KBS &8 Iy 1 i Hs 2% A
A A A2 A FH ( Ogasawara et al. , 2000) . A T fif
TRV 1853 R 4 WA T IR 5% el 5 A SC 51— AN 1)
PR O A AH S 2 oK a3 4T ) 1A ( Ogasawara et al.
1995) o fEBRIREREH, W I AL T p-T-X 00 K FR T
LA Ca0-MgO-Si0,-C-0,-H,0 14 % K % (&, 1 /& &
FR) AN (] P 7 5C 22 0T HIAH B R HEAT I 18 o B2 JE 7R 1)
4 p =6 GPa i}, Ca0-Mg0-Si0,-C-0,-H,0 & & F
1 log f,, IR — 1t IR FR o X, [ CO,/(H,0 +
CO,) ] =0.10 N4 [ =4 KEA P HA Co, &,
Xeo, =0.01 N4 2 FORELE A CO, . 1
ZA(Dol) + FBEMEA(DD) + 4xMI47(Dia) 414 15
SE A TSP B N L
C( 447, Dia) +0, = CO, (3)
TEEIR A B b A e A TS AR s Ll AR
B AE 1 020 ~ 1 250°C 2 18], WA T i 3 5 ik
PRAS BN (R AH RS 5 C I 2D
MgCa( CO;),( F1 =41, Dol) +SiO, (K47 5%, Coe) =
CaMgSi, O, CIZEM A1, Di) + CO, (4)
CaMgSi, 0, CiEE 47, Di) + MgCa( CO,),( A=A,
Dol) = CaCO,( (A1, Arg) + Mg,SiO, CEERMI A1,
Fo) + CO, (5)
5 Xgo, =0.10 #HLEE, X, =0.01 W, B 3 47T
log f,, EARMIALE I 2, RN, S 4 FHNE 5 £
JEE AR A — ] 2b) . Arg + Di + Dol + Fo HAE 1
R WA T ONC5) b, I HL, SR 0 A 1 pl PR
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Coe+ Dol
Di+CO,
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Arg+Fot+ CO,

CO2

log fo,

e 1200

b Xco=0.01
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log fo,

tC 1400
K 2  Ca0-Mg0O-Si0,-C-0,-H,0 KR P =6 GPa I 11
log fo,~ t KA K (Ogasawara et al. , 1995)

Fig.2 log f,,~ ¢ relations at P =6 GPa in the Ca0-MgO-

Si0,-C-0,-H, 0 system (afier Ogasawara el al. , 1995)
a P IRGETE 7N 4 FI S 5 STl 58 2 ) e T B 3 45
21 Di + Dol + Dia + CO, ZHEFEET; b PAKEXIBAE Arg + Di +
Dol + Fo + CO, ¢ T PRS2 4k, HELR AR a A S R 2K ()

(A

the gray area in a indicates the stability of Di + Dol + Dia + CO, on the
reaction 3 between equilibrium-T for two decarbonation reactions 4 and
5; the gray area in b indicates the stability of the assemblage Arg + Di
+ Dol + Fo + CO, Cwithout diamond), the dotted line represents the

position of the corresponding reaction line in a

HIAE RO (3D M W (5) AT S AbYa I, X ] Be i /s 1
ESRIAEE = FURE S PR E 8. P, 5 e =
ARIE (X, =0. 1) FH = FUR B (X, =
0. 01) X TARALH £, A AT IS B MIAEAR X, AT T
BEATE(E 2) o B, TERRIR Eh 4L &, WA
A2 BT AN RN ARG AR ), A SR B e Y
Xeo, VLMD 23 AR A S WA ARG RS E » TR 1 X,
AR By, AE 6 WA A B B E (Ogasawara et al.
2000) .
2.5 fo,MEREREBIFIE

LEARS A F O B8 i A b A kR b, | T4
Ak AR B AT B 58 S DL, O b b 58 W] 485 A S R A

LSRRI AR HE N H g (PR 55, 20095 Hart &
Staudigel, 2013) . i A8 ik o)l & f 9% 44 1 F ¢
R L R A ) BT RS S A AR 5 R R 2R kR SR
) (Berg, 1986; Ionov et al. , 1996; Humphreys et
al. » 2010) o *YIXLEFRIR ER I N MM ZRAL I, 25 40t
JEOR AR TR 3) . NI 3 H Al DL Y, Mg
H ) AR o B A R FEE (1) 388 0 i AS W I, JF BLAE
250 km F1 660 km b4 K A58 . HEZR F] 250 km
(1) R R 5, SER P 52 1) T Fe ™ Rl Fe ™ 2[R I V- 1l
5% Z (Rohrbach & Schmidt, 2011), 24V ££ 250 km
DL B b 40300 5 ) 3= B2 5 Fe * 1R B Ak SN AH G
(Frost et al. , 2004; Rohrbach et al., 2007) .

FEHTIR L FE A ) o Bl A M e iR B T, 4R
TP AW T v X AN [ 2 ik £ AR AR A A il
FEAERE S ) BTt R, e AR (ST, 2014) .

S WA R R Bk 16— R A e i 20, AR H g v i
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L. S8 T 90 IR BE X 4 WA 52 1, Cull &
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Ig fo, = — 121093 AR R R HEAT T <5 NI S A 2 1
SR CHE 4D, S g R, SN 1B s 2 R A
FAHIC: SR 1 KIS PR B 1) 4 WA 1 B L
b5 (RN ) 25, HL v, B30 R 6 4 A 16 T 5 T
Ko GG R ar , Wt JEE Ay , 7 b P Az A% 1) I TR
K, 4 NI g 80 e A M b & RO I 4D 0 AR
T 8K B — 5 BRRE I, & NI B AN 2% 25
HARAE FRCIKZEAE, 1990) . Cull & Meyer( 1986)
1) 51 56 48 LI w45, M B — 8 B, 4 WA TR AL
TH R 2 B A AU IR R 1 KT AN B 3 K, BRI, BRI 1)
LI A T 4 NI TR TR 1 T ek v R AR B35 AN )
T AW 1T BRR AT«

3 e AR T AT R R DR A

WIHTSCHTIA, 8 v He A8 oy 4 WA T8 2 31 2
5T BAL 25 PR 4 SRS ), 3 4 C-H-O A& A8 A
MR SAE AR CO, S RMSURES . — ORI,
K[ C-H-0 Wik (X, T 0.992 ~0.997 Z[d],
Frezzotti et al. , 2014) 3¢ i (5 414 il K T-45
F600°C, JE 3+ F 3.0 ~6.0 GPa 2 [0)). # (K
X o, WA (X o, /0 T70.01 ~0. 10 Z 8] VBRI
FIRFECHE O KM, B RN EHRSA,
I A A v R AR A A, B 4 NI A
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~3.3 GPa f1490 ~520°C, Du et al. , 2014), %X 5]
HA R 1k e 120k s B AR 5T 38 %A R B4 NIA
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The oxidation rate of diamond related to temperature, oxygen and time ( modified after Cull & Meyer, 1986)
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900°C. , T VY P 7 Ll 1l X iy s A8 Joit o % Jo A= 1 0eg 31
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3 5 B o D)5 SR b DRI 7 45— R ) X5 e WA
A TR X¢o, >0.058 ( Ogasawara et al. , 2000;
Proyer et al. , 2013), 17} b Y35 < H DX FIFY R R 1L
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Table 2 The comparison of three ultrahigh pressure metamorphic belts

B I R X
(Ogasawara et al. , 2000)

(Proyer et al. , 2013)
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