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Periodic Table of the Elements © www.elementsdatabase.com
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alkali metals O nonmetals
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SCMS{E
Oa=(Ra/Rstp- 1) X 1000%o0
O8=(Rs/Rstp- 1) X 1000%o0

o BN ZE S IBME: Ars= 6a -Os,
o FBAM: aas = Ra/Re=(82+1000)/(85:+1000)

e oa-B-1= (Oa- O8)/(O8+1000) = (da-68)/1000

aas=1
103In aa-s= 103(aa-8-1) = Aa-B
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0.001 GPa ==0km
13.5 GPa =+ 410 km
23.5 GPa 1660 km

Density (g/cm’)
Crust 136 GPa—-2900 km ] ; ¢ ,

Lith h
B 330 GPa + 5130 km

Asthenosphere

O Orthopyroxene

Upper mantle 2007 (Mg,Fo)SiO

) l ' Garnet peridotite Olivine Garict Clinog[,)yroxen:c
t ® 71

ower mantle , 60 GPa - 6350 km Upper (Mg,Fe),Si0,  (MgFe,Ca)ALSi,0, (MgCa)Sio,

Outer core Mantle

Inner core 400+ g

. ) é Wadsleyite
st (Mg,Fe),SiO,
Transition \ ™%
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Ringwoodite
600+ (Mg,Fe),SiO, A Majoritic garnet

99, (Mg,Fe,Ca), (Mg Si,ADSi,0,, |

Depth (km)

| Lower { :W/
400 . Mantle k
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(Mg,Fe)O Magnesium silicate
Perovskite
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Volume Fraction

1 GPa= 10 kbar= 1000 MPa
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500 —
Tetrahedral anvil and cubic anvil
200
Cubic sliding anvils
100~
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Upper mantle
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23.5 GPa <660 km

136 GPa 2900 km

330 GPa -t 5130 km
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Metal B ]

TH c Voltmeter
m Metal A
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g {8 (thermocouples) MR

Type K: Chromel (90% Ni and 10% Cr)

Alumel (95% Ni, 2% Mn, 2% Al and 1% Si)
Type S: Pt-Pty,Rh,
Type D: Wy,Re;-W,.Re,o

[ J
<
S
@
Q)
m
=0

Chromel/Alumel (type k)

1150 (reducing or oxidizing atm.)
Platinum/Platinum 10 Rhodium (type S)

1450 (oxidizing atmosphere)

Gas mixing furnace

Pt/Pt 10 Rh (type S)
1150 (reducing, carbonaceous atmosphere)

Thermocouples

1 bar /1700 °C

Tungsten 5/Rhenium-Tungsten 25 Rh (reducing atmosphere)
2200
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Sir James Hall
(1761 - 1832)

) NATIONAL GALLERIES SCOTLAND

Sir James Hall of Dunglass, 1761 - 1832. Geologist, 1785, Angelica Kauffmann
Photography by Antonia Reeve

Creative Commons - CC by NC
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\ ‘ ‘ exit-tube, end:
® Au reaction-cell :
[f_ H,O-pressure medium 8mm

| = Q PARR® reactor
|”Ti L 2
ENR 550 bar / 550 °C

Syverson et al., 2018 GCA Photo from Beermann, Kiel
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TZM-Titanium, Zirconium, Molybdenum

MHC-Molybdenum Hafnium Carbide
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™ Up to 650 °C and 4 kbar

Photo from McGill
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Up to 900 °C and 2 kbar
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Melting point (°C) 1064.18 1768.3 961.8 >1700 ~1400
Alloy with Fe No Yes No Yes a bit
Alloy with Cu Yes yes Yes yes Yes
React with S No Yes Yes Yes Yes

200 400 600 800 1000 1200 1400 1600 1800°C
— 1 T 1 1 T T 1 1 T 71 T 71 T 711

Platinum melts

Palladium melts |
Pd 75 Ag 25 melts |

Pd 50 Ag 50 melts |

Pd 25 Ag 75 melts |

Maximum continuous use of Inconel 600 |

] Copper melts
] Gold melts

] Silver melts

Maximum continuous use of 304 S |

] Aluminum melts

] Silver solder melts

[ 1 Upper limit for Teflon, silicon rubber

1 Common solder melts (Sn 63 Pb 37)

1 Upper limit for "Kynar" plastic

:I ?omnllon pllastlcls (p(rlyctl-llylen[:) rm]:lt | | | L | | :
200 400 600 800 1000 1200 1400 1600  1800°C
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c n o O &5
= 100 +——® m . | - %**FIH = I:FI
e ) ¢ SO S-S B $ o 3 P ~ * 1
b .
9 5 ! § " - 850 °C, 2 kbar, 7 days
— [ ]
N Y [}
E E 0.10 ® o :
£ s | . /%Au capsule
§ <&—3}— quartzcap
(%]
< SiO2plug
0.01 I I I I I I I I I I I I I < ﬂuid
S € Cu Zn As Se Rb Mo Ag Cd Sb Te Cs TI —
¢
< etched quartz
-
sample % <— quartz beaker
olivine .
— chemical powder
i ‘_-_ﬁ : | fO, buffer
. Pt .Rh,,
. graphite
| 5mm
2.0mm

after Lerchbaumer & Audetat, 2012 EJM

Li & Audetat, 2013 GCA (%, A=, BRA, SEHERE.....
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BARMEERS

TR BER
E K25 mvs. 8w I
PELATTRYS. BATTER

BRPA AR RERERTEEAN?

Solution No. Components Concentrations
A H,SO,, HCI, LiCl, CuCl,, ZnCl,, S~10wt%, Cl~6.6wt%o,
CdCl,, SbCl, Li,Cu,Zn,Cd,Sb~3000ppm
HZSO41 HCI; Na28e035H201 S~10Wt%, CI~66Wt%, Br~05Wt0/0,
B Se, Te ~3000ppm
Na, TeO,, NaBr ’
C H,BO;, As;O;, TICI B, As, TI ~3000ppm

ARNTTE T MURICPEEREZRT ERKTEHER
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5 _
-10 |
15
3 —HM
220 - —MMO
] RRO
_ —NNO
o5 ] —FMQ
- cco
W
-30 - . - . - . - . . .
600 700 800 900 1000 1100 1200

Temperature(°C)

HM: hematite-magnetite
MMO: MnO-Mn;0,

RRO: Re-ReO,

NNO: Ni-NiO

FMQ: fayalite-magnetite-
quartz

CCO: Co-CoO

IW: iron-wustite



A B

AuorAg

S — AuPd or Pt

N

Sample
(hydrous)

7 | fo,buffer
B andH 20

N AuPd or Pt

<4—Sample
(hydrous)

Aucapsule

NiO

5mm

Ni + H,0 S NiO + H,

1
_02 S HZO

H, +
2" 9

NNO: Ni-NiO

RRO: Re-ReO,

MMO: MnO-Mn;0,

HM: hematite-magnetite

FMQ: fayalite-magnetite-quartz
CCO: Co-CoO

IW: iron-wustite

Ho B8 5ZE T2 AugoPdy, > Pt>> Ag > Au

Chou (1986)
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PRESSURE -:’SES%URE
VESSEL~__|
LQUENCH
WIRE
FURNACE
ELEMENTS
SAMPLE
CAPSULE
THERMO-<]
COUPLES
~~HOT
ARGON
<—>
5 cm
COLD —_| ¥
ARGON | —+l,
—CLOSURE
PLUG
V?
CLOSURE NUT——4p % MICRO-
2 PHONE

Internally heated pressure vessel (IHPV) Hollowav et al.. 1992 AM
10 kbar / 1200 °C Y
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End-load
== circulating water (coolant)
Q tung bhide comp
@ orings
. copper cnmpnnents
—'[ ] - SPACER PLATE
Thermocouple wires 1 Steel base plug
mica
Copper electrode insulator THERMOCOUPLE
— PLATE
- Core
Hardened steel
inner BOMB
ring
Softiron
outer ring
™\, Grooves for BRIDGE
Copper electrode circulating
cooling
‘water
[ Cu disc
Lever indicating movement Bfaster ram head
of lower ram

Load applied to piston

V.., EE=EA/EmIR P=F/S

P1dlarge2= Pstmall2
Piston cylinder apparatus
6 GPa (60 kbar)

2leok / \ P,=488 bar =) P,=40 kbar

P,

Diagrams from BGI
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top plate

bomb

piston

Hole for thermocouple

|

Steel

Pyrophyllite —T

v

Base
plug

Pressure
medium

(Talc, NaCl, BN)

Alumina __|
spacer

Sample holder
(pyrex,
pyrophyllite,
alumina)

Tapered d
graphite
furnace

T2 ttinli i rex

AL O, spacer

Ly

Sample
assembly

Pyrex
L~ sleeve

Capsule

| (Pt, Au, Ag-Pd, Ag
Al O,, MgO, carbon
etc)

L= Graphite disc

Piston ring =L/

-

Steel disc

Diagrams from BGI
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100 tonf = 980000 N = 0.98 MN

: | Multi-anvil press(large-volume press)
Photo from BG|isss 25 GPa (250 kbar)
3000 °C
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HREs

Sample / : TC tube
+ Cap5u|e : (Hard AI203)
Thermocouple
(W97Re3-W75Re25)
Heater Thermal insulator
{LaCr03) (Zr02)
(Graphite)
Electrode Spacer
(Mo) (MgO)
(Graphite) (Crushabh‘a Al203)
(LaCrO3) (Pyrophyliite)

e 2 MM (14/8 assembly)

i

Photo from Dr. Takaaki Kawazoe

Pressure(GPa)

25 T U T T
713 |
10/4 ;
/ 18/8 1.
20 / / //. )
: [ [ 05 181 g

15

A
14/8
A2
10 [
7 i1
25/17 —Dk
‘u
S
2 } 1200 tonne split sphere iﬂk
|
E } 5000 tonne split cylinde
|
%9 500 1000 1500 2000

Force (Tonnes)

Keppler & Frost (2005), EMU Notes in Mineralogy

7/3

10/4

10/5

14/8

18/11

25/1°
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Force l

Table fal;e

Diamond
anvil

Culet fage Gasket

Pressure calibrant
Sample
+ pressure medium

Force

Diamond anvil cell
(DAC)

>100 GPa (> 1 Mbar)
> 5000 °C
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103

| ] ‘
@ Piston cylinder apparatus [
102

101

100

101 =

102 |

Sample volume (mm3)

10-3 |

104 |

Diamond anvil cell '

10-5 | : |
0 20 40 60 80 100 120

Pressure (GPa)

Pressure = Force / Area

from BGI short course
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» Well-defined question
> Keep the system simple
> Pay attention to minor things

» Do not discard unexpected results

-Hans Keppler
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FIET & (1) -BHEFS

A"O(QUARTZ-WATER) AT 500°C

15

1

50% EXCHANGED

75% EXCHANGED

&\
—EQUILIBRIUM

R

|

97% EXCHANGED

2

3
TIME (DAYS)

S

O’Neil et al., 1986 RIMG
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Phase 1 Initial

Secondary
Fractionation Line

Terrestrial
Fractionation Line

Phase 2 Equilibrium

S/¥E

Phase 1 Equilibrium

hase 2 Initial
SI/xE

Shahar et al., 2017 RiIMG
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 ZMmo8 _4] 57Fe=-3.6x 105AT

® ZM99 R2=0.93

Thermocouple

MgO wafer 0.2 “_\‘\'

0.1

-2
1]

T{"C)
400 600 800 0
i e S

[&)]
L

o
!

4Ca (Wt%)
N
z
~J
o
{4403/4003)7_
("Ca/Ca);,

N
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o

1 ,ouom[

¥

I
(9]
1

8%4Ca =-6.1 x 10°AT
R?=0.99

(1]
-h

| MgO column,
Graphite
Sleeve -~

~— Au-Pd __
Capsule

— Pt capsule —
20 — —CoClz 6H20-

—_
o
I

(ww)uonisod

|

[&)]
L

T16

26Mg (Wt%)
(*Mg/2*Mg),
1,0000n| o Piig),
)

0.1 8°6Mg = -6.8 x 10°5AT

-101 R2=0.94

200  -100 ('J 100 200 200 -100 6 100 200
T(°C T(°C
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Huang et al., 2010 Nature




91.5,7.828
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precipitation point

Water bath

180

Stirrer
(300 r/m) transferring data
to a computer 4
[ +——low precipitation rate
-0.05 [ —o— P
r Y
-0.10 |
— -015 [
S
&
» -020 |
(7] [
8 [
g -025 [
< r :
-0.30 [ A®/Sr=-1.210.1 Ds, - 0.05:0.02, ' ; .
R2=0.9, P = 1.7E-25 )
-0.35 | . — L 3
r high precipitation rate ———»
-0.40 i 1l I n 1 I I 1 I 1 L I 1 I 1 n n n Iy 1 I n n n 1
0.00 0.05 0.10 0.15 0.20 0.25
DSr
5°C, B6hm unpublished) M 12.5 °C, this study; both [Sr]0/[Ca]O ratios 0.01 and 0.005
425.0 °C, [Sr]0/[Ca]O = 0.01, this study #25.0 °C, [$r]0/[Ca]O = 0.005, this study
£25°C, Bshm etal. 2012 ©37.5 °C, this study; both [$r]0/[Ca]0 ratios 0.01 and 0.005 Al Khatl b & Eisen ha uer., 2017 GCA
540°C, B6hm (unpublished) < ocean crust, Bohm et al. 2012

' G. ruber,Bohm etal. 2012 « G. sacculifer, B6hm et al. 2012
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Core Formation» droplets



CiIw-DTM COMPO 15.0kV

Shahar et al., 2015 GCA

Poitrasson et al., 2009 EPSL
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Graphite capsule

Static run, 1400°C, 2 h. 500 pm

Graphite capsule

Metal droplet

by

Infiltration of metal
into graphite capsule

Centrifuged, 1400°C, 1.7 h (RH101) 500 pm

Hin et al., 2013 EPSL
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] 1

Peridotite -

iR £ Hh Bk > FR A

6%°Cu (%o)

Savage et al., 2015 GPL

X [ B S — 01 0.2
1 : 6%5Cu (%o)
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- bo I
@D -019+0.10% ' | 5%%Cue
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A Y
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0.4 | | | I | | | I
All exp. performed @ 2GPa
MORB+Fe+CuO +FeS
0.3F
393
0.2 % §
- é e ¢ O 3
No.1t 0
3 N O -
n
(=
% ]

—0.2 | © Metal }
[ Silicate
A AssCusil-metal

| | | | | 1 | |
1560 1580 1650 1650 1650 1650 1750 1650
Temp (°C)

8%°Cu: € >1

_0%

| 1 I I ] | | I
< sulphide
L bulk Cu |
" % <>_
| 1 | | | 1 | |
80 1420 1460 1500 1540
Temp (°C)

FREL >R

Savage et al., 2015 GPL
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Proto-Earth : Core formation: "Hadean matte"

Q
)
é [Cu]bulk Earth
— Cu
= [ ]BSE
S, )
o Cu delivered by ) 665CUBSE
- .
2 . giant impact
= : 6 Cpyik earth = 8°*Cllgca A% Clgyirgi < O
£ . . Isotopically light Cu
8 o Cubu|k Earth \ partitioned to HM
Ln — — — \
[{e]
“Q :Asscumetal—sil >0 :
: Isotopically heavy Cu
« partitioned to core
Hadean Matte: Eﬁ’rﬁﬁﬁﬂﬁ%‘}'ﬁlﬁb?# Savage et al., 2015 GPL

https://baike.sogou.com/kexue/d49817727078016516.htm?vid=49821212242650886&from
=singlemessage
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REfgEh it Bkvs. BEkEAL LB Rk

2.0
®Bulk silicate Earth
O Bulk silicate Moon
1.9 =
_5 1.0 4
i Zn Rb Ga KCu Fe
3
2 05 <
&) ] q] >
o ® >| 3
2 O Gl
2 0.0 - f ot o |3
2| £
§66/64 §41/39 = _9?
687{85 671/69 665/’63 856/54
‘05 T T T T T T
700 800 900 1000 1100 1200 1300 1400
Half-mass condensation temperature (K) ———
volatility

L1

W REE SR REERR AR RRE: REM vs. 8RES?

Xia et al., 2019 GPL
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Temperature, T(K)
2000 1900 1800 1700 1600 1500
1 1 1 1

0.4 L 1

Zn
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A: Exsolution of volatiles during decompression, “first boiling”

Melt water content, wt% Pressure
A 3.
®5
o5
© | X7 Reservoir  _ — — — —
f?) - !
7] I
o o]
o I O OxO .«
O A |
' ol o 4 ‘=,
I MVP O o O :
1 (@) O ;‘, &
B: Exsolution of volatiles during cooling and crystallisation, “second boiling” \@7
Melt water content, wt% Crystal content, vol% { d
B =
> O
° Q
o @ g =TT >
o~~~ e —
w
&J ID
O f p=rd
fa |
O N S
MVP O o S,
[ 4
Crystal content, vol% MVP

Edmond & Wood, 2018 JVGR



* 1500 . . .

ﬂ% gﬁ q:l Eg;}lﬁl. 1] intermediate

Brine o

Single phase fluid—
\
Vapor

pressure (bar)

Central volcano
(may or may not be present)

Advanced argillic s e Level of high-sulfidation
aiterstion Low density acidic L enjthermal Cu-Au 100

V+ NaCIm
vapour | deposit formation

0
300 400 500 600 700 800 900 1000
Supracrustal Phyliic Wi Brine upper limit temperature (°C)

sequence alteration Level of porphyry BN
with propylitic alteration \Brine plus CuzMo+Au 1400
3 low-to-moderate deposit formation B @
i =~ - 9 i
o altpreson’ 1300 700°Cc AQ ID fluid
L Dike arid stock<} : e 1200 |- =
e . - =cofmplex (cupola)” 4 i ! ~300°c _
2 SR | | |} 1100 |-
1000
—
B
5 km+ g
4
4 - =]
~ Upper-crustai g
3 batholith at’LNB_~ 2 o
3 S ! ’ Y i -/ ‘D-.
\ \ \ / 7 /
\ . \ P Vi /
‘' Crystalline \ ; :
| basement ' | ; . Graphical depiction of fluid phase(s)
!
' / X \ Low density acidic vapour
g ‘ x A ¥ Low-to-moderate salinity vapour
10 k.| No vertical , Feeder d:ke 3 —— Saline liquid (brine)
m- ’ complex ' ¥ Supercritical moderate salinity fluid
oxaggomﬂon , plex, I\ ess=** Upper limit of brine
i o of \ . = = * Brittle—ductile transition (350°~400°C)

Lol Ll |

0.1 1 10 50 100
wt% NaCl

Audetat & Li., 2017 OGR

Richard, 2011 OGR



FERWRFEESREPER

500 £
0
Bulk salinity (wt% NaCl)
[ T T
1 10 30 70
'g‘ 1
<
=
Q
)
Qo 2
3

2000 £

=% Ebrine fARERE

8, (K% B vaporiZBEiRER

Weis et al., 2014 Geofluid



Volatile fluxing #1 f4 ja] &5

0 km

H,0, Cl, SO,, CO,, Cu

- mafic magmas & rocks

T

Audétat and Simon (2013)

intermediate / felsic magma

(partially molten)

QEMEROBHNRERS =
fra? #EEMETE (S, CD
MER?

QX & BRI AT L5y
Bg S R BRI ?

QHBERREERAREL?
Brine/vaporfiJ Bkt FE4F4E ?




SRIEMRRE-IRED R TTE

LN HE 2. [ RN HE

- metaluminous melt
Incident x ray =
o
M~
10°F
: 3 i
o ES
b=y
3 38R =
(8] 10.1 - M~ ™
c = (=]
g | <4
S a
o
®
E 10%E
©
3 R
T
] A HDAC data
10° /\ guench data (200 MPa)
; numbers = P [MPa]
% 1 1 | l L 1
0

1 2 3 4 5 6
initial m (Na,K)Cl in the fluid

Borchert et al., 2010 Chem. Geol.
Kawamoto et al., 2014 EPS

ARARERE (<1GPa) THRTLEEAM




SRREERESE

/\6 Au capsule

&—— quartz

quartz with pre-
synthetized Fl's

N
AN

/.
=M=\
NN

LN NN
X

1T
=2

7
~

Vi

A
o
Z

>

“
H\\\
S =
//__i/ “

J

TN
ORI
\'//\\

il

-
\

1/,
SR

4 ¥ 3
=

850 °C, 2 kbar
> 7Tdays




RS A 72 E R E(Dauid/rock)

conc.in Fl's / conc. in mafic

1.0E+7

1.0E+6 H

Intensity (cps)

residue

1.0E+5 3
1.0E+4 3

1.0E+3 §

e 'n |
= fﬂ lilh mml il

background ‘ quartz host fluid inclusion

lcu |

0 20 40 60 120 14
Time (s)

1000

1.0E+8

1.0E+7 {

1.0E+6 A

Intensity (cps)

1.0E+3 {
1.0E+2 5

1.0E+1

cflmd/ crock

1.0E+5

1.0E+4 A

background

‘ mafic rock residue

40 50 60 70 80 90 100
Time (s)

100

10 {b

0.1

0.01

HG30 HG32 HG33  —o—HG34
0-001 T 1 1 1 1 1 1 1 T 1 1

=+=HG35 =<—HG36 ——HG38

Li B Na S € K Mn Fe Cu Zn As Se

Br Rb Sr Mo Ag Cd Sb Te Cs Ba Ce W Tl Pb Bi

Guo & Audétat, 2017 GCA



Brine/vapor TTE A

e Single phase -800 °C, 2.3 kbar

> 9169‘ \ ‘ E 105
- . Sy |
\& \ K .'.% z2 . .-,
2 Sy ¢ ¥ S S S T
.o \\‘ S \ it ‘
’. \o O*’o e 0.1 :
%_. o A?-a; T;{m" i B Na S C Cu 2Zn As Br Se Cd Sb Te T
Two phases- 800 °C, 1.3 kbar
'g'_1oo§
.§ 10;
: E
.E -8-HG49 -m-HG50
§o.1

Li B Na S Cl Cu Zn As Br Se Mo Ag Cd Sb Te Au TI Pb Bi

Guo & Audétat, 2017 GCA




R RERSL B TIES TS
B Cu
Cu

0 km
Copper isotope pattern
100 4461
69.15 3085
100 69.15
2
8
g =
H,0, Cl, SO,, CO,, Cu 2 ]
5-15 km : g g g
L o
o
58 59 60 61 62 63 64 65 66 67 68 69 70
- miz

I
www.webelements.com

AREFBETER

- mafic magmas & rocks _
.: intermediate / felsic magma D }ﬁﬁhx %
(partially molten)
QAR RS Z

Audétat and Simon (2013)




SEhw it

0 4
. AuC | 800-850 °C, 2 kbar }/-{?iil' ﬁ%‘}i%
. AUCU capsuile
) i cap E AR
> EMBEMMERLE. KRS RAE. ke
EHE)
> 0.5-4 N HCl %i&
RRAEHR
TR ke 2

fIAHEmE, XBTKIHH300H

BREBTKERBRX




E
100 um

’ ': . I I ‘ W
#07:850 °C, 2 kbar, 7 days X 20 um @ #18:850 °C, 2 kbar, 7 days




B 4+ m B R AL A £ DX B

o
S
& 9 [ 1000
E o 800-
Y 8- 600 * 1
= =a ) + I
g_ 1 400 H*
a 3
=~ © 7 200- B
v ) +
- &
b 0 T T T T o
o 8 0 200 400 600 800 1000 .-
a 27 ’
-
o
O o
e 8-
I-. N
%] | r
c
e [
5 2 E
(V) | ﬁ
o £ T T T Ll I T T T T T
0 1000 2000 3000 4000 5000 6000

Cu conc. in rock product (ppm, LA-ICP-MS)

o> B I



/

. X

1

=

Cu concentration (ppm)

65
A chLUIDgMELT (%o)

i
i

10°
4_
7 m LT .i L
#7 (1] #19#4 -
#16-1 #13
103—:
¢ ‘ L 4 ~ O
<
107 4 #1
] 800 C 850C
flud O @
magma <> .
10' T T T g T T T T T
55 60 65 70 75 80
Si0, (wt%)
0.8
QO 800 T
850 C
® O
o #19
0.4- ¢ i
#7 ¢
0.2 * #1 +
#168&16-1 i
#13
0.0 T T T T T T T T T T T T T T
50 55 60 65 70 75 80 85 90

SiO, (Wt%)

865Cu: itk >EK

Cu concentration (ppm)

5 .
A CuFLUID-MELT (%o)

10° 5
m
(1]
10* -
O B ¢
#15
10° 5 ‘
O #26
¢ #12
10° #4 O
E #1
800 °C 850T
fluid [ B
magma <> ’
10" - .
0 5 10 15
Cl (wt%)
0.8
QO 800<C
@ 850°C
0.6
i #12 +
¢ + #15
02- #1 #26
#4
DO 4 1 1
0 5 10 15
Cl (wi%)

Guo et al., 2020 NSR



8l [=] 3L 3% 57 1 R AT RE AL

REER L : CuO,, (Zajacz at al., 2012, 2013 GCA; Liu et al., 2014, 2015GCA)

i {&: CuCl(H,0), CuCl,~,CuCl, > .... (Sharman et al., 2013 GCA; Fujii et al.,
2013, 2014 GCA)

300

26— 10gC,,=1.952+0.079+0.2490.061*logfO, a ',!
| logC,,=1.748+0.055+0.273£0.042"l0gfO, /
250 | /
I
200 | /
"
o
< 150
l—
100
12- 50 |
T T T T T T T T T T T T T T 1
45 10 05 00 05 10 15 20
logfO, (ANNQ) 0

=0 30 20 10
log fO5(9)

-80 -70 -60

Cu(metal) 4 0.250,(g) = CuQO, s(melt)
Zajacz et al., 2012 GCA Brugger et al., 2016 Chem. Geol.



Pressure (kbar)

Brine/vapor [B)Cu[E]{:i & 573 1&

1.8 2 Q :
y | L 060 7 A A 350°C, VIL
1.6 555Cu, %o O @ 400°C, VIL
il 1 o O m 450°C, VIL
j 0.50 -
1.4 - -
’ 0.40
1.2 - -
1 0.30
1.0 4 -
0.8 - N 0.20
0.4 - o
0
0.2 - critical curve
d -0.10
000 I LI l' LI
0.1 1 10 100 -0.20
1 0.75 0.50 0.25 0
wt% NaCl

Residual liquid fraction

65 . 1
6% Cu:brine >Vapor Rempel et al., 2012 GCA




TERH A BT NEX

1km

- Precursor pluton
I:I Early porphyry

1
[
U

4
P
L 4
‘-— ‘ _a®

vapor with lower §°Cu

1

I

U
04

f\C brine with higher 6%*Cu

==

\ single-phase fluid
with higher §“Cu than magma

& 655Cu RREA BT AT HiRE!

Volatile bearing mafic magma
500 ppm Cu
85°Cu=0.06 %o

- Late porphyry
[:I Potassic ateration
l:l Phyllic ateration

Meteoric water
Vapor

Brine

Single-phase fluid

12.5 wt% brine
25642 ppm Cu

5 wt% single-phase
aqueous fluid
6122 ppm Cu
§%5Cu=0.36 %o

6%5Cu=0.42 %o

87.5 wt% vapor
3333 ppm Cu

6

e
95 wt% residue magma
204 ppm Cu
555Cu=-0.88 %o
"

8%5Cu=0.29 %o

Guo et al., 2020 NSR



SRR E R R &S IBRR

AT E!

,M Hydrothermal Fluid (HF): Modern Seawater (SW):
5“Ca,,, = 1%, *"*Sr,_=0.70380 5“Ca, = 0%, "*Sr,, = 0.70918
[Ca],/[SO,],, >> 1 [Ca]J/[SO ], <1

SW:HF Mixing:

.......................... ) ! 54Cagy wors

i -

ElEse mar s e e i o

" Conductive Heating of SW .:
and Exchange with MORB:

1 - emmsg

MORI SW, MORB

__________

> -t

-SSR YIE, SR

Mid-Ocean Ridge Basalt (MORB):
54Cay g = 1%, TSI, ., = 0.70250
[Ca],,ge/[Calg, >> 1

Deep-seated Anhydrite:
54Ca, 000 = "™STo, uons |

N

T>150-250° C

T >350-400° C

Syverson et al., 2018 GCA
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