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3. Re-Os

Geochronological applications of Re-Os are limited
due to the very low concentrations of Os In most
minerals and rocks.

Re-Os geochronology has applied on dating the
formation of iron meteorites, platinum group metal
ores, and some ultramafic rocks.

Reis strongly concentrated in molybdenite (Mo0S,) and
some copper-sulfides. Hence, the Re-Os system can be
suitablefor dating certain types of sulfide ore deposits.



(1870 S/ 1880 S)t — (1870 S/ 1880 S) i + 187R e/ 1880 S(e?»t_ 1)

Re-Os



1 Re-0Os

(1870 S/ 1880 S)t — (1870 S/ 1880 S) i + 187R e/ 1880 S(eM_ 1)

Re Os
Os

18705 = 187Re(eM-1)



A A A A& A A A A A A B

Northern magmatic belt ., . . . o s a4
v o 2 Erdenet

poA A

A O 8 &5 A AL L& &S

= Y D .- = == 15agaan Suvarga.
Southern magmatic belts 2 a s s sa s g s 2aaa s 200 km
&4 4 & A A A4 & &5 A & A A A& A A A 4 4 & A A4 4 A A 4 A& A A &

.ﬁ.ﬂ.ﬂﬂ.ﬁ.ﬁ.ﬁ.bﬂd.ﬁ. Dalandzadgadnhnﬂhﬁﬁﬂd

a A 6 4 & &8 & 4 4 & B A G

Watanabe and Stein (2000) |
.

TaBLE 1. Re-Os Ages for Molybdenite from Erdenet and Tsagaan Suvarga Cu-Mo Deposits, Mongolia

Deposit AIRIE Run Re (ppm) ! “Re (ppm) ! 5105 (pph) ! Age (Ma) 224
Erdenet (ER) CT-28 5356 (5 338.5(3) 1360 (2] 240.7 £ 0.8
CT-50 5306 (8) 333.5(3) 1335 (2] 240.4 + 0.5
24006 = 0.6
Tsagaan Suvarga (TS) CT-29 50.03 (&) 50.30(3) 311.14{3) 3701+ 1.2
CT-31 1555(1) 9776 (9] G055 (E) 3706 + 1.2

3704 £ 08
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TABLE 1. Os Isotope Ratios after Irradiation and Os-Os Ages of Molybdenites from the Cu and Mo Deposits of the Middle and Lower Yangtze Region

Sarnple no. Location 805157 O 18505157 0g tpes (Mal t1es (Ma) Top (Ma)
HLPF {standard) Huanglongpu 0001979 + 4 0.001684+5 221.5 221.5

Y5-4 Yueshan 0003162 0002502 135513 133.3£1.5 136.1£2.0
TL-T Longhushan 0003152 00027323 139.3+1.4 136.7+2.1 135.0£2.5
TL-2 -5]1a111ﬂ11g51111]1 0003232 0.00266+3 135.5+1.3 140.3£2.2 1358.1+2.5
TL-4 Shenglilinchang 0.00320+2 0.00275+3 137.1+1.3 135.7+2.1 136.4+£2.5
XLE-1 XKianlinbn 00033321 00027721 131.7+0.5 134.5:1.1 332+1.4
XLE-1 Duplicate 0003331 00027721 131.7+0.8 134.5:1.1 1332:1.4

1 Error in fith decimal place for the HLF and 5th decimal place for other samples

TakLE 2. A Comparison of the Os-Os and Re-Os Dates of Molybdenites from the Cu and Mo Depaosits in the Middle and Lower Yangtze Region

Sarmple no. Location Re 705 Re-0Os date Os-Os date
(ppm/ ipp hi iMa) iMa)
TL-7 Longhushan 12.65£0.03 15.45+0.01 139.02+0.34 135.0£2.5
XLE-1 Xianlinbu 2030007 2510002 132.05£0.47 133214
XLB-1 Duplicate 27.56+0.01 130.92+0.45 133.2+1.4
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Fig. 1. Re-Os isochrons for 0.4 05 06 07 04 06 08 1.0
(A 1A, (B) 1A, (C) VA, and Q15— 7 Q18—+ 7
(D) VB iron metecrites. The A ya B < |
insets show the deviation in : ’ -I ! / T
parts per 10,000 of data 0.14| / 0.16! / |
points from the best fit line ' e T T
in & units: & = [["®0s/ . 1,'3I j/f-fj/ E”: : f// o € :;
1!!-!'.'{}5] _ S['.[!-FHEIIH-E!if:':]E — . 1 T - i 0,14+ B @r
)] X 10%, where S and I, Vs 453 ‘2 // L 610
denote the isochron pa- g I I | [ | -2
rameters of slope and initial = ST P TN 01250 . ISR T o
1875/ 1%90)5 ratio. respec- '.'; 04 D 04 05 Uﬁ '1].' 04 OB OB 10
tively. For all meteorites, & 9 o jer— T ——— 06 0.3 =39 ___.__.ELd_D
was calculated relative to  * E;‘ 0.126. D /c/” _|
the IlA isochron (represent- / v '
ed by horizontal lines on the i ‘ / 1
insets). Error bars on the in- 014+ - ., 0.124 - /
o £ ' / g4
sets ;c-:gurtwl: TD'; ESGTES- % / Q] i / )
ties in bo H0s R0 ] ' an T T
and '8'Re/'®™0s ratios 0.13 ;:*j/l rﬁgbﬁ_"i’ 1o 0122 s !_%?ﬁ —¥10
The three IVA irons that LT gt /,-{ - 42
were omitted in the iso- -, B pi20Lfe e T4
chron  regression  are 04 05 06 OF 030 035 040
shown as open diamonds 187Re /1880
Group ley Slope Age (Ma) MSWD
1A 0.09544 = 7 0.07851 £ 14 4537 + 8 1.15
1A 0.09524 = 11 0.07887 = 22 4558 + 12 1.47
VA 0.09584 + 23 0.07721 = 46 4464 *+ 26 1.5¢
VB 0.09559 = 19 0.07834 = 52 4527 + 29 1.44
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Sleby et al., 2005a

Fig. 1 (left). Location
map of the Alberta oil
sand deposits. Black cir-
des mark the sample
locations.  Fig. 2
(right). Re-Os isochron
diagrams for the Alber
ta oil sand oil. (A) Re-
gression of Re-Os data,
not including that for
Provost, yields a mod-
el 3 Re-Os date of
116 £ 27 Ma [r'.' 24,
MSWD = 21, 2a un-
certainty) with an initial
W05/ 19805 ratio of
140 + 0.56 (solid line).
By including Provost
samples 1418 and
1431, an Re-Os date of
121 = 10 Ma [a = 26,
MSWD = 21, 20 uncer-
tainty, model 3) with
an inital E0sMEE0s
ratio of 129 = 021 is
determined [dashed line).
(B) Seventeen samples
have Os .. values of
1.4 to 1.5, which yield
a date of 1116 + 53
Ma (MSWD = 2.2, mod-
el 3), with an initial
W70/ 1805 ratio of
1.43 + 0.11 (20).
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Sleby et al., 2005b

Regression analysis of bitumen Re-Os data
with Osq44 values between 1.38 an 1.68

Age=3742+86Ma
Initial 187Re/1880s =142 +0.14
MSWD =117
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4. Re-Os

The siderophile/chalcophile nature of Re and Os
makes this isotope system useful to address
guestions of core formation and ore genesis.

Unlike other radioactive and radiogenic elements,
which are incompatible ones and hence enriched in
melts, Os is a highly compatible element (bulk D ~
10) and is enriched in the residual solid. This
makes Os Isotope ratios particularly useful In
studies of the crust-mantle evolution.
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Table 3 '570</ 15805 and o OF Varions lerrestnal mantle reservours

Feservol 1ET0yg 1880

Fertile comvecting mantle
Chondntic reference
PUM (primutive upper mantle)
SCLM (subcontinental lithospheric mantle)
AVerage
Range
DA (depleted MOEEB mantle )
Averase
Range
EP {enriched plume end member, FOZO7T)
HIMU (high u)
wiched mantle I)
EM II {ennched mantle IT)

"Based on abyssal pendotites

Os
Shirey and Walker, 1998



Os

188

Os/

187

Os

188

Os /f

187

0.7

0.6

0.5

0.4

03

02

0.1

0.6

05

0.4

0.3

0.2

0.1

B [
i Faleocene | Maastrichtian il
[ | m I "
+ | n
. | .
i [ ]
@
+ o O =!§
L h
I |
C ':E ® DSDP 245
1 | O DSDP577
i i B DSDP 525
B I | |
B I
£ | Pre-Deccan
C E Steady State
i || @ *
= =
T | £
- =]
B | -
- Post-Deccan Steady State §
B a
i I=
B @
B A
= =3
B o
- S,
- ]
B i =
- KTE Excursion
I R | N WO N O | || ] [ T R R R T |
B3 64 65 66 67 68
Age (Ma)

(Ravizz and Peucker -
Ehrenbrink, 2003)

Paleoccene | Maastrichtian

07 L [ | -{ 10

Os
=
o
|
|
oo

0.5

187 158
Os/
[=3]

Ir (ng/q)

03

_ ./_,}Z:
.’m: Y
|
-9
|

48 19 20 21 22 23 24 25
Depth (mbsf)




Lower Mantle A - S
s DR | T~ _ 100km
L. — - I.tl 4 ~
I /1t N
D" = 2 01 " II' J'lll,"l* | \lln.\ ULV?Z
AR, . P L ) - . L] k? ﬁh . e
e f.- ‘-}Hm - -ff/; e
—_— = W N )} peat Sl S
:—""__ — '1 _,.:ru . T~
[nrr‘wiﬂnuul:
S
Infiliration
) & ) & Outer Core (Brandon and Walker, 2005)
11958 0.119855 f —
o Hawall _ - {;, Core r;!.:' ?'wln-ﬁ K]
@ By DERMaL L L, Mix (L e |
01198712 Grhers g, 0.119850 - ir?:i/ .' :
H Noril'sk e FLL O Yadp In'. .'I,r III
1 Gorgnmnn i J i
111986 1et) 07 !f’i" ,.:,Q ,-#: 2% ’i
y o =084 0119845 - -ﬂ {
b = IH.“ - Il'll III|
186 - i %
D5 11088 s P 188, ;
1880, . " o "B 0.119840 r 104 Umber Mix _
I Y yoil : W%
0.1 1954 0 5{ uow / =
b 3-_31'. :‘-’;l 0.119835 - (_@___--—--” 10% 3
011983 b—F% | Ga M PM
I dan
'He' Depletion 'He” Enrlelwment 0.119830
.1 1
L] 5 10 15 pil
TOs wi.% Mn

{I.1 1952
10 5



1

Os

Re

Re

Re

Re/Os

Os



Subcontinental Lithospheric mantleisthe
residue of fertile mantle by removal of
partial melt (basaltic), and representsthe
chemical complement to the incompatible-
element-enriched continental crust.

Separ ation time from the convecting
mantle coeval tothe overlying crust.



The main drawback of Re-Os method:

The Re mobility makesthe 18’/Re/1880s
ratio, sometimes, unreasonable. Hence,
no isochron could be obtained in this
case.

0.130 Pyrenees

peridotites
0.126

0.122

D mae R=0.948

Alumichron method

(R@l sher 0 and L or and, 1995) 0.114 Reisberg and Lorand (1995)
Nature, 376: 159-162.
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Advantages of the Os isotopic
technique:

1) Contaminations from host magma,
crustal rocks and mantle metasomatism
are ignor able because of the high Os
concentration of mantle peridotites.

2) For harzburgite, Ty, could approach
thetrue SCLM ageduetoitslow Re
concentration and Re/Osratio.
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(Leeet al., 2001a, 2001b)
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Lithospheric thickness of the
NCC In the Phanerozoic

e Paleozoic kimberlites
— ~200 km

 Present lithosphere

— 60-80 km

 Geophysical data

e Constraint from Cenozoic
basalts and their mantle
xenoliths

e Loss of >100 km SCLM
' A I Griffin et al., 1998)



Science of the NCC:

Why ancient continental root
could be destroyed and lost?

e How much of the root was lost?
e When did this loss occur?
 Why and how was it lost?



Au Yix 2001, Phy. Chem. Earth (A) Z6: T47-757.

Griffin et al., 1998)

One question needed to be answer ed:

Thepresent SCLM isJuvenileor the
residue after thinning?
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Petrography, mineral chemistry, and Sr-Nd isotopes
Indicated that the present SCLM Is much different from
that in the Paleozoic, indicating the whole-scale removal

of the ancient SCLM during the Phanerozoic. However,
It could be argued that the Paleozoic SCLM isstratified
with enriched in lower and depleted in upper parts.
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In terms of Osisotope, Cenozoic
SCLM beneath theeastern NCC is
mainly juvenile, with some of
Proterozoic, but it Isnot stratified.
Therefore, It Issuggested that the
present SCLM iIsnot the ancient
residue after thinning.



Lithospheric thinning of the NCC

Doming and extension
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