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Evidence for Post-volcanism
Tectono-thermal Events

Maflc dyke intruding High
| Island Tuff: 105.3 £+ 0.5 Ma
40Ar-39Ar Age (whole rock)
(Campbell & Sewell, 2005)
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What does this age mean?



Evidence for Post-volcanism
Tectono-thermal Events

Cretaceous redbeds

Cut by numerous normal fault
(Chan et al., 2010)

Presence of quartz stockworks
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Evidence for Post-volcanism
Tectono-thermal Events

Ping Chau Formation

Presence of sodium-rich alteration
minerals (aegirine and zeolite),
interpreted as related to alkaline-
rich hydrothermal alteration
(Kemp et al., 1997)

Lung Lok Shui ¢ hot spring deposits?
How hot?



Temperature Range of Thermochronometers
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Principle of Fission-track (FT) Thermochronology

Temperature

Crystalisation of U-bearing
minerals (e.g. apatite, zircon)

Spontaneous fission of 238U forms .
N damage fracks (fission fracks) in crystsal lattice,
b which anneal almost simultaneously above
\ L closure temperature
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Fission tracks accumulate after the

rock body cooled below closure temperature
Partial annealing zone \
(zircqn:_~250—200“C E Fission tracks anneal (shorten) when

apaite: ~110-60°C) ol ek U
annealing zone.
: \
\

\ Fission tracks confinue to accumulate
N on further cooling to the present day
» Jemperature
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Temggrature—ti_me th of the rock body
can be determined by inverse modeling of
fission-track length distribution and fission-frack

age data.
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Time

Apparent fission-track age = time since the rock body last cooled through closure temperature,
can be determined by fission-frack density and U content.

Frequency

Apatite Fission Track:
Track Length Distribution
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Results of Fission Track Dating

HK13325

HKI3326 -
875418602 19‘2 HKT3323
1 Shearnen gg%’ 13 b 876221 ?(z!
A Mes Say
13322 | £
A HK13327
‘mﬁﬁ 'r- &,o]ﬂ&;
b 22°90°F
Wy
12343000
(o)
[eep Doy
HI20055 HK12001
| 140920 26
782:182
S81:84
HKII042
.mz-o
HK1 2025
1642+03 [ 5
101221302 f -
<4 Lastsu niand [} 1430202 |00 "
[ REEE) HK1 1019:23 ‘
720:322
’ . . 694215 W‘?O)?
= HKE3S3 iy W60
. It 10
W3R 0403y @ Q8 60421 fp— 594286 A
D61 6N ]6‘:‘762 10912146 Biand
®2:86 ? ; .
= 22°10E e
o 1 140720 E
: 1

(Tang et al., 2014 JGSL 171:591-604)

SUPERNCAL DEPOSITS
=
VOLCANC AND SEDIMENTARY ROCKS
»
2 F .
B 0 I i
il e M Ry - Congermermn
g - Wi S O Vot Gang
feyon: ot
Regunt By Woee Growg
; L Royoli: e Yty L
x e g
D Vwrrvxnxw
! = 'mw!m
e Aot A e 3
- SOL ATIE 2°E L0
5’ Sandte s2sre LO0QOTweR
;[ R
INTRUSIVE IGNEQUS ROCKS
Lom Roch Sare
g[: mwm-vm
| -,
o I S e
S L S
Ganie M6 arecom
fan
Magmatic sample no
ocksamghe Mg //U""“."
1409:02 /5“9'
732'132 /
581:84 L
ride)
rock sample 413329



Emplacement Age
(Zircon U/Pb Age. Ma)

Eruption Ages vs Fission Track Ages
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(Tang et al., 2014 JGSL 171:591-604)
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Detrital Zircon Double Dating
(FT and LA-ICP-IVIS U-Pb)
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Detrital Zircon U-Pb Dating
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Cretaceous we— STRATIGRAPHIC ORDER e—- 0Cc1\o

Peakd: 2082 2(713%)

Peak 1 1622 1 (70 £ 8%)
Peax 2 197 2 1 (17 £ 6%)
Peak 3: 3332 3 (6 4%)

140
143

Peai 2 155 ¢ 1 (19 + 5%) X

Peak 1: 143 2 1 (66 £ 6%)

Paakc 3. 206 £ 2(10 £ 4%)
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pac ey The lowest Cretaceous sediment

resmIEs™ - sequence deposited after 120 Ma,
on top of erosion surface of 164 Ma
volcanic rocks.



Provenance of Cretaceous Sediments

Local magmatic rocks, eroded
from nearby outcrops

Maximum depositional age of
Cretaceous redbeds

Detrital zircon FT ages
A Single age population
A FT system reset




Overprinting of Thermal Events

A Zircon and apatite FT systems in magmatic rocks
have been reset

A For Cretaceous redbeds, thermal records of the
source rocks in detrital zircon (ZFT) have been erased

A The rock bodies experienced post-emplacement
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Fluid Inclusion Micro-thermometry

Fluid inclusion micro-thermometry
Kowloon Granite: > 230 °C
Mount Butler Granite: > 290 °C



Inverse Modelling of AFT Age & Track Length Data

Intrusive Rocks

Apatite Fission Track:
Track Length Distribution
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Rapid cooling from 100-80 Ma,
then slow cooling from 60 Ma
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Model age: 59.4 Ma
GOF: 0.99

Oldest track: 73.9 Ma
Model length: 14.39 pm
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HK11835 - 143 Ma Tuff

APAZ

Mode! age: 72.6 Ma
GOF: 0.15

Oldest track: 76.5 Ma
Model length: 14.87 pm
GOF; 0.12
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HK12001 - 140 Ma Tuff

Model age: 57.3 Ma.
GOF: 0.85
Oldest track: 66.9 Ma

Model length: 14.24 pm
GOF: 0.97
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- “Acceptable” path envelope
- “Good" path envelope

APAZ = Apatite partial annealing zone (120-60 °C)
Black line = path of the best-fit model

White line = the weighted mean path

Dash-lined box = constrains for the model

(Tang et al., 2014 JGSL 171:591-604)



Exhumation of Granitic Plutons

Intrusive Rocks

HKB758 - 140 Ma Quartz Monzonte
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Prior to 100-80 Ma: Thermal event(s) [
Initial rapid cooling through ZFT

Geothermal adjustment and unroofing by erosion. closure temperature|(250°50 C) by
~100-80 Ma. .

Estimated long-term averaged exhumation rate  After “60 Ma: slow cooling to
since 60 Ma: 0.03 mm yr?! erosion-driven exhumation.



Evolution of SE China Since Late
Mesozoic

An elevated geothermal
gradient driven by
continuing Yanshanian
magmatism in the region
till as late as 100-80 Ma

Crustal extension,
rifting, and opening
of SCS displaced the
original magmatic
arc to the southeast,
now at Palawan.
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Summary

Volcanic-plutonic assemblages and the Cretaceous sediments behaved as
a single package

The rock bodies experienced post-emplacement heating to temperature
2T XH pn

An elevated geothermal gradient driven by continuing Yanshanian
magmatism in the region till as late as 100-80 Ma

After 60 Ma: slow cooling to erosion-driven exhumation, with estimated
long-term averaged rate of 0.03 mm yr*

Tectono-thermal history of Hong Kong related to cessation of Yanshanian
magmatism, crustal extension, rifting and opening of new oceanic basin in
South China
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